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Abstract                  
Understanding the relative distribution and relationship pattern of basic soil properties and soil 
organic carbon (SOC), we quantified and characterized the SOC stocks and labile SOC pools along 
with depth and altitudinal gradients as well as studied their mutual relationship pattern under 
ecosystems of apple orchards in three physiographic altitudinal gradients of temperate Kashmir. 
From twenty four representative apple orchards in three selected altitudinal gradients,  forty eight 
composite soil samples collected from two soil depths were analyzed according to the prescribed 
standard procedures. Analysis of the results showed that among physico-chemical properties, soils 
observed moderately acidic to slightly alkaline pH (6.62−7.40) varying significantly with depth 
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while as cation exchange capacity (CEC) recorded significant increase from surface to sub-surface 
depth (13.3−17.5 Cmolp+kg-1). For soil separates only clay (%) content observed significant 
variation between depths. In general, the coefficient of variation   (CV %) between soil depths 
exhibited maximum range for clay fraction (28.0−43.4%) followed by CEC (24.5-37.8%) and EC 
(20.6−31.4%). The soils of orchards located in higher altitudes represent significantly higher SOC 
fraction by a margin of 364% and 295% than corresponding mid and lower altitude ones; surface 
soils by 32% and 68% than sub-surface layers respectively. Significantly higher proportion of SOC 
stocks was recorded ranging between 32.1 to 94.6 Mg ha−1 with distinct depth variation 
(CV=15.7−44.4%). For stratification ratio (SR) of SOC, the values vary from 2.75 to 3.96 along 
the altitudinal gradient. Among labile carbon fractions, LBC recorded significantly higher fraction 
(0.78 to 4.90 g kg-1) reflecting margin of 146.15% in upper soil layers than lower layers followed 
by MBC (94.65%) and POC (102.3%) respectively. LBC (15.4−27.2%) represents maximum 
variability with depth followed by MBC (7.7−20.6%) whereas as POC observed least significant 
variation (CV=7.2-15.5%). Regarding relationship studies, pH observed significant and positive 
correlation with clay and all SOC fractions except POC while as clay content showed significantly 
positive correlation with CEC (0.596*), SOC (0.544*), TOC (0.512*) and MBC (0.620*). SOC 
was best correlated with LBC (0.834%) and MBC (0.650%) whereas TOC showed positive and 
significant correlation (p=0.05) with SOC (0.579*) and POC (0.481*). All fractions of C revealed 
significant and positive correlation with MBC. On the basis of these results, effective measures in 
terms of appropriate nutrient source managements and efficient carbon sequestration practices can 
be designed and implemented. 
Keywords: Apple, Distribution, Soil properties, SOC stocks, Relationship        
INTRODUCTION                  
For sustainability of the agricultural systems, the soil medium, climatic and management factors 
are integral components. The soils accomplish diverse functions crucial for sustainable crop 
production (Brady and Weil, 2017) although crop production greatly depends on the soil 
management and their physico-chemical behavior (Charan et al. 2013; Wani et al. 2016). Soil 
organic matter (SOM) is a major planetary resource supporting in the delivery of multiple services 
including regulating biodiversity, environmental / ecosystem functions (Srinivasarao et al.2009) 
and agricultural sustainability (Chen et al. 2004; Xiao et al. 2016). Being rich nutrient storehouse 
(Curtin et al. 2006; Wani et al. 2019) and main source of energy for microbial activity   (Wani et 
al. 2019), the SOM predominantly determines sustainability of agricultural systems irrespective of 
their functioning. It is the key indicator of soil quality, fertility and productivity (Franzluebbers 
2002; Lutzow et al. 2007; Ebrahim et al. 2018) and therefore maintaining its level is pre-requisite 
to ensure agricultural sustainability (Franzluebbers 2002; Xiao et al. 2016; Wani et al. 2019). The 
permanent arable land-use under perennial fruit growing intense ecosystems are ecologically very 
important and play crucial role in C cycling (Debnath et al. 2015; Sofi et al. 2016;  Wani et al. 
2019).                                   The abundance and 
composition of SOM has a significant impact on the pedospheric processes thus governing 
fundamental physico-chemical and biological processes (Li and Zhao 2001) thereby regulating 
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biogeochemical transformation of SOC, nutrient availability (Lutzow et al. 2007; Sharma et al. 
2014), substrate for microbial activity (Haynes 2005) and involved in greenhouse gas emissions 
(Ni et al. 2001). The quality of SOC may be judged by the content of either labile or resistant 
fractions. Sensitive labile fractions react more rapidly to agricultural and environmental 
fluctuations than recalcitrant OC, thus acting as primary soil quality indicators (Ghani et al. 2010; 
Gajda and Przewloka, 2012) as well as determining whether soil acts as sink or source of C in the 
global C cycle (Lal and Follett, 2009; Sharma et al. 2014). SOC stratification is considered an 
efficient indicator of soil health (Moreno et al. 2006; Franzluebbers 2002) and SOC enrichment 
may be linked with its sequestration potential (Moreno et al. 2006; Dar et al. 2015; Atashnama et 
al. 2018). Several research works in the published literature have estimated variations in relation 
to soil forming factors, land–use change, various edpahic and physiographic features of temperate 
regions (Fernandez et al. 2014; Ali et al. 2017; Ebrahim et al. 2018; Debnath et al. 2019). The soils 
of temperate fruit orchards can serve as an important sink for SOC due to their efficient capture 
and use of light resulting in increased C−input through litter fall and its incorporation (Debnath et 
al. 2015).                             Despite extensive studies on variability of 
SOC stocks and sequestration potential in soil profile for greater accumulation and exchange of 
SOC in deeper layers of stable areas, but most of the studies conducted on SOC distribution pattern 
is confined to mapping in particular geographical region (Wang et al. 2004; Kempen et al. 2011). 
Better understanding and knowledge about distribution patterns of SOC stocks / labile fractions 
and basic soil properties is, therefore essential in understanding the dynamics of SOC for the 
ecosystem functioning and may help in simulation and prediction the climate change influence. 
Therefore, for better and efficient resource management decision for maintaining sustainable soil 
health and improvement of carbon-sink capability of permanent arable lands, it is important to 
assess and characterize the relative variation and pattern of distribution of SOC stocks and pools 
along altitude and depth gradients and quantify their relationships with selected basic soil 
properties in apple growing ecosystems.        
Material and Method             
Study Area                             
Soil Survey on general reconnaissance pattern was conducted of premier apple cultivating areas 
of Kulgam district in the state of Jammu and Kashmir (J & K) for our present research studies. 
The area is ecologically fragile / vulnerable and marginal due to biophysical and socio-economic 
reasons and situated between the geographical coordinates of 33o 38’24”N Latitude to 75o 01’12”E 
Longitude at mean altitude of 1739 mts. (5705 feet above mean sea level) overlooking the river 
Veshaw (the Jhelum River) close to Pir-Panchal ranges (Fig. 1). The climate of region is sub-
humid temperate featured by moderate summer, extremely cool winter and dry autumn season. 
Generally mesic or warmer temperature and udic moisture regimes are its characteristic features. 
Fragile ecosystems with rich physiographic and edaphic heterogeneity encompass the region. 
Moderately uneven topography varying from moderately steep to very steep slopes at higher 
elevation gradients, moderately undulating in the elevated plateaus and moderately slope to flat 
near habitations are the characteristic features. Despite cultivation of quality fruit crops is confined 
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to high and mid elevations gradients on levelled or bench terraces mostly as well as contour 
landforms occasionally; lower elevations have contributions in the total fruit production.  
Sampling Design and Laboratory Analyses                 
A systematic stratified sampling procedure was employed to distribute sampling throughout the 
selected area under careful considerations of spatial pattern of land-use and topography. The 
selected apple orchards spanned across different elevation gradients and the locations were geo-
referenced using centrally coordinated GPS (Global Positioning System). A total of twenty four 
representative profiles identified and excavated in the randomly chosen orchards of the identical 
age-group (25 ─ 40 years) and similarly managed in three established physiographic altitudes of 
apple growing ecosystems. For the purpose of this study, the elevation gradient was divided into 
three discrete parts according to altitudinal gradients as (i) <1600 (ii) 1600−1800 and (iii) >1800 
mts. amsl respectively. Forty eight number of composite soil samples (about 250 gm) sampled 
from two standard soil depths (surface and sub-surface) in three selected altitudes were collected 
in plastic bags. Before laboratory analysis for various physico-chemical properties, the soil 
samples were processed involving air–drying, grinding and homogenization by sieving. Soil pH 
was measured in 1:2.5 soil: water suspension with glass electrode pH meter and electrical 
conductivity (EC) by EC meter as described by Jackson (1973). The texture of soil was determined 
by hydrometer method (Jackson, 1965) after dispersing the soil with sodium hexametaphosphate 
solution and the textural classes were measured by using USDA textural triangle. The cation 
exchange capacity (CEC) and bulk density (BD) were determined following procedures of Piper 
(1966) and Black (1965) respectively. The oxidizable SOC was determined using the potassium 
dichromate wet digestion method (Walkley and Black, 1934). For SOC, the stratification ratio 
(SR) is evaluated as the ratio between surface (0−25cm) and sub-surface (25−50cm) 
concentrations of SOC. The procedure outlined by Synder and Trofymow (1984) was employed 
for the estimation of total SOC (SOC stocks) and is measured as:-       Total 
SOC or SOC stocks (Mgha-1) =  [SOC%] × BD × T                     where 
[SOC%] represents concentration of SOC (g kg-1), BD is the soil bulk density (Mgm-1) and T 
stands for soil layer thickness (cm).                       For the 
determination of POC, the soil suspension of 10 gm soil sample and 30 mL sodium hexameta-
phosphate solution (5 g L−1) in a 100 mL centrifuge was screened. The retained coarse fraction 
after washing and drying was assessed for C content using modified method of Walkley- Black 
(1934). Potassium permanganate oxidiable carbon (KMnO4-C) was estimated by Blair et al. (1995) 
method and calculated quantitatively as:            Labile 
organic carbon (LBC)  (mg g-1)  =   (mM Blank ─ mM Sample) × 50/2×25×9       
                    weight of soil sample (g) ×1000   where 
mM Blank and mM Sample indicate conc. (mmol-1) of KMnO4 respectively in the blank and 
sample, 50/2 represents the dilution factor; added quantity (ml) of KMnO4 is 25, and 9 represents 
quantity of C oxidized to each mole of KMnO4 (mg mol-1) added.           MBC was 
estimated by chloroform fumigation-extraction method (Jenkinson and Powlson, 1976). The fresh 
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soil samples fumigated with chloroform were extracted using 0.5M K2SO4 and the MBC quantified 
was measured by the equation given below: - 
  MBC    =      EC         =           ECfum ─ ECnon-fum  
                          kEC                       kEC     
                                     
where EC is the difference in extracted OC between fumigated and non-fumigated soils and kEC 
(=0.25) is the conversion coefficient.              
Data Analyses                  
For the data generated, the statistical analysis was done using Microsoft Excel and SPSS packages. 
To measure the extent of the uncertainty between basic soil properties and OC stocks along with 
its fractions, coefficient of variation (CV = σ /mean 100) and standard deviation (σ) respectively 
were done. For the differences between the means of SOC and SR, test of least   significant 
difference (LSD) at 1% and 5% levels of probability (p<0.01and p<0.05) was performed. 
Pearson’s correlation analyses were used to study the relationship of OC stocks and fractions and 
with selected soil properties.            
RESULTS AND DISCUSSION                 
(a) Soil Physico-chemical properties              
Some soil physic-chemical properties at two depths (surface and sub-surface levels) studied in 
apple orchards are given in table 1. In general, analysis of variance showed that depth had 
significant (p < 0.05) effect on BD (g cm-3), pH, CEC (Cmolp+kg-1 soil) and clay content (%). The 
soil bulk density observed significant decline with depth varying from 1.25 in surface layer to 1.48 
(gcm-3) to sub-surface soils with mean bulk density of 1.27 and 1.45 (gcm-3) respectively. In 
general the soils under study were moderately acidic to slightly alkaline with mean value of 6.62 
to 7.4 in surface and sub-surface soils. Significant decrease in soil pH with depth could be 
attributed to leaching of bases under higher precipitation and gradient of OM (Charan et al. 2013; 
Wani et al. 2017; Atashnama et al. 2018). Although EC (dSm-1) observed non-significant variation 
with depth but falls well within the normal range suitable for crop growth and development. At 
95% CI, the overall CEC ranges from 13.3 to 17.5 (Cmolp+kg-1 soil) in surface to sub-surface 
horizons. This significant increasing trend might be attributed to higher accumulation of clay 
content resulting from leaching. Sub-surface soils observed significantly higher clay (%) than 
surface soils whereas silt and sand fractions observed non significant variation between the two 
depths considered (Table 1). Based on the proportion of sand, silt and clay contents, the dominant 
textural class of soils comes under clay loam. Regarding coefficient of variation (CV%) for the 
basic soil properties studied, maximum CV (%) was exhibited by CEC (24.5-37.8%) followed by 
EC (20.6−31.4%) and pH (15.2−27.3%). Among soil textural separates, clay fraction recorded the 
highest CV (28.0−43.4%) as shown in table 1. For the variation between soil depths, the sub-
surface (25−50cm) layer exhibited maximum CV (%) for clay (43.4%) fraction followed by CEC 
(37.8%) and EC (31.4).        (b) Variation of Soil Organic 
Carbon / Matter (SOC / OM %) with depth and altitude           The soils under study presented 
differences in SOC / SOM variables with depth and altitude gradients or factors considered. The 
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apple orchards studied have demonstrated distinctly greater SOC (%) and SOM (%) concentrations 
as measured in uppermost surface soil layers throughout   than immediate lower soil layers, 
although SOC content in sub-soil layers is not negligible. With respect to depth, the distribution 
of SOC and SOM concentrations indicated the range from 1.2−2.1 to 0.3−0.9% and 3.5−5.2 to 0.3 
to 4.6% respectively from surface to subsurface soils (Table 1). The steep fall in SOC / SOM 
content with depth might be better described through physical properties such as texture associated 
mainly with higher microbial and biological activities as well as surface soil perturbations 
operating during crop growth period under temperate climatic conditions (Debnath et al. 2015; 
Naik et al. 2016; Wani et al. 2017). The changes in climatic factor (particularly temperature and 
rainfall) along altitudinal gradients significantly influence productivity and composition of 
vegetation, consequently affect the quantity and turnover rates of SOM through decomposition / 
mineralization process as well as soil protection against erosion and degradation (Dar and Somnath 
2015; Wani et al. 2016, 2017).  Decline of SOC with increase in soil depth and decrease in altitude 
was found in the global analysis of the vertical distribution of OC in shrublands, grasslands, 
orchards, forests (Dar and Somnath 2015; Wani et al. 2017; Ali et al. 2017; Atashnama et al. 2018). 
Wang et al. (2004) reported that SOC content declined significantly with soil depths irrespective 
of land use. Singh et al. (2011) reported that about 69% of carbon in soil profile was confined to 
upper layer. Furthermore, because of recognizable spatial variability, statistically significant 
differences (< 0.05) indicated from the factors of elevation (32% and 68% SOC greater in high 
altitude in comparison to mid and low altitudes) and depth gradients (346% 295% and 218% SOC 
greater in upper soil layers in comparison to lower soil layers of high, mid and low altitudinal 
gradients (Fig. 2). These results fall in consistency with the findings of Fernandez et al. (2014); 
Wani et al. (2017); Ali et al. (2017); Debnath et al. (2019). The coefficient of variation (CV%) for 
SOC / SOM varies from 15.7 to 44.4% in surface and 17.2 to 37.5% in sub-surface soil layers 
respectively exhibiting wide range of spatial variability. Therefore, significantly effective role of 
both the vertical and horizontal factors is demonstrated on spatial distribution pattern of SOC/ 
SOM. The role of climatic factors mainly precipitation and temperature is undoubtedly central to 
change in organic residues / debris as well as SOM mineralization rates (Lutzow et al. 2007).         
Stratification Ratio                   
Relationship of SOC at surface with deeper soil profile layers defined as stratification ratio (SR)   
is considered an important soil quality indicator. Here under our study statistically significant (p < 
0.05) change in SR is observed along altitudinal gradients with the average values in the order of 
low (2.10) < mid (2.40) < high (2.96) altitude apple orchards indicating accumulation of SOM. 
For soil profile depth, the SR varied significantly within each altitude ranging from 3.4 −2.5 (high), 
2.8−1.9 (mid) and 2.6−1.6 (low). Most of the SOC was concentrated at higher altitude and near 
surface soil layers in all three altitudes as shown by SR (fig. 2). This accumulation of SOC at 
higher altitude and surface layer could be related to favored by decreasing temperature accentuated 
by heavy precipitation as well as persistence of crop residues on soil surface, lack of soil 
perturbation that offer sub-optimal decomposition process (Franzluebbers 2002; Sa and Lal 2009); 
thereby increasing standing stock of SOC. Greater SR of SOC indicates greater capacity of soils 
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for C accumulation or soil C reserve and carbon stability particularly in higher topographical 
positions (Sa and Lal 2009; Dar and Somnath 2015), even lower layers of soil profile under 
horticultural based cropping systems (Sharma et al. 2014) as well as smaller percolation tendency 
to deep layers at the same rate (Moreno et al. 2006; Sa and Lal 2009). As observed in our study, 
the values of SR for SOC falls within range as published in the published literature (Franzluebbers 
2002; Sa and Lal 2009) and any difference be broadly due to climate and management factors 
(Franzluebbers 2002). Since SOC of horticulture based ecosystems shows surface interactions with 
the soil and environment, the concept of SR is strongly related with surface SOC fractions.  
                                          
(c) Variation of Organic Carbon stocks (SOC stocks) with depth and altitude              
To visualize the impact of soil depth and altitude SOC dynamics, SOC stocks / fractions were 
studied. For SOC stocks, the highest values were realized in the top soils (45.4 to 94.6 Mg ha−1) 
in comparison to sub-soil layers (32.1 to 65.01 Mgha-1) with mean values as 80.2 and 45.1Mg ha−1 
respectively indicating significantly higher by 77.83% in top soil than sub-soil layers. Such 
significant storage or levels of SOC stocks may be attributed to better physical-colloidal protection 
of organic matter oxidation under higher clay contents (Dar and Somaiah et al. 2015; Sofi et al. 
2016) as well as additions of litter or crop residues; greater biological or microbial activity in 
presence of minimum surface perturbations or non-tillage operations emerging from different 
horticultural activities (Debnath et al. 2015; Wani et al. 2016). A similar distribution pattern of 
SOC stocks in soils is consistent with the data published by Debnath et al. (2015) and Sofi et al. 
(2016) while studying on soil carbon research for most of the fruit growing orchards. Although 
results of the literature published suggest the existence of a large stocks of SOC at soil depth below 
100 cm (Jobbagy and Jackson, 2000; Li and Zhao, 2001) but such reserves of SOC   have been 
estimated using empirical relation studies between SOC concentration and soil depth. However, 
the quantity of carbon being sequestered in the soil largely depends on the land-use, cropping 
system, climatic conditions, physiographic features etc. Furthermore, the soils of horticultural 
systems have greater SOC stocks in comparison to agricultural land-use systems, even at sub-
surface level (Sharma et al. 2014 ; Hussain et al. 2019) and reported 22% higher for upper half a  
meter soil (Hussain et al. 2019). Assessment of soil C stocks down to 1m depth lies probably in 
the sufficient range according to the reported literature as published on temperate forests (Singh et 
al. 2011; De Vos et al. 2015; Ebrahim et al. 2018). The SOC stocks studied for soil quality revealed 
significant variability with depth with CV (%) varying from 18.0 to 30.9% suggesting better 
stability of organic carbon or C retention of organic matter facilitated by fine (clay loam) texture 
of the soils. The increased SOC stocks with increasing altitude may be attributed to denser and 
luxurious vegetation associated with decreasing temperature and higher rainfall that reduce amount 
and turnover rates (mineralization) of soil organic matter, thereby SOC stabilization and storage 
(Franzluebbers 2002; Singh et al. 2011; Hussain et al. 2019). These results agree with the findings 
from the previous studies that SOC stocks are associated with depth and altitude changes across 
different terrestrial ecosystems (Salazar et al. 2011; Dar Somnath 2015; Ali et al. 2017; Debnath 
et al. 2019).        
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(d) Variation of Labile Organic Carbon (LBC) Fractions with depth     
Among labile carbon fractions, the average values for the concentration of POC between soil 
depths ranged from 1029.9 (topsoil) to 509.0 mg kg-1 (sub-soil). Considering upper or surface layer 
(0-25cm) as the benchmark, there is significant decrease in average POC content roughly about 
51% (nearly reduced by half) in comparison to lower soil horizon (25-50cm). Numerous  and 
extensive  root quantity grasses / plants and residues of animals, may explain the high POC portion 
of TOC in upper soil layers of fruit cultivating ecosystems (Debanath et al. 2015; Naik et al. 2016). 
A higher percentage of POC among SOC fractions may be attributed for its physical protection. 
Slightly wider range of uncertainty (Confidence Limit at 95%) exhibited for POC fraction, despite 
results of the given prediction level (@ 95% CL) for uncertainty associated across all depths 
indicates uncertantity in narrow range for labile SOC fractions (0.08 ─ 1.75%). The CV (%) 
increases substantially from surface to sub-surface layers (7.2 to 15.5%) reflecting more labile 
particulate organic part and quickly decomposed (Franzluebbers, 2002; Xiao et al. 2016), thus 
constituting a fragile reserve of C stabilizing capacity of the soils.                  For KMnO4-C 
oxidizable fraction, a similar trend could be spotted with some variations (Table 1). Results for 
depth distribution showed statistically significant (p < 0.05) variation between soil depths with 
their respective mean values as 3.2±1.0 and 1.3±0.5 g kg-1. Biomass (crop residue) and organic 
matter additions in presence of non-tillage operations favoring minimum C losses considered as 
major attributes of enhanced LBC fractions particularly in perennial fruit growing ecosystems as 
reported by the earlier studies carried in soils of temperate climatic conditions (Haynes 2005; 
Debnath et al. 2015; Sofi et al. 2016). LBC may precede any SOC change in future, even though 
studies indicate high sensitivity and variability associated ranging from 15.1 to 27.2% between 
soil depths considered. Due to labile nature of its constituents and lack of protective soil colloids, 
this labile fraction decomposes rapidly and hence responds more quickly than SOC (Ghani et al. 
2010; Naik et al. 2016). MBC was considered the dependable variable reported by the concerned 
authors (about 41%) in the literature published where soil health indictors are based on the study 
of soil properties individually (Sparling, 1992; Haynes, 2005). Here MBC values range between 
852.3 to 1155.5 and 446.5─760.8 mg kg−1 in upper and lower soil layers respectively revealing 
significantly higher margin of 94.65% in upper than lower soil layers. For MBC fraction, such 
significant change was expected with the profile depth. These observed values of MBC contents 
fall well within the range of 1−5% of SOC as published by the researchers (Justin et al. 2013) 
although difference of such range may be attributed to additions of organic matter, their type and 
nature (Sharma et al. 2014; Davoud et al. 2016) as well as root residue distribution and their 
different rates of decomposition (Sharma et al. 2014; Xiao et al. 2016). For MBC fraction, the CV 
(%) changed significantly between surface and sub-surface soils varying from 7.7% to 20.6%     
respectively. The release of water–soluble OM during decomposition of litter / residues which 
promotes microbial growth and colonization under favorable soil temperatures thereby increasing 
MBC fraction, as concluded by Debnath et al. (2015); Xiao et al. (2016).         (e) Relationships 
Studies of Basic soil properties versus OC stocks and OC Fractions          The relationships 
evaluated among basic properties and various SOC fractions / stocks observed positive and 
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significant correlations with some exceptions (Table 2) suggesting direct and / or indirect links 
between them. Analysis of the results reveals that pH observed positive and significant correlation 
with CEC (0.642*) and clay fraction (0.504*) but negatively non-significant with SOC TOC, LBC 
and MBC except POC indicating their strong dependence on each other. Sharma et al. (2014); Ali 
et al. (2019) reported similar relationship for soils of different land use systems in Himalayan 
region. CEC recorded positive and significant relationship with clay (0.596*) SOC (0.631*) LBC 
(0.506*) and MBC (0.491*) thereby showing significant contribution of SOM to soil CEC (Papini 
et al. 2011; Sharma et al. 2014) hence nutrient availability. Significantly positive correlation of 
clay content with SOC (0.544*), TOC (0.512*) and MBC (0.620*) respectively, reflects 
substantial retention of soil organic matter as the soil texture becomes finer or addition of variable 
C inputs. Similar results for such relationship studies between these parameters were reported 
earlier by Sharma et al. (2014); Atashnama et al. (2018). On the other hand, TOC observed strong 
positive and significant correlations with SOC and POC with respective correlation coefficient of 
0.579* and 0.481* (p= -0.05), where as perfect positive correlation (r=1.00) was recorded between 
OOM and OC. These relationship studies suggest that LOC fractions decreased with decrease in 
SOC amount, which were in consistence with the results of Sharma et al. (2014); Xiao et al. (2016); 
Naik et al. (2016). Similarly, significant and positive correlation between SOC and POC (r = 
0.735*) indicates preferable accumulation or storage of SOC in this cool temperate region mainly 
resulting from higher accumulation of POC and source of other OM fractions obtained after 
mineralization and humification processes (Ni et al. 2001; Davoud et al. 2016; Naik et al. 2016). 
The labile pools that best correlated with the SOC were LBC and MBC (r = 0.834** and 0.650**) 
indicate that the changing nature of LBC and MBC fractions might be attributed to the dynamic 
responsibility of SOC (Justin et al. 2013; Naik et al. 2016; Atashnama et al. 2018). However, poor 
relationships obtained for some parameters could be due either impact of climatic or edaphic 
features or determination or sampling procedures involved rather than inherent soil properties. 
Likewise MBC recorded strongly positive and significant correlation with SOC and all the carbon 
fractions suggesting labile fractions of SOC play significant role in growth and activities of 
microbes under faster driving forces of soil organic matter mineralization as worked by researchers 
(Debnathe t al. 2015; Sofi et al. 2015 ;Wani et al. 2016) under different ranges of cropping systems, 
management activities and soil types (Debanath et al. 2015; Wani et al. 2016). On the other hand 
MBC and LBC fraction themselves were found to be strongly positive and significant correlation 
(r = 0.572*). The reasonable explanation for strong and positive relation between KMnO4 
oxidizable C and MBC could be related to the chemical extractions of labile carbon for their 
estimation.                      
Conclusions                 
The soil analysis showed a distinct and consistent decline in SOC magnitude and labile pools 
(MBC, POC and LBC) with depth of profile but the degree of decline was substantial, although 
apple crops are deeply rooted in nature. Substantial increase in SOC stocks with altitude and depth 
and significantly positive relationship assess the resilience of SOM to decomposition and suggest 
greater potential for C storage or sequestration in apple growing ecosystems under cool temperate 



 
 

9655 
 

Ann. For. Res. 65(1): 9646-9662, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

climate. In comparison with the previous studies of similar pattern, the study explored and 
demonstrated relationship pattern and distribution of functional SOC components and its and 
stocks with selected soil properties specifically in apple orchards. Since management induced 
changes are mostly confined to surface soils, for SOC the SR’s are best calculated at 0−25/25−50 
cm as revealed by the analysis of vertical soil profiles. This present study improves our 
understanding to design and implement measures efficiently such as management of resources and 
carbon sequestration rate and state based on SOC variability in association with physiographic 
elements.  
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                         Fig. 1 showing location map of the study area in J & K, India 
 
Table 1. Statistical description of some soil physico-chemical properties in apple orchards    
    Soil 
Property 

Surface Soil  (0-25cm) Sub-Surface Soil  (25-
50cm) 

      CV 
(%) 

Betwee
n the 
layers Range 

(Min-
Max)  

Mean±S
E 

CL 
(95%

) 

Range 
(Min-
Max) 

Mean±S
E 

CL 
(95
%) 

Bulk 
density  
(g cm-3) 

1.25-1.31 1.27±0.0
4 

±0.09 1.37-1.48 1.45±0.0
6 

±0.0
8 

13.6−21.
5 

* 

pH 6.2-7.0 6.62±0.0
8 

±0.18 7.0-7.7 7.4±0.07 ±0.1
4 

15.2−27.
3 

* 

EC (dSm-

1) 
0.28-0.65 0.42±1.0

4 
±0.10 0.52-1.80  0.61±1.0

0 
±0.0

8 
20.6−31.

4 
ns 

CEC(Cmo
l kg-1 soil) 

13.3-15.4 13.8±0.3
2 

±0.31 15.6-17.5 16.5±0.2
8 

±0.2
6 

24.5−37.
8 

* 

Clay (%)  24.7-28.8 26.5±1.3
0 

±0.45 30.1-36.0 33.8±1.0
8 

±0.3
7 

28.0−43.
4 

* 
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Silt (%) 34.4-48.0 37.8±1.0
6 

±0.64 33.1-44.5 39.6±1.1
0 

±0.4
4 

22.7−30.
6 

ns 

Sand (%) 29.4-35.2 32.5±1.6
6 

±0.50 24.6-29.0 27.0±1.4
2 

±0.3
6 

25.0−35.
5 

ns 

         Bulk density (BD), Electrical conductivity (EC), Cation Exchange Capacity (CEC),  
      * indicates 5 per cent level of significance and ** indicates 1 per cent level of significance  
              

 
  LSD (≤ 0.05) for Altitude = 0.056; LSD (≤ 0.05) for Depth = 0.083 & LSD (≤ 0.05) for Altitude 

& Depth = 0.071 Fig. 2 illustrates the effect of altitude and depth on SOC 
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  LSD (≤ 0.05) for Altitude = 0.078; LSD (≤ 0.05) for Depth = 0.091 & LSD (≤ 0.05) for Altitude 
& Depth = 0.062 

Fig. 3 illustrates the effect of altitude and depth on stratification ratio (SR) of SOC  
 
Table 2. Statistical description for SOC stocks / fractions in apple orchards    
 

  
Parameter 

Surface Soil  (0-25cm) Sub-Surface Soil  (25-50cm)      CV  
(%) 

Betwee
n 
layers 

Range 
(Min-
Max) 

Mean±S
E 

CL 
(95%

) 

Range 
(Min-
Max) 

Mean±S
E 

CL 
(95%
) 

SOC (%) 1.2-2.10 1.69±0.3 ±0.10 0.28-  
0.86 

0.48±0.2 ±0.04 15.7-
44.4 

** 

OM (%) 3.5-5.2 2.9±0.5 ±0.18 0.3 - 4.6 0.8±0.3 ±0.11 17.3-
37.5 

* 

SOC 
stocks 
(Mgha-1) 

45.4-94.6 80.2±8.5 ±0.41 32.1 - 
65.01 

45.1±6.6 ±0.71 18.0-
30.9 

* 

POC    
(mgkg-1) 

866.3-
1145.3 

1029.9±7
8. 

±1.75 367.0- 
662.4 

509.0±75
.8 

±1.06 7.2-
15.5 

* 

LBC (g kg-

1) 
2.72 - 4.90 3.2±1.0 ±0.16 0.78- 2.35 1.30±0.5 ±0.08 15. -

27.2 
** 

MBC  
(mgkg-1) 

852.3-
1155.5 

990.2±76
.7 

±1.42 446.5- 
760.8 

508.7±83
.6 

±0.83 7.7-
20.6 

** 

Organic Carbon (OC); Organic Matter (OM); Total Organic Carbon (TOC); Labile Carbon (LBC); 
Particulate Organic Matter (POC); Microbial Biomass Carbon (MBC); * indicates 5 per cent and 
** indicates 1 per cent level of significance  
 
 Table 3. Correlation coefficients (r) among basic soil properties and SOC stocks / fractions    

Parameter pH CEC Clay SOC TOC  POC LBC MBC 

pH 1.00         
CEC 0.642* 1.00       
Clay 0.504* 0.596* 1.00       
SOC -0.507* 0.631* 0.544* 1.00     
TOC -0.628* 0.489 0.512* 0.579* 1.00    
POC 0.266 0.372  0.401 0.735* 0.481* 1.00   
LBC -0.345  0.506*  0.328 0.834*

* 
0.315 0.420* 1.00  

MBC -0.695* 0.491*  0.620* 0.650*
* 

0.536* 0.603* 0.572* 1.00 

      ** Correlation is significant at p = 0.01 and * indicates significance at p = 0.05 


