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Forest ecosystems of different tree species participate actively in climatic and biotic processes, such as photosynthesis, plant and soil 

respiration, therefore knowledge of soil respiration, especially of CO2 emissions to the atmosphere is of great importance. The aim of 

the study was to determine soil respiration rate of stands of deciduous (Betula pubescens Ehrh., Quercus robur L.) and coniferous 

(Larix eurolepis Henry, Thuja occidentalis L.) tree species as well as impact of abiotic (soil temperature, humidity, electrical 

conductivity, pH) and biotic (abundance of undergrowth, shrub, herbs) factors. Measurements of CO2 emissions, temperature, moisture 

and electrical conductivity were performed in-situ in the stands of different tree species with portable ADC BioScientific LCpro+ 

system and digital electrochemical device “Wet” (Delta-T). Soil samples were collected for the physicochemical analysis 

simultaneously. Chemical analysis of soil samples was done at the lab of the Environmental Research of the Aleksandras Stulginskis 

University by standard methods. Soil respiration was highest in the stand of Thuja occidentalis and lowest in the stand of Betula 

pubescens. Soil respiration intensity of the tree stands increased as follow: Thuja˂ Quercus˂ Larix˂ Betula. In the coniferous tree 

stands, the soil respiration was lower on average 27% comparing to deciduous tree stands. Soil respiration rate increased with increase 

of herbaceous vegetation cover and temperature. Soil respiration rate was mostly influenced by abundance of herbaceous vegetation (r 

= 0.91) of all biotic factors investigated, while soil temperature (r = 0.75) of abiotic factors.  60 years old stands of different tree species 

formed specific conditions what influenced different soil respiration rates. 

 

Keywords: coniferous trees, CO2, deciduous trees, soil, respiration rate. 

 

INTRODUCTION 

 

Soil respiration is a complex process involving initial soil biota activity; it is residuals and subsequent soil organic matter 

decomposition resulted by the activity of microorganisms (Vedrova, 1997; Janušienė, 1996). A measure of soil respiration is 

CO2 emission from soil to atmosphere. Mean rates of CO2 emissions during the growing season vary from 0.3 to 6.7 t C ha-1 

per year depending on climatic zones in various soils (Kudeyarov et al., 1995), the CO2 emission from the forest soil in oak 

forests in the southern forest-steppe zone reaches 5.6–6.7 t of C/ha per year (Mamaev and Molchanov, 2004). 

Therefore, even small fluctuations in soil respiration can largely affect atmospheric CO2 concentrations, what have 

a great impact on the global warming processes. It is estimated that soil CO2 emissions represent 60–90% of the total 

ecosystem respiration of the temperate forests (Goulden et al., 1998; Valentini et al., 2000; Law et al., 2001).  

Soil respiration is an indicator well-representing soil biological activity and productivity of phytocoenoses (Mina 

1927; Karpachevskii, 1981; Feizienė et al., 2010). Soil micro and macro biota, and plant roots produce energy and release 

CO2 to the atmosphere using oxygen in processes of respiration and organic matter decomposition (Parkin et al., 1996; 

Machulla, 2003). According to Janušienė (1996), the maximum quantity of the CO2 gas is released at the period of 

intensive vegetation as the intensity of organic matter mineralization increases simultaneously. Tree species may affect 

soil respiration due to differences in the quality of litter and specific climatic conditions under the canopy (Borken et al., 

2002; Prescott, 2002). 

Soil respiration intensity depends on the plant growth conditions. It increases either when air temperature increases 

or when air temperature decreases and soil moisture increases. (Schlentner and Van Cleve, 1985; Lloyd and Taylor, 1994; 

Qi et al., 2002; Rey et al., 2002; Reichstein et al., 2002; Feizienė et al., 2012). Air content in the soil depends on its 
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‘structure, porosity, and moisture. The more soil pores are filled with water, the less air is left there. Moreover, water 

forms an efficient barrier for gas removes, therefore the gases move slower in the wet soil (Rowell, 1994). Soil abiotic 

and biotic factors may explain most of the spatial variation in soil respiration (Longdoz et al., 2000). However, complex 

interactions of those factors restrict our understanding of the underlying mechanisms and thus make it harder to accurately 

predict soil respiration by models (Adachi et al., 2005). 

Influence of tree species on soil quality is well known and documented (Hagen-Thorn et al., 2004; Cardelus et al., 

2009; Langenbruch, 2012; Marozas et al., 2013, 2014; Čiuldienė et al., 2017). However, knowledge about their influence 

on soil respiration is limited. 

The aim of this study was to determine soil respiration rate of stands of deciduous (Betula pubescens Ehrh., 

Quercus robur L.) and coniferous (Larix eurolepis Henry., Thuja occidentalis L.) tree species as well as its‘ correlation 

with biotic (abundance of undergrowth, shrubs, and herbs ) and abiotic (soil temperature, humidity, electrical conductivity 

and pH) factors.  

 

RESEARCH METHODS  

 

The investigation was performed in May 2017 in the stands of deciduous (Betula pubescens Ehrh., Quercus robur 

L.) and coniferous (Larix eurolepis Henry., Thuja occidentalis L.) trees at the stand park of the Aleksandras Stulginskis 

University, Kaunas distr., Lithuania. Monoculture tree stands were planted 60 years ago at the same soil and climatic 

conditions of the temperate mixed forests biome. There Endocalcari-Epihypogleic Cambisols with anthropogenic 

influence dominate. The average annual temperature was 6.0-6.5 oC, and rainfall was 600-650 mm (Juodis et al., 2013).  

Biotic factors, such as undergrowth and shrub, moss and grass plants projection cover (percent per m2 were 

recorded in the area of 10 m2 in the centers of each stand.  

Soil respiration (μmol m² s-¹) was measured with portable CO2 analyzer ADC BioScientific LCpro+ System in the 

randomly selected points. Mean values of soil CO2 emissions were calculated from 10 replicate measurements. Soil 

moisture (%), soil temperature (°C), and specific electrical conductivity, (μS cm-¹) were measured electrochemically with 

portable instrument „Wet“at a depth of 5 cm. There also soil samples were collected for laboratory analysis. pH was 

measured electrochemically according to ISO 10390:2005 at the lab of the Environmental Research of the Aleksandras 

Stulginskis university. 

 

RESULTS AND DISCUSSION 
 

Average CO2 emissions from soils measured at the beginning of the active plant vegetation varied from 0,60 μmol 

m² s¯¹) at the Eastern white cedar (Thuja occidentalis) stands to (2,01 μmol m² s¯¹) at the birch (Betula pubescens) stands 

(Table 1). CO2 emissions in the birch and larch stands were significantly (p <0.05) higher compared to the Eastern white 

cedar stand. CO2 emissions increased according to the sequence Thuja˂ Quercus˂ Larix˂ Betula. Respiration intensity of 

the coniferous stands was 27 % lower comparing with the deciduous stands (Table 1). Similar results were presented by 

Raich and Tufekcioglu (2000) for the same types of soils, just difference was lower (10%). Weber (1985, 1990) found, 

that soil respiration intensity in aspen stands in Ontario (Canada) was higher than in the neighbouring Pinus banksiana 

pine forest. Tewary et al. (1982) observed that soil respiration rate under coniferous trees in Northern India was lower 

than under deciduous trees in the mixed forests, and this difference was correlated with a lower amount of lignin nitrogen 

in oak litter. Hudgens and Yavitto (1997) also found higher soil respiration rate in the hardwood forest compared to the 

nearby pine forest/plantation at New York State (USA). These findings confirm that soil respiration and other properties 

differ between tree species, but that differences depend not only on soil origin. 

  
Table 1. Soil CO2 emissions under deciduous and coniferous tree stands 

CO2 efflux (μmol m² s¯¹) Valid N Mean Minimum Maximum Std.Dev. Coef.Var. 

deciduous 20 1.51ab 0.34 3.92 1.14 75.80 

coniferous 20 1.10b 0.35 2.06 0.60 55.10 

Betula pubescens Ehrh. 10 2.01a 0.41 3.92 1.32 65.44 

Quercus robur L. 10 1.00abc 0.34 2.13 0.76 75.29 

Larix eurolepis Henry 10 1.59a 0.99 2.06 0.39 24.63 

Thuja occidentalis L. 10 0.60c 0.35 0.78 0.22 36.55 
abc, different letters show significant differences 

 

Our results differed from Raich and Potter (1995) findings. Their didn’t find differences between soil respiration 

intensity in coniferous and deciduous tree stands which was related to the average monthly temperature. All the publications 

considered include results from many different locations, also other conditions, like stand age, soil type, moisture conditions, 

and method of measurement are not taken into account. But it seems that method of measurement have influence on the 

results. Liang et al. (2004) found that soil respiration intensity in the Tomakomai larch forest was 3.6 μmol m-2 s-1 when 

measured with automated chamber while 3.0 μmol m-2 s-1 measured with the open-type chamber. Soil respiration intensity 

in coniferous forests of Siberia was in the range of 2.8 to 4.1 μmol m-2 s-1 (Kelliher et al., 1999) while in the temperate 

coniferous forest was in the range of 1.0 to 6.5 μmol m-2 s-1 (Law et al. 1999; Xu and Qi, 2001). 
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The highest variation (75.8 %) of soil respiration intensity was observed in the deciduous tree stands, probably 

due to greater spatial variation resulted by heterogeneity of the plant cover, and uneven distribution of the roots in the 

soil. Many authors confirm that not only meteorological conditions but also vegetation and coverage have influence for 

the soil respiration intensity (Raich and Tufekcioglu, 2000). 
 

Influence of the biotic factors on soil respiration intensity 

Vegetation cover has impact on the root respiration and was the main source of the CO2 emissions in-situ (Ryan 

et al., 1997). Statistical analysis of the results showed that undergrowth and shrub projection cover had moderate but 

significant negative correlation with soil respiration intensity. Moss and herbs projection cover, in contrary, had strong 

positive correlation with soil respiration (Fig. 1). 

 

 

 
Figure 1. Regression analyses of the plant cover and soil respiration 

 

Undergrowth and shrub projection cover amounted about 0.0 – 39% in investigated stands. Therefore to determine 

influence of the shrub roots on the soil respiration was impossible. It increased in the sequence Thuja˂ Betula ˂ 

Larix˂Quercus (Table 2). Projection cover of the deciduous tree stands was 48% higher (p<0.05) than that of the 

coniferous. The highest woody plant cover (39%) was in the oak (Quercus robur) stand, and it was significantly higher 

than in the birch (Betula pubescens), and larch (Larix eurolepis) stands. In Eastern white cedar (Thuja occidentalis) stand 

the woody plants were absent.  

 
Table 2. Plant projection cover (undergrowth and shrub, moss and grass) in the stands 

Species/stand 
Woody plant cover % Moss and grass cover, % 

Valid N Mean Std.Dev. Valid N Mean Std.Dev. 

deciduous  17 28.94a 22.87 19 56.58c 49.11 

coniferous 9 15.11b 13.33 14 65.79c 42.26 

Betula pubescens Ehrh. 7 14.57b 10.55 9 104.78a 17.41 

Quercus robur L. 10 39.00a 24.13 10 13.20d 11.84 

Larix eurolepis Henry 8 17.00b 12.90 10 90.10b 16.64 

Thuja occidentalis L. - - - 4 5.03e 4.04 
abc, different letters show significant differences 

 

Moss and herbs projection cover amounted 5 - 105 % and increased in the sequence: Thuja˂Quercus˂ Larix˂Betula. 

The most abundant moss and herbs cover (105 %) was in the birch (Betula pubescens) stand. It was significantly higher from 

other investigated stands. Also, in the coniferous tree stands moss and herbs were higher than that in deciduous, but difference 

was insignificant. According to Raich and Tufekcioglu (2000), the type of vegetation itself does not affect the soil respiration 

rate. In some cases, soil respiration was even more intensive in plots without plant cover. 

While in some cases influence of the clear cuttings or removal of forest vegetation was insignificant on the annual 

CO2 emissions (Toland and Zak, 1994; Marra and Edmonds, 1996, Chen et al., 2000). These results support the statement 

that vegetation type (woody or grass) has relatively little influence on soil respiration rates, but also highlight some of the 

difficulties in interpreting soil respiration measurements. It is assumed, that influence of the plant cover on the soil 

respiration was insignificant, but some uncertainties could be due to interpretations of the measurements. Soil respiration 

is a net flow, produced by several processes, such as respiration of plant roots and various soil organisms, some changes 

can be hidden (Buyanovsky and Wagner, 1995). 

Researchers have long ago noticed that plant cover has an influence on, and that factors often differ among 

vegetation types (Gates, 1980). Moreover, soil temperature and moisture have a significant influence on soil respiration 

rates (Lloyd and Taylor, 1994). Therefore the observed differences of soil respiration in different plant communities can 

often be considered as plant influence on soil microclimate.  
 

Influence of the abiotic factors on soil respiration intensity 

Soil respiration intensity mostly depends on the abiotic factors, such as soil temperature and moisture (Schlentner 

and Van Cleve, 1985; Carlyle and Then, 1988). Results of the statistical analysis of the data showed that soil temperature 
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had a strong positive correlation with CO2 emissions (r=0.75), and soil moisture had weak positive correlation (r=0.20). 

While pH and electrical conductivity were not related to the CO2 emissions. Moreover trend of the negative relationship 

was observed (Fig. 2).  
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Figure 2. Correlation of the soil respiration rate and abiotic factors 

 

Thus, soil respiration is mostly correlated with the soil temperature. The same findings published Liang et al. 

(2004). Moreover, Buyanowsky and Wagner (1983) stated that soil temperature influence on the respiration over + 15 

°C. We can see that this trend was at lower temperature. When measurements were conducted, average soil temperature 

was +10.17°C and varied from +9,00°C (Thuja occidentalis) to +11,00 °C (Quercus robur) (Table 3). 

  
Table 3. Abiotic factors of the deciduous and coniferous tree stands 

Species/stand Valid N 
Soil moisture, % Soil temperature, °C 

Specific electrical 

conductance, (μScm-¹) 
pH 

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. 

deciduous 10 33.06a 6.76 10.74a 0.75 55.2bc 8.65 5.6b 0.3 

coniferous 10 28.25ab 10.54 9.59b 0.9 63.8ab 8.5 5.0d 0.4 

Betula pubescens 

Ehrh. 
5 34.74a 5.23 10.48a 0.49 58.0bc 9.3 5.8a 0.2 

Quercus robur L. 5 31.38ab 8.28 11.0a 0.92 52.4c 7.89 5.3c 0.1 

Larix eurolepis 

Henry 
5 25.30b 6.51 10.18ab 0.63 67.8a 8.17 4.6e 0.1 

Thuja occidentalis L. 5 31.20ab 13.64 9.0b 0.75 59.8b 7.46 5.3c 0.1 
abc, different letters show significant differences 

 

According to Buyanowsky and Wagner (1983), the most important factor for CO2 emissions is soil moisture at the 

temperature over +10 °C. We found that soil temperature in the coniferous tree stands (9.59°C) was significantly lower than 

in deciduous tree stands. Therefore correlation between soil moisture and respiration rate was weak (r=0.20). It was observed, 

that low soil moisture (<19%) and CO2 emissions had negative correlation while high moisture (> 19%) had positive 

correlation with soil respiration (Davidson et al., 1998; Xu and Qi, 2001). Our results confirmed these findings. Average 

moisture (> 19 %) had positive correlation with soil respiration rate. This phenomenon was resulted by increasing soil 
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microbiological activity related to the increase of soil moisture (Buyanowsky and Wagner, 1983). Liang et al. (2004) found 

that the most important factor for soil biota activity and plant root respiration was soil temperature at the moisture of 30-40% 

in the larch forests at the Hokkaido (Japan). Our results confirm these findings as soil temperature was the main factor 

(r=0.75) for soil respiration rate when average soil moisture was 30.66 % and varied in the range of 25.30 to 34.74%).  

Soil pH and electrical conductivity may affect soil respiration as their have strong impact on soil biota, including 

biomass and population as well as structure and activity of the microorganisms community (Sardinha et al., 2003; Vincent 

et al., 2006). We did not find correlations between soil electrical conductivity (r=-0.10), pH (r=-0.20) and respiration, 

nevertheless, some interesting trends were observed. Electrical conductivity varied from 52.40 to 67.80 μScm-¹. In the 

coniferous tree stands it was lower than that in the deciduous tree stands, but this difference was insignificant. The highest 

electrical conductivity was in the larch (Larix eurolepis) stand while in other tree stands it was significantly (p<0.05) lower.  

Soil pH ranged from 4.6 to 5.8 and also was lower in the coniferous tree stands than that in the deciduous tree 

stands. It is well known that acidic fulvic acids dominate in the coniferous forests resulting soil acidification as a litter of 

conifer needles are poorly degradable and humified (Madritch and Cardinale, 2007; Kimmins, 2004; Oulehle et al., 2007). 

Soil pH increased in the sequence Larix˂ Quercus =Thuja ˂  Betula and was significantly higher (5.80) in the birch (Betula 

pubescens) stand. The same trend was observed in the monoculture tree plantations in Poland (Reich et al., 2005).  

In summary, abiotic factors such as soil temperature and moisture as well as their interaction are the main factors 

influencing soil respiration (Liang et al. 2004). Other factors, such as pH and electrical conductivity may affect soil 

respiration through the interactions with other factors, such as soil temperature, moisture, and biota (Rao and Pathak, 

1996; Xie JX et al., 2009). 

 

CONCLUSIONS 

 

1. After 60 years growth four tree species monoculture stands had a different impact on soil respiration which increased 

in the sequence – Thuja˂ Quercus˂ Larix˂ Betula.  

2. Soil respiration rate was about 27 % lower in coniferous tree stands compared with deciduous tree stands.  

3. The most important biotic factor for soil respiration increase was moss and herbs cover abundance (r=0.91). 

4. The most important abiotic factor for soil respiration was temperature (r=0.75). 
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