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Abstract 
 

The purpose of this study was to determine the nutritional status of the Cardinal grapes that are 
grown in Çanakkale. Leaf and soil samples were taken from 18 different vineyards to ensure a 
uniform sampling area. Although all of the soil samples contained suitable pH values for grapes, 
levels of organic matter content were found to be low.  Lime (CaCO3) content was at an insufficient 
level in 72% of the soils at 0-30 cm depth and in 61% of the soils at 30-60 cm depth. Phosphorous 
(P) content was at low and medium levels in 94% of the soils.  Potassium (K) was found to be 
insufficient in 50% of the soils. In both depths, the iron (Fe) content of 33% of soils was lower than 
the critical level. Manganese (Mn) content was at an insufficient level in 22% of the soils. There 
were no nutritional problems with respect to zinc (Zn) and copper (Cu) in the soils. 

Nitrogen (N), calcium (Ca), phosphorous (P), iron (Fe) and copper (Cu) contents of leaf blades 
were higher than those of leaf petioles. Potassium (K), magnesium (Mg) and manganese (Mn) 
contents of leaf petioles were higher than those of leaf blades. There were no differences between 
zinc (Zn) contents in leaf blades and leaf petioles. 

The N content of 89% of the leaf blades and P content of 61% of the leaf blades was higher 
than the critical level. There were no nutritional problems with respect to K in leaf blades. The Ca 
contents of leaf blades and leaf petioles were found to be at insufficient levels.  The Mg contents of 
leaf blades and leaf petioles were found to be sufficient.  There were no nutritional problems in leaf 
blades and leaf petioles with respect to Fe, Mn, Zn and Cu. 
 
Introduction 
 

The northwestern Turkish province of Çanakkale spread over an area of 9737 km2 is 
situated on the Gelibolu (Gallipoli) and Biga peninsulas. The weather is a combination of 
Mediterranean and Black Sea climates. Rain generally falls in the spring and winter. The 
sea temperature rises to its highest level in July and August. The annual average 
temperature, humidity and rainfall in Çanakkale are 14.8oC, 80% and 623 mm., 
respectively.  

Viniculture has been carried out throughout an area of 565000 ha in Turkey. The 
vineyards comprise an area totalling 7246 ha, with a portion of 1.28% being in 
Çanakkale. The 52358 tonnes of grape obtained from that area and subsequently 
consumed as wine and food, contribute to the local economy (Anon., 1995). 
In studies carried out on both the size of vineyard areas and the yield per hectare, the 
viniculture area of 6513 hectares in 1997 (Anon., 1997) has decreased to 6489 hectares in 
2003 (Anon., 2003). The main aim of this research was to determine the effect of 
nutrition on the decrease in yield per hectare, by examining the soil samples and leaf 
samples in the vineyards. 
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There are various methods for investigating nutrition in vineyards. With the 
increasing importance of leaves analysis of the nutrition of vineyards, various researchers 
have attempted to determine nutrition element reference values for different parts of 
leaves, in different physiological periods (Beanie & Forshey, 1954; Larsen et al., 1956; 
Cahoon, 1970). Because of this, some researchers have recommended the leaf opposite 
the first cluster during the flower initiation and ripe fruit periods for analysis of the 
nutrition status (Cook, 1966). Some others believe that the leaf petioles of the leaf 
opposite the first cluster at the end of flower imitation period should be analysed (Beanie 
& Forshey, 1954; Cook, 1966; Kovancı & Atalay, 1977; Robinson et al., 1982). Levy 
(1968), who worked on leaves analysis methods in France, has standardized the method 
into two periods, and using the leaves opposite of the first cluster. According to Levy’s 
standardization, the value in dry material (2.5% K2O), accepted as the average of four 
periods, was reported to be too high and instead the value of 1.75% was suggested. 
Robinson et al., (1982) found the following critical values at the end of flower initiation 
period in the stalk petioles of the leaves: 0.22-0.53% for nitrogen, 0.20–0.46% for 
phosphorus, 0.50–4.00% for potassium, over 30% for magnesium, over 26 ppm for zinc, 
over 25 ppm for manganese, and over 30 ppm for boron. 

Although there are not many studies about the contents of microelements in 
vineyards, Viets & Lindsay (1973) reported the microelements as either inadequate, 
borderline, or high, as follows:  iron: 2.0-4.5 ppm; zinc: 0.5-1.0 ppm; copper: 0.2 ppm; 
manganese: 1.0 ppm; and boron: 0.5-1.3 ppm. In order to find out the areas in which 
there is presently a lack of nutrition, and those in which there will be a lack of nutrition in 
the future, nutrition element values and problems were studied in the field-grown 
Cardinal grape variety in Çanakkale. 

Although Turkey cultivates various kinds of grapes for market, it has been unable to 
reach the desired level in both quality and output, even though it participates with special 
grape-producing countries having a yield of 3450000 tons. Our research has attempted to 
define the problems of nutrition, by analysing leaf and soil samples that typify the 
vineyard production areas using Cardinal grapes in Çanakkale city. This research in 
productivity studies in this region will hopefully contribute to a future rise in quality and 
output by increasing soil fertilization. 
 
Materials and Methods 
 

Soil and leaf samples, which typify the environs, were taken from a total of 18 
vineyards. The soil samples were taken from three different places in every vineyard at 
depths of 0-30 cm and 30-60 cm. Soil and plant samples were taken between the 15th and 
the 20th of July, 1997. 

The texture of the soil was determined according to Bouyoucos (1951); pH values 
were determined in 1:2.5 soil:water dilution according to Jackson (1958); the amount of 
lime (CaCO3) was determined according to Çağlar (1949);  phosphorus was determined 
according to Olsen et al., (1954); potassium was determined by extraction with 1 N 
ammonium acetate according to Bayraklı (1987); and iron, manganese, zinc and copper 
by extraction with 0.05 DTPA-TEA, according to Lindsay & Norvell (1978).  

A total of 30 leaf samples were taken as per the suggestion of Levy (1968). Thus, 
samples were taken from 10 vines, in every vineyard, during their fruit-holding season, 
and they consisted of one leaf (leaf petiole+leaf blade) facing the first bunch. In the 
samples that were prepared for analysis after the cleaning, drying and grinding processes, 
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according to Kacar (1972), the total nitrogen was analysed by the Kjeldahl process: 
phosphorus with vanadomolybdophosphoric yellow colour process, and potassium by 
flamephotometre. Calcium, magnesium, iron, manganese, zinc and copper were analysed 
with the AAS (Atomic Absorption Spectrofotometre) according to Bayraklı (1987). The 
values were a statistical analysed by the MINITAB package program. 
 
Results and Discussion 
 

The average, minimum and maximum values, according to depths of the analysed 
soil samples are given in Table 1. 

Soil sample pH values seem to show differences that are due to depth: 4.6-7.7 in 0-
30 cm depths and 5.5-7.8 in 30-60 cm depths: 17% of the soils that are in depths of 0-30 
cm are in the class of strong acids (4.0-4.9); 28 % of them are in the middle acidity class 
(5.0-5.9); 22% are light acids (6.0-6.9); and 33% are light alkaline (7.0-7.9). With regard 
to soils at the depth of 30-60 cm, 33% of them are in the range of middle acidity (5.0-
5.9); 28% are light acids (6.0-6.9) and 39% are in the light alkaline class (7.0-7.9), 
according to Tüzüner (1990). The optimal pH values for vineyards vary between 5.5-8.5, 
according to Çelik (1998). The limit values of the 5 Cardinal growing samples that were 
in the 0-30 cm depth appeared to be under the proper pH value for grapes, with only 28% 
having insufficient pH, while there seemed to be no problem with pH values in the 30-60 
cm depth. 

The organic matter of the soil samples varied between 0.2-1.6% in each of the two 
depths. All the samples in each of the two depths, according to organic materials of 
Rauterberg & Kremkus (1951), have been determined to be in the low (<2%) class. 
According to Özbek (1975), the importance of organic material for grapes is much more 
than for other nutrient materials. Although grapes can grow in soils that are relatively 
poor in nutrient materials, their development is not normal, and their productivity 
decreases significantly when the soil is poor in organic material (Çelik, 1998).  

A amount of lime vary between 0.1-36.6%, and according to Evliya (1964), the soil 
samples that were poor in lime at the depths of 0-30 cm were as follows: 72% was poor 
in lime (<2.5 %); 6% was rich in lime (5-10%); 5% of it was structure+marn (10-20%); 
and 17% of it was structure+lime (20-50%). In the soil samples that were in the 30-60 cm 
depths, 61% were poor in lime (<2.5%); 11% were sufficient in lime (2.5-5%), 11% were 
stucture+marn (10-20%) and 17% were structure+lime (20-50%). 

 
Table 1. Some physical and chemical properties of soil samples. 

0-30 cm 30-60 cm  
Soil properties  Average Minimum Maximum Average Minimum Maximum 

pH (1:2.5)   4.60 7.70  5.50 7.80 
Organic matter (%)  0.89 0.30 1.60 0.63 0.20 1.60 
Lime (%)  6.89 0.10 35.60 7.68 0.10 36.60 
P (ppm)  8.90 2.37 25.32 9.45 2.07 26.57 
K (ppm)  305.50 78.00 897.00 251.33 78.00 819.00 
Fe (ppm)  12.73 1.90 26.90 10.30 1.10 24.90 
Mn (ppm)  11.89 1.60 27.80 10.67 1.30 25.70 
Zn (ppm)  1.20 0.60 2.80 0.83 0.50 1.40 
Cu (ppm)  0.98 0.50 2.10 1.03 0.20 2.40 
Sand (%)  71.99 37.40 89.10 73.51 50.00 86.60 
Silt (%)  17.20 7.30 37.80 17.85 8.80 31.50 
Clay (%)  10.80 1.50 29.60 8.91 2.90 20.40 
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 The phosphorus contents of the samples varied between 2.37-25.32 ppm and 2.07-
26.57 ppm, in the 0-30 cm and 30-60 cm depths respectively. According to Olsen et al. 
(1954), it has been found that 33% of the phosphorus content was at the low level (<7 
ppm); 61% of it was at the middle level (7-20 ppm) and 6% of it was at the high level (20 
ppm<) in the 0-30 cm depth.  In the 30-60 cm depth, 39% was at the low level (<7 ppm); 
55% was at the middle (7-20 ppm) and 6% was at the high level (20 ppm<). 

The potassium content in the soil varied between 78-897 ppm in the 0-30 cm depth, 
and 78-819 ppm in the 30-60 cm depth. According to Fawzi & El-Fouly (1980), 50 % of 
the samples of soil in the 0-30 cm depth were found to be deficient (<150 ppm); 5% were 
low (150-200 ppm); 17% were high (300-400 ppm), and 28% were very high (400ppm<).  
The soil samples in the 30-60 cm depth were found to be 44% deficient in potassium 
(<150 ppm); 11% was low (150-200 ppm); 17% was adequate (200-300 ppm); 6% was 
high (300-400 ppm) and 22% was very high (400 ppm<). 

The iron component of the soil samples varied between 1.9-26.9 ppm and 1.1-24.9 
ppm in the 0-30 cm and 30-60 cm depths, respectively.  Thirty-three % of the amounts of 
iron in both depths of the samples were found to be below the critical value and 67% 
were above the critical value, which was the 4.5 ppm critical value determined by 
Lindsay & Norvell (1978). 

Manganese component of the vineyard soils varied between 1.3-27.8 ppm in the 0-30 
cm and 30-60 cm depths, respectively. According to the limited value 3-5 ppm suggested 
by Sillanpää (1982), the following results were found in the 0-30 cm depths: 22% of the 
soil samples were below the given limited values; 11% were within the limited values; 
and 67% were above those limited values. In the 30-60 cm depths, 22% of the soil 
samples were below the given limited values, 17% were within the limited values and 
61% of them were above those limited values. 

The zinc component in the grapes varied between 0.6-2.8 ppm and 0.5-1.4 ppm, in 
the 0-30 cm and 30-60 cm depths, respectively. All the samples in both of the depth 
ranges were above the critical value, which was determined by Viets & Lindsay (1973) to 
be 0.5 ppm. 

The copper components varied between 0.5-2.1 ppm in the 0-30 cm depth and 0.2-
2.4 ppm in the 30-60 cm depth. The critical value of 0.2 ppm, which was determined by 
Viets & Lindsay (1973) was found to be above that level in all the samples. 

The texture of the soils in the 0-30 cm depth was determined to be as follows: 11% 
were sandy-loam; 17% were sandy-clay-loam; 28% were loamy-sand; 5% were loamy; 
and 39% were sandy. In the 30-60 cm depth 33% were sandy-loam; 45% were loamy-
sand; and 22% were sandy. According to Çelik (1998), the most suitable soil is loamy 
soil, for vineyards. 

The average, maximum, and minimum values of the samples of the leaf blades and 
leaf petioles of the examined grapevines are given in Table 2. Nitrogen was determined 
to be between 1.62-3.97% in the leaf blade and between 0.51-1.12% in the leaf petiole. 
According to the 2% total nitrogen limit value, which was suggested for the leaf blade by 
Fregoni (1984), 16 samples were found to be above that value having a value of 89%. 
Phosphorus varied between 0.10-0.29% in the leaf blades and between 0.05-0.45% in the 
leaf petioles. Sixty-one % were found to be above the critical value, according to the 
critical value of 0.15% for leaf blades as suggested by Fregoni (1984). Potassium varied 
between 2.28-5.22% in the leaf blades and 3.48-8.04% in the leaf petioles. Both the 
blades and petioles were determined to be in the efficient level, according to the limited 
value of 1.20-1.40% as suggested by Fregoni (1984). Calcium varied between 1.36-
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2.11% in the leaf blades and 1.16-1.83% in the leaf petioles. The results of the leaf blade 
and petiole analysis have been found to be insufficient according to the limited values of 
between 2.5-3.5%, as suggested by Fregoni (1984). Magnesium varied between 0.21-
0.35% in the leaf blades and 0.12-0.37% in the leaf petioles. All the leaf blade samples 
were found to be sufficient in magnesium.  All of the 17 leaf petiole samples, except for 
one, were found to be at a sufficient level, according to the reference value of 0.2% as 
suggested by Levy (1968). 
 

Table 2. The maximum and minimum values of leaf blade and leaf petiole. 
Leaf blade Leaf petiole  

Elements  Average Minimum Maximum Average Minimum Maximum 
N (%)  2.52 1.62 3.97 0.827 0.51 1.12 
P (%)  0.16 0.10 0.29 0.161 0.05 0.45 
K (%)  3.36 2.28 5.22 5.573 3.48 8.04 
Ca (%)  1.73 1.36 2.11 1.516 1.16 1.83 
Mg (%)  0.26 0.21 0.35 0.324 0.12 0.37 
Fe (ppm)  282 99 341 180 105 294 
Mn (ppm)  142 53 213 167 101 241 
Zn (ppm)  47 29 69 48 25 79 
Cu (ppm)  27 6 125 14 3 48 

 
Iron in the examined leaf blades varied between 99-341ppm and between 105-294 

ppm in the leaf petiole. Manganese varied between 53-213 ppm in the leaf blade and 
between 101-241 ppm in the leaf petiole. When compared to the limited values of 60-150 
ppm, according to the S. S. S. A. (Anon., 1967), it was found that one sample of the leaf 
blades was within these limits while 17 samples were found to be above those values. 
Also, when findings were compared to the limited values given as 50-300 ppm according 
to Fregoni (1984), it was found that in 50% of the samples, manganese remained in these 
limits, while in 50% of the samples, manganese was greater than the 300 ppm value. The 
Fe composition of the leaf petiole samples was above the critical value of 35 ppm found 
by Bergman (1992). 

Manganese content varied between 53-213 ppm in the leaf blade of the vines, and 
between 101-241 ppm in the leaf petiole. Manganese levels in all the leaf blade samples 
were fixed, as it was between the limits of the 20-400 ppm as suggested by Fregoni 
(1984) to be a sufficient value. Manganese components of the leaf petiole samples were 
above the value in all the grapevines, when compared to the critical value of 25 ppm, 
which was determined by Christensen et al., (1984). 

Alexander & Woodham (1964) determined the critical value of zinc to be 35 ppm. In 
the leaf samples, zinc varied between 29-69 ppm in leaf blades and 25-79 ppm in leaf 
petioles. In those samples, zinc levels were determined to be above the critical value in 
all but two samples. For the leaf petiole samples, it was determined that all the samples, 
except one, were above the critical value of 26 ppm suggested by Christensen et al., 
(1984).  

In the leaf blade, copper varied between 6-125 ppm, and in the leaf petiole samples, 
it varied between 3-48 ppm. It was found that in half of the leaf blade samples, copper 
levels were between the 5-20 ppm efficiency limit value, which was stated by Chapman 
(1966).  The other half was above the efficiency limit value. Comparing these results with 
the efficiency limit value of 6-12 ppm given by Bergman (1992), our research on the leaf 
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petiole values showed that 11% were lower than the 6 ppm value, 44% were between the 
limit values and 45% were above the limit values. The statistical connections between 
soil characteristics and plant samples nutrient element comprehensions are given in Table 
3.  

Examining the connections, between soil characteristics and the nutrient element 
comprehensions of the plant samples, as being 26 leaf blades and 12 leaf petioles, totally 
38 connections have been determined between the soil characteristics in 0-30 cm depths 
and the correlation coefficients of the nutrient elements concerning to the leaves. Out 31 
leaf blades and 12 leaf petioles a total of 43 connections have been determined between 
the soil characteristics in the 30-60 cm depths and the correlation coefficients concerning 
of the leaves. 

The results obtained from the soil and plant samples were in accordance with the 
results of the study that was performed by Demirer et al., (1998); Müftüoğlu et al., 
(2000); Demirer et al., (2001); Müftüoğlu et al., (2001), who had previously studied the 
grape vine soils in the region. 
 
Conclusion 
 

In the regions growing Cardinal grapes, it has been determined that there is no 
problem with reference to pH and that all the samples have a low level of organic matter. 
The amounts of lime were poor in 72% of the soil samples in the 0-30 cm depths, and in 
61% of the soil samples in 30-60 cm depths. In almost all of the samples, phosphorus 
levels were found to be in the low and middle levels. The potassium component in the 
soil, at both of the depths, was found to be deficient in nearly half of the samples. In the 
soil samples at both of the depths, iron levels were found to be 33% below the critical 
value, and 67% were found to be above the critical value. In 75% of the vineyard soils 
manganese was either within the limit values or above those values, in both of the depths. 
Also, zinc and copper components at both of the depths were found to be above the 
critical values. The texture of the studied soils was determined to be sandy-loam, sandy-
clay-loam, loamy-sand, loam, and sandy. 

Nitrogen, calcium, phosphorus, iron and copper values were higher in the leaf blade 
than they were in leaf petiole, while potassium, magnesium and manganese values were 
higher in the leaf petiole than in leaf blade. Zinc values did not differ between leaf blade 
and the leaf petiole. The nitrogen values in the leaf blade were found to be above the 
standard values in 89% of the samples, 61% of the samples were found to be above the 
critical values for phosphorus, while all the samples were found to be at the sufficient 
level for potassium. All the samples were found to be below the standard values with 
regard to calcium. Regarding magnesium, all the leaf blade samples were found to be 
sufficient, and all the leaf petiole samples, except one, were also found to be at the 
sufficient level. All of the leaf blade and the leaf petiole samples, with regard to iron and 
manganese, and nearly all of those samples studied with regard to zinc, were found to be 
at the sufficient level. Analysis of all of the leaf blade samples determined that copper 
levels were either between the efficiency limit values, or above the sufficiency limit.  
Eighty-nine % of the leaf petiole values were determined to be either between the limit 
values or above those values. Consequently, all the regions that are growing Cardinal 
grapes should use organic matter, phosphorus and potassium.  The regions that have pH 
values under 5.5 should also use lime, however the iron components should also be 
followed.  
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