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Abstract
Soil is the backbone of agriculture and original source of nutrient that are 
needed by plants and crops to grow and survival. It is governed by various 
factors like anthropogenic and natural factors. In this study we aim to interpret 
the effect of climatic changes mainly seasonal variations on the soil health of 
Bawal industrial area. Samples were collected at the depth of 15 cm, from three 
different sites in three different seasons; summer, winter and monsoon. Samples 
were analyzed for pH, Electrical conductivity (EC), Organic matter (OM),  
Available nitrogen (N), potassium (K), phosphorus (P) Magnesium (Mg) and 
Sodium (Na). Results revealed that the OM, K, P, and Na concentration of the 
soil were found to follow the order; winter>rainy>summer. In contrast to this, 
Soil pH and Mg content were reported their highest concentration in summer 
followed by winter and least in monsoon season. EC and N content were found to 
follow the order; rainy season > winter > summer. Statistical analysis concluded 
the significant variation in physiochemical parameters of soil with variation in 
seasons except pH and EC (in summer and winter season). Interdependency 
of soil parameters was interpreted using multiple linear regression and results 
highlight that, Soil pH and Mg content were showing a significant linear 
regression with R2 (0.890). Na showed a significant R2 with K (0.855), P (0.827) 
and OM (0.803). Nitrogen content had found to show good regression with EC 
and soil pH. Organic matter and Potassium were also reporting significant R2 
values (0.931). Soil fertility was found to get affected by climatic change but 
the variations could be utilized by cultivating the suitable crops according to 
soil parameter contents in a particular season.
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Introduction
Soil acts as a medium to maintain balance between 
atmosphere and various habitats and key support 
for various atmospheric cycles. Every soil is 

comprised of water, air, organic content, minerals 
and microscopic animals. Numerous microbes 
and other living things find a home in soil because 
of its unique chemical composition and physical 
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characteristics.1 It also act as a sources and  sink 
for green house gases mainly CO2. It host  various  
microorganisms,  microscopic plants and animals 
and ensure their growth, function, abundance and 
diversity.2 The five primary soil processes—pollutant 
removal, biomass production, water, nitrate, and 
phosphorus cycling, and carbon sequestration can 
affect the soil's ability to support lifecycle of various 
organisms.3,4

Soil parameters exert a vital role in deciding the type 
of soil and its production ability. In addition to this, 
soil physiochemical parameters of a region can give 
idea about the type of crops should be grown there. 
Natural and anthropogenic factors are altering the 
soil parameters by many direct and indirect methods. 
Floods, earthquake, cyclones and adverse weather 
are some natural factors responsible for diversity 
of soils, but human activities are responsible for 
deterioration of soil quality and alteration in their 
parameters day by day.5,6 The result of which can be 
seen in degradation of soil fertility. Unprecedented 
industrial growth and urbanization are the major 
anthropogenic activities, which are responsible for 
soil pollution and alteration in their parameters. In 
our previous studies of Bawal area, soil nearby the 
Industrial disposed sludge was found contaminated 
and becomes acidic with depth.7 Climatic change 
also has a significant role in maintaining the soil 
ecological balance.8 It is a major factor responsible 

for variations in soil parameters. Soil characteristics 
are influenced by biotic and abiotic variables, which 
changes with season and region.9 Soil microbial 
community regulates nitrogen cycle and organic 
matter disposal.10 Microbiological communities' 
abundance distributions, functions and composition 
are of great importance to soil structure of a region. 
Microbial population was reported to show decline in 
the soil of industrial area.11 The ecological framework 
of microorganisms is susceptible to modification 
in response to alterations in their surroundings.12 
Mineralization and immobilization of phosphorous, 
disposal of organic matter, nutrient cycles are 
some chemical processes, which are sensitive to 
climatic change in moisture, temperature and soil 
composition.13 Type of vegetation, dense or shallow 
vegetation also get affected by soil moisture content, 
which ultimately gets altered by seasonal change. 
In the present study, we have tried to enlighten the 
influence of climatic change on soil physiochemical 
properties by analyzing the various soil samples in 
different seasons of Bawal Industrial area.

Study Area
Bawal Industrial area comes under Rewari District 
of Haryana. It is situated at NH-8 of Dehli- Jaipur 
national highway. It comprised of many large, medium  
and small scale Industries. Paper pulp industries, Glass,  
cement, steel processing, automobile and paint 
Industries are situated here.

Fig 1 A: Map indicating Bawal town of Rewari district (Haryana)
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Methods
Soil samples were collected from three different sites 
of industrial area Bawal at a distance of 2 km from  
each other. All the samples were collected from 
depth of 15 cm. These three sites were selected 
randomly and sampling was done in a period of 
December 2021 to August 2022. Soil samples were 
collected in three seasons, summer, rainy and winter 
respectively. Summer samples were collected in 
April, winter samples were collected in December 
and Monsoon samples in August. Samples were 
collected in plastic bags with proper labeling. These 

samples were air dried, sieved and stored in glass 
vials at 4 ⁰C  in the laboratory. Total nine samples 
were analyzed for their physiochemical parameters 
(Soil pH, Electrical conductivity, Organic Matter, 
Available Nitrogen, Phosphorous, Potassium, 
Magnesium and Sodium). Soil pH was determined 
by using pH meter, electrical conductivity by 
conductometer and Magnesium concentration 
was determined by EDTA titration. Available N 
was determined by Kjeldahl method,14 P by Olsen 
method,15 Na and K by Flame photometer.16

Fig 1 B: Flow chart representing the procedure of Sample 
collection, and estimation of soil parameters.

Table 1: Seasonal values of soil parameters of three different sites.

Para Summer Season   Rainy Season    Winter Season
-meters
 S1 S2 S3 Mean SD R1 R2 R3 Mean SD W1 W2 W3 Mean SD

pH 7.3 7.5 7.6 7.466 0.152 7 6.6 6.7 6.766 0.20 7.2 7.3 7.1 7.2 0.1
          81
EC 0.86 0.87 0.9 0.8 0.020 1.14 1.23 1.09 1.153 0.07 0.95 0.9 0.92 0.9 0.02
    76      09    23 51
OM 0.17 0.2 0.19 0.1 0.0 0.1 0.2 0.2 0.216 0.02 0.256 0.271 0.2 0.2 0.00
    87 14 94 38 17  20   68 65 79
N 14 12 13 13 1 18 17 16 17 1 15 14 15 14. 0.57
              66 73
K 15.5 16 15.7 15. 0.2 16. 16. 16. 16. 0.23 16.96 17.04 17.36 17. 0.21
    73 51 02 35 48 28 71    12 16
P 26 25 28 26. 1.5 29 27 30 28. 1.52 31 32 34 32. 1.52
    33 27    66 75    33 75
Mg 5.5 5.7 5.9 5.7 0.2 5.1 4.95 4.91 4.9 0.10 5.23 5.54 5.49 5.42 0.16
         86 01     64
Na 19 20 22 20.33 1.5 21 23 24 22. 1.52 24 25 27 25.33 1.52
     27    66 75     75



366YADAV & SHARMA, Curr. World Environ., Vol. 19(1) 363-374 (2024)

Soil pH
Soil pH of all the collected samples are found in 
normal range (6.6 to 7.6).It has been observed that 
the pH was recorded lowest in rainy season and 
highest in summer season as shown in table 1 and 
fig: 1. High pH values in summer could be correlated 
to higher temperature as reported by Feng Jiao et al17  
and lowest value in rainy season could be due to 
acidic nature of rain water. Soil pH increase with 

warmer climate and aridity, it could impart negative 
effects on soil OM, N, P content.17 Regression 
analysis of the same considering pH as dependent 
variable, showed that it is hardly depends upon 
OM, Na, Available P, and K of the soil. In contrast 
to it, Soil pH showed dependency on the electrical 
conductivity, Mg content and Available N of the soil 
as shown in fig: 3. Soil pH showed R2=0.890 with 
Mg, 0.758 with EC and 0.694 with Available N. Soil 

Table 2: Prediction of variation in Soil parameters due to seasonal change

Soil parameters  p values p values p values  
 (Summer and (Winter and (Winter and 
 rainy season) rainy season) Summer season)

pH 0.0364 0.0482 0.0789
EC(mS/cm) 0.0015 0.0220 0.0831
OM (%) 0.0127 0.0144 0.0011
N(mg/kg) 0.0101 0.0364 0.0188
K(mg/kg) 0.0239 0.0040 0.0084
P(mg/kg) 0.010 0.0266 0.0045
Mg(mg/kg) 0.0265 0.0519 0.0303
Na(mg/kg) 0.010 0.0076 0.0032

Fig. 2: Soil pH of all three sites in 
different seasons

Fig. 3: EC of all three sites in different seasons

Results and Discussion
Soil parameters values of all collected samples in 
different seasons are given below in table1.Mean 
and standard deviations of all parameters are also 
mentioned in the same table. S1, S2, S3 are the 

parameters of three different sites during summers, 
R1, R2, R3 and W1,W2,W3 are in rainy and winter 
season respectively. Electrical conductivity was 
measured in mS/cm, OM in %, and N, K, P, Mg, Na 
in mg/kg.
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pH of this area found to show measurable variation 
in transition from summer to rainy (p= 0.0364) and 
rainy to winter season (p=0.0482), as their p values 
are <0.05. But no significant variation was observed 
in summer and winter season values (p= 0.0789) as 
shown in table 2.

Electrical Conductivity (EC)
EC of all analyzed samples found in range of 0.86 to 
1.23 mS/cm. However its value was recorded highest 
in rainy season followed by in winter season and least 
in summers. EC in winter and summer seasons were 
almost comparable but significant difference was 
observed in rainy season as shown in fig: 2, which 
may be due to ionic enriched rainy water, which 
ultimately enriches the soil with ionic concentration. 

Presence of cations and anions in the soil could be 
due to industrial sludge disposal, are responsible for 
increase in EC of soil.18 In addition to this, change 
in climatic conditions could also be the reason for 
variation in EC, which can further affect the various 
parameters and process of soil. Regression values 
highlighted its significant dependency on other soil 
parameters and found to follow the order; Available 
N (R2=0.766)> P (R2=0.758)>Mg (R2=0.716).  
Soil EC had reported negligible dependency on pH, 
Na, Available K and OM as shown in fig:4. Soil EC  
of this area also found to show significant variation 
in summer to rainy, rainy to winter season like pH 
but no significant change was observed in winter 
and summer season samples.

Fig. 4: Regression analysis of soil pH with other soil parameters

Organic Matter (OM)
Soil organic matter has a prominent contribution in 
soil fertility. It is found in the range of 0.17 to 0.271 
%. Samples of this region followed the pattern i.e. 
highest OM % in winters and lowest in summers 
(fig: 5). Cooler soil or soil in cooler climate shows 
greater organic content and this is further supported 
by the findings reported by Miko U.F. Kirschbaum 
et al.19 Reduced OM may be due to increased 
temperature in summers, which also affects the 
microbial population.19 OM of the soil of this region 

may get affected by the industrial development in 
this area. Multiple linear regression of OM with other 
soil parameters suggested the dependency of the 
same on Available K, P and Sodium content of the 
soil. Regression value of available K (0.931) with 
OM (as dependent variable) is highest, followed by 
Na (0.803) and available P (0.619) as reported in 
fig: 7. OM of this region had showed a remarkable 
change in their values in all season, as p values are 
less than 0.05. (Table 2)
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Fig. 5: Regression analysis of soil EC with other soil parameters

Fig. 6: OM of all three sites in different seasons Fig. 7: Nitrogen of all three sites in different 
seasons

Fig. 8: Regression analysis of soil OM with other soil parameters
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Available Phosphorus (P) and Potassium (K)
P and K contents of soil exert a very important role 
in determining soil quality of a particular region. Both 
these parameters found to show maximum values 
in winter season followed by rainy and minimum 
in summer season as reported in fig: 6.9 and 6.10 
respectively. P and K were reported in the range  
of 26 -34 mg/kg and 15.50 -17.36 mg/kg respectively. 
However P was reported to follow the pattern winter 
>summer> rainy season as reported by Rajdeo 
Kumar et al21 Various metabolic process and type 
of vegetation grown on the soil is greatly affected by 

available P content of the soil.22 On the other hand K 
has a vital role in catalyzing many enzymatic process 
and synthesis of proteins.23 As reported in fig:11, it 
showed a significant regression with OM (R2=0.931), 
Na (R2= 0.855) and significant regression with P 
(R2=0.758). Regression plot of K suggested the 
negligible regression with pH, EC, and Mg of the 
soil. A significant difference was observed in K and 
P content with change in season. All measured p 
values for P and K are less than 0.05 as reported 
in table 2.

Fig. 9: Regression analysis of Available N with other soil parameters

Available Nitrogen (N)
Seasonal analysis of soil samples revealed the 
significant climatic contribution in the variation 
of Available N content in soil of Bawal industrial 
area. Samples of rainy season were found to 
contain highest amount of nitrogen content as 
compared to summer and winter samples of same 
corresponding sites (fig:6). Highest N content during 
monsoon season can be explained by increased 
microbial activity in this season. Microbes release 
the nitrogen by nitrogen fixation cycle.20 Nitrogen 

content of soil of this area was reported in range  
of 12 to 18 mg/kg. Soil of first sampling site in rainy 
season had reported the highest concentration  
of nitrogen. Regression analysis of Available N  
(as dependent variable) suggested the highest R2 
value of  Mg(0.740 ), followed by soil pH(0.694) 
as shown in fig:8 Statistical analysis proved the 
significant variation in available N content with the 
change in season but a large variation was observed 
in summer to rainy season ( p= 0.0101) as reported 
in table 2.
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Available P of this region also found to report 
good regression with organic matter (R2=0.619), 
significant good regression with Na (R2=0.827) and 
K (R2= 0.758) as shown in fig: 12. It had also followed 
the same trend in regression values with Soil pH, EC 
and Mg as in K. Both, K and P content of this region 
showed very weak regression with available N.

Magnesium (Mg) and Sodium (Na)
Mg is required in trace amount by the plants and 
mobility of magnesium ion is reported low due to 
its high ionic charge.24 Its deficiency could leads 
to loss of healthy green colour in leaf, that starts 
from margins and higher levels of Mg does not 
impart direct negative effect on soil health but 
disturbs its potassium uptake efficiency.25 In this 

Fig. 10: Available P of all three sites in different 
seasons

Fig. 11: K of three sites in different seasons

Fig. 12: Regression analysis of Available K with other soil parameters

study, Soil pH, EC and Nitrogen content of the soil 
showed dependency on the magnesium content 
of soil. However Mg content was also found to get 
affected by Soil pH, EC and N in turn. (Fig: 15) As 
the regression values (R2) are; O.890, 0.716 and 
0.740 respectively. Mg content was reported to 
follow the order; maximum in summers, followed by 
winter and least values were reported in monsoon 
season and was reported in the range of 4.91- 5.90 
mg/kg. (Fig: 13) A slight variation in Mg content  
of this region was recorded due to seasonal change. 
p values suggested the a significant variation in 
sodium content as compared to Mg content with 
climatic change. On the other hand, no significant 
variation was observed in Mg content in rainy and 
winter season, as the p values are > 0.05.
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Fig. 13: Regression analysis of Available P with other soil parameters

Fig.14: Mg content in different  seasons Fig.15: Na content in different  seasons

Fig. 16: Regression analysis of Mg content with other soil parameters
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Increased Na content in soil may impart negative 
effects on plant growth by alteration in permeability 
of soil. In our study area, its concentration was 
recorded highest in winter season and lowest in 
summers in the range of 19.0 -27.0. A large variation 
in Na content can be seen due to climatic change 
in soil of this area. (Fig: 14) Regression analysis 

confirms that its value gets affected by Soil OM, 
K and P content of the soil. As it had reported a 
significant regression with OM (0.803), K (0.855) 
and P (0.827) content of the soil. (Fig: 16). Non 
significant regression values were reported with N, 
EC, Mg and Soil pH.

Fig. 17: Regression analysis of Na content with other soil parameters

Conclusion
Seasonal changes have marked a significant 
effect on soil physiochemical properties. Results 
showed the variation in soil parameters in different 
seasons. OM, K, P, and Na contents of the soil 
were found to follow the order of abundance; 
winter>rainy>summer. In contrast to this, Soil pH,  
and Mg contents had reported their highest 
concentration in summer followed by winter and 
least in monsoon season. Available N content and 
soil EC concentration were found highest in rainy 
season followed by winter and summer. However, 
the EC values in summer and winter season hadn’t 
shown much difference as compared to N content. 
All these findings revealed that the climatic condition 
of a region is also a contributory factor in variation  
of soil parameters. Multiple linear regression 
analysis of all soil parameters with other parameters 
throws a light on the relationship among them. Soil 
pH had found to show significant regression with 
Mg (0.890) followed by EC (0.758) and Available 
N (0.694). Interdependency of Mg and Soil pH 
can be concluded from this analysis. Na showed 

significant R2 with K (0.855), P (0.827) and OM 
(0.803). OM and K were showing significant R2 
values (0.931), confirmed the dependency on each 
other. Nitrogen content of soil had found to show 
significant regression with EC and pH. Soil EC of 
this area showed significant R2 values  with pH, 
N, and Mg. Paired t test with one tailed distribution 
was applied to soil parameters of winter and rainy 
season, summer and rainy season and for winter 
and summer season. A significant variation in OM, 
Available N, P, K, Mg, Na content was observed in 
samples of winter, summer and rainy season. No 
significant variation was seen in pH and EC values 
in summer to winter season, however a significant 
change was observed in summer to rainy and rainy 
to winter season. It can be inferred that climatic 
conditions had a profound effect on soil parameters, 
as the winters in this region are extreme winters and 
summers are also extreme. Almost all the measured 
parameters (except pH, and EC) had reported a 
measurable difference in their value with transition 
in weather.
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