


Investigating the relationship between soil enzyme activities and soil nutrients
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ABSTRACT
[bookmark: _Hlk204780683]Soil enzymes mediate the transformation of organic matter into nutrient-rich compounds and play a central role in energy transfer. Their activity influences the recovery of organic matter, soil structure, microbial biomass and overall microbial activity. The present study was conducted during 2023-2025 at Post Graduate laboratory, College of Agriculture, Pune with an objective to find out relationship between soil enzyme activities with soil nutrients of sugarcane ratoon. The study focused on dominant sugarcane growing districts in Maharashtra state, under different sugar recovery zones viz., high, medium and low. A total of 180 farmers were selected from these districts.  Among these 90 farmers followed long term in-situ sugarcane trash management system while the other 90 adopted long term in-situ sugarcane trash burning system, which they had been implementing for the past ten years. After harvest of sugarcane ratoon, the soil samples collected from selected sites at the depth of 0-30 cm where the active root zone of sugarcane exist and related data was collected during the year 2022-23 through a structured survey, ensuring a thorough understanding of the farming practices and their impact on soil biological properties. 
Furthermore, a correlation analysis was performed to examine the relationships between soil enzyme activities and soil nutrients. Enzyme activities viz., dehydrogenase, urease, acid phosphatase, alkaline phosphatase and β-glucosidase were positively correlated with organic matter in both sugarcane trash management and burning practices. Meanwhile, urease activities showed a positive correlation with nitrogen. Acid and alkaline phosphatase showed a positive correlation with phosphorus. 
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1. INTRODUCTION
“Out of all the commercial crops grown in India, sugarcane has the highest production value. In areas with favourable geographic conditions for its growth, farmers choose it first. Tropical crops make up the majority of this crop. Sugarcane trash is a vital source of organic carbon and plant nutrients that decomposes in the soil and used for producing organic manures. Soil enzymes play an integral role in the biochemical decomposition of organic materials throughout the soil ecosystem. They drive reactions essential for breaking down organic waste, cycling nutrients and supporting key microbial functions” (Kocak, 2020). “Within the soil, enzymes facilitate the decomposition of organic substances and perform essential biochemical functions” (Burns, 1983; Sinsabaugh et al., 1991). As noted by Dick (1994), these biological catalysts contribute significantly to the breakdown of organic residues, stabilization of soil structure, formation of organic matter and nutrient cycling processes that are essential to the activity of soil microorganisms. Soil enzymes are closely tied to the biological properties of soil and are fundamental to the mineralization process (Frankenberger and Dick, 1983; Tate, 1987). “Generally, higher levels of soil organic matter are associated with increased enzyme activity” (Speir, 1977). Since these enzymes are predominantly secreted by soil microorganisms and are critical in decomposing organic materials and recycling nutrients, they are commonly used as indicators of soil health.
“Soil enzymes mediate the transformation of organic matter into nutrient-rich compounds and play a central role in energy transfer. Their activity influences the recovery of organic matter, soil structure, microbial biomass and overall microbial activity. As such, they are key to managing soil fertility and sustaining ecosystem health” (Makoi and Ndakidemi, 2008). Balezentiene (2012) highlighted that soil enzymes accelerate the decomposition of plant residues, resulting in the release of nutrients accessible to plants. “Enzymes that target the structural elements of plant matter also provide insights into decomposition rates and help assess microbial community structure and succession” (Fioretto et al., 2000).
[bookmark: _GoBack]“Soil enzymes are functionally linked to microorganisms and serve as reliable indicators of soil health. Dehydrogenase, directly reflects microbial activity by indicating the biological processes occurring in the soil” (Kaur and Kaur, 2021). “Another key enzyme is urease, which plays a vital role in soil fertility by converting urea into ammonium that enables plants to absorb this essential nutrient. The enzyme group known as phosphatases is responsible for breaking down organic phosphorus compounds into inorganic forms. Acid and alkaline phosphatases are assessed depending on the soil's pH: acid phosphatase is active in acidic soils (pH 4–6), whereas alkaline phosphatase functions in alkaline soils (pH 9–11). Both forms show positive correlations with inorganic phosphorus levels” (Kumar et al., 2015). “Another widely distributed enzyme is β-glucosidase, which plays a central role in the carbon cycle. This enzyme’s activity is highly sensitive to the quantity and quality of soil organic matter, making it a valuable indicator of soil quality” (Almeida et al., 2015).
2. MATERIALS AND METHODS

The experimental field survey was conducted during January, 2023 to April, 2025. The experiment was conducted in major 16 sugarcane growing districts from the three sugar recovery zones viz., high, medium and low sugar recovery zone from Western Maharashtra, North Maharashtra and Marathwada region were selected for the study. From each district 22 farmers were selected among them 11 farmers were following continuous sugarcane trash burning systems and 11 farmers were following in situ sugarcane trash management system. They were following these systems since from last ten years. Thus, total 180 farmers were selected and required data was collected by survey method during the year 2023-24 through well-structured schedule. The soil samples were collected from the depth at 0 to 30 cm where the active root zone of sugarcane exist (Smith et al., 2005) for the analysis of biological properties of soil and stored at 40C temperature (Dadenko et al., 2009). The soil biological properties were analyzed from collected soil samples from different recovery zones of Maharashtra and were utilized for establishing relationship among different soil nutrients. The dehydrogenase enzyme assay was carried out according to the method described by Casida et al. (1964), urease enzyme assay was carried out according to the method described by Tabatabai and Bremmner (1972), acid and alkaline phosphatase enzyme was measured by using the method developed by Eivazi and Tabatabai (1977) and assay of β-glucosidase enzyme was carried out by the method described by Eivazi and Tabatabai (1988) with little modification. 

3. RESULTS AND DISCUSSION

Table 1 Correlation studies of dehydrogenase activities with organic carbon 
	Dehydrogenase activities

	
	Trash Management
	Organic Carbon

	Trash Management
	1
	

	Organic Carbon
	0.468**
	1

	

	
	Trash Burning
	Organic Carbon

	Trash Burning
	1
	

	Organic Carbon
	0.34
	1


The data regarding the correlation studies of soil dehydrogenase activities with organic carbon are reported in Table 1. From above study it was observed that the dehydrogenase activities of soil in trash management practices were positively correlated with organic carbon (r = 0.464) and the correlation was highly significant. However, the dehydrogenase activity of soil in trash burning practices was positively correlated with organic carbon (r = 0.362) but this correlation was non-significant.
Perucci (1992) reported the application of compost caused a significant increase in dehydrogenase activity.  Increasing organic matter inputs via agricultural management is the key to increase in soil organic carbon. Similarly, qualities of organics also influence the quantity of soil organic carbon development. Chang et al. (2007) showed that significant linear correlation between dehydrogenase activities and soil organic matter contents. Phalke et al. (2016) reported that total organic carbon was significantly correlated with dehydrogenase. The addition of organic matter through sugarcane trash would have helped for build-up of organic carbon content in soil and improved soil biological properties. 
Table 2 Correlation studies of urease activities with soil chemical properties
	Urease activities

	
	Trash Management
	Nitrogen
	Organic Carbon

	Trash Management
	1
	
	

	Nitrogen
	0.121
	1
	

	Organic Carbon
	0.383*
	0.147
	1

	

	
	Trash Burning
	Nitrogen
	Organic Carbon

	Trash Burning
	1
	
	

	Nitrogen
	0.262
	1
	

	Organic Carbon
	0.325
	0.246
	1


[bookmark: _Hlk202169775]The data pertaining the correlation studies of soil urease activities in trash management practices with soil chemical properties are reported in Table 2. This study showed that the urease activity of soil in trash management practices was positively correlated with nitrogen (r = 0.362) and the correlation was non-significant. Also, the urease activity of soil in trash management practices was positively correlated with organic carbon (r = 0.362) and the correlation was significant. In case of trash burning practices, the urease activity was positively correlated with nitrogen (r = 0.362) but this correlation was non-significant. Also, the urease activity of soil in trash burning practices was positively correlated with organic carbon (r = 0.362) but this correlation was non-significant. 
Further, Phalke et al. (2016) reported that total organic carbon was significantly correlated with urease. Chang et al. (2007); Lazcano et al. (2013); Liang et al. (2014) found that soil amendments (municipal solid waste, farm yard manure, compost, etc.) significantly increase the enzymatic activities of urease compared with the chemical fertilizer-treated soil, thus improving soil biochemical quality. The activity of urease enzyme that catalyzes the hydrolysis of urea and which is widely used in the evaluation of changes in soil quality for soil management increased with the application of compost. Speir et al. (1980) indicated that urease activity was to be significantly correlated with organic carbon, total nitrogen. 
Table 3 Correlation studies of acid phosphatase activities with soil chemical properties
	Acid phosphatase activities

	
	Trash Management
	Phosphorus
	Organic Carbon

	Trash Management
	1
	
	

	Phosphorus
	0.443*
	1
	

	Organic Carbon
	0.364*
	0.337
	1

	

	
	Trash Burning
	Phosphorus
	Organic Carbon

	Trash Burning
	1
	
	

	Phosphorus
	0.346
	1
	

	Organic Carbon
	0.327
	0.36
	1


[bookmark: _Hlk202168969]The data regarding the correlation studies of soil acid phosphatase activities with soil chemical properties are reported in Table.3. From above study it was observed that the acid phosphatase activity of soil in trash management practices was positively correlated with phosphorus (r = 0.362) and the correlation was significant. Also, the acid phosphatase activity of soil in trash management practices was positively correlated with organic carbon (r = 0.362) and the correlation was significant. However, the acid phosphatase activity of soil in trash burning practices was positively correlated with phosphorus (r = 0.362) but this correlation was non-significant. Also, the acid phosphatase activity of soil in trash burning practices was positively correlated with organic carbon (r = 0.362) but this correlation was non-significant. Olander and Vitousek (2000); Colvan et al. (2001) showed that stronger relationships between phosphatase activity and P availability in soils. In fact, the activity of acid phosphatases was found to correlate with organic matter in various studies (Guan 1989; Jordan and Kremer, 1994; Aon and Colaneri, 2001). Chang et al. (2007) studied that there was a significant linear correlation between soil organic matter content and phosphatase activity of the soils. The addition of organic residue enhanced the soil organic carbon in soil and accelerated the enzyme activities in soil.  Phalke et al. (2016) concluded that total organic carbon was significantly correlated with acid phosphatase. 

Table 4 Correlation studies of alkaline phosphatase activities with soil chemical properties
	Alkaline phosphatase activities

	
	Trash Management
	Phosphorus
	Organic Carbon

	Trash Management
	1
	
	

	Phosphorus
	0.467**
	1
	

	Organic Carbon
	0.405*
	0.337
	1

	

	
	Trash Burning
	Phosphorus
	Organic Carbon

	Trash Burning
	1
	
	

	Phosphorus
	0.32
	1
	

	Organic Carbon
	0.316
	0.36
	1


The data pertaining the correlation studies of soil alkaline phosphatase activities in trash management practices with soil chemical properties are reported in Table.4. This study showed that the alkaline phosphatase activity of soil in trash management practices was positively correlated with phosphorus (r = 464) and the correlation was highly significant. Also, the alkaline phosphatase activity of soil in trash management practices was positively correlated with organic carbon (r = 0.362) and the correlation was significant.  The alkaline phosphatase activity of soil in trash burning practices was positively correlated with phosphorus (r = 0.362) but this correlation was non-significant. Also, the alkaline phosphatase activity of soil in trash burning practices was positively correlated with organic carbon (r = 0.362) but this correlation was non-significant. 
Guan (1989); Jordan and Kremer, (1994); Aon and Colaneri, (2001) showed that the activity of alkaline phosphatase was found to correlate with organic matter in various studies. Integrated use of mineral nutrients either with press mud or sugarcane trash application appreciably increased organic carbon content resulting in enhanced activity of soil enzymes.  Deng and Tabatabai (1996, 1997) reported that the activities of phosphatase were highly correlated with soil organic C content and suggested that organic matter plays an important role in protecting soil enzymes. 



Table 5 Correlation studies of β-glucosidase phosphatase activities with organic carbon
	β-glucosidase activities

	
	Trash Management
	Organic Carbon

	Trash Management
	1
	

	Organic Carbon
	0.434*
	1

	

	
	Trash Burning
	Organic Carbon

	Trash Burning
	1
	

	Organic Carbon
	0.347
	1


The data regarding the correlation studies of soil β-glucosidase activities with organic carbon are reported in Table 5. From above study it was observed that the β-glucosidase activity of soil in trash management practices was positively correlated with organic carbon (r = 0.362) and the correlation was significant. However, the β-glucosidase activity of soil in trash burning practices was positively correlated with organic carbon (r = 0.362) but this correlation was non-significant.
 Chang et al. (2007) reported that β-glucosidase activities showed a significant linear correlation with soil organic matter contents. The incorporation of crop residues into soil top layer increased soil organic matter and improves soil biological characteristics in sugarcane ratoon. Borase et al. (2020) concluded that β-glucosidase had positive correlations with soil organic carbon.
4. CONCLUSION
· Enzyme activities viz., dehydrogenase, urease, acid phosphatase, alkaline phosphatase and β-glucosidase were showed significantly positive correlation with soil organic carbon.
· Urease activities showed positively significant correlation with nitrogen. 
· Acid and alkaline phosphatase activities showed significantly positive correlation with phosphorus.
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