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ABSTRACT 
 

This study aimed to evaluate the “Effects of Long-Term Sugarcane Trash Management Practices on 
Soil Enzyme Activities in Maharashtra” was conducted during 2023-2025 at Post Graduate 
laboratory, College of Agriculture, Pune. The study focused on dominant sugarcane growing 
districts in Maharashtra state, under different sugar recovery zones viz., high, medium and low.  
Furthermore, a correlation analysis was performed to examine the relationships between soil 
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biological properties, ratoon sugarcane yield and commercial cane sugar content. An additional t-
test was also employed to compare the mean scores of enzyme activities viz., dehydrogenase, 
urease, acid phosphatase, alkaline phosphatase and β-glucosidase between the sugarcane trash 
management and trash burning practices, providing insights into the effects of these practices on 
ratoon cane yield and commercial cane sugar (CCS%) in ratoon sugarcane across different sugar 
recovery zones of Maharashtra. However, trash management (trash and mulching) leads to higher 
enzyme activities viz., dehydrogenase, urease, acid phosphatase, alkaline phosphatase and β-
glucosidase, higher ratoon sugarcane yield and commercial cane sugar (CCS%) as compared to 
trash burning practices. 
 

 
Keywords: Sugarcane; trash management; dehydrogenase; urease; acid and alkaline phosphatase; 

β-glucosidase.   
 

1. INTRODUCTION 
 
Sugarcane is a vital global cash crop and in 
India, its industry plays a key role in rural 
development by generating employment and 
boosting farm income. Mechanized harvesting 
produces sugarcane trash, which can be 
converted into organic compost on-site to 
enhance soil properties. To improve cane 
productivity, soil health and resource efficiency, 
Mahatma Phule Krishi Vidyapeeth, Rahuri, 
introduced climate-resilient ratoon management 
technology involving zero tillage, trash mulching, 
integrated nutrient management and fertigation 
via crow bar. Soil enzymes, secreted by 
microbes serve as sensitive indicators of land 
management and aid in organic matter 
decomposition. Beneficial microbes and their 
enzymes accelerate the breakdown of sugarcane 
waste, promoting sustainable agriculture. 
 
A class of enzymes present in soil plays a vital 
role in maintaining its ecological balance, 
physical and chemical properties, fertility and 
overall health. Enzymes are proteins that 
function as biological catalysts in living things 
(Alef and Nannipieri, 1995; Onal, 2010). In the 
degradation of organic matter, soil enzymes 
perform crucial biochemical roles (Burns, 1983; 
Sinsabaugh et al., 1991). These enzymes 
contributes to the biochemical breakdown of 
organic matter in soil system as a whole. 
Furthermore, these enzymes catalyses the 
reaction required for the degradation of organic 
wastes, stabilization of soil structure, nutrient 
cycling and essential functions of soil microbes 
(Kocak, 2020). By reducing the activation energy 
levels of various reactions, enzymes are 
molecules that accelerate them.  
 
Soil enzymes are a functional factor that is 
directly tied to microorganisms and can be used 
to measure the health of soil. Dehydrogenase, β-

glucosidase and phosphatase activities are 
strongly related to nutrient dynamics of soil 
(Tabatabai 1982, Bandick & Dick, 1999). Soil 
dehydrogenase is one of the enzymes that 
directly measures soil microbial activity, revealing 
the microbial processes occurring in the soil 
(Kaur and Kaur, 2021). An essential enzyme that 
is vital to the fertility and health of soil is urease. 
Its primary function is the breakdown of urea into 
ammonium and it can be found in both living 
things and soil organic matter. The term 
"phosphatase" refers to a large class of enzymes 
that hydrolyses organic phosphorus molecules 
into inorganic polyphosphates found in soils. This 
process is crucial for P cycling in phosphorus-
deficient soils. Both acid and alkaline 
phosphatase were assessed, depending on the 
soil's pH ranges (pH 4-6 and 9-11). Alkaline 
phosphatase activity occurs in neutral or alkaline 
soils, while acid phosphatase activity is primarily 
seen in acidic soils. The β-glucosidase enzyme 
is involved in the carbon cycle and cleaves 
cellobiose into glucose molecules.  
 

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 zones 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 in situ sugarcane trash 
management system and 11 farmers were 
following sugarcane trash burning 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 
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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 
analysed from collected soil samples from 
different recovery zones of Maharashtra and 
were utilized for establishing correlation 
coefficient (‘r’ values) among different ratoon 
sugarcane yield and CCS%. 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. The t 
test was used for statistical analysis of data 
(Panse and Sukhatme,1985). 
 

3. RESULTS AND DISCUSSION 
 
The data regarding the influence of sugarcane 
trash management practices on dehydrogenase 
activities after harvest of sugarcane ratoon are 
reported in Table 1. This study showed that 
among the three sugar recovery zones, the 
dehydrogenase activities in the high recovery 
zone ranged from (81-89 µg TPF g-1 soil 24 hr-1) 
was significantly higher in trash management 
practices than medium recovery zone (73-81 µg 
TPF g-1 soil 24 hr-1) and low recovery zone (65-
73 µg TPF g-1 soil 24 hr-1). In case of trash 
burning practices also the dehydrogenase 
activities in the high recovery zone ranged                  
from (58-64 µg TPF g-1 soil 24 hr-1) was 
significantly higher than medium recovery zone 
(50-57 µg TPF g-1 soil 24 hr-1) and low recovery 

zone (42-49 µg TPF g-1 soil 24 hr-1). Phalke et al. 
(2016) also observed similar findings in respect 
of dehydrogenase activities in sugarcane trash 
management practices.  
 
From above investigation, it was observed that 
the dehydrogenase activities in all sugar 
recovery zones were significantly higher in trash 
management practices than trash burning 
practices. High recovery zone has higher 
dehydrogenase activities due to environmental 
factors viz., soil aeration and moisture content 
and there might be impact of addition of organic 
carbon through organic matter like                  
sugarcane trash. The in situ recycling of                               
sugarcane trash along with its industrial                     
waste significantly increased the soil 
dehydrogenase activity reported by Pacharane et 
al. (2021). 
 
The data on the influence of sugarcane trash 
management practices on urease activities after 
harvest of sugarcane ratoon are reported in 
Table 2. The perusal of data revealed that the 
urease activities of soil was significantly 
increased due to sugarcane trash management 
practices. This study showed that among the 
three sugar recovery zones, the urease activities 
in the high recovery zone ranged from (11-12 µg 
NH4

+-N g-1 day-1) was significantly higher in trash 
management practices than medium recovery 
zone (10-11 µg NH4

+-N g-1 day-1) and low 
recovery zone (9-10 µg NH4

+-N g-1 day-1). In case 
of trash burning practices also the urease 
activities in the high recovery zone ranged from 
(7-8 µg NH4

+-N g-1 day-1) was significantly higher 
than medium recovery zone (6-7 µg NH4

+-N g-1 
day-1) and low recovery zone (5-6 µg NH4

+-N g-1 
day-1). Phalke et al. (2016) also observed similar 
findings in respect of urease activities in 
sugarcane trash management practices.  

 
Table 1. Influence of sugarcane trash management practices on dehydrogenase activities after 

harvest of ratoon sugarcane 
 

Dehydrogenase activities (µg TPF g-1 soil 24 hr-1) 

 High recovery zone Medium recovery zone Low recovery zone 

 Trash 
management 

Trash 
burning 

Trash 
management 

Trash 
burning 

Trash 
management 

Trash 
burning 

Mean 84.73 60.67 77.89 53.73 69.16 46.11 
Range 81-89 58-64 73-81 50-57 65-73 42-49 
Variance 4.77 3.28 4.49 3.91 8.96 3.80 
tcal 46.45** 45.64** 35.33** 
ttab (@ 5%) 2.00 2.00 2.00 
ttab (@ 1%) 2.39 2.39 2.39 
P value 0.00 0.00 0.00 
Result Sign. Sign. Sign. 
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Table 2. Influence of sugarcane trash management practices on urease activities after harvest 
of ratoon sugarcane 

 

 
Table 3. Influence of sugarcane trash management practices on acid phosphatase activities 

after harvest of ratoon sugarcane 
  

Acid phosphatase activities (µg PNP g-1 2 hr-1) 

 High recovery zone Medium recovery zone Low recovery zone 

 Trash 
management 

Trash 
burning 

Trash 
management 

Trash 
burning 

Trash 
management 

Trash 
burning 

Mean 423.33 299.6 379.53 258.8 340.7 223.9 
Range 400-440 280-320 360-400 240-280 320-360 200-240 
Variance 90.39 138.66 128.05 118.09 150.90 107.54 
tcal 44.74** 42.14** 39.79** 
ttab (@ 5%) 2.00 2.00 2.00 
ttab (@ 1%) 2.39 2.39 2.39 
P value 0.00 0.00 0.00 
Result Sign. Sign. Sign. 

 
From above investigation, it was observed that 
the urease activities in all sugar recovery zones 
were significantly higher in trash management 
practices than trash burning practices. High 
recovery zone has higher urease activity due to 
environmental factors viz., rainfall, temperature 
and increased from 20 to 70oC and with further 
increase in temperature, the activity decreased 
rapidly (Kumari et al., 2017). The positive 
relationship between urease activity and 
temperature. When soil temperature was high, 
organic matter decomposed easily in soil and 
using organic fertilizers like compost, straw 
mulch and sewage sludge increases the activity 
of urease (Kang and Andreas, 2022). The results 
showed that higher enzymatic activity of urease 
in dry straw and its relationship with the greater 
amount of SOC and CO2, agrees with the results 
reported by Beri et al. (1978) for sugarcane 
straw.  
 
The data regarding the influence of sugarcane 
trash management practices on acid 
phosphatase activities after harvest of sugarcane 

ratoon are reported in Table.3. This study 
showed that among the three sugar recovery 
zones, the acid phosphatase activities in the high 
recovery zone ranged from (400-440 µg PNP g-1 
2 hr-1) was significantly higher in trash 
management practices than medium recovery 
zone (360-400 µg PNP g-1 2 hr-1) and low 
recovery zone (320-360 µg PNP g-1 2 hr-1). In 
case of trash burning practices also the acid 
phosphatase activities in the high                      
recovery zone ranged from (280-320 µg PNP g-1 
2 hr-1) was significantly higher than medium 
recovery zone (240-280 µg PNP g-1 2 hr-1) and 
low recovery zone (200-240 µg PNP g-1 2 hr-1). 
Chang et al. (2007) also observed similar 
findings in respect of acid phosphatase             
activities in sugarcane trash management 
practices. 
 
Further, it was observed that the acid 
phosphatase activities in all sugar recovery 
zones are significantly higher in trash 
management practices than trash burning 
practices. High recovery zone has higher acid 

Urease activities (µg NH4
+-N g-1 day-1) 

 High recovery zone Medium recovery zone Low recovery zone 

 Trash 
management 

Trash 
burning 

Trash 
management 

Trash 
burning 

Trash 
management 

Trash 
burning 

Mean 11.78 7.47 10.51 6.71 9.68 5.58 
Range 11-12 7-8 10-11 6-7 9-10 5-6 
Variance 0.01 0.06 0.06 0.05 0.05 0.10 
tcal 86.07** 62.68** 58.61** 
ttab (@ 5%) 2.00 2.00 2.00 
ttab (@ 1%) 2.39 2.39 2.39 
P value 0.00 0.00 0.02 
Result Sign. Sign. Sign. 
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phosphatase activity due to environmental 
factors viz., temperature, moisture content and 
acid phosphatase activity of soils increased with 
temperature from 20oC to 70oC and decreased 
constantly with further increase in temperature     
to 90oC (Rao, 1989). On the other                            
hand, the micro-climate aspect has a positive 
effect on the biological properties, which is due to 
the positive effect of the available moisture, 
which increases the microbial activity of the soil 
and leads to an increase in the                                  
production of phosphatase in the soil. Juma and 
Tabatabai (1978) also showed that phosphatase 
activity was related to soil organic                        
matter, organic P, inorganic P and N availability 
in soil.  

 
The data on the influence of sugarcane trash 
management practices on alkaline phosphatase 
activities after harvest of sugarcane ratoon was 
reported in Table 4. The perusal of data revealed 
that the alkaline phosphatase activities of soil 
was significantly increased due to sugarcane 
trash management practices. This study showed 
that among the three sugar recovery zones, the 
alkaline phosphatase activities in the high 
recovery zone ranged from (700-760 µg PNP g-1 
2 hr-1) was higher in trash management practices 
than medium recovery zone (640-700 µg PNP g-1 
2 hr-1) and low recovery zone (580-640 µg PNP 
g-1 2 hr-1). In case of trash burning practices also 
the alkaline phosphatase activities in the high 
recovery zone ranged from (520-580 µg PNP g-1 
2 hr-1) was significantly higher than medium 
recovery zone (460-520 µg PNP g-1 2 hr-1) and 
low recovery zone (400-460 µg PNP g-1 2 hr-1). 
Chang et al. (2007) also observed similar 
findings in respect of alkaline phosphatase 
activities in sugarcane trash management 
practices. 
 

From above investigation, it was observed that 
the alkaline phosphatase activities in all sugar 
recovery zones were significantly higher in trash 
management practices than trash burning 
practices. High recovery zone has higher alkaline 
phosphatase activity due to environmental 
factors like temperature. Kumari et al. (2017) 
reported that alkaline phosphatases activity of 
soils increased with increase in temperature from 
20-70oC and then activity decreased slowly till 
90oC and rapidly decreased with further increase 
in temperature to 90oC. As soil enzymes are the 
main drivers of soil organic matter (SOM), 
degradation and litter decomposition, the 
dependence of these enzymes on global 
changes including warming, precipitation, 
drought and associated soil moisture will assist in 
understanding the relationships among SOM 
stock, carbon cycle and microbial nutrient 
demand. Increase in soil moisture increases the 
phosphatase activity; however, alkaline 
phosphatase activity was better correlated with 
soil water content. Highest activity was found 
during the winter and monsoon season (Kumar 
et al., 2015).  
 
The data revealed that the influence of 
sugarcane trash management practices on soil 
β-glucosidase activities after harvest of 
sugarcane ratoon are reported in Table 5. The 
perusal of data revealed that the β-glucosidase 
activities of soil was significantly increased due 
to sugarcane trash management practices. This 
study showed that among the three sugar 
recovery zones, the β-glucosidase activities in 
the high recovery zone ranged from (17-18 µg 
PNP g-1 day-1) was significantly higher in trash 
management practices than medium recovery 
zone (16-17 µg PNP g-1 day-1) and low            
recovery zone (15-16 µg PNP g-1 day-1).

Table 4. Influence of sugarcane trash management practices on alkaline phosphatase 
activities after harvest of ratoon sugarcane 

 

Alkaline phosphatase activities (µg PNP g-1 2 hr-1) 

 High recovery zone Medium recovery zone Low recovery zone 

 Trash 
management 

Trash 
burning 

Trash 
management 

Trash 
burning 

Trash 
management 

Trash 
burning 

Mean 733.2 554 665.7 488.53 610.2 434.93 
Range 700-760 520-580 640-700 460-520 580-640 400-460 
Variance 238.23 254.48 276.01 298.53 340.79 207.44 
tcal 44.22** 40.48** 40.10** 
ttab (@ 5%) 2.00 2.00 2.00 
ttab (@ 1%) 2.39 2.39 2.39 
P value 0.00 0.00 0.00 
Result Sign. Sign. Sign. 
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Table 5. Influence of sugarcane trash management practices on β-glucosidase activities after 
harvest of ratoon sugarcane 

 

β-glucosidase activities (µg PNP g-1 day-1) 

  High recovery zone Medium recovery zone Low recovery zone 

  Trash 
management 

Trash 
burning 

Trash 
management 

Trash 
burning 

Trash 
management 

Trash 
burning 

Mean  17.63 13.64 16.61 12.70 15.64 11.61 

Range 17-18 13-14 16-17 12-13 15-16 11-12 

Variance  0.06 0.07 0.05 0.04 0.05 0.06 

tcal 59.99** 69.53** 65.47** 

ttab (@ 5%) 2.00 2.00 2.00 

ttab (@ 1%) 2.39 2.39 2.39 

P value 0.00 0.00 0.00 

Result  Sign. Sign. Sign. 

 
In case of trash burning practices also the β-
glucosidase activities in the high recovery zone 
ranged from (13-14 µg PNP g-1 day-1) was 
significantly higher than medium recovery zone 
(12-13 µg PNP g-1 day-1) and low recovery zone 
(11-12 µg PNP g-1 day-1). Phalke et al. (2016) 
also observed similar findings in respect of β-
glucosidase activities in sugarcane trash 
management practices.  
 
The β-glucosidase activities in all sugar recovery 
zones were significantly higher in trash 
management practices than trash burning 
practices. This might be due to impact of addition 
of organic carbon through organic matter like 
sugarcane trash. The β-glucosidase enzymes 
are considered soil quality indicators                              
and are widely distributed in nature and 
associated with the carbon cycle (C), 
demonstrating sensitivity to soil management 
and different soil types. Deng and Tabatabai 
(1996, 1997) reported that the activities of 
glucosidase were highly correlated with soil 
organic C content and suggested that organic 
matter plays an important role in protecting soil 
enzymes. 
 

4. CONCLUSION 
 
❖ All enzyme activities including 

dehydrogenase, urease, acid 
phosphatase, alkaline phosphatase and β-
glucosidase were significantly higher in 
trash management practices over trash 
burning practices of sugarcane                   
ratoon. 
 

❖ High recovery zone showed higher 
enzyme activities viz., dehydrogenase, 
urease, acid phosphatase, alkaline 

phosphatase and β-glucosidase in 
comparison with medium and low recovery 
zones in trash management as well as 
trash burning practices of sugarcane 
ratoon.  
 

❖ These findings confirmed the importance 
of trash management in sugarcane for 
better improvement in soil health, 
sugarcane yield and sugar recovery of 
sugarcane growing areas of Maharashtra 
and a viable option from the farmer's 
perspective.   
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