


MAJOR SPECIES OF SOIL ISOPODS IN COASTAL AND AGRICULTURAL AREA OF ALAPPUZHA DISTRICT OF KERALA IN RELATION WITH PHYSICAL AND CHEMICAL FACTORS OF SOIL 




ABSTRACT
The integrity of soil is crucial for the ongoing viability of the biosphere. The objective of the present investigation is to identify the predominant isopod species inhabiting the Coastal and Agricultural regions of the Alappuzha district in the state of Kerala, in relation to various soil parameters during 2022 to 2024. Through the analysis of soil samples collected from both Coastal and Agricultural environments, three distinct isopod species have been successfully isolated by using the Berlese-Tullgren funnel method. The identified species comprise Porcellio scaber, Philoscia muscorum, and Philoscia javanensis. The Important Value Index was employed to ascertain the dominant species within the studied ecosystems. Significant disparities were observed between the physical and chemical properties of the two distinct habitats, as well as across different seasonal contexts. The principal soil constituents affecting the isopod population were analysed utilizing Principal Component Analysis (PCA). Based on the findings of the PCA, it is evident that the overall isopod population is predominantly influenced by chemical constituents such as nitrogen, potassium, phosphorus, calcium, and magnesium, alongside physical parameters including temperature, moisture, pH, organic carbon, exchangeable acids, exchangeable bases, sand, silt, and clay.
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1.INTRODUCTION
Soil biodiversity is fundamentally significant in the preservation of ecosystem services that are indispensable for human welfare, encompassing nutrient cycling, water purification, and carbon sequestration. The intricate nature of soil ecosystems, which comprises a diverse spectrum of organisms ranging from microorganisms to larger fauna, is essential for the sustenance of agricultural productivity and the equilibrium of ecological systems (Wolters, 1997). 
The soil ecosystem comprises macro and microorganisms, air, water, minerals, and organic materials. The mineral component of soil consists of three particle sizes sand, silt, and clay. Sandy soils lack productivity due to poor nutrient retention. Soil fertility is influenced by temperature and moisture. Soil organic carbon constitutes a significant carbon reservoir. Factors such as soil texture, climate, vegetation, and land use determine organic carbon levels in soil. Soil organic matter serves as the primary energy source for soil-dwelling microorganisms. Soil fertility is also affected by secondary minerals like calcium and magnesium, along with essential nutrients such as phosphorus, nitrogen, and potassium (Bini, B., 2015). The spatio-temporal fluctuations in the population density of the terrestrial isopod Philoscia muscorum in relation to soil edaphic variables in Thiruvananthapuram, Kerala and the complex interplay between isopod populations and their soil habitats, which is shaped by a multitude of factors, including urbanization, soil composition, and moisture content (Manjary and Sanal Kumar ,2021).	Comment by Пользователь: Should also mention other works in the specialized literature where such research has been conducted.	Comment by Пользователь: It would be good to add what is the role of isopods for the soil ecosystem	Comment by Пользователь: Have any previous soil quality studies been conducted in the regions analyzed? If so, this should be mentioned.
2. STUDY AREA
The coastal region of Kayamkulam and the agricultural region of Chengannur in the Alappuzha District have been selected for this investigation. The agricultural region of Chengannur, Alappuzha district, which lies between 9.3286° North latitude and 76.6166° East longitude, and the Kayamkulam coastline area, which is situated in the district between 9.1657° North latitude and 76.5005° East longitude.	Comment by Пользователь: A brief description of the research area, the way the territory is covered, the predominant plant species, the soil type is required.
3. MATERIALS AND METHODS
3.1 Sampling and Extracting Soil Isopods
To obtain samples, twenty sampling locations were randomly selected from each habitat. A soil auger was used to gather random soil samples of 5 × 5 cm² and 10 cm deep. Soil samples were collected and transferred to a polythene bag for transportation to the laboratory and properly labelled. Between 2022 and 2024, samples were collected monthly from the study locations throughout the monsoon, post monsoon and pre-monsoon seasons. Soil samples were placed in a 15 x 25 cm plastic tray, and hand-picked the large isopods. The remaining Isopods were extracted in a beaker containing 2 percentage of picric acid with the help of a Berlese Tullgren funnel. The extracted microarthropods were identified using the identification keys given by Kuhnelt in 1961. The isopods were preserved using 99.9% ethanol. The population density of isopod species is investigated from the extracted population from the sample. Major isopods in both habitats have been found by the Important Value Index (IVI) by calculating the Relative frequency (RF), Relative density (RD), and Relative area (RA) of each species (Ismail et al., 2021). 
3.2 Soil Analysis
The soil edaphic variables that were examined from the soil samples were temperature, pH, exchangeable base, exchangeable acid, organic carbon matter in soil, moisture in soil, silt, sand and clay content. The soil's chemical makeup, including amounts of calcium, phosphorus, magnesium, nitrogen and potassium, was investigated. The soil's temperature was measured on-site using a soil thermometer. The soil's pH was measured using a soil pH meter. Exchangeable base and exchangeable acid were measured using Trivedy and Goel's technique (Trivedy et al.,1987). The value of organic matter in the soil was measured using the Walkley and Black technique (Walkley et al.,1934). The gravimetric technique was employed to quantify the moisture content present within the soil matrix. Soil samples underwent air drying followed by sieving, and various chemical parameters including phosphorus magnesium, nitrogen, potassium and calcium were meticulously analysed within these samples. The Kjeldahl distillation method was utilized to ascertain the nitrogen concentration, molybdate stannous chloride was employed to evaluate the phosphorus content, and flame photometry was applied to measure the potassium levels (APHA, 2012). The EDTA titration method as delineated by Jackson in 1958 was utilized to assess the concentrations of calcium and magnesium in the soil (Jackson M, 1958).
3.3 Data Analysis
Microsoft Excel was employed to generate descriptive statistical analyses. Utilizing the SPSS program version 21, a two-way analysis of variance (ANOVA) was executed to ascertain any statistically significant differences in the values of each parameter across various sites and seasons. Principal component analysis (PCA) was conducted using the PAST 4.03 software to examine the correlations between isopod populations, edaphic factors, and chemical variables.
4. RESULT AND DISCUSSION
4.1 Major Species
Three predominant isopod species have been isolated from coastal soil samples, alongside three distinct major isopod species identified from agricultural soil samples. The species identified comprise Philoscia muscorum, Porcellio scaber, and Philoscia javanensis. In the coastal region, the population density of all isopod species exhibits a pronounced peak during the post-monsoon period, while a diminished population peak is observed during the monsoon season (Figure 1.). The populations of P. muscorum and P. javanensis are comparatively more prevalent than that of P. scaber. Two-way ANOVA analysis indicates that there is a statistically significant variation in the population densities of all three species across different seasons (P<0.05), whereas no significant variation is noted among the samples (P>0.05). In the coastal environment, P. muscorum and P. javanensis demonstrate greater dominance, with Importance Value Index (IVI) scores of 310.19 and 271.3134, respectively. Conversely, P. scaber, with an IVI score of 258.4417, exhibits lesser dominance relative to the other species (Table 1).	Comment by Пользователь: He believes that the other isopod species should be introduced in the paper as general information, not just the most prevalent ones. 
Other species that are there could serve as more essential soil ecological indicators, possibly.

Figure 1. Population density of different isopod species in different seasons in Coastal Area of Alappuzha District.

Figure 2. Population density of different isopod species in different seasons in Agricultural Area of Alappuzha District.
In the domain of agriculture, the population density of all Isopod species exhibits a pronounced peak during the post-monsoon period, while a marked decline in population density is observed during the monsoon season (Figure 2.). The application of two-way ANOVA indicates that there exists a statistically significant variation in population density among the three species across different seasons (P<0.05), whereas no significant variation is detected between the samples (P>0.05). Within the agricultural context, all three species demonstrate a pronounced dominance in population. Specifically, P. muscorum exhibits an Importance Value Index (IVI) of 303.165, P. javanensis possesses an IVI of 296.866, and P. scaber is recorded with an IVI of 299.969, thereby illustrating their dominance in the agricultural environment (Table 2.).
Table 1. Important Value Index (IVI) of different isopods in different seasons of Coastal Area, Kayamkulam, Alappuzha District 
	Species
	Seasons
	Monsoon

	
	
	RD
	RF
	RA
	IVI

	Philoscia muscorum
	Monsoon
	39.34192
	30.30303
	30.30303
	99.94798

	
	Post monsoon
	37.58389
	33.33333
	33.33333
	104.2506

	
	Pre monsoon
	39.32814
	33.33333
	33.33333
	105.9948

	
	Total IVI
	310.1934

	Philoscia javanensis
	Monsoon
	0.37196
	33.33333
	33.33333
	67.03863

	
	Post monsoon
	33.8255
	33.33333
	33.33333
	100.4922

	
	Pre monsoon
	37.11594
	33.33333
	33.33333
	103.7826

	
	Total IVI
	271.3134

	Porcellio scaber
	Monsoon
	0.234621
	36.36364
	36.36364
	72.96189

	
	Post monsoon
	28.5906
	33.33333
	33.33333
	95.25726

	
	Pre monsoon
	23.55592
	33.33333
	33.33333
	90.22258

	
	Total IVI
	258.4417



Table 2. Important Value Index (IVI) of different isopods in different seasons of Agricultural Area, Chengannur, Alappuzha District 
	Species
	Seasons
	Monsoon

	
	
	RD
	RF
	RA
	IVI

	Philoscia muscorum
	Monsoon
	36.48184
	33.33333
	33.33333
	103.1485

	
	Post monsoon
	33.40611
	33.33333
	33.33333
	100.0728

	
	Pre monsoon
	33.27703
	33.33333
	33.33333
	99.94369

	
	Total IVI
	303.165

	Philoscia javanensis
	Monsoon
	31.12811
	33.33333
	33.33333
	97.79477

	
	Post monsoon
	34.82533
	33.33333
	33.33333
	101.492

	
	Pre monsoon
	30.91216
	33.33333
	33.33333
	97.57882

	
	Total IVI
	296.866

	Porcellio scaber
	Monsoon
	32.39006
	33.33333
	33.33333
	99.05672

	
	Post monsoon
	31.76856
	33.33333
	33.33333
	98.43522

	
	Pre monsoon
	35.81081
	33.33333
	33.33333
	102.4775

	
	Total IVI
	299.969




4.2 Soil Analysis
Table 3. Mean ± SE of soil factors of Coastal Area- Kayamkulam, Alappuzha District.
	Mean ± SE of soil factors of Coastal Area- Kayamkulam, Alappuzha District

	Parameters
	Monsoon
	Post Monsoon
	Pre Monsoon

	Moisture %
	76.87 ± 2.92
	65.93 ± 3.28
	61.23 ± 2.66

	Temperature
	22.54 ± 1.38
	24.51 ± 0.32
	25.64 ± 0.08

	pH
	5.32 ± 0.10
	4.26 ± 0.06
	3.97 ± 0.08

	O C %
	3.36 ± 0.51
	4.39 ± 0.71
	4.58 ± 0.27

	EA %
	2.11 ± 0.15
	2.749 ± 0.11
	2.57 ± 0.10

	EB%
	5.44 ± 0.14
	10.47 ±1.10
	4.95 ± 0.085

	Sand %
	82.45 ± 1.46
	65.53 ± 0.28
	63.17 ± 5.63

	Silt %
	7.27 ± 0.05
	12.66 ± 0.06
	10.57 ± 0.09

	Clay %
	11.09 ± 0.10
	14.00 ± 0.31
	10.87 ± 0.19

	N (ppm)
	2454.14 ± 5.34
	4566.28 ± 9.97
	3563.84 ± 2.44

	P (ppm)
	4.25 ± 0.20
	5.86 ± 0.21
	4.34 ± 0.13

	K (ppm)
	445.07 ± 2.275
	197.29 ± 1.99
	397.74 ± 1.63

	Ca (ppm)
	453.90 ± 4.38
	217.07 ± 2.24
	491.16 ± 4.45

	Mg (ppm)
	51.43 ± 1.28
	44.77 ± 1.58
	54.84 ± 1.94


 
Table 4. Mean ± SE of soil factors of Agricultural Area- Chengannur, Alappuzha District
	Mean ± SE of soil factors of Agricultural Area-Chengannur, Alappuzha District

	Parameters
	Monsoon
	Post Monsoon
	Pre Monsoon

	Moisture %
	86.29 ± 0.21
	82.30 ± 0.10
	77.64 ± 0.25

	Temperature
	23.21 ± 0.11
	25.14 ± 0.07
	26.22 ± 0.12

	pH
	5.53 ± 0.01
	4.52 ± 0.02
	4.09 ± 0.02

	O C %
	4.17 ± 0.01
	4.75 ± 0.02
	5.39 ± 0.06

	EA %
	63.14 ± 0.20
	60.52 ± 0.13
	66.24 ± 0.13

	EB%
	12.26 ± 0.10
	10.46 ± 0.01
	9.48 ± 0.03

	Sand %
	53.08 ± 0.17
	55.48 ± 0.10
	58.90 ± 0.06

	Silt %
	20.16 ± 0.12
	18.15 ± 0.06
	17.06 ± 0.17

	Clay %
	25.63 ± 0.06
	24.06 ± 0.01
	22.64 ± 0.14

	N (ppm)
	2738.51 ± 3.74
	2623.75 ± 1.63
	2642.94 ± 9.37

	P (ppm)
	7.56 ± 0.01
	6.14 ± 0.01
	7.99 ± 0.03

	K (ppm)
	152.82 ± 0.36
	172.09 ± 0.39
	150.57 ± 0.31

	Ca (ppm)
	1399.50 ± 0.44
	1347.43 ± 0.96
	1440.66 ± 1.03

	Mg (ppm)
	67.067 ± 0.11
	73.92 ± 0.21
	71.92 ± 0.16



The findings pertaining to the edaphic and chemical properties of soil in Coastal and Agricultural regions are documented in Table 3 and Table 4, respectively. The mean soil moisture content observed in coastal regions was 76.87% during the monsoon season, 65.93% in the post-monsoon period, and 61.23% in the pre-monsoon phase. Conversely, the mean soil moisture content recorded in agricultural areas was 86.29% during the monsoon, 82.30% in the post-monsoon, and 77.64% in the pre-monsoon. The two-way ANOVA indicated statistically significant variations between locations (P<0.05) and temporal seasons (P<0.05). The mean soil temperature in coastal regions was found to be 22.54°C during the monsoon, 24.51°C in the post-monsoon, and 25.64°C in the pre-monsoon. In contrast, agricultural lands exhibited monsoon temperatures of 23.21°C, post-monsoon temperatures of 25.14°C, and pre-monsoon temperatures of 26.22°C. The two-way ANOVA further elucidated significant differences between locations (P<0.05) and seasonal variations (P<0.05). The mean pH level of the soil in coastal regions was recorded at 5.32 during the monsoon season, 4.26 in the post-monsoon phase, and 3.97 in the pre-monsoon period. Conversely, the agricultural land exhibited a pH level of 5.53 during the pre-monsoon, 4.52 in the post-monsoon, and 4.09 throughout the monsoon. The two-way ANOVA indicated that there were statistically significant differences across both sites (P<0.05) and seasons (P<0.05). In coastal regions, the average organic matter content of the soil was determined to be 3.36% during the monsoon season, 4.39% in the post-monsoon phase, and 4.58% throughout the pre-monsoon period. The mean organic carbon content in the agricultural sector was observed to be 4.17% during the monsoon, 4.75% in the post-monsoon, and 5.39% during the pre-monsoon. The two-way ANOVA analysis demonstrated significant variances between sites (P<0.05) and across seasons (P<0.05).	Comment by Пользователь: How is the difference between the organic matter content in these three time periods explained?
What is the cause?
On average, the proportion of exchangeable acid present in coastal regions was recorded at 2.11% during the monsoon season, 2.74% in the post-monsoon period, and 2.57% in the pre-monsoon phase. The mean exchangeable acid concentration within the agricultural sector was observed to be 63.14% during the monsoon, 60.52% following the monsoon, and 66.24% preceding the monsoon. In terms of exchangeable base, coastal land exhibited an average percentage of 5.44% throughout the monsoon season, 10.47% during the post-monsoon interval, and 4.95% in the pre-monsoon timeframe. The mean value of exchangeable base within the agricultural landscape was determined to be 12.26% during the monsoon, 10.46% in the post-monsoon, and 9.48% prior to the monsoon. Coastal land demonstrated an average sand content percentage of 82.45% during the monsoon, 65.53% in the post-monsoon, and 63.17% during the pre-monsoon. Conversely, the average sand composition in the agricultural domain was found to be 53.08% during the monsoon, 55.48% in the post-monsoon, and 58.90% in the pre-monsoon. On average, the calculated proportion of silt content in soil of coastal area was 7.27% prior to the onset of the monsoon, 12.66% during the post-monsoon, and 10.57% amidst the monsoon season. In agricultural regions, the mean silt content is observed to be 20.16% during the monsoon, 18.15% in the post-monsoon period, and 17.06% preceding the monsoon. The average concentration of clay found within coastal soils was determined to be 11.09% during the monsoon season, 14.00% in the post-monsoon phase, and 10.87% prior to the monsoon. Conversely, the mean clay content in agricultural areas is reported to be 25.63% during the monsoon, 24.06% subsequent to the monsoon, and 22.64% before the commencement of the monsoon. Notable disparities were identified between different habitats (P<0.05) and across various seasons (P<0.05) concerning all examined edaphic parameters.
The chemical constituents, including nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and magnesium (Mg), were analysed within the designated study regions. The coastal ecosystem displayed an average nitrogen concentration of 2454.14 ppm during the monsoon season, 4566.28 ppm in the post-monsoon phase, and 3563.84 ppm throughout the pre-monsoon period. The agricultural ecosystem exhibited nitrogen levels of 2738.51 ppm during the monsoon, 2623.75 ppm in the post-monsoon, and 2642.94 ppm during the pre-monsoon. The nitrogen concentrations in both agricultural and coastal habitats exhibited significant variability across different habitats (P<0.05) as well as across seasonal changes (P<0.05). The average concentration of phosphorus in coastal regions was recorded at 4.25 ppm during the monsoon season, 5.86 ppm in the post-monsoon period, and 4.34 ppm prior to the monsoon. In agricultural ecosystems, phosphorus concentrations exhibited mean values of 7.56 ppm during the monsoon, 6.14 ppm in the post-monsoon, and 7.99 ppm in the pre-monsoon phase. The phosphorus concentrations in forest and plantation habitats demonstrated statistically significant differences both across habitats (P<0.05) and seasonal variations (P<0.05). An average potassium concentration of 445.07 ppm was observed during the monsoon, 197.29 ppm during the post-monsoon, and 397.74 ppm during the pre-monsoon in coastal environments. The mean potassium concentrations in agricultural habitats varied, measuring 152.82 ppm during the monsoon, 172.09 ppm in the post-monsoon, and 150.57 ppm during the pre-monsoon. The findings revealed a significant disparity between habitats (P<0.05) and across different seasons (P<0.05). The mean calcium concentration in the coastal region is quantified at 453.90 ppm throughout the monsoon season, 217.07 ppm during the post-monsoon phase, and 491.16 ppm in the pre-monsoon period. Conversely, the mean calcium concentrations within the agricultural sector are recorded at 1399.50 ppm prior to the onset of monsoon, 1347.43 ppm during the monsoon season, and 1440.66 ppm following the monsoon. Notably, significant fluctuations (P<0.05) are observed in the calcium concentrations among the two distinct habitats and across various seasonal intervals. The average magnesium concentration within the coastal region is determined to be 51.43 ppm during the monsoon season, 44.77 ppm in the post-monsoon phase, and 54.84 ppm prior to the monsoon. In the agricultural sector, the average magnesium levels are assessed at 67.067 ppm during the monsoon season, 73.92 ppm in the post-monsoon, and 71.92 ppm during the pre-monsoon. Significant disparities in magnesium concentrations are evident between coastal and agricultural habitats, as well as across the different seasons (P<0.05).
4.3 Principal Component Analysis
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Figure 3. Principal Components Controlling the isopod population in Coastal area during monsoon season

[image: ]Figure 4. Principal Components Controlling the isopod population in Coastal area during post monsoon season
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Figure 5. Principal Components Controlling the isopod population in Coastal area during pre-monsoon season
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Figure 6. Principal Components Controlling the isopod population in Agricultural area during monsoon season
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Figure 7. Principal Components Controlling the isopod population in Agricultural area during post monsoon season
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Figure 8. Principal Components Controlling the isopod population in Agricultural area during pre-monsoon season
Principal component analysis is conducted to evaluate the influence of edaphic and chemical parameters on the overall isopod population within the designated study area. The biplot elucidates that the total isopod population in the coastal region during the monsoon season (Figure 3.), the post-monsoon season (Figure 4.), and the pre-monsoon season (Figure 5.) is predominantly governed by physical factors such as organic carbon, exchangeable acid, exchangeable base, sand, as well as chemical factors including potassium and magnesium. During the post-monsoon season, the isopod population is positively influenced by moisture, temperature, pH, exchangeable base, and phosphorus.
In accordance with the principal component analysis, the total isopod population in agricultural environments is positively influenced by pH, exchangeable base, sand, silt, clay, and nitrogen, potassium, phosphorus, magnesium, and calcium during the monsoon period (Figure 6.). Throughout the post-monsoon period, the total isopod population is regulated by moisture, exchangeable acid, phosphorus, and calcium within the agricultural habitat (Figure 7.). In the pre-monsoon period, the total isopod population is influenced by temperature, organic carbon, sand, silt, nitrogen, potassium, calcium, and magnesium contents within the agricultural habitat (Figure 8). A multitude of determinants, encompassing moisture, organic carbon, exchangeable acids, clay content, exchangeable bases, nitrogen, phosphorus, calcium, and magnesium, significantly influence the spatial distribution of microarthropod populations (Bhavya, L. R. and Sanal Kumar M. G., 2021). An augmented level of phosphorus within the soil serves as an indicator of enhanced organic matter decomposition (Oladoye A. O,2015). Analysing the diversity and abundance of soil arthropods across various habitat types, considering diverse climatic and edaphic conditions, will facilitate an understanding of how abiotic factors govern both system stability and faunal functionalities (Pramanik et al., 2015). Soil moisture content and chemical characteristics are integral to the distribution of isopods, as they exhibit a preference for soils that are dense and capable of retaining moisture. The availability of specific nutrients (Calcium and Magnesium) along with soil pH also plays a critical role in shaping isopod populations, with distinct species demonstrating affinities for certain edaphic conditions (Kula et al., 2016). Isopods display diverse responses to climatic variables, whereby their distribution is intricately correlated with habitat attributes and the availability of moisture (Sfenthourakis S and Hornung, E, 2018). The distribution and population density of isopods are profoundly affected by climatic parameters, particularly humidity and temperature (Warburg, 1984). Soil temperature and moisture levels are essential determinants of microarthropod density. For example, elevated densities are frequently observed during the rainy season, attributable to enhanced soil moisture, which facilitates microarthropod activity (Acharya et al., 2020, Reddy, 1984).
The population density of all identified isopod species exhibits elevations during the post-monsoon season (Manjary S. and Sanalkumar M. G.,2021) The overall size of the microarthropod population demonstrated a significant positive correlation with both the temperature and moisture content of the soil at the time of sampling, among all factors considered (Bhattacharya and Raychaudhuri, 1981). For soil-dwelling organisms, calcium serves as a crucial nutritional component that is indispensable for plant sustenance and the stabilization of soil organic matter (Prietzel et al., 2021). The concentrations of organic matter and clay within the soil significantly influence its capacity for nutrient exchange (Bini et al., 2015). Temperature and soil moisture emerge as critical determinants in regulating the diversity and abundance of microarthropods (Ruby Angurana et al., 2022). The density of soil microarthropods is affected by numerous variables, including soil moisture, temperature, soil pH, and available food sources. Consequently, the proliferation of soil microarthropod populations is attributable to both seasonal fluctuations and edaphic conditions. The diversity of soil microarthropods is profoundly shaped by the physical properties and chemical properties of the soil (Abbas M. J. and Parwez, H, 2012).
5. Conclusion	Comment by Пользователь: The work is largely based on observations. A more detailed analysis of the interaction between physical, chemical, edaphic factors, etc. with each species of isopod taken into research would also be required.

In the coastal and agricultural regions, the post-monsoon period exhibited the highest density of isopod populations. The predominant species in the coastal environment comprise Philoscia muscorum, Philoscia javanensis, and Porcellio scaber. Conversely, in the agricultural zone, the dominant species include Philoscia muscorum, Philoscia javanensis, and Porcellio scaber. According to the results derived from the Principal Component Analysis (PCA), it is apparent that the overall isopod population is significantly affected by chemical constituents such as nitrogen, potassium, phosphorus, calcium, and magnesium, in conjunction with physical parameters including temperature, moisture, pH, organic carbon, exchangeable acids, exchangeable bases, sand, silt, and clay. The intrinsic characteristics of the soil must be preserved to ensure the survival of soil biota, which are critical components of the soil ecosystem.
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