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Abstract: One of the most important factors playing role in plant development is the nutrient element content of the soil. Being one of 

the fundamentally necessary macronutrients for plant nourishment, calcium (Ca) plays an important role in the growth and development 

of a plant. Thus, even though many studies have been carried out on the change of Ca concentration in agricultural soils, the number 

of studies examining this subject for forest soils is very limited. In the present study, it was aimed to compare the concentrations of Ca 

in soil and plant organs for the soils, where different forest trees are grown. Within this scope, leaf, bark, wood, cone, and root samples 

were collected from Turkish fir, black pine, Scotch pine, and Oriental beech species and soil samples were taken from the surface, mid-

deep, and deep soil levels. Then, the Ca concentrations were compared. As a result, it was determined that Ca concentrations statistically 

significantly vary between leaves, roots, and woods of plants and between mid-deep and deep soils by species (p<0.05). 
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Öz: Bitki gelişiminde rol oynayan en önemli faktörlerden biri toprağın besin element içeriğidir. Bitki beslenmesi için temel olarak 

gerekli makro besinlerden biri olan kalsiyum (Ca), bitkinin büyüme ve gelişmesinde önemli bir rol oynar. Bu nedenle tarım 

topraklarında Ca konsantrasyonunun değişimi ile ilgili birçok çalışma yapılmış olmasına rağmen orman toprakları için bu konuyu 

inceleyen çalışma sayısı oldukça sınırlıdır. Bu çalışmada, farklı orman ağaçlarının yetiştirildiği topraklar için toprak ve bitki 

organlarındaki Ca konsantrasyonlarının karşılaştırılması amaçlanmıştır. Bu kapsamda köknar, karaçam, sarıçam ve doğu kayını 

türlerinden yaprak, ağaç kabuğu, odun, koni ve kök örnekleri toplanmış ve yüzey, orta-derin ve derin toprak seviyelerinden toprak 

örnekleri alınmıştır. Daha sonra Ca konsantrasyonları karşılaştırıldı. Sonuç olarak, Ca konsantrasyonlarının bitkilerin yaprak, kök ve 

odunları arasında ve türlere göre orta-derin ve derin topraklar arasında istatistiksel olarak anlamlı farklılık gösterdiği belirlenmiştir 

(p<0.05). 

Anahtar Kelimeler: Toprak, Orman, Besin Elementi, Ca 

1. Introduction 

Plants are grown and perform on the soil where they photosynthesis by using the sunlight and produce the nutrients that 

are required by other organisms [1, 2]. Thus, the entire organic life is directly or indirectly dependent upon the plants [3]. 

For the plants, offering the benefits they are supposed to offer depends on their healthy growth and development [4-6]. 

Plant development depends mainly on climatic [7-9] and edaphic factors [10-12] and nutrient elements are among the 

factors influencing the plant development the most [13-14]. 

In plant nourishment, there are 16 fundamental nutrient elements that are required and, being one of these elements, 

calcium (Ca) is among the elements that are required for plant growth and development [15]. Ca plays an important role 

in growth and development of cells, in arranging the membrane permeability, in stabilization of tissues, and also in quality 

of plants. Moreover, it has also important effects on the chemical characteristics of the soil. Thus, it is of an inevitable 

importance for fauna, microflora, plant, and soil. In case of Ca deficiency, besides a decrease in plant yield, also the 

quality decreases generally [15-17]. 

Ca is also a heavy metal. Some of the heavy metals (such as Pb, Cr, Ni, and Hg) are toxic, carcinogenic, and harmful for 

organisms even when at low concentrations [18-21] and the ones that are necessary as plant nutrient elements can be 

harmful for organisms when at high concentrations [22-24]. Hence, it is very important to monitor the concentrations of 

heavy metals in air, soil, and water [25-27]. In the present study, in order to understand the interaction of Ca in soil and 

plant organs, the change of Ca concentrations in soil and plant organs was examined in soils, where different forest trees 

are grown. 
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2. Material and Method 

The main objective of the present study is to investigate the variance in Ca concentration by the plant species grown in 

soils forming on the same bedrock. Thus, an area, where different forest trees are grown but the environmental factors 

are similar, was chosen as the study material. The study area, which is a plain field, is in the Araç district of Kastamonu 

province and the environmental factors other than the plant species are similar. Thus, it was accepted that the main factor 

altering the soil structure was the plant species.  

Within the scope of this study, leaf, bark, wood, cone, and root samples were collected from Turkish fir (Abies 

nordmanniana subsp. bornmülleriana Mattf), black pine, (Pinus nigra Arnold.), Scotch pine, (Pinus sylvestris L.), and 

Oriental beech (Fagus orientalis Libsky.) species grown in places, which were close to each other, whereas the soil 

samples were taken from surface (0-5 cm), mid-depth (20-30 cm), and deep (50-60 cm) levels under each trees. Ca 

analyses were performed using the ICP-OES device. This method is one of the most widely used methods preferred in 

many studies in recent years [28-31]. The data obtained were analyzed using Variance analysis and Duncan’s test by 

making use of SPSS package software. The data were interpreted after simplifying and tabularizing them. 

3. Result and Discussion 

The data and statistical analysis results regarding the change of Ca concentration in plant organs are presented in Table 

1. 

Table 1. Change of Ca concentration between plant organs 

Species 
Organ 

F Values Average 
Leaf Bark Cone Wood Root 

Tf 8164.4 Db 5901.4 C 3803.6 B 1614.8 Aa 7881.9 CDb 14.4*** 5473.2 

Bp 6624.7 Ca 5574.8 B 1458.3 A 4517.4 Bb 3695.7 Ba 7.97*** 4374.2 

Sp 6880.2 Ba 8047.9 B 1773.0 A 1547.1 Aa 7146.3 Bb 63.89*** 5078.9 

Ob 8205.6 Cb 4999.7 A - 3907.9 Ab 6599.1 Bb 14.90*** 5928.1 

F Values 9.36*** 2.20 ns 2.80 ns 12.59*** 15.85***  2.19 ns 

Average 7468.7 C 6130.9 B 2344.9 A 2896.8 A 6330.8 B 37.59***  

Variance analysis results showed that the change of Ca concentration by organ was statistically significant in all the 

species at the confidence level of 99.9%. Given the data, it can be seen that the lowest values were obtained from the 

woods and cones, whereas the highest values were obtained from the leaves. Examining by the species, the change of Ca 

concentration was not statistically significant in barks and cones (p>0.05). Considering the leaves, the lowest values were 

obtained from the pine varieties, whereas the highest ones were obtained from beech and fir species. The changes of Ca 

concentration in soil samples are presented in Table 2. 

Table 2. Change of Ca concentration in soils 

Species 
Soil depth 

F Values Average 
Upper Medium Lower 

Tf 8855.75 8695.33 b 8993.38 bc 0.08 ns 8848.15 b 

Bp 8858.86 A 10105.41 Bc 7673.16 Ab 4.34* 8879.14 b 

Sp 9209.50 9606.77 bc 9594.08 c 0.42 ns 9470.12 b 

Ob 8770.61 B 5014.27 Aa 5635.52 Aa 17.65*** 6473.47 a 

F Values 0.12 ns 48.19*** 10.55***  16.14*** 

Average 8923.68 8355.45 7974.04 1.99 ns  

As can be seen in Table 2, the change of Ca concentration by the soil depth was statistically significant for only soils, 

where Bp and Ob were grown (p>0.05). Besides that, the change of Ca concentration was not statistically significant for 

the surface level but statistically significant for mid-depth and deep levels. In mid-depth level, the lowest value was 

obtained from the soils where Ob was grown, whereas the highest values were obtained from the soils where pine varieties 

were grown. Considering the deep level, the lowest values were obtained from the soils where Ob was grown, whereas 

the highest values were obtained from the soils where Tf and Sp were grown. 

4. Discussion and Conclusion 

The results obtained here showed that Ca concentration in plant organs and in soils, where the species examined here are 

grown, might change depending on the plant species. It suggests that Ca nutrient element in soils is used at different levels 

by different plants. Therefore, plants significantly alter the nutrient element content in the soils, where they are grown. 

The nutrient element content of the soil is one of the most important factors influencing the root development of plants 
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[32-34]. As with all other organisms, the phenotypical characteristics and development of plants are shaped under the 

effects of plants’ genetic structures [35-37] and environmental factors [38-41]. 

Among the environmental factors, one of the main factors influencing the plant development is the soil structure. Many 

factors such as nutrient content of soil, soil depth, enzymatic activities, microorganism status, soil structure, and soil 

texture influence the plant development [13, 42]. In fact, although the main factors influencing the plant development are 

the climatic [43-46] and edaphic [47-49] factors, previous studies showed that microclimatic and microedaphic factors 

affected the development and phenotypical characteristics of plants more than macro factors did [50-51] because plants 

get stressed due to various factors such as temperature, water deficiency, frost, UV-B, diseases and pests, and air pollution 

and it significantly affects plant development and phenotypical characteristics [52-61]. Among these factors, one of the 

ones influencing the plant development the most is the soil composition, which indicates the nutrient content of the soil 

[13,32]. 

Plants utilize the nutrient elements, which are necessary for their development, by taking them from the soil through their 

roots. As a result, the amount of nutrient content in the soil decreases and it affects the plant development. In agricultural 

soils, the deficiency of nutrient elements in the soil can be compensated through fertilization. However, since no 

fertilization can be performed in forest soils and it is necessary to carefully select the tree species to be grown by 

considering the nutrient content in the soil. But the number of studies examining to what extent the forest trees utilize 

which nutrient elements to what extent is very limited. 

To date, many studies were carried out examining the concentrations of various nutrient elements in plant organs [62-64] 

and the soils [33-34]. However, the intake of nutrient elements into plants occurs through roots and aboveground roots. 

The knowledge of which sources the nutrient elements in plant organs are taken into plant body from is very limited [65]. 

Similarly, the information about the transfer of nutrient elements within the plant after the intake from soil or air is also 

limited [66-68]. Thus, to provide important information, it is necessary to determine the amounts of nutrient elements in 

soil and to perform comparative evaluations. Hence, it is recommended to carry out and diversify the studies examining 

this subject. 
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