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Abstract. Soil organic carbon (SOC) storage in forest ecosystems plays a major role in the global carbon 

cycle. Soil carbon across an age sequence may vary of Chir pine forest. In this study, based on the 

silvicultural shelterwood management system, forest area was classified into stands of three different age 

groups, including young stand, mature stand, and over-mature stand. Soil carbon density was assessed in 

each stand at three depths (0-20, 20-40, and 40-60 cm) by Walkley Black method. The results showed 

that SOC was higher in different stand ages at a depth of 0-20 cm as compared to the 20-40, and 

40-60 cm depth. Altogether, the average potential of soil carbon density at a depth of 0-60 cm in young, 

mature and over-mature stand ages of Chir Pine forest was 70.96 (Mg C ha-1), 68.96 (Mg C ha-1) and 

61.02 (Mg C ha-1), respectively. The result indicates that soil carbon stock decreases with increasing 

forest stand ages. The results confirm that-- current management operations such as cutting, thinning, 

tending, may affect the soil carbon. Moreover, we recommended the regular periodic survey of soil and 

permanent sample plot establishment is necessary for the accurate soil carbon measurement in different 

stand ages of Chir pine forest. 
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Introduction 

Soil carbon storage is one of the most essential and significant carbon sinks in the 

terrestrial ecosystems, which facilitates carbon sequestration. Monitoring and assessment 

of soil carbon in forests are critical for the mitigation of climate change. The soil is an 

important sink for carbon storage (Ahmad et al., 2018; Mannan et al., 2019; Saeed et al., 

2019a). Among various forest carbon pools, the estimation of soil organic carbon (SOC) 

is essential, because the soil is the world’s largest terrestrial carbon pools, which plays a 

vital role in the global carbon budget (Saeed et al., 2019b). Therefore, a slight change in 

the soil carbon storage can have large impacts on the global carbon cycle (Johnson et al., 

2007). The increasing emission of carbon dioxide from the soil is reinforced by the rising 

of temperature and climate change (Yang et al., 2010). SOC stored in the world’s soils is 

approximately 1100–1600 Pg (petagrams), more than twice the carbon stored in the 

living vegetation, which is 750 Pg (Sundquist, 1993). Soil releases carbon to the 

atmosphere through deforestation and other anthropogenic activities may significantly 
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increase the greenhouse gases concentration (Watson et al., 2000). The potential 

capability and assessment of soil are essential for the mitigation of CO2 emission, 

improvement of surface water quality, soil physical properties, enhancement of forest 

production and stability, as well as decreasing of soil erosion (Lal, 2004; Lal et al., 2007). 

Stand age is an essential factor affecting storage of carbon in various forest 

components such as in upper-story vegetation, understory vegetation, deadwood, and soil 

(Martin et al., 2005; Zerva et al., 2005; Peichl and Arain, 2006). Moreover, stand age is a 

reliable predictor of the structure and function of a forest ecosystem which may affect 

the carbon density among carbon pools (Bradford and Kastendick, 2010). Furthermore, 

various carbon pools of a forest respond differently to stand age (Zhu et al., 2010). 

Therefore, it is essential to understand the relationship of stand age with soil carbon and 

sequestration rate (Cheng et al., 2014). Some studies underlined that the potential of soil 

carbon sequestration is age-independent (Song et al., 2018). Some studies showed that 

soil carbon increase with the increase in stand age (Cao et al., 2012; Zhao et al., 2014). 

The soil carbon inconsistency may be depending on many other factors such as forest 

types, climate, previous land use and soil properties (Taylor et al., 2007). 

In Pakistan, the researchers focused on the forest carbon stock such as temperate 

forest (Ahmad et al., 2015, 2018; Ahmad and Nizami, 2015), subtropical forest (Nizami, 

2012), and in the planted forest (Saeed et al., 2016). However, no up-to-date studies have 

been conducted on the soil carbon allocation concerning stand age. Therefore, the current 

study was carried out in subtropical Chir pine (Pinus roxburghii) forest. This species is 

widely distributed in the Murree, Swat, Dir, and Azad Kashmir. The height of Pinus 

roxburghii is 120 ft, and girth is 7 to 8 ft with the whole of the top canopy. The Chir pine 

canopy tends to be even-aged over a compact area. The heavy needle falls, and burning 

reduces the growth of shrubs. Only a few of the species of grasses and herbs are 

noticeable, the fire virtually immune the older trees from damage and seedling show 

resistant after the first year while rootstock persists and new shoots appears (Champion 

et al., 1965). A forest fire is a common behavior of Subtropical Chir pine forest. 

Regularly, the forest fire incidents took place from April to June during the summer 

season. The falling of dry needle of Chir pine acts as fuel for forest fire (Nafees and 

Asghar, 2009). This species is easily cultivated and naturally regenerated in the northern 

area of Punjab and Khyber Pakhtunkhwa province. Pinus roxburghii considered as 

relatively short-lived and fast-growing species. Because of its longevity and fast growth, 

seems a suitable species for wood production. Pinus roxburghii is a valuable species for 

forestation, afforestation, and reforestation of denuded areas of Pakistan (Sheikh, 1993; 

Amir et al., 2018). 

Under the shelterwood management system, the Chir pine forest is managed. 

According to this system, the forest area is divided into various blocks on the base of age, 

following different management operations. Felling and cutting activities are 

concentrated on over-mature blocks. In the mature block, thinning operations are carried 

out. In the young stand, cleaning operations are carried out. These different management 

operations in each stand age block may influence the soil carbon. Therefore, the study 

was designed to assess soil carbon of Pinus roxburghii forest ecosystem in age-sequence 

and to outline, the effect of management operations practices on carbon stock in different 

stand age classes. Moreover, to provide necessary information on carbon storage 

potential for the reporting of the Kyoto protocol to provide future recommendations for 

suitable forest management and making policy decisions. Here, our objective of the 

study was to investigate SOC stocks in age-sequence along various soil depths. 
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Materials and Methods 

Study site 

The present study was conducted in Murree Hill of Pakistan. The latitude and 

longitude of the study site were ranged from 33o 47'15" to 33o 54' 47" N and 73o 16' 54" 

to 73o 29' 18" E. The elevations of the Chir Pine forest from sea level are range from 

939 to1873 m. The mean precipitation ranges from 500 to 1200 mm while the 

temperature of the studied forest varies from -5ºC in winter to 40ºC in summer. The 

sedimentary rocks are comprised of shales, limestone sandstones, and marls. The soil 

was loamy with a proportion of silt, clay, and sand (Sheikh, 1993). The study area is the 

natural zone of Chir Pine forest that is managed under a shelterwood system. The 

dominant tree species of the study area is Chir Pine. The major associated tree species 

are Pinus wallichiana (kail), Pyrus pashia (batangi), and Quercus incana (rhin). The 

associated understory flora consists of Carissa spinarum (granda), Myrsine africana 

(khukhal), Dodonea viscosa (sanatha), Berberis lycium spp. (sumblu), Capparis decidua 

(karir), Cannabus sativa (Bang) and Adhatoda vasica (Bahekar). The map shows the 

location of the study area (Fig. 1). 

 

Figure 1. Range of study area, Murree Hill 
 

 

Research design 

Pinus roxburghii forest was managed under a shelterwood system. Based on uniform 

shelterwood silvicultural management system, the Chir Pine forest consists of four 

periodic blocks (PBI, PBII, PBIII, PBIV) with rotation age (100 years) and regeneration 

period (25 years), which followed stands of four ages (1-25, 26-50, 51-75 and 

76-100 years) (Table 1). According to the system, regeneration felling is carried out in 

PBIV, but some prescribed numbers of trees are retained for seed production. After the 

establishment of regeneration, then seed bearer is removed for the development of new 

trees. The duration between regeneration and final felling take 25 years. In PBIII, the 



Amir et al.: Soil organic content of stands of different ages in a subtropical Chir pine (Pinus roxburghii) forest of Pakistan 

- 11478 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):11475-11487. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1705_114751487 

© 2019, ALÖKI Kft., Budapest, Hungary 

thinning operations are carried out in PBIII for growth enhancement. The study area 

was classified into three age classes on the base of current forest structure and accurate 

measurement, PBI and PBII representing young age class (1-50 years), PBIII 

representing the mature stand (50-75 years) and PBIV representing over the mature 

stand (>75 years). Moreover, the comparison of SOC with growing stock and biomass 

of the Pinus roxburghii forest, information has mentioned in Table 2 (Amir et al., 

2018). 

 
Table 1. Sketch of the uniform shelterwood system 

Periodic Blocks Age at the time of formation Age at the end of the regeneration period 

PBI 1-25 76-100 

PBII 26-50 51-75 

PBIII 51-75 26-50 

PBIV 76-100 1-25 

 

 
Table 2. Characteristics of Chir Pine forest. Superscripts in each column show significant 

differences at α=0.1 and p= <0.0001) 

Age group 
Mean Basal Area 

(m2ha-1) 

Mean Stand 

Density (trees ha-1) 

Mean Stand Volume 

(m3ha-1) 

Mean total tree biomass 

(t ha-1) 

Young 15.5±1.6 B 636.6±93.7 A 83.0±12.9 C 80.0±12.4 C 

Mature 35.5±18.0 A 267±115.7 B 356.0±105.9 B 343.1±167.6B 

Over Mature 45.9±15.1 A 147.6±56.7 C 549.4±107.1 A 529.5±176.8 A 

Mean 32.3 350.4 329.4 338.3 

 

 

Soil samples collection and treatment 

The area maps and topographic sheets were taken from the respective forest 

department. GPS determined coordinates and elevation (m) of each sample area. The 

stratified random sampling method was done in each block. The soil samples were 

collected from the subplot of (1×1 m2) within quadrate at a depth of 0-20 cm, 20-40 cm, 

and 40-60 cm. In each stand, eight sample plots were taken with three replicate plots. 

The soil samples were collected by using the Soil Augur. The volume of the soil core 

was 198.24 cm3 with 5.9 cm diameter and 7.25 cm height dimension. After weighing 

and packing of the labeled soil samples were brought into the laboratory to keep it in the 

oven for 48 hours at 72ºC for further analysis and the soil bulk density was determined 

from air-dried soil samples. The air-dried sample was ground with a pestle and passed 

through 0.5 mm sieve manually for SOC determination, as mentioned by Lu (1999). 

Soil bulk density calculation 

For the determination of total soil carbon, the soil bulk density of samples in each 

age group was determined from the weight of soil sample and known volume of soil 

core according to given Equation (1). 

 

  (Eq.1) 

 

where SBD = soil bulk density (g/cm3), WS = weight of soil sample (g) and VS = 

volume soil core (cm3). 
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Soil carbon measurement 

Soil carbon density was determined by using the oxidizable organic carbon method 

(Walkley and Black, 1934; Rayment and Higginson, 1992; Anderson and Ingram, 1994; 

Ahmad and Nizami, 2015). In this method, the Potassium dichromate solution was 

prepared by drying in an oven at 105ºC for two hours and cooled it. Then distilled water 

was added into the 49.09 gm of dried potassium dichromate to dissolve and took one 

volume of solution from it. 196 gm of distilled water was added into the ferrous 

ammonium sulfate solution and to dissolve and prepared to one-liter volume. 5 ml 

sulfuric acid was taken and mixed with it and brought to one volume of solution. One 

gram of diphenylamine indicator was dissolve and added into the concentrated H2SO4. 

One gram of soil was taken in 500 ml beaker with 10 ml Potassium dichromate solution. 

200 ml of concentrated H2SO4 was added, and the mixture was kept for 30 minutes, and 

then 10 ml of H3PO4 and 10 ml of water was added to the mixture, then the mixture was 

kept to cool for ten minutes, and 10-15 drops of Diphenylamine indicator was added to 

this mixture. When the mixture changes the color from violet-blue to green by the 

titration of 0.5 ferrous ammonium sulfate solution and then reading was noted. The total 

organic carbon was calculated by the given Equation (2). 

 

  (Eq.2) 

 

where M = Molarity of ferrous ammonium sulfate, 0.3=31×0-3×100, here 3 shows 

equivalent to the weight of carbon, Av = volume of Ferrous ammonium sulfate to titrate 

with sample and Bv = Ferrous ammonium sulfate solution volume to titrate it with the 

blank solution. 

Soil carbon (Mg C ha-1) calculation 

Soil carbon (Mg C ha-1) was calculated from the soil organic carbon (SOC %), soil 

bulk density (g/cm3) and thickness of horizon (cm). Soil carbon (Mg C ha-1) was 

calculated from the following equation (Pearson et al., 2007; Nizami, 2012; Ahmad et 

al., 2015). 

 

  (Eq.3) 

 

where SBD = Soil bulk density (g/cm3), SOC = Soil organic content (%) and SHT = 

Soil horizon thickness (cm). 

Statistical analysis 

Sigmaplot (12.5 version) and Statistics (8.1 version) software were used for 

statistical analysis. Mean, standard deviation and standard error were calculated. 

Analysis of variance (One-way ANOVA) along with all pairwise comparison and least 

significance difference (LSD) test was performed to test the significant difference of the 

means values of the soil bulk density and soil carbon. 
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Results 

SOC was higher in young stand ages at a depth of 0-20 cm as compared to the 20-40, 

and 40-60 cm depth (Fig. 2). The average SOC in the young stand at a depth of 0-20, 

20-40 and 40-60 cm was 36.49, 17.43 and 17.04 Mg C ha-1, respectively. Moreover, the 

significant differences found between different stand ages at a depth of 0-20 cm, 

F (2, 14) = 71.70, p = 0.0000. The higher SOC was found at a depth of 0-20 cm in the 

mature stand age. The mean SOC in the mature stand at a depth of 0-20, 20-40 and 

40-60 cm was 37.43, 17.22, and 13.31 Mg C ha-1, respectively. 

 

Figure 2. Soil carbon stock of different stand ages at various soil depths 
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Figure 2. Soil carbon stock of different stand ages at various soil depths 

 

 

The results showed significant differences at the top layer of the mature stand, F (2, 

14) = 30.09, p = 0.0000. SOC was higher in over-mature stand ages at a depth of 0-20 

cm as compared to 20-40, and 40-60cm depth. The mean SOC in over-mature stand at 

the depth of 0-20, 20-40 and 40-60 cm was 29.15, 19.62 and 12.25 Mg C ha-1, 

respectively, with a significant difference, F (2, 14) = 10.14, p = 0.0019 (Table 3 

Table 4). 

 
Table 3. SOC in young, mature and over-mature stand at various soil depths 

Soil depths Young Mature Over-mature 

0-20 cm 36.49±3.98A 37.43±2.92A 29.154±3.3A 

20-40 cm 17.43±4.23B 17.22±7.84B 19.627±6.81B 

40-60 cm 17.04±4.06B 13.31±7.81B 12.250±8.11B 

 

 
Table 4. Relationship type, equation and R2 value of the Pinus roxburghii stands 

Soil depths Parameters Relationship type Equation R2 Value 

0-20 cm SA & SC Polynomial, linear y = -0.1132x + 43.454 0.83 

0-40 cm SA & SC Polynomial, linear y = 0.0339x + 15.32 0.81 

40-60 cm SA & SC Polynomial, linear y = -0.0631x + 19.351 0.79 

SA= Stand ages (<50, 50-75, >120 years old stands) and SC = Soil carbon (Mg C ha-1) 
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SOC was higher in different stand ages at a depth of 0-20 cm as compared to the 

20-40, and 40-60 cm depth. The average SOC in young, mature and over-mature stands 

were 36.493, 37.44 and 29. 15 (Mg C ha-1), respectively. Moreover, the significant 

differences found between different stand ages at a depth of 0-20 cm, F (2, 21) = 14, 

p = 0.0001. While, the non-significant differences found at the depth of 20-40 cm 

(F (2, 21) = 0.34, p = 0.72), and 40-60 cm (F (2, 21) = 1.04, p = 0.36) for different stand 

ages. The average SOC for young, mature and over-mature stands were 17.43, 17.22, 

19.62 Mg C ha-1 at a depth of 20-40 cm, while at a depth of 40-60 cm, there were 17.05, 

13.31, 12.25 Mg C ha-1, respectively (Fig. 3). 

 

Figure 3. Soil organic carbon contents. SOC in young, mature, and over-mature stand at 

various depths. The different letters on the bar are showing significant differences while the 

same letters are showing the non-significant different between different classes of stand ages. 

Alphabets on the top of each bar are showing the LSD0.05 difference 

 

 

The soil organic matter (SOM) in the young stand at a depth of 0-20, 20-40 and 

40-60 cm was 2.95, 1.68 and 1.38%, respectively. The SOM in the mature stand at a 

depth of 0-20, 20-40 and 40-40 cm was 2.88, 1.35 and 0.98%, respectively. SOM in the 

over-mature stand at a depth of 0-20, 20-40 and 40-60 cm was 2.76, 1.68 and 0.96%, 

respectively. The resulted that higher SOM was found at the 0-20 cm soil depth and 

following the decreasing trend from upper to lower soil depth in each stand. Soil Bulk 

density (SBD) results showed almost similar values in different stand ages at each 

depth. The mean SBD in young, mature and over-mature stands at a depth of 0-20 cm 

were 1.09, 1.04 and 0.93 (g/cm3), respectively. Moreover, the significant differences 

found between different stand ages at a depth of 0-20 cm, F (2, 21) = 9.51, p = 0.0011. 

The average SBD in young, mature and over-mature stands at a depth of 20-40 cm were 

1.13, 1.10 and 1.04 (g/cm3), respectively. The significant difference observed at a depth 

of 20-40 cm in young stand ages, F (2, 21) = 4.34, p = 0.0265. The mean SBD in young, 

mature and over-mature stands at a depth of 40-60 cm were 1.15, 1.08 and 1.06 (g/cm3), 
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respectively. Meanwhile, the significant difference found in different stand ages 

F (2, 21) = 3.64, p = 0.0440 (Fig. 4). 

Generally, the results of soil carbon analysis showed a decreasing trend with 

increasing stand age. Soil carbon showed decreased with increasing at different soil 

depth in each stand. This decreasing trend in soil may be attributed to the soil 

disturbance during the felling operations in the over-mature stand and decrease in the 

natural thinning with the stand age. Additionally, there was an inverse relationship 

between soil carbon and soil bulk density. Soil bulk density increased with a decrease in 

soil organic carbon at various depths. The higher degree of soil organic matter (SOM) 

showed a lower degree of bulk density. The SOM and SBD are inversely proportional to 

each other, which indicate higher infiltration and, proper aeration and granulation. The 

soil bulk densities in each stand age showed significant variation. 

 

Figure 4. Soil Bulk density. SBD in young, mature, and over-mature stand at various depths. 

The different letters on the bar are showing significant differences while the same letters are 

showing the non-significant different between different classes of stand ages. Alphabets on the 

top of each bar are showing the LSD0.05 difference 

 

 

Discussion 

It is quite difficult to compared SOC with forest biomass (Teklay and Chang, 2008; 

Laganiere et al., 2010), because SOC may be affected by various factors, such as stand 

age, tree species, forest type, climate, and soil chemical and physical properties (Richter 

et al., 1999; Guo and Gifford, 2002; Paul et al., 2002; Peichl and Arain, 2006; Mora et 

al., 2014; Wang et al., 2014). Soil organic carbon across stand age has been widely 

carried out with different results. In many studies, SOC stock increases with the forest 

stand age (Smal and Olszewska, 2008; Berthrong et al., 2009) while the opposite result 

was also found after afforestation (Teklay and Chang, 2008; Mao et al., 2010). 

Afforestation and reforestation have been considered to be essential to reduce 

atmospheric CO2 emission by sequestering carbon in soils (Richter et al., 1999; Smal 

and Olszewska, 2008). Therefore, SOC in surface soil layer could be affected by the 

changes of the upperstory, understory, litter, shrub and herb biomass, and soil 
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characteristics with stand age sequence (Six et al., 2002; Noh et al., 2010). Many studies 

found that the SOC content declines firstly and then increases with the increasing of 

stand age (Chen et al., 2005; Mao et al., 2010). The mean soil carbon showed decreased 

with respective stand age as well as with soil depth. The soil carbon was recorded 

higher in the topsoil of each stand as compared to deeper soil. It may be due to 

producing of SOC by the decomposition of the root system and litter, which entered into 

topsoil first near the ground as demonstrated by other studies (Peichl and Arain, 2006; 

Tian et al., 2010; Zhang et al., 2012). The current study showed carbon content of soil 

layer showed a decreasing trend with stand age while other study showed increasing of 

soil carbon with stand age due to the availability litter productivity in high older stands 

(Ming et al., 2014). 

Soil carbon depends on the forest stand age, forest types, forest productivity, the 

chemical and physical properties, and litter decomposition rate of the soil (Gower, 2003; 

Kang et al., 2006; Jandl et al., 2007; He et al., 2013). Our study showed a decreasing 

trend with stand age. The proportion of soil carbon stock should need focus during any 

management activities for the enhancement of future soil carbon sequestration of 

Pinus roxburghii forest ecosystem. 

The SOC exists different debates on whether or not SOC potential could change with 

respect to forest stand ages (Farley et al., 2004; Lemma et al., 2006). Some previous 

researches showed that soil carbon stock is not increasing with increasing stand ages 

significantly (Farley et al., 2004; Cheng et al., 2013), while some other researches 

showed that SOC increasing with increasing forest stand age (Hooker and Compton, 

2003; Pregitzer and Euskirchen, 2004; Lemma et al., 2006). The difference may be due 

to various factors such as soil factor climatic factor and forest type (Peichl and Arain, 

2006). However, generally, SOC increases with stand age in conifer forest, due to the 

accumulation of organic matter in older stages (Zerva et al., 2005; Li et al., 2013). 

However, in the case of the present study, the soil carbon decreases with increasing 

stand age, may be due to the result of management operations such as felling and 

thinning activates. During these operations, the top layer of the soil exposed to rainfall 

and wind, wash out the soil surface, which may lead to reducing of soil carbon. 

Conclusion 

The soil carbon density decreased with the increase of forest stand ages and 

decreased with increasing soil depths in different stand ages. However, the soil carbon 

showed gradually decreasing trend from young to over-mature stand. Furthermore, our 

results showed the effects of management operations on soil carbon. The decreasing of 

soil carbon value with respect to stand ages may be is the result of soil disturbances 

during management operations. Therefore, we suggest different protection measures 

such as reduced impact logging, soil conservation through mulching, maintaining 

understory vegetation and forest cover through regeneration, control grazing and 

effective management of forest fire should be considered. The appropriate management 

of forest could allow the importance of forest soil in the regional carbon budget. 

Furthermore, the results highlighted that regeneration and afforestation of Chir Pine 

could promote the potential capability of SOC and provide necessary data for estimating 

the carbon stocks of Chir Pine forest ecosystem. The present results highlighted the 

importance of stand age in assessing forest soil carbon measurement for policymakers 

when modeling climate scenarios. 



Amir et al.: Soil organic content of stands of different ages in a subtropical Chir pine (Pinus roxburghii) forest of Pakistan 

- 11484 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):11475-11487. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1705_114751487 

© 2019, ALÖKI Kft., Budapest, Hungary 

Acknowledgements. The research was supported by the Beijing Forestry University Innovation Program 

Project (BLRW200939) and National Key Research and Development Project of China 

(2017YFD0600106). 

REFERENCES 

[1] Ahmad, A., Nizami, S. M. (2015): Carbon stocks of different land uses in the Kumrat 

Valley, Hindu Kush Region of Pakistan. – Journal of forestry research 26(1): 57-64. 

[2] Ahmad, A., Nizami, S., Marwat, K., Muhammad, J. (2015): Annual Accumulation of 

Carbon in the Coniferous Forest of Dir Kohistan: An Inventory based Estimate. – 

Pakistan Journal of Botany 47: 115-118. 

[3] Ahmad, A., Liu, Q. J., Nizami, S., Mannan, A., Saeed, S. (2018): Carbon emission from 

deforestation, forest degradation and wood harvest in the temperate region of Hindukush 

Himalaya, Pakistan between 1994 and 2016. – Land use policy 78: 781-790. 

[4] Amir, M., Liu, X., Ahmad, A., Saeed, S., Mannan, A., Atif Muneer, M. (2018): Patterns 

of Biomass and Carbon Allocation across Chronosequence of Chir Pine (Pinus 

roxburghii) Forest in Pakistan: Inventory-Based Estimate. – Advances in Meteorology 

Article ID 3095891, 8 pages, https://doi.org/10.1155/2018/3095891. 

[5] Anderson, J. M., Ingram, J. (1994): Tropical soil biology and fertility: a handbook of 

methods. – Soil Science 157(4): 265. 

[6] Berthrong, S. T., Jobbágy, E. G., Jackson, R. B. (2009): A global meta‐analysis of soil 

exchangeable cations, pH, carbon, and nitrogen with afforestation. – Ecological 

Applications 19(8): 2228-2241. 

[7] Bradford, J. B., Kastendick, D. N. (2010): Age-related patterns of forest complexity and 

carbon storage in pine and aspen–birch ecosystems of northern Minnesota, USA. – 

Canadian Journal of Forest Research 40(3): 401-409. 

[8] Cao, J., Wang, X., Tian, Y., Wen, Z., Zha, T. (2012): Pattern of carbon allocation across 

three different stages of stand development of a Chinese pine (Pinus tabulaeformis) 

forest. – Ecological Research 27(5): 883-892. 

[9] Champion, S. H., Seth, S. K., Khattak, G. (1965): Forest types of Pakistan. 

[10] Chen, X., Hutley, L. B., Eamus, D. (2005): Soil organic carbon content at a range of north 

Australian tropical savannas with contrasting site histories. – Plant and Soil 268(1): 161-

171. 

[11] Cheng, X., Han, H., Kang, F., Song, Y., Liu, K. (2013): Variation in biomass and carbon 

storage by stand age in pine (Pinus tabulaeformis) planted ecosystem in Mt. Taiyue, 

Shanxi, China. – Journal of Plant Interactions 9(1): 521-528. 

doi:10.1080/17429145.2013.862360. 

[12] Farley, K. A., Kelly, E. F., Hofstede, R. G. (2004): Soil organic carbon and water 

retention after conversion of grasslands to pine plantations in the Ecuadorian Andes. – 

Ecosystems 7(7): 729-739. 

[13] Gower, S. T. (2003): Patterns and mechanisms of the forest carbon cycle. – Annual 

Review of Environment and Resources 28(1): 169-204. 

[14] Guo, L. B., Gifford, R. (2002): Soil carbon stocks and land use change: a meta-analysis. – 

Global change biology 8(4): 345-360. 

[15] He, Y., Qin, L., Li, Z., Liang, X., Shao, M., Tan, L. (2013): Carbon storage capacity of 

monoculture and mixed-species plantations in subtropical China. – Forest ecology and 

management 295: 193-198. 

[16] Hooker, T. D., Compton, J. E. (2003): Forest ecosystem carbon and nitrogen 

accumulation during the first century after agricultural abandonment. – Ecological 

Applications 13(2): 299-313. 



Amir et al.: Soil organic content of stands of different ages in a subtropical Chir pine (Pinus roxburghii) forest of Pakistan 

- 11485 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):11475-11487. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1705_114751487 

© 2019, ALÖKI Kft., Budapest, Hungary 

[17] Jandl, R., Lindner, M., Vesterdal, L., Bauwens, B., Baritz, R., Hagedorn, F., Byrne, K. A. 

(2007): How strongly can forest management influence soil carbon sequestration? – 

Geoderma 137(3-4): 253-268. 

[18] Johnson, D., Todd, D., Trettin, C., Sedinger, J. (2007): Soil carbon and nitrogen changes 

in forests of Walker Branch watershed, 1972 to 2004. – Soil Science Society of America 

Journal 71(5): 1639-1646. 

[19] Kang, B., Liu, S., Zhang, G., Chang, J., Wen, Y., Ma, J., Hao, W. (2006): Carbon 

accumulation and distribution in Pinus massoniana and Cunninghamia lanceolata mixed 

forest ecosystem in Daqingshan, Guangxi, China. – Acta Ecologica Sinica 26(5): 1320-

1327. 

[20] Laganiere, J., Angers, D. A., Pare, D. (2010): Carbon accumulation in agricultural soils 

after afforestation: a meta‐analysis. – Global change biology 16(1): 439-453. 

[21] Lal, R. (2004): Soil carbon sequestration impacts on global climate change and food 

security. – Science 304(5677): 1623-1627. 

[22] Lal, R., Kimble, J. M., Rice, C. W., Reed, D., Mooney, S., Follett, R. F. (2007): Soil 

carbon management: economic, environmental and societal benefits. – CRC press. 

[23] Lemma, B., Kleja, D. B., Nilsson, I., Olsson, M. (2006). Soil carbon sequestration under 

different exotic tree species in the southwestern highlands of Ethiopia. – Geoderma 

136(3-4): 886-898. 

[24] Li, C., Zha, T., Liu, J., Jia, X. (2013): Carbon and nitrogen distribution across a 

chronosequence of secondary lacebark pine in China. – The Forestry Chronicle 89(2): 

192-198. 

[25] Lu, R. (1999): Analytical methods of soil agrochemistry. – China Agricultural Science 

and Technology Publishing House, Beijing, China, pp. 18-99. 

[26] Manan, A., Feng, Z., Ahmad, A., Liu, J., Saeed, A., Mukete, B. (2018): Carbon Dynamic 

Shifts with Land Use Change in Margallah Hills National Park, Islamabad (Pakistan) 

from 1990 to 2017. – Applied Ecology and Environmental Research 16(3): 3197-3214. 

[27] Mannan, A., Liu, J., Zhongke, F., Khan, T. U., Mukete, B., ChaoYong, S. (2019): 

Application of land-use/land cover changes in monitoring and projecting forest biomass 

carbon loss in Pakistan. – Global Ecology and Conservation: e00535. 

[28] Mao, R., Zeng, D.-H., Hu, Y.-L., Li, L. J., Yang, D. (2010): Soil organic carbon and 

nitrogen stocks in an age-sequence of poplar stands planted on marginal agricultural land 

in Northeast China. – Plant and Soil 332(1-2): 277-287. 

[29] Martin, J. L., Gower, S. T., Plaut, J., Holmes, B. (2005): Carbon pools in a boreal mixed 

wood logging chronosequence. – Global Change Biology 11(11): 1883-1894. 

[30] Ming, A., Jia, H., Zhao, J., Tao, Y., Li, Y. (2014): Above-and below-ground carbon 

stocks in an indigenous tree (Mytilaria laosensis) plantation chronosequence in 

subtropical China. – PloS one 9(10): e109730. 

[31] Mora, J., Guerra, J., Armas-Herrera, C., Arbelo, C., Rodríguez-Rodríguez, A. (2014): 

Storage and depth distribution of organic carbon in volcanic soils as affected by 

environmental and pedological factors. – Catena 123: 163-175. 

[32] Nafees, M., Asghar, A. (2009): Forest fire events in Swat valley, Pakistan. – Pak J. Plant 

Sci 15(1): 31-37. 

[33] Nizami, S. M., Mirza, S. N., Livesley, S., Arndt, S., Fox, J. C., Khan, I. A. (2009): 

Estimating carbon stocks in sub-tropical pine (Pinus roxburghii) forests of Pakistan. – 

Pakistan Journal of Agricultural Sciences 46(4): 266-270. 

[34] Nizami, S. M. (2012): The inventory of the carbon stocks in sub-tropical forests of 

Pakistan for reporting under the Kyoto Protocol. – Journal of forestry research 23(3): 

377-384. 

[35] Noh, N. J., Son, Y., Lee, S. K., Seo, K. W., Heo, S. J., Yi, M. J., Lee, K.-H. (2010): 

Carbon and nitrogen storage in an age-sequence of Pinus densiflora stands in Korea. – 

Science China Life Sciences 53(7): 822-830. 



Amir et al.: Soil organic content of stands of different ages in a subtropical Chir pine (Pinus roxburghii) forest of Pakistan 

- 11486 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):11475-11487. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1705_114751487 

© 2019, ALÖKI Kft., Budapest, Hungary 

[36] Paul, K. I., Polglase, P. J., Nyakuengama, J., Khanna, P. (2002): Change in soil carbon 

following afforestation. – Forest ecology and management 168(1-3): 241-257. 

[37] Pearson, T. R., Brown, S. L., Birdsey, R. A. (2007): Measurement guidelines for the 

sequestration of forest carbon. – Gen. Tech. Rep. NRS-18. Newtown Square, PA: US 

Department of Agriculture, Forest Service, Northern Research Station. 42 pp18. 

[38] Peichl, M., Arain, M. A. (2006): Above-and belowground ecosystem biomass and carbon 

pools in an age-sequence of temperate pine plantation forests. – Agricultural and Forest 

Meteorology 140(1-4): 51-63. 

[39] Peichl, M., Arain, M. A. (2007): Allometry and partitioning of above-and belowground 

tree biomass in an age-sequence of white pine forests. – Forest Ecology and Management 

253(1): 68-80. 

[40] Pregitzer, K. S., Euskirchen, E. S. (2004): Carbon cycling and storage in world forests: 

biome patterns related to forest age. – Global change biology 10(12): 2052-2077. 

[41] Rayment, G., Higginson, F. R. (1992): Australian laboratory handbook of soil and water 

chemical methods. – Inkata Press Pty Ltd. 

[42] Richter, D. D., Markewitz, D., Trumbore, S. E., Wells, C. G. (1999): Rapid accumulation 

and turnover of soil carbon in a re-establishing forest. – Nature 400(6739): 56. 

[43] Saeed, S., Ashraf, M. I., Ahmad, A., Rahman, Z. (2016): The Bela Forest ecosystem of 

District Jhelum. A potential carbon sink. – Pakistan Journal of Botany 48(1): 121-129. 

[44] Saeed, S., Yujun, S., Beckline, M., Chen, L., Zhang, B., Ahmad, A., Iqbal, A. (2019a): 

Forest edge effect on biomass carbon along altitudinal gradients in Chinese Fir 

(Cunninghamia lanceolata): A study from Southeastern China. – Carbon Management 

10(1): 11-22. doi:10.1080/17583004.2018.1537517. 

[45] Saeed, S., Sun, Y., Beckline, M., Chen, L., Lai, Z., Mannan, A., Ullah, T. (2019b): 

Altitudinal Gradients And Forest Edge Effect On Soil Organic Carbon In Chinese Fir 

(Cunninghamia Lanceolata): A Study From Southeastern China. – Applied Ecology And 

Environmental Research 17(1): 745-757. 

[46] Sheikh, M. I. (1993): Trees of Pakistan. – Pictoral Printers, Islamabad, Pakistan, vol. 110. 

[47] Six, J., Callewaert, P., Lenders, S., De Gryze, S., Morris, S., Gregorich, E., Paustian, K. 

(2002): Measuring and understanding carbon storage in afforested soils by physical 

fractionation. – Soil science society of America journal 66(6): 1981-1987. 

[48] Smal, H., Olszewska, M. (2008): The effect of afforestation with Scots pine (Pinus 

silvestris L.) of sandy post-arable soils on their selected properties. II. Reaction, carbon, 

nitrogen and phosphorus. – Plant and Soil 305(1-2): 171-187. 

[49] Song, L., Zhu, J., Li, M., Zhang, J., Zheng, X., Wang, K. (2018): Canopy transpiration of 

Pinus sylvestris var. mongolica in a sparse wood grassland in the semiarid sandy region 

of Northeast China. – Agric. For. Meteorol 250-251: 192-201. 

[50] Sundquist, E. T. (1993): The global carbon dioxide budget. – Science 934-941. 

[51] Taylor, A. R., Wang, J. R., Chen, H. Y. (2007): Carbon storage in a chronosequence of 

red spruce (Picea rubens) forests in central Nova Scotia, Canada. – Canadian Journal of 

Forest Research 37(11): 2260-2269. 

[52] Teklay, T., Chang, S. X. (2008): Temporal changes in soil carbon and nitrogen storage in 

a hybrid poplar chronosequence in northern Alberta. – Geoderma 144(3-4): 613-619. 

[53] Tian, D., Yin, G., Fang, X., Yan, W. (2010): Carbon density, storage and spatial 

distribution under different ‘Grain for Green’patterns in Huitong, Hunan province. – Acta 

Ecological Sinica 30: 6297-6308. 

[54] Walkley, A., Black, I. A. (1934): An examination of the Degtjareff method for 

determining soil organic matter, and a proposed modification of the chromic acid titration 

method. – Soil Science 37(1): 29-38. 

[55] Wang, D., Wang, B., Niu, X. (2014): Forest carbon sequestration in China and its 

benefits. – Scandinavian journal of forest research 29(1): 51-59. 



Amir et al.: Soil organic content of stands of different ages in a subtropical Chir pine (Pinus roxburghii) forest of Pakistan 

- 11487 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):11475-11487. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1705_114751487 

© 2019, ALÖKI Kft., Budapest, Hungary 

[56] Watson, R. T., Noble, I. R., Bolin, B., Ravindranath, N., Verardo, D. J., Dokken, D. J. 

(2000): Land use, land-use change and forestry: a special report of the Intergovernmental 

Panel on Climate Change. – Cambridge University Press. 

[57] Yang, Y., Fang, J., Ma, W., Smith, P., Mohammat, A., Wang, S. (2010): Soil carbon 

stock and its changes in northern China's grasslands from 1980s to 2000s. – Global 

Change Biology 16(11): 3036-3047. 

[58] Zerva, A., Ball, T., Smith, K. A., Mencuccini, M. (2005): Soil carbon dynamics in a Sitka 

spruce (Picea sitchensis Bong.) chronosequence on a peaty gley. – Forest Ecology and 

Management 205(1-3): 227-240. 

[59] Zhang, H., Guan, D., Song, M. (2012): Biomass and carbon storage of Eucalyptus and 

Acacia plantations in the Pearl River Delta, South China. – Forest ecology and 

management 277: 90-97. 

[60] Zhao, J., Kang, F., Wang, L., Yu, X., Zhao, W., Song, X. (2014): Patterns of biomass and 

carbon distribution across a chronosequence of Chinese pine (Pinus tabulaeformis) 

forests. – PLoS one 9(4): e94966. 

[61] Zhu, B., Wang, X., Fang, J., Piao, S., Shen, H., Zhao, S. (2010): Altitudinal changes in 

carbon storage of temperate forests on Mt Changbai, Northeast China. – Journal of plant 

research 123(4): 439-452. 


