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 Tree species have the ability to change the amount of soil carbon sequestration (SCS), 
total nitrogen (TN) and other soil characteristics. the main objective of this study is 
consideration of the effects of SCS, TN and some other soil characteristics in 19-year-
old pure and mixed stands afforested in Fandoghloo region, (northwest of Iran). The 
results showed that SCS, TN and other physico-chemical characteristics of soil in the 
top 50 cm of soil were affected by pure and mixed afforested species. The highest 
amount of SCS was observed in the 0-15 cm of pure Cedrus libani stand soil. The total 
means of SCS in pure Cedrus libani, Pinus nigra stands and mixed Pinus-Cedrus stand 
were 85.22, 85.74 and 90.34 (Mg ha-1), respectively. The highest amount of TN was 
obtained at the depth of 30-50 cm of soil in pure stand of Pinus nigra .The total means 
of nitrogen in pure Cedrus libani, Pinus nigra and mixed Pinus nigras-Cedrus libani 
stans were 6.20, 7.56 and 8.08( Mg ha-1 ), respectively. All in all, the pure and mixed 
coniferous stands had different impacts on SCS, TN, soil characteristics. There is the 
possibility that low acidity of soil in pure cedar stand comparison to the others causes 
an increase in the activity of microorganisms and more mixing of humus with soil. The 
correlation of SCS with organic matter can also be the reason of this claim. The high 
concentration of nitrogen can occur in the lower depth (30-50 cm) because of leaching 
of this material. 
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INTRODUCTION 
 

Due to the enhancement of the forested areas, the increase of carbon sequestration has been considered as 
an effective method to decrease the concentration of the atmospheric carbon dioxide, and consequently, it can 
prevent the global warming [55,22]. Land use change has the potential to increase or decrease the amount of the 
soil organic carbon sequestration [31]. The afforestration of the barren lands and their management can increase 
the storage of organic carbon of soil by the carbon sequestration. 

In the global scale, on average, 50- 120 t/ha carbon of aboveground biomass was stored in one hectare 
afforested land [23]. The carbon in forest biomass stems from wood, branches, leaves, roots and dead plant 
parts, including litter and woody debris. The carbon sequestrates the SOC. In fact, a wide range of factors affect 
the amount of soil carbon which among all of them the tree species are the most important factors which can 
affect the chemical characteristics of soil by different mechanisms. The amount of soil nitrogen is one of the 
most effective factors influencing the quality of habitats. The Increase in the amount of available soil nitrogen 
can cause quantitative and positive variety at the aboveground carbon sequestration [33, 34, 48]. Magnani et al. 
[34] realized that the carbon sequestration in the temperate and boreal forests was clearly related to the amount 
of nitrogen deposition. 

The amount of carbon sequestration is different in various forest types. Among the different terrestrial 
ecosystems, coniferous forests are considered as enormous carbon sinks [17]. which decrease climate changes 
with the capability of carbon dioxide absorption through photosynthesis and high capacity of storage in living 
and non-living components.      

Several scientists [1,56] emphasized on the importance of afforestation and selection of appropriate species 
to increase carbon sequestration. Some studies [24,13,10] have been investigated the effects of afforestation on 

http://www.aensiweb.com/aeb.html�
mailto:ebfataei@gmail.com�
mailto:.b.behtari@gmail.com�


4317                                                               Ebrahim Fataei et al, 2013 
Advances in Environmental Biology, 7(13) November 2013, Pages: 4316-4325 

 
carbon sequestration and nitrogen. Giuffre et al. [16]  measured the amount of organic carbon of soil and could 
obtain significant differences between afforested and pasture areas of Patagonia region in Argentina.  

 Nosetto et al. [38] observed that afforestation with Pinus ponderosa in pasture areas of Patagonia increased 
the above- and belowground carbon storage. Some reports showed that afforestation caused a decrease in SOC 
[51] and some other researchers believed that there were no remarkable changes in soil carbon after 
afforestation [6]. Although, the other scientists’ findings showed that afforestation substantially increased the 
soil carbon. 

The fast-growing species cause aggregation of carbon than the other slow-growing species and in turn it 
increases the carbon sequestration [9]. The coniferous species, such aspine and cedar are fast-growing and 
special species planted in different parts of the world. Mixed planting stand has more potential compared to pure 
planting, but the kind of soil, silviculture method and the types of tree species have remarkable effects on 
mentioned cases  [7]. Pine habitats has become well-known as one of the most productive forests averagely 
more than 3 to 161 T/C/ ha. The carbon sequestration has been evaluated based on age of stand, kind and 
amount of carbon in various studies [14,25,26]. Some studies have been fulfilled on carbon sequestration of 
different species of pine, such as Pinus syllvatica, Pinus pondersa, Pinus taeda and Pinus strobes L [19,29,41]. 
Unfortunately, sufficient references are not available on the cedar species [18]  while fewer studies have been 
considered the potential of mixed planting.  

In this paper, the main goal is to investigate the effects of presented species on the amount of carbon 
sequestration, TN, some other soil characteristics, and relation of carbon sequestration and TN in pure and 
mixed stands. Additionally, it is assumed that different conifers in the form of pure and mixed planting have 
different effects on SCS, TN and the soil characteristics under the almost homogeneous biological and 
biophysical conditions. 

 
MATERIALS AND METHODS 

 
1.2 Study area: 

The investigated area is located in the northwest of Iran (northeast of Ardabil), between 38° 22' to 38° 24' 
latitude north and 48° 31' to 48° 34' longitude east (Fig1). According to the data of the Namin Meteorological 
Station, the mean annual precipitation and temperature were 379 mm and 8.8° C, respectively. The elevation of 
the forested area lies between 1350 and 1500 m above sea level and the area is about 50 hectares, including pure 
pine, cedar stands, and mixed pine-cedar stand of afforested area. In the past, forested areas were barren lands, 
and they were planted with mentioned species 19 years ago. The soil texture of the area is loam and clay loam. 
 
2.2 Soil Sampling: 

For each stand, 10-hectare land was selected. In order to decrease the border effects, surrounding rows of 
stands were not considered during sampling [54]. The soil sampling using a randomly systematic method was 
carried out during the October, 2012. In each stand, 3 plots of 100m2 (10*10m) were used for the soil sampling 
[32]. 

Four one-meter profiles were dug in each plot and the soil samples were extracted from the deep levels of 
0-15, 15-30 and 50-30 cm using cruor (Ø 35 mm). In each plot within each stand sub taken from 4 points in the 
form of a composite sample was used for the soil analyses.  

To calculate the carbon storage of soil, the bulk density of soil was measured. For this purpose, the samples 
were extracted from the dug pits in each plot of different levels (0-50 cm) using a cylinder (d=40 mm and 
volume 50 cm3) to prevent compaction and maintain the soil structure.  Three samples were taken from different 
depths [52]. All soil samples were derided (25° C) and sieved by mesh of 2mm. The coarse living materials, 
such as roots and gravels were separated, while collapsing organic matters, such as dead roots were 
defragmented and added to sieved materials [31]. 

 
3.2 Soil analysis: 
2.3.1 General characterization: 

Bulk density was gained by dividing the oven dry mass of <2 mm fraction by the volume of the core in 105 
°C. The volumes of roots and gravel were taken into account, but made up <4% in the most of samples [32].The 
pH was measured using a pH meter Orion Analyzer Model 901 in soil to water ratio (1:2.5). EC was measured 
by electrical conductivity meter in a ratio 1:2 soil: water. The soil texture was determined by Bouyoucos 
hydrometer method (Bauder, 1986). The method measured the base saturation using saturate mud and TN using 
Kajeldahl method. Phosphorus, organic matter and calcium content were determined using method [39, 43], the 
Walkley-Black and atomic absorption spectrophotometry (atomic absorption spectrophotometry) model GBC 
932A / A, respectively. 
 
2.3.2 Calculation of SCS and total TN: 
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Total organic soil and stored nitrogen (Mg ha-1) of each depth (0-15, 15-30 and 30-50 cm) of soil were 

calculated by the equations below: 
SOC (Mg ha-1) = SOC (g kg-1).z.ϸb.10 [31]  
Total N (Mg ha-1) = N (g kg-1).z.ϸb.10 [32]  
Where, z is the soil layer thickness (m), and ρb is the dry bulk density (Mg m−3). 

 
3.2.2 Data analysis: 

First of all, Kolmogorov-Smirnov test was performed for normality of the data. Then, the analysis of 
variance (ANOVA) of the data was run using SPSS 19. Statistically, significant interaction between stand - 
depth on SCS, TN and other characteristics was carried out using two-way ANOVA analysis of variance (Tow 
way ANOVA). When the difference was significant, the differences between means were evaluated using 
Duncan's test at 5% level. 

   
Result: 
3.1 Physico- Chemical characteristics of soil:    

Some physico- chemical characteristics of soil are presented in Table1. A significant difference was 
observed in bulk density in interactive effects of stand and depth (ANOVA, F=5.83 P < 0.01) the highest bulk 
density in mixed Pinus-Cedrus was found at a depth of 15-30 cm. The increase in bulk density with increasing 
depth was gained in Pinus stand. There was no clear trend in other stands. There was significant difference in 
bulk density between stands in soil depths of 15-30cm and 30-50 cm, but there was no statistically significant 
difference in 0-15 cm depth. The pH values of the stand and depth interactive effects showed no significant 
difference. In other word, there was no significant difference between various stand and depth treatment.  

High values of EC were obtained in Pinus stand at 0-15cm and 30-15 cm depths. High base saturation was 
gained in Pinus stand at the lower depths (15-30 and 30-50 cm). The saturation increased with increasing depth 
in the two stands observed in Pinus and Pinus-Cedrus. Although, there were no statistically significant 
differences in mentioned depths. The Percentage of sand, clay and silt showed significant differences in 
interactive effects of stands and depths (ANOVA. P<0.001). The highest percentage of sand was gained at the 
depth of 15-30cm of mixed Pinus-Cedrus stand and there was significant difference with other treatments.  

 Among all three stands, depth of 15-30 cm showed significant differences in the percentages of sand. 
However, this difference was not observed in two other depths (0-15 and 30-50 cm). The high values of clay 
were observed in the depths of 0-15 and 30-50 except from the Cedrus stand. The depth of 15-30 cm in two 
Pinus and Pinus-Cedrus stands showed less percentage of clay and significant difference than the top and 
bottom depths. 

The percentage of silt at the first depth (0-15 cm) of Pinus and Pinus-Cedrus stands showed higher values, 
although in Pinus stand there was no significant difference between 0-15 and 15-30 cm depths. The first and 
second depths of Cedrus stand showed no significant difference. The highest available P was observed at the 
first depth of the mixed stand which had no significant difference with the two other depths of same stand.   

The highest amount of available P was in the second depth of cedar stand which had no significant 
difference with the first depth. Also, it had difference with the third depth. The highest amount of available P 
was observed in the third depth (30-50 cm) of pine that it had significant difference with two other depths. The 
percentage of calcium had no significant difference between stands and depths.  
 
2.3 SCS and TN:  

 The interaction effects of stand and depth of SCS possess statistical differences (ANOVA, F=14.81, 
P<0.001). The highest amount of carbon sequestration was observed at 0-15 cm depth of Cedrus stand that had 
significant difference with the other treatments except from 30-50 cm depth of Pinus stand. The lowest amount 
of SCS was at 0-15cm depth of Pinus. This amount of carbon sequestration had no significant difference with 
SCS at stand and soil depth of 15-30 cm.  

SCS showed significant difference in mixed stand at 0-15 and 30-50 depths than 15-30 cm depth, as the 
lowest amount of SCS was observed at 15-30 cm depth. Twodepths of 15-30 and 30-50of Cedrus stand had no 
significant differences to each other, while they had significant difference to the first depth. In addition, the 
highest amount of SCS among these three depths was observed at 0-15cm depth of Cedrus pure stand (Fig 2).   

The total carbon sequestrations in the top 50 cm of soil were 34.90, 74.85 and 22.85 (Mg ha-1) in cedar, 
pine and pine-cedar stands, respectively (Fig 3.). In other words, pure stand of cedar showed the highest total 
carbon sequestration in the top 50 cm of soil among three stands.  

The TN in different treatments of the interactive effects of stand and depth showed significant difference 
(ANOVA, F=14.81, P<0.001) (fig 4). The highest TN was observed in pure stand of pine at the depth of 30-50 
cm of soil which had significant difference with other treatments. The TN at two first depths (0-15 and 15-30 
cm) of stands did not show significant difference with each other. After pine pure stands, mixed stands of pine-
cedar showed the highest TN which had significant difference with other treatments. In the mixed stands, the 
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first two depths (0-15 and 15-30 cm) showed significant difference in TN so that TN was higher in the first 
depth. The cedar and pine pure stands were almost similar, so TN in the third depth (30-50 cm) had significant 
increase compared to the two other depths. The first two depths in pure pine stand did not show significant 
differences in soil TN. The TN in the top 50 cm of soil in the cedar, pine and pine-cedar stands were 6.20, 7.56 
and 8.08 (Mg ha-1) (fig 5). In other words, the highest TN was detected in mixed pine-cedar stand. 

The C: N ratio was influenced by the stands and depths (ANOVA, F=49.05, P < 0001) (Table 1). As the 
highest C: N ratio was found at the first depth of pure cedar stand which had significant difference with other 
treatments. In cedar stand, significant decreasing trend was observed with increasing of depth. 

The pine and pine - cedar stands had similar trend in the C: N ratio so that the depth of 15-30 cm in both 
stands showed significant increase in C: N ratio with upper (0-15 cm) and lower (30-50 cm) depths. The depth 
of 30-50 cm had the least ratio of C: N to the all three stands, and it had significant difference in the proportion 
of two upper depths (Fig 6). 

Significant changes of soil organic matter were observed in different stands and depths. (ANOVA, F=4.62, 
P < 0.05) (Table 1). The highest amount of organic matter was observed in the cedar stands and at the 0-15cm 
depth of soil which it had significant difference with other treatments. In this stand, there was a significant 
decrease with increasing of depth. In the pure pine, there was no significant difference in organic matter stands 
of all three depths. In mixed stands of pine–cedar, the highest amount of organic matter was observed in the first 
depth which there was a significant decrease with increasing of depth (Fig 6). 

 
Discussion: 

Generally, the plants and other living beings affect the physical and chemical characteristics of soil [53]. In 
this study, due to the effectiveness of direct coating of microorganisms was evaluated the upper layer (0-50 cm). 
It is clear that coniferous pure and mixed stands had different effects on the soil characteristics, carbon 
sequestration and TN.  

The pH is considered as very important characteristic of soil which affects the availability of soil nutrients 
[2]. The numerical difference between the acidity of the soil stands may be due to the different types of litter in 
stands. The stand types affect the changes in soil EC so that mixed stand (pine- cedar) had fewer fluctuations in 
the amount of EC in the soil profile than the pure stands. In total, the upper level to the depth of 30 cm had 
higher EC than the lower level.  

Among all three stands, the depth of 30-50 cm had the higher base saturation. It is likely that the base 
saturation of the stands was mostly affected by the root activity and significantly higher saturation of the third 
depth combined with higher amounts of organic matter of this depth (Fig. 2). 

Turk et al. [50] noted the effects of organic matter and the root activity on soil physical changes. The 
climatic conditions, plant species and soil bulk density are the integral factors influencing SCS [40, 46]. The 
carbon sequestrations in pure and mixed conifers were different. An increasing trend in carbon sequestration in 
pure pine was different from two the other stands. In this study, a significant enhancement in the carbon 
sequestration rate by increasing the depth of pure pine stand was obvious (Fig 2). Additionally, an increasing 
trend was detected in bulk density with the increase of depth in this stand (Table 1). High correlation (R2 = 0.95, 
P <0.01) between bulk density and SCS was observed in this stand.  

The enhancement of soil bulk density was seen in cedar, but there was a significant correlation in this stand 
with organic matter (R2= 0.71, P<0.05). Garten [15] showed a significant correlation between the carbon 
sequestration and the soil organic matter. Brahim et al. [8] mentioned that organic carbon was controlled by 
chemical properties and bulk density more than physical properties.  

There was no increase in the carbon sequestration of cedar pure stand like pine by the increasing of soil 
depth. The pine–cedar mixed stand at different soil depths were the same as carbon sequestration in pure cedar. 
But mixed stand did not significantly correlate with soil organic matter and bulk density. Singh and Singh  [46] 
declared that the accumulation of organic carbon and nutrient elements at various depths depend on humus 
content, canopy cover, and type of species considered. The litter resulted from conifers contained chemicals 
which were hardly decomposed than hardwoods, therefore they caused to the accumulation of litter on the soil 
surface and the formation of acidic compounds [3]. 

 Among the all stands, the minimum and acidic pH belonged to the 0-15cm depth in surface horizons of 
pine stand (Table1). Consequently, this is likely that acidic soils with low soil fauna activity caused reduction in 
mixing humus with soil [49] and the carbon sequestration rate in this depth of pine stand was lower than other 
stands. 

The results showed that not only species types made changes in the content of carbon sequestration but also 
was effective on the carbon distribution in soil profile. Lemma et al. [31] showed that in spite of the same 
management history of the Cupressus lusitanica and Pinus patula stands based on the tree species, there was 
significant difference in the increase of the SOC. Lemenih et al. [30] also studied the variation of soil 
characteristics in Cupressus lusitanica and Eucalyptus saligna species, and they concluded that the rate and 
direction of changes in soil characteristics associated with species types.  
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It is likely that the low pH of soil in cedar than the other stands caused an increase in the activity of 

microorganisms and more mixing of humus with soil. The correlation of the carbon sequestration rate with 
organic matter could be the reason for this claim. Moreover, the changes of organic matter had decreasing trend 
in the soil profile in the cedar pure stand (Fig 2) which was consistent with a decreasing trend of the carbon 
sequestration and increasing trend of depth. 

Rice [42] mentioned the litter as the major source of nutrient and organic matter of soil. The high 
percentage of sand in the surface soil of this stand could also increase soil porosity and by increasing ventilation 
and moisture which increased the activity of microorganisms and further decomposition. These results showed 
that not only the coniferous species in the pure and mixed stands changed the distribution of carbon 
sequestration, but also affected the amount of carbon in the soil profile. Binkley and Giardina [5]  reported that 
tree species through several mechanisms, such as the input, output and nutrient cycling might have different 
effects on soil.  

So far, different findings on the effects of tree species on soil nitrogen have been reported so that some 
researchers [55] did not gain significant differences in soil nitrogen of species studied. But other researchers 
reported the impact of various species afforested on the soil nitrogen differently. Our results also presented the 
effects of nitrogen content on the soil profile. The high accumulation of nitrogen was observed in the lower 
depths (30-50 cm) of all three stands. In 2006, Lemma and Olsson [31] observed such a trend in Pinus patula 
species.  

Moreover, they noted the effects of different land uses and tree species on different amounts of the soil 
nitrogen; they observed that the rate of N 15 δ increased with the increment of depth. Nadelhoffer and Fry [37] 
expressed the reason of the increase in N15 δ in the forest soils could be explained by the combination of litter 
inputs with low N15 δ at the surface and isotopic decomposition fractionation during OM. The lowest amount of 
TN in cedar (fig. 5) could be due to the high percentage of soil sand which caused the nitrogen to leach. The 
decrease of the C: N ratio was detected because of the depth increase in the cedar (fig 6). Lemma and Olsson 
[32] mentioned that the reduction of C: N ratio was associated with the high amount of decomposition. In the 
numerical term, results showed that the stands with remarkable high amount of soil carbon sequestration, the 
amount of TN was low (Fig 3and5), while a positive correlation between the carbon sequestration and TN in the 
pure pine (R2 = 0.63, p < 0.05) and the mixed pine-cedar stands were observed (R2 = 0.56, p < 0.05), but there 
was no significant difference in the pure cedar stand. Murty et al. (2002) [36] reported the high correlation 
between the reduction of carbon and nitrogen. 

 

 
 
Fig. 1: Mean (±S.E.) of total SOC (Mg ha-1 ) within 0–15, 15-30 and 30-50 cm depth under different stand . 

Different letters denote significant differences at p < 0.05. 
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Fig 2. The average total SOC within 0–50 cm depth under different stands 
 

 
 
Fig. 3: Mean (±S.E.) of total N (Mg ha-1) within 0–15, 15-30 and 30-50 cm depth under different stands. 

Different letters denote significant differences at p < 0.05. 
 

 
 
Fig. 4: The average total  N within 0–50 cm depth under different stands 
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Table 1: The effect of stand–depth interactions of physico-chemical characteristics of soil. 

ANOVA 
F-Value 
(stand×depth) 

   Stand Depth 
(cm) Soil characteristics 

Pine- Cedar Cedar Pine 

 5.81±0.05 5.85±0.13 5.63±0.03 0-15 PHH2o 
 5.83±0.12 5.40±0.026 5.65±0.03 15-30  
 5.62±0.07 5.43±0.0066 5.50±0.03 30-50  
1.715ns      
 1.54±0.078abc 1.51±0.0033bc 1.44±0.003c 0-15 Bulk density (g/ cm-3) 
 1.62±0.05a 1.50±0.012c 1.51±0.003bc 15-30  
 1.46±0.015c 1.53±0.0003abc 1.61±0.009ab 30-50  
5.84**      
 0.022±0.0006bc 0.0063±0.0012e 0.023±0.0007b 0-15 EC (dS m−1  )   
 0.021±0.0037bc 0.0073±0.0003e 0.031±0.0006a 15-30  
 0.021±0.0012bc 0.011±0.0033d 0.018±0.0003c 30-50  
7.65***      
 19.00±0.57ef 20.33±0.33de 18.33±0.3fg 0-15 Base saturation (%) 
 21.33±0.88cd 17.33±0.33g 24.67±0.3b 15-30  
 25.33±0.88b 22.33±0.33c 27.67±0.3a 30-50  
21.43***      
 25.33±2.33c 28.33±0.88bcd 25.67±0.3c 0-15 Sand (%) 
 35.00±0.31a 26.00±0.21cd 29.67±0.3bc 15-30  
 29.00±1bcd 31.00±0.57b 29.67±2.18bc 30-50  
7.98***      
 32.33±1.20a 31.00±0.57a 32.00±0.6a 0-15 Clay (%) 
 28.33±0.33c 30.67±0.66ab 28.67±0.33bc 15-30  
 32.67±1.20a 27.33±0.33c 31.67±0.33a 30-50  
8.5***      
 42.33±1.20a 40.67±0.33ab 42.33±0.7a 0-15 Silt(%) 
 36.67±0.33c 43.33±0.66a 41.67±0.33a 15-30  
 38.33±0.33bc 41.67±0.33a 38.67±1.85bc 30-50  
7.38**      
 21.33±1.67a 17.67±0.33bcd 14.67±0.33de 0-15 available P (ppm) 
 18.33±2.19abc 20.67±0.33ab 16.67±0.87cde 15-30  
 19.67±0.67abc 14.33±0.33e 20.67±0.32ab 30-50  
10.26***      
 2.67±0.07 1.36±0.01 2.37±2.07 0-15 Ca+2 (%) 
 2.81±0.02 1.20±0.01 2.27±0.01 15-30  
 2.34±0.21 1.27±0.01 1.87±0.01 30-50  
1.87ns      

Values followed by the same letter at the three row and three columns in per soil characteristics are not significantly different at p < 0.05 at 
that soil characteristics. 
*p < 0.05, ** p < 0.01, *** p < 0.001 and  ns = not significant 
 
Conclusion: 

Totally, the type of tree species and afforestaion (pure and mixed) of planting trees have caused changes in 
the amount of carbon sequestration, TN and some of other characteristics of soil in the surface profile (0-50 
cm).The cedar in the pure planting form had the highest amount of carbon sequestration and pine-cedar in the 
mixed planting form had the highest TN of soil amount.   
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