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Abstract 

The physicochemical characteristics of soil are fundamentally important in assessing its 

quality, as they govern the air and water movement within the soil profile. These processes 

play a significant role in the soil's ability to sustain plant growth effectively. Various cropping 

systems can pose significant effects on soil texture, soil pH, soil carbon, and other nutrients, 

arising mainly from differences in associated management practices. This study was 

conducted to investigate the impact of dominant cropping systems on soil physicochemical 

properties in Kashmir Himalayas, India. Soil samples were collected from five different 

cropping systems, such as rice-fallow, rice-mustard, rice-oats, maize-fallow, and vegetable, 

up to a depth of 20 cm. The findings revealed that the percentage of sand varied from 20.34 – 

28.71%, while the percentage of silt and clay varied from 40.80 – 46.18% and 26.38 – 

36.04%, respectively. Bulk density ranged from 1.45 – 1.32Mgm-3 across the cropping 

systems. There was a variation in soil pH (7.54 – 6.46) across the examined cropping system, 

following a pattern: maize-fallow> vegetable> rice-mustard> rice-fallow> rice-oats. 

Moreover, electrical conductivity was less than 1 dSm-1, indicating no salinity hazards. It was 

observed that different cropping systems influence these selected soil properties. Therefore, it 

is essential to evaluate and understand these variations because they are vital for sustainable 

soil management and enhancing agricultural productivity.  
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Introduction 

The physicochemical properties of soil play a pivotal role in its quality by affecting air and 

water dynamics within soil layers, which in turn influence its capacity to support plant 

growth (Zhang et al., 2021). For instance, soil texture is a key factor in soil classification and 

plays a crucial role in understanding how soil properties change due to natural processes or 



 

 

human activities (Xu et al., 2013; Li et al., 2022). It is determined by the relative proportions 

of sand, silt, and clay, and defines soil categories such as sandy loam, loam, or clay (Brady & 

Weil, 2008). It is considered one of the most crucial physical properties due to its influence 

on other attributes. Soil texture influences water retention, drainage, and nutrient availability, 

thereby impacting soil fertility and productivity (Silva et al., 2012; Huntley, 2023). Similarly, 

soil pH is a critical chemical property that regulates the acidity or alkalinity of soil. It affects 

the chemical reactions between water and soil minerals, as well as nutrient availability to 

plants (Neina, 2019). Nutrient uptake, particularly of primary macronutrients like nitrogen, 

phosphorus, and potassium, and secondary nutrients like calcium, magnesium, and sulfur, is 

highly pH-dependent. These nutrients are most accessible to plants within a pH range of 5.5 

to 7.9, underscoring the importance of maintaining an optimal pH for agricultural 

productivity (Imran et al., 2010).  

Cropping systems play a critical role in shaping the physicochemical properties of soils, 

which are essential determinants of soil fertility, productivity, and sustainability (Yang et al., 

2020). Continuous cropping, crop rotations, and monoculture systems have distinct effects on 

soil properties due to variations in organic matter inputs, root activity, and nutrient cycling 

processes (Lal, 2020). Therefore, the present study was designed to evaluate the variability in 

soil physicochemical properties across five distinct cropping systems in the Kashmir 

Himalayas.  

Materials and Methods  

Kashmir Valley is geographically positioned between the coordinates 33° 20' to 34° 54' N and 

73° 55' to 75° 35' E. The region falls within the North Western Himalayan zone and 

experiences a temperate-cum-Mediterranean climate. The mean temperature of the region 

spans from -10oC to 35oC (Zaz et al., 2019), with an average annual precipitation of ~710 

mm (Dar et al., 2015), primarily in the form of snow and rain. Five distinct cropping systems 

were selected viz. rice-fallow, rice-mustard, rice-oats, maize-fallow, and vegetable. Geo-

referenced soil samples were collected from fifteen sites from a depth of 0-20 cm for each 

cropping system. The coordinates of the sampling sites are presented in Figure 1. A total of 

seventy-five soil samples were collected from the chosen cropping systems. The properly 

stored soil samples were taken for further processing and study in the research laboratory of 

the Division of Soil Science and Agricultural Chemistry, Faculty of Agriculture, Wadura, 

Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir, India. The 

particle size analysis was performed by hydrometric method as described by Bouyoucos 



 

(1962). Bulk density was determined by the core method as described by Blake and Hartge 

(1986). The soil reaction (pH) of samples was measured in 1:2.5 soil: water suspension with 

the use of a glass electrode pH meter as described by Jackson (1973). The electrical 

conductivity was measured by the Solubridge conductivity meter as described by Jackson 

(1973). The statistical analysis was performed using a one-way analysis of variance 

(ANOVA) to test the significance of the results. All the data was analysed using R studio 

software.  

Figure 1: Sampling sites map of the study area  

Results and Discussion  

Particle size distribution  

The perusal of data in Table 1 depicts that the mean values of sand percent in soils ranged 

from 20.34 – 28.71% across the studied cropping systems. The maximum value was recorded 

in maize-fallow (28.71%) and the minimum was recorded in the rice-fallow system (20.34%), 

following a pattern: maize-fallow> rice-oats> rice-mustard> vegetable> rice-fallow. The 

values for the confidence interval (95% CI) varied from 19.78 – 20.89, 25.44 – 27.80, 26.95 – 

29.10, 28.12 – 29.30, and 20.03 – 22.15 percent in rice-fallow, rice-mustard, rice-oats, maize-

fallow, and vegetable cropping system, respectively. The coefficient of variation (CV) ranged 

from 3.69 – 9.05 percent across the studied cropping systems.  



 

 

The mean content of silt percent in the appraised cropping systems ranged from 40.80 – 

46.18% where rice-mustard exhibited a maximum value (46.18%), while the lowest was 

recorded in maize-fallow cropping system (40.80%), following a trend: rice-mustard> rice-

oats> vegetable> rice-fallow> maize-fallow (Table 2). Confidence interval (95 % CI) ranged 

from 41.45 – 45.77 percent in rice-fallow, 44.55 – 47.82 percent in rice-mustard, 43.43 – 

47.72 percent in rice-oats, 39.56 – 42.04 percent in maize-fallow, and 43.63 – 46.57 percent 

in vegetable cropping system. CV ranged from 5.46 – 8.94 percent across the studied 

cropping systems.  

The mean values of clay percent in the studied cropping systems exhibited a variation of 

26.38 – 36.04%. The mean values of clay were 36.04, 27.19, 26.38, 30.47, and 33.69 percent 

in rice-fallow, rice-mustard, rice-oats, maize-fallow and vegetable soils, respectively with 

minimum values under rice-oats cropping system (26.38%) and maximum under rice-fallow 

system (36.04%), following a pattern: rice-fallow> vegetable> maize-fallow> rice-mustard> 

rice-oats (Table 3). The values for the confidence interval (95% CI) varied from 33.96 – 

38.12, 26.09 – 28.28, 25.21 – 27.55, 29.45 – 31.49, and 32.54 – 34.84 percent in rice-fallow, 

rice-mustard, rice-oats, maize-fallow, and vegetable cropping system, respectively. CV 

ranged from 6.00 – 10.40 percent across the studied cropping systems.  

The overall comparison of particle size distribution and textural classes revealed a difference 

between different cropping systems. Therefore, based on particle size distribution, the texture 

of all the soils across the studied cropping systems varied from loam to clay loam (Table 7). 

This could be attributed to the variation in soil texture in plains, which range from loam to 

sandy loam, and tend to have higher clay content than upland soils, due to the deposition of 

finer particles from higher areas (Kumar et al., 2002). A similar pattern in soil particle size 

fractions was observed by Bangroo (2010) in his study of benchmark soils in Kashmir's 

toposequence. Similarly, Maqbool et al., (2017), also categorized the soils as clay loam, silt 

loam, and sandy loam in the district Ganderbal. This is further verified by observations of 

Shrestha et al. (2007), Wani et al. (2010), and Mir et al., (2024).   

Bulk density 

The mean values of bulk density under different cropping systems are presented in Table 4. 

The mean values for bulk density under different cropping systems varied from 1.32 – 1.45 

Mg m-3. The mean values of bulk density were 1.32, 1.38, 1.38, 1.45, and 1.41 Mg m-3 in 

rice-fallow, rice-mustard, rice-oats, maize-fallow, and vegetable cropping systems, 

respectively. Among the examined cropping systems, the rice-fallow system exhibited the 



 

 

minimum value (1.32 Mg m-3) while maize-fallow exhibited the highest value (1.45 Mg m-3), 

following a pattern: maize-fallow> vegetable> rice-mustard= rice-oats> rice-fallow (Table 4). 

The 95% C. I values under examined cropping systems ranged from 1.30 – 1.33 in rice-

fallow, 1.37 – 1.40 in rice-mustard, 1.37 – 1.39 in rice-oats, 1.43 – 1.47 in maize-fallow, and 

1.40 – 1.42 percent in vegetable cropping system. CV ranged from 0.71 – 2.07 percent across 

the studied cropping systems (Table 4). When the studied cropping systems were compared 

using one-way ANOVA concerning bulk density, a statistical (p < 0.05) difference was 

observed between rice-based and non-rice-based cropping systems (Table 7). The results of 

the present study show that the modalities of cropping systems are significantly different in 

terms of soil bulk density. A lower organic matter content and reduced aggregation can 

contribute to an increase in soil bulk density in maize-fallow cropping system (Subedi et al., 

2020). Similar dependence has been put forward by Kouelo et al., (2020).  

Soil reaction (pH) 

The mean values of pH under different cropping systems are presented in Table 5. Soil 

reaction under different cropping systems was slightly acidic to slightly alkaline. The mean 

values of pH were 7.17, 7.33, 6.46, 7.54, and 7.48 in rice-fallow, rice-mustard, rice-oats, 

maize-fallow, and vegetable, respectively. The lowest values of pH were recorded under the 

rice-oat system and the highest values under the maize-fallow system, following a pattern: 

maize-fallow> vegetable> rice-mustard> rice-fallow> rice-oats (Table 5). The 95% C.I values 

under studied cropping system ranged from 6.89 – 7.46, 7.23 – 7.44, 6.25 – 6.66, 7.34 – 7.74, 

and 7.35 – 7.60 percent in rice-fallow, rice-mustard, rice-oats, maize-fallow, and vegetable 

cropping system, respectively. CV ranged from 2.45 to 7.11 percent across the studied 

cropping systems (Table 5). When the studied cropping systems were compared using one-

way ANOVA concerning pH, a statistical (p < 0.05) difference was observed between rice-

based and non-rice-based cropping systems (Table 7). The lower pH levels in soils under rice 

cultivation, relative to other cropping systems, may be due to the combination of 

waterlogging during the rice growing season and elevated organic carbon content. Studies by 

Sharma et al., (2020) and Chhibba et al., (2007) observed that soil pH was lower in rice-

based cropping systems compared to cotton-wheat systems.  

Electrical conductivity (EC) 

The mean values of EC under different cropping systems are presented in Table 6. The 

observed mean values for EC under examined cropping systems ranged from 0.05 – 0.16 dS 

m-1, possessing a mean value of 0.06 dS m-1 in rice-fallow, 0.09 dS m-1 in rice-mustard, 0.05 



 

 

dS m-1 in rice-oats, 0.16 dS m-1 in maize-fallow, and 0.14 dS m-1 in vegetable cropping 

system (Table 6). C.I values (95%) under the respective cropping systems ranged from 0.05 – 

0.08, 0.07 – 0.12, 0.03 – 0.07, 0.13 – 0.18, and 0.11 – 0.16 percent in rice-fallow, rice-

mustard, rice-oats, maize-fallow, and vegetable cropping system, respectively. CV ranged 

from 25.00 – 60.00 percent across the studied cropping systems (Table 6). When the studied 

cropping systems were compared using one-way ANOVA concerning EC, a statistical (p < 

0.05) difference was observed between rice-based and non-rice-based cropping systems 

(Table 7). All the examined cropping systems have EC values below 1 dSm-1 indicating that 

there is no salinity hazard. Sheikh (2006) and Wani et al. (2009) also reported the normal 

range of EC while studying the soils of Kashmir Valley. Singh and Benbi (2021), and Sharma 

et al., (2020) also reported lower EC under rice-wheat than cotton-wheat cropping system.  

Table 1: Sand percentage under different cropping systems 

Sand (%) 
Cropping 
Systems / 
Locations  

RF RM RO MF V 

L1 21.39 25.82 26.46 29.31 23.55 
L2 20.16 25.86 30.49 27.62 21.36 
L3 20.59 24.00 26.08 30.06 22.18 
L4 20.30 29.86 27.49 28.08 18.59 
L5 19.26 27.57  29.64 28.51 19.80 
Mean ± SE 20.34 ± 0.25 26.62 ± 0.54 28.03 ± 0.50 28.71 ± 0.27 21.09 ± 0.49 
Min 18.81 23.38 25.03 27.06 17.88 
Max 22.15 30.13 31.89 31.19 24.12 
95% 
C.I 

LL 19.78 25.44 26.95 28.12 20.03  
UL 20.89  27.80 29.10 29.30 22.15 

CV (%) 4.91 7.96 6.92 3.69 9.05 
 

Table 2: Silt percentage under different cropping systems  

Silt (%) 
Cropping 
Systems / 
Locations 

RF RM RO MF V 

L1 43.50 46.83 48.06 37.32 42.92 
L2 50.03 45.54 40.15 42.89 42.44 
L3 40.08 51.07 50.20 39.92 46.53 
L4 39.96 44.80 46.88 40.80 45.89 
L5 44.49 42.70 42.64 43.11 48.26 
Mean ± SE 43.61 ± 1.00 46.18 ± 0.76 45.58 ± 1.00 40.80 ± 0.57 45.20 ± 0.64 
Min 38.63 42.17 39.54 36.88 41.09 
Max 51.16 52.27 50.78 43.62 48.63 



 

 

95% 
C.I 

LL 41.45 44.55 43.43 39.56 43.83 
UL 45.77 47.82 47.72 42.04 46.57 

CV (%) 8.94 6.38 8.49 5.49 5.46 
 

Table 3: Clay percentage under different cropping systems 

Clay (%) 
Cropping 
Systems / 
Locations 

RF RM RO MF V 

L1 35.11 27.35 25.47 33.36 33.53 
L2 29.81 28.60 29.36 29.50 36.20 
L3 39.32 24.93 23.73 30.02 31.29 
L4 39.74 25.34 25.63 31.12 35.52 
L5 36.25 29.73 27.73 28.38 31.95 
Mean ± SE 36.04 ± 0.96 27.19 ± 0.51 26.38 ± 0.54 30.47 ± 0.47 33.69 ± 0.53 
Min 28.95 24.35 23.18 27.86 30.26 
Max 40.15 30.24 30.42 33.97 36.92 
95% 
C.I 

LL 33.96 26.09 25.21 29.45 32.54 
UL 38.12 28.28 27.55 31.49 34.84 

CV (%) 10.40 7.28 8.04 6.00 6.14 
 

 

 

 

 

 

 

 

 

 

 

Table 4: Bulk density under different cropping systems 



 

 

 

Table 5: Soil reaction under different cropping systems 

Soil reaction (pH) 
Cropping 
Systems / 
Locations 

RF RM RO MF V 

L1 7.72 7.46 5.88 7.77 7.28 
L2 7.72 7.46 6.75 7.69 7.75 
L3 7.09 7.39 6.40 7.76 7.46 
L4 6.66 7.18 6.68 7.58 7.61 
L5 6.69 7.20 6.60 6.93 7.30 
Mean ± SE 7.17 ± 0.13 7.33 ± 0.04 6.46 ± 0.09 7.54 ± 0.09 7.48 ± 0.05 
Min 6.37 6.91 5.80 6.59  7.02 
Max 7.86 7.57 6.85 7.85 7.93 
95% 
C.I 

LL 6.89 7.23 6.25 7.34 7.35 
UL 7.46 7.44 6.66 7.74 7.60 

CV (%) 7.11 2.45 5.72 4.64 2.94 
 

Table 6: Electrical conductivity under different cropping systems 

Electrical Conductivity (dS m-1) 
Cropping 
Systems / 
Locations 

RF RM RO MF V 

L1 0.06 0.06 0.02 0.19 0.08 
L2 0.06 0.09 0.05 0.16 0.13 
L3 0.07 0.09 0.06 0.21 0.15 
L4 0.10 0.12 0.07 0.11 0.13 
L5 0.06 0.15 0.08 0.14 0.21 
Mean ± SE 0.06 ± 0.006 0.09 ± 0.01 0.05 ± 0.008 0.16 ± 0.01 0.14 ± 0.01 
Min 0.03 0.03 0.01 0.08 0.06 
Max 0.12 0.17 0.12 0.24 0.23 

Bulk Density (Mg m-3) 
Cropping 
Systems / 
Locations 

RF RM RO MF V 

L1 1.34 1.39 1.37 1.47 1.41 
L2 1.33 1.38 1.40 1.44 1.42 
L3 1.32 1.36 1.37 1.41 1.43 
L4 1.30 1.40 1.39 1.50 1.41 
L5 1.31 1.41 1.38 1.47 1.40 
Mean ± SE 1.32 ± 0.006 1.38 ± 0.006 1.38 ± 0.005 1.45 ± 0.009 1.41 ± 0.004 
Min 1.28 1.34 1.35 1.39 1.38 
Max 1.36 1.42 1.42 1.51 1.45 
95% 
C.I 

LL 1.30 1.37 1.37 1.43 1.40 
UL 1.33 1.40 1.39 1.47 1.42 

CV (%) 1.51 1.45 1.45 2.07 0.71 



 

 

95% 
C.I 

LL 0.05 0.07 0.03 0.13 0.11 
UL 0.08 0.12 0.07 0.18 0.16 

CV (%) 33.33 44.44 60.00 25.00  28.57 
 

Table 7: Overall properties of soils under different cropping systems  

Cropping Systems Sand (%) Silt (%) Clay (%) Textural Class BD pH EC 
Rice-Fallow 20.341c 43.613b 36.047a Clay Loam 1.321d  7.178b  0.069c  

Rice-Mustard 26.623b 46.187a 27.190d Clay Loam 1.387c 7.339ab  0.099b  
Rice-Oats 28.031a 45.585ab 26.385d Loam 1.384c 6.462c  0.057c  

Maize Fallow 28.717a 40.807c 30.476c Clay Loam 1.458a  7.545a  0.161a  
Vegetables 21.096c 45.206ab 33.698b Clay Loam 1.415b 7.483a 0.140a  

CD (p < 0.05) 1.223 2.306 1.790  0.018 0.255 0.028 
pH = soil reaction; EC = electrical conductivity; BD = bulk density. Mean values possessing different letters are 
statistically significantly different. 

Conclusion  
 This study concluded that different cropping systems have varying degree of influence 

on soil physicochemical characteristics.  

 All the soils across the studied cropping were fine textured (loam to clay loam).  

 Bulk density varied significantly between rice-based and other cropping systems.  

 Soil reaction was slightly acidic to slightly alkaline with more values under maize-fallow 

and lowest under rice-based cropping systems.  

 No salinity hazard was found across the examined cropping system.  

 Therefore, understanding the various properties of soil is crucial for assessing its ability 

to perform essential functions.  
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