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Abstract
Aim: The primary objective was to study the enzyme activities and microbial population from organic residue added soil under different temperature regimes. 
Study design: Factorial completely randomized design (FCRD)
Methodology: The experiment was laid out with 36 treatments of Six Crop residue (pearl millet straw, wheat straw, sorghum straw, sugarcane trash, parthenium weed and cassia weed) and six temperature regimes (15, 20, 25, 30, 40, 50°C). To maintain the particular temperature experimental bottles are kept in BOD incubator. 
Results: During the experiment of 16 weeks, the microbial population increases up to 60th days in cassia weed, sugarcane trash, parthenium weed, pearl millet straw, sorghum straw and up to 90th days in wheat straw and there after it declined. Similar trends were notice for enzymes activities. Temperature positively enhanced the microbial activities of organic materials in the order of 50 > 40 > 30 > 25 > 20 > 15°C.
Conclusion: Our research found that rising temperatures significantly boost soil enzymatic activity and microbial populations, which accelerates the decomposition of organic residues, with Cassia and sugarcane weeds showing the fastest mineralization rates.
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1. Introduction
Carbon (C) is one of the 17 essential elements required for plant growth, contributing about 50% of plant dry matter. Soil C exists in both organic and inorganic forms, with the organic fraction being the most important indicator of soil health. Organic C is present only in vegetation, animals, and microbes. The assimilation of C into plants occurs through a complex series of enzyme-mediated chemical reactions during photosynthesis, resulting in the production of sugars and other compounds that sustain plant metabolic functions. Among life forms, woody plants contain higher C levels than herbaceous plants, and variations in C content arise due to climatic conditions and plant physiology. Inorganic C occurs mainly as carbonates and lime in soils, while organic C is widely used to quantify C stocks in plants [1].
The rate of crop residue decomposition is primarily influenced by soil texture and the C/N ratio of the residues. Organic residues play a crucial role in improving soil health and productivity, serving as a major source of lignocellulose entering the soil. The actual rate and extent of decomposition are governed by the activity of decomposer organisms and prevailing environmental conditions; however, residue quality is one of the most manageable factors in agricultural systems [2]. Crop residue decomposition is a microbial-mediated, progressive breakdown of organic matter, releasing C and nutrients back into the biological cycle of ecosystems at both local and global scales. Increasing the use of organic residues in agriculture not only enhances crop growth but also provides an efficient and cost-effective method for residue disposal. These residues are often applied to agricultural soils at rates designed to meet the required levels of available N [3].
Plant residues undergo decomposition through complex microbial processes involving fungi, bacteria, and actinomycetes. During this process, many nutrients are released into the soil, where they can be absorbed by plants for growth. It is, therefore, essential to study the mineralization of organic matter and the patterns of C and N release into soils. For this reason, the present study was conducted using an incubation experiment with the incorporation of different organic residues into the soil.
Dehydrogenase activity is one of the most significant indicators of overall soil microbial activity, reflecting biological processes such as C mineralization. Thus, the measurement of dehydrogenase and β-glucosidase enzyme activities provides valuable insights into the potential of organic materials to restore soil health [4].
2. Material and Methods
The research experiment entitled “Dynamics of Enzyme Activities and Microbial Population from Different Organic Residues Added to Soil under Different Temperature Regimes” was conducted in the laboratory of the Department of Soil Science and Agricultural Chemistry, Post Graduate Institute, MPKV, Rahuri. The objective of this research was to study enzyme activities and microbial populations in soils amended with different organic residues under varying temperature regimes.
The laboratory incubation study was carried out from February to May 2023 using soils mixed with pearl millet straw, wheat straw, sorghum straw, sugarcane trash, parthenium weed, and cassia weed. These organic materials were incorporated into locally available medium-deep black soil from the Post Graduate Institute Farm. According to USDA classification, the soil belongs to the order Inceptisols. The experimental soil was well-drained, clayey in texture, neutral in pH, medium in organic carbon, low in nitrogen and phosphorus, and very high in potassium.
All straws were chopped into pieces of about 1 cm, air-dried, ground in a machine, and passed through a 2 mm sieve. The soil microbial population was assessed using the serial dilution plate method [5], while soil enzymatic activities, including dehydrogenase (DHA) and alkaline phosphatase, were determined by spectrophotometric methods [6,7]. The data generated during the experiment were statistically analyzed using the Factorial Completely Randomized Design (FCRD) [8].

Table 1. Initial properties and fertility status of experimental soil 
	Sr. No.
	Parameters
	Value

	A. 
	Physical Properties
	

	1. 
	Texture
	Clayey

	
	Sand (%)
	40

	
	Silt (%)
	17.73

	
	Clay (%)
	41.76

	2. 
	Bulk Density (Mg m-3)
	1.3

	B.
	Chemical properties 
	

	1. 
	pH (1:2.5, Soil: Water)
	7.86

	2. 
	EC (d Sm-1)
	0.41

	3. 
	Organic carbon (%)
	0.51

	4. 
	Available N (kg ha-1)
	178.75

	5. 
	Available P (kg ha-1)
	14.12

	6. 
	Available K (kg ha-1)
	472.87



Table 2. Treatment Details
	Treatments
	Treatment details

	Factor –A
	Temperature regimes

	
	15, 20, 25, 30, 40 and 50OC

	Factor- B
	Organic residues

	1
	Pearl millet straw

	2
	Wheat straw

	3
	Sorghum straw

	4
	Sugarcane trash

	5
	Parthenium weed

	6
	Cassia weed



3. RESULT AND DISCUSSION 
3.1. Enzyme Activities in Organic Residue Added Soil under Different Temperature Regimes.
3.1.1. Dehydrogenase Activities 
Significant changes in DHA activity were observed during the incubation period (Table 3). Among the different organic residues, the maximum DHA activity was recorded in cassia weed, followed by sugarcane trash, up to 60 days of incubation, after which it declined until 90 days. The data indicate that DHA activity increased with rising temperatures from 15°C to 40°C.
The highest DHA activity (30.10 μg TPF g⁻¹ soil 24 hr⁻¹) was observed in cassia weed at 60 days of incubation, followed by sugarcane trash (29.50 μg TPF g⁻¹ soil 24 hr⁻¹) and parthenium weed (29.40 μg TPF g⁻¹ soil 24 hr⁻¹) at 40°C. The interaction effect was found to be significant. Beyond 60 days, DHA activity decreased until 90 days of incubation.
For pearl millet straw and sorghum straw, maximum DHA activity was observed at 40°C, occurring at 60 and 75 days, respectively, followed by a decline up to 90 days. Pearl millet straw showed the highest value at 60 days (27.60 μg TPF g⁻¹ soil 24 hr⁻¹), while sorghum straw recorded 28.30 μg TPF g⁻¹ soil 24 hr⁻¹. In contrast, wheat straw–amended soil showed the lowest DHA activity (16.50 μg TPF g⁻¹ soil 24 hr⁻¹) at 40°C compared to other organic residues.
Wei-xiang et al. [9] was reported the average dehydrogenase activity in paddy soil amended with Bt-transgenic rice straw (7.00 μg TPF g⁻¹ soil 24 hr⁻¹) was significantly lower than that in soil amended with non-Bt straw (9.00 μg TPF g⁻¹ soil 24 hr⁻¹) from 21 to 49 days of incubation. Similarly, related studies were conducted by Afreen et al. [2]; Sinha et al. [10]; Meena et al. [11].
Table 3. Dehydrogenase activity in organic residue added soil under different temperature regimes (15 days interval data)
	Dehydrogenase activity (μg TPF g-1 soil 24 hr-1)

	15 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	23.80
	11.60
	24.10
	25.40
	25.00
	26.20
	22.68

	20°C
	24.40
	12.40
	24.60
	25.90
	25.60
	26.80
	23.28

	25°C
	24.80
	12.90
	25.20
	26.60
	26.10
	27.40
	23.83

	30°C
	25.50
	13.50
	25.70
	27.10
	26.50
	27.90
	24.37

	40°C
	26.70
	14.70
	26.70
	28.10
	27.50
	28.50
	25.37

	50°C
	26.20
	14.00
	26.20
	27.50
	27.00
	28.30
	24.87

	Mean
	25.23
	13.18
	25.42
	26.77
	26.28
	27.52
	24.07

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.02
	0.07

	Temperature (T)
	0.02
	0.07

	O × T
	0.05
	0.16

	30 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	24.20
	12.00
	24.50
	25.80
	25.40
	26.50
	23.07

	20°C
	24.70
	12.60
	25.20
	26.20
	25.80
	27.20
	23.62

	25°C
	25.30
	13.30
	25.80
	26.80
	26.40
	27.70
	24.22

	30°C
	25.80
	14.60
	26.50
	27.40
	27.00
	28.10
	24.90

	40°C
	27.00
	15.10
	27.70
	28.60
	28.20
	29.20
	25.97

	50°C
	26.40
	14.10
	27.20
	28.00
	27.50
	28.60
	25.30

	Mean
	25.57
	13.62
	26.15
	27.13
	26.72
	27.88
	24.51

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.02
	0.07

	Temperature (T)
	0.02
	0.07

	O × T
	0.05
	0.16

	45 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	24.60
	13.10
	25.10
	26.10
	25.70
	26.90
	23.58

	20°C
	25.20
	13.60
	25.50
	26.70
	26.40
	27.40
	24.13

	25°C
	25.80
	14.20
	26.10
	27.30
	27.00
	28.00
	24.73

	30°C
	26.40
	14.80
	26.60
	27.90
	27.50
	28.50
	25.28

	40°C
	27.50
	15.40
	27.70
	29.10
	28.70
	29.70
	26.35

	50°C
	26.90
	14.20
	27.20
	28.50
	28.20
	29.10
	25.68

	Mean
	26.07
	14.22
	26.37
	27.60
	27.25
	28.27
	24.96

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.02
	0.07

	Temperature (T)
	0.02
	0.07

	O × T
	0.05
	0.16

	60 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	25.00
	13.40
	25.50
	26.80
	26.40
	27.40
	24.12

	20°C
	25.60
	14.00
	26.10
	27.40
	26.90
	27.90
	24.68

	25°C
	26.10
	14.60
	26.60
	27.90
	27.80
	28.50
	25.28

	30°C
	26.60
	15.10
	27.10
	28.40
	28.30
	29.00
	25.80

	40°C
	27.60
	15.80
	28.30
	29.50
	29.40
	30.10
	26.82

	50°C
	27.10
	14.70
	27.70
	28.90
	28.80
	29.60
	26.23

	Mean
	26.33
	14.43
	26.88
	28.15
	27.93
	28.75
	25.49

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.02
	0.07

	Temperature (T)
	0.02
	0.07

	O × T
	0.05
	0.16

	75 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	24.50
	13.60
	24.90
	26.20
	25.70
	27.10
	23.77

	20°C
	24.90
	14.20
	25.20
	26.60
	26.20
	27.40
	24.18

	25°C
	25.50
	14.80
	25.80
	27.20
	26.70
	27.90
	24.75

	30°C
	26.20
	15.40
	26.40
	27.80
	27.30
	28.50
	25.37

	40°C
	27.30
	16.00
	27.50
	28.80
	28.40
	29.50
	26.33

	50°C
	26.80
	15.30
	26.90
	28.30
	27.80
	28.90
	25.77

	Mean
	25.87
	14.88
	26.12
	27.48
	27.02
	28.22
	25.03

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.02
	0.07

	Temperature (T)
	0.02
	0.07

	O × T
	0.05
	0.16

	90 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	24.10
	14.20
	24.40
	25.70
	25.20
	26.70
	23.28

	20°C
	24.50
	14.80
	24.60
	26.20
	25.60
	27.10
	23.70

	25°C
	25.10
	15.40
	25.10
	26.80
	26.20
	27.70
	24.28

	30°C
	25.60
	16.00
	25.70
	27.30
	26.70
	28.20
	24.82

	40°C
	26.80
	16.50
	26.90
	28.30
	27.80
	29.20
	25.85

	50°C
	25.90
	15.90
	26.00
	27.80
	27.20
	28.70
	25.18

	Mean
	25.33
	15.47
	25.45
	27.02
	26.45
	27.93
	24.52

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.02
	0.07

	Temperature (T)
	0.02
	0.07

	O × T
	0.05
	0.16



3.1.2. Beta Glucosidase Activity 
The β-glucosidase activity in soils amended with organic residues under different temperatures is presented in Table 4. In soils amended with cassia weed, sugarcane trash, parthenium weed, sorghum straw and pearl millet straw, β-glucosidase activity increased up to 60 days of incubation and then gradually declined until 90 days. In wheat straw–amended soil, however, β-glucosidase activity continued to increase up to 90 days of incubation.
Among the different organic residues, the maximum β-glucosidase activity was recorded in cassia weed (34.10 μg p-nitrophenol g⁻¹ soil 24 hr⁻¹), followed by sugarcane trash (33.40 μg p-nitrophenol g⁻¹ soil 24 hr⁻¹) and parthenium weed (31.70 μg p-nitrophenol g⁻¹ soil 24 hr⁻¹) at 50°C. The interaction effect was found to be significant.
For pearl millet straw (30.20 μg p-nitrophenol g⁻¹ soil 24 hr⁻¹) and sorghum straw (30.40 μg p-nitrophenol g⁻¹ soil 24 hr⁻¹), maximum values were observed at 60 days of incubation at 50°C, followed by a gradual decline until 90 days.
In wheat straw–amended soil, β-glucosidase activity increased steadily up to 90 days, reaching the highest value of 20.30 μg p-nitrophenol g⁻¹ soil 24 hr⁻¹ at 50°C. The interaction effect was again significant.
Dashtban and Qin [12] observed an engineered T. reesei strain using barley straw showed about 10.5-fold higher β-glucosidase activity (23.9 μg p-nitrophenol g⁻¹ soil 24 hr⁻¹) than the parent strain (2.2 μg p-nitrophenol g⁻¹ soil 24 hr⁻¹) after 24 hours of incubation. Similar results of β-glucosidase activity were reported by Dhokchawle et al. [3]; Sinha et al. [10].
Table 4.	Beta glucosidase activity (μg P-Nitrophenol g-1 soil 24 hr-1) in organic residue added soil under different temperature regimes (15 days interval data)
	Beta glucosidase activity (μg P-Nitrophenol g-1 soil 24 hr-1)

	15 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	25.10
	16.40
	25.50
	27.00
	26.50
	27.60
	24.68

	20°C
	25.70
	17.00
	26.20
	27.70
	27.20
	28.30
	25.35

	25°C
	26.40
	17.50
	26.80
	28.40
	27.80
	29.00
	25.98

	30°C
	27.00
	17.90
	27.30
	29.00
	28.40
	29.70
	26.55

	40°C
	27.60
	18.40
	27.90
	29.60
	29.00
	30.50
	27.17

	50°C
	28.20
	18.90
	28.50
	30.40
	29.60
	31.10
	27.78

	Mean
	26.67
	17.68
	27.03
	28.68
	28.08
	29.37
	26.25

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.02
	0.07

	Temperature (T)
	0.02
	0.07

	O × T
	0.05
	0.16

	15 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	26.00
	17.00
	26.40
	28.30
	27.30
	27.70
	25.45

	20°C
	26.70
	17.50
	27.10
	28.70
	27.90
	28.40
	26.05

	25°C
	27.50
	17.90
	27.80
	29.50
	28.60
	29.00
	26.72

	30°C
	28.20
	18.40
	28.40
	30.30
	29.30
	29.60
	27.37

	40°C
	28.80
	18.90
	29.10
	30.80
	29.90
	30.50
	28.00

	50°C
	29.40
	19.40
	29.60
	31.50
	30.60
	31.53
	28.71

	Mean
	27.78
	18.18
	28.08
	29.85
	28.93
	29.46
	27.05

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.03
	0.09

	Temperature (T)
	0.03
	0.09

	O × T
	0.07
	0.20

	45 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	26.70
	17.50
	27.10
	28.40
	28.10
	29.60
	26.23

	20°C
	27.40
	17.90
	27.60
	29.00
	28.80
	30.30
	26.83

	25°C
	27.90
	18.40
	28.30
	29.60
	29.50
	30.80
	27.42

	30°C
	28.60
	18.90
	28.80
	30.30
	30.00
	31.30
	27.98

	40°C
	29.20
	19.40
	29.50
	30.90
	30.60
	31.70
	28.55

	50°C
	29.60
	19.90
	29.90
	31.50
	31.30
	32.50
	29.05

	Mean
	28.22
	18.67
	28.48
	29.95
	29.72
	31.03
	27.68

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.02
	0.07

	Temperature (T)
	0.02
	0.07

	O × T
	0.05
	0.16

	60 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	27.20
	17.70
	27.60
	29.30
	28.80
	30.80
	26.93

	20°C
	27.80
	18.20
	28.20
	30.00
	29.50
	31.50
	27.57

	25°C
	28.40
	18.50
	28.80
	30.60
	30.00
	32.00
	28.12

	30°C
	28.90
	19.20
	29.30
	31.40
	30.60
	32.70
	28.72

	40°C
	29.50
	19.60
	29.80
	31.90
	31.20
	33.50
	29.30

	50°C
	30.00
	20.10
	30.40
	32.40
	31.70
	34.10
	30.00

	Mean
	28.63
	18.88
	29.02
	31.10
	30.30
	32.43
	28.44

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.07
	0.19

	Temperature (T)
	0.07
	0.19

	O × T
	0.16
	0.47

	75 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	26.50
	17.90
	27.10
	28.73
	27.80
	29.20
	26.29

	20°C
	27.20
	18.40
	27.67
	29.40
	28.40
	29.80
	26.89

	25°C
	27.90
	18.90
	28.20
	30.00
	29.20
	30.50
	27.53

	30°C
	28.40
	19.40
	28.90
	30.60
	29.60
	31.00
	28.07

	40°C
	29.00
	19.90
	29.60
	31.00
	30.20
	31.60
	28.63

	50°C
	29.60
	20.40
	30.20
	31.60
	30.70
	32.20
	29.20

	Mean
	28.10
	19.15
	28.61
	30.22
	29.32
	30.72
	27.77

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.02
	0.07

	Temperature (T)
	0.02
	0.07

	O × T
	0.05
	0.16

	90 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	25.90
	18.40
	26.30
	28.00
	27.00
	28.50
	25.58

	20°C
	26.50
	18.90
	27.00
	28.60
	27.40
	29.10
	26.17

	25°C
	27.10
	19.40
	27.50
	29.20
	28.00
	29.60
	26.72

	30°C
	27.60
	19.90
	28.00
	29.70
	28.73
	30.20
	27.27

	40°C
	28.20
	20.40
	28.60
	30.30
	29.50
	30.80
	27.87

	50°C
	28.90
	20.90
	29.30
	30.60
	29.90
	31.40
	28.40

	Mean
	27.37
	19.65
	27.78
	29.40
	28.42
	29.93
	27.00

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.02
	0.07

	Temperature (T)
	0.02
	0.07

	O × T
	0.05
	0.16




3.2. Microbial Count in Organic Residue Added Soil under Different Temperature Regimes
3.2.1 Fungal Count 
The fungal population in soils amended with organic residues under different temperature regimes is presented in Table 5. For all organic residues, the fungal population increased with temperature up to 40°C and decreased slightly at 50°C.
Among the treatments, cassia weed at 60 days and 40°C showed the maximum fungal population (25.00 × 10⁴ cfu g⁻¹ soil), followed by sugarcane trash (24.67 × 10⁴ cfu g⁻¹ soil), parthenium weed (24.33 × 10⁴ cfu g⁻¹ soil), sorghum straw (23.67 × 10⁴ cfu g⁻¹ soil) and pearl millet straw (23.00 × 10⁴ cfu g⁻¹ soil). Thereafter, fungal populations gradually declined up to 90 days of incubation.
In wheat straw–amended soil, the highest fungal population was recorded at 90 days at 40°C (12.33 × 10⁴ cfu g⁻¹ soil). This may be attributed to the high lignin, cellulose and hemicellulose content in wheat straw, which directly influences the decomposition rate of organic residues.
The maximum fungal population was observed at 40°C due to the dominance of mesophilic fungi (growing up to 40–45°C) and thermophilic fungi (growing at 45–50°C). The interaction effect was found to be significant at all sampling stages.
Similar findings were reported by Xiang et al. [13], where fungal counts ranging from 2.0–3.8 × 10⁴ cfu g⁻¹ soil were observed in soils amended with Bt and non-Bt rice straw during incubation studies. Similar results for microbial population were reported by Sinha et al. [14]; Kumar et al. [15].

Table 5. Fungal count in organic residue added soil under different temperature regimes
	Fungal count (× 104cfu g-1 soil)

	15 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	7.00
	2.00
	7.33
	8.00
	7.67
	8.33
	6.72

	20°C
	7.33
	2.33
	8.00
	8.67
	8.33
	9.00
	7.38

	25°C
	8.00
	2.00
	8.33
	9.00
	8.67
	9.67
	7.61

	30°C
	8.33
	2.67
	8.67
	9.33
	9.00
	10.00
	8.00

	40°C
	8.67
	3.33
	9.00
	10.33
	9.67
	10.67
	8.61

	50°C
	8.00
	3.00
	8.00
	10.00
	9.33
	10.33
	8.11

	Mean
	7.89
	2.56
	8.22
	9.22
	8.78
	9.67
	7.72

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.11
	0.32

	Temperature (T)
	0.11
	0.32

	O × T
	0.27
	0.78

	30 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	11.00
	6.00
	11.33
	12.00
	11.67
	12.33
	10.72

	20°C
	11.33
	6.33
	11.67
	12.33
	12.00
	13.00
	11.11

	25°C
	12.33
	6.67
	12.33
	13.33
	13.00
	13.67
	11.89

	30°C
	13.00
	7.33
	13.33
	14.33
	14.00
	14.67
	12.78

	40°C
	14.33
	7.67
	14.67
	15.33
	15.00
	15.67
	13.78

	50°C
	13.33
	7.00
	13.67
	14.00
	14.00
	14.33
	12.72

	Mean
	12.55
	6.83
	12.83
	13.55
	13.28
	13.95
	12.17

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.11
	0.31

	Temperature (T)
	0.11
	0.31

	O × T
	0.27
	0.76

	45 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	17.00
	6.33
	17.67
	18.33
	18.00
	18.67
	16.00

	20°C
	17.67
	7.00
	18.00
	18.67
	18.33
	19.00
	16.39

	25°C
	18.00
	7.67
	18.33
	19.00
	18.67
	19.33
	16.72

	30°C
	19.33
	8.67
	19.67
	20.33
	20.00
	20.67
	18.00

	40°C
	20.00
	9.00
	20.33
	21.00
	20.67
	21.33
	18.72

	50°C
	19.00
	8.33
	19.33
	20.00
	19.67
	20.33
	17.61

	Mean
	18.50
	7.39
	18.89
	19.56
	19.22
	19.89
	17.24

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.10
	0.28

	Temperature (T)
	0.10
	0.28

	O × T
	0.24
	0.68

	60 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	20.00
	9.00
	21.00
	21.33
	21.00
	22.00
	19.06

	20°C
	20.67
	9.33
	21.33
	22.00
	21.33
	22.30
	19.49

	25°C
	21.00
	9.67
	21.67
	22.33
	22.00
	22.67
	19.89

	30°C
	21.67
	10.00
	22.00
	23.00
	22.33
	23.33
	20.39

	40°C
	23.00
	10.67
	23.67
	24.67
	24.33
	25.00
	21.89

	50°C
	22.67
	9.67
	23.00
	24.00
	23.33
	24.33
	21.17

	Mean
	21.50
	9.72
	22.11
	22.89
	22.39
	23.27
	20.31

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.10
	0.28

	Temperature (T)
	0.10
	0.28

	O × T
	0.24
	0.68

	75 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	14.33
	9.67
	14.67
	15.67
	15.00
	16.33
	14.45

	20°C
	14.67
	10.33
	15.00
	16.00
	15.33
	16.67
	14.78

	25°C
	15.00
	10.67
	15.33
	16.33
	16.00
	17.00
	15.17

	30°C
	15.33
	11.33
	16.00
	17.00
	16.33
	17.67
	15.72

	40°C
	16.67
	11.67
	17.33
	18.33
	18.00
	18.67
	16.89

	50°C
	15.67
	11.00
	16.00
	17.00
	16.67
	17.33
	15.72

	Mean
	15.28
	10.77
	15.72
	16.72
	16.22
	17.28
	15.45

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.11
	0.30

	Temperature (T)
	0.11
	0.30

	O × T
	0.26
	0.73

	90 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	9.67
	10.67
	10.00
	10.67
	10.33
	11.33
	10.22

	20°C
	10.00
	11.00
	10.67
	11.33
	11.00
	11.67
	10.72

	25°C
	10.67
	11.33
	11.00
	11.67
	11.33
	12.33
	11.17

	30°C
	11.33
	12.00
	11.67
	12.33
	12.00
	13.00
	11.78

	40°C
	12.33
	12.33
	12.67
	13.67
	13.33
	14.00
	12.78

	50°C
	11.67
	11.67
	12.00
	12.67
	12.33
	13.33
	12.00

	Mean
	10.95
	11.50
	11.34
	12.06
	11.72
	12.61
	11.44

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.10
	0.28

	Temperature (T)
	0.10
	0.28

	O × T
	0.24
	0.68



3.2.2. Bacterial Count 
At 60 days of incubation (Table 6), the maximum bacterial population was observed in cassia weed–amended soil (77.00 × 10⁷ cfu g⁻¹ soil), followed by sugarcane trash (76.67 × 10⁷ cfu g⁻¹ soil), parthenium weed (76.33 × 10⁷ cfu g⁻¹ soil), sorghum straw (75.33 × 10⁷ cfu g⁻¹ soil) and pearl millet straw (75.00 × 10⁷ cfu g⁻¹ soil) at 50°C. Thereafter, the bacterial population declined up to 90 days of incubation.
In contrast, wheat straw–amended soil showed the highest bacterial population at 90 days (35.00 × 10⁷ cfu g⁻¹ soil) at 50°C. The interaction effect was found to be significant across all sampling stages.
These research findings are consistent with those of Zivar et al. [16], who reported a bacterial population of 48.29 × 10⁷ cfu g⁻¹ soil in wheat straw–amended soils. . Similar results for microbial population were reported by Sinha et al. [14]; Kumar et al. [15].

Table 6. Bacterial count in organic residue added soil under different temperature regimes
	Bacterial count (× 107cfu g-1 soil)

	15 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	28.67
	15.33
	29.00
	29.67
	29.33
	30.33
	27.06

	20°C
	29.67
	15.67
	30.00
	30.67
	30.33
	31.00
	27.89

	25°C
	30.00
	16.00
	30.33
	31.33
	30.67
	31.67
	28.33

	30°C
	31.33
	16.33
	32.00
	32.67
	32.33
	33.33
	29.67

	40°C
	32.67
	16.67
	33.00
	33.67
	33.33
	34.33
	30.61

	50°C
	33.33
	17.00
	34.00
	34.67
	34.33
	35.00
	31.39

	Mean
	30.95
	16.17
	31.39
	32.11
	31.72
	32.61
	29.16

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.11
	0.32

	Temperature (T)
	0.11
	0.32

	O × T
	0.27
	0.78

	30 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	42.00
	19.00
	42.33
	43.33
	42.67
	43.67
	38.83

	20°C
	42.67
	19.67
	43.00
	43.67
	43.33
	44.33
	39.45

	25°C
	43.00
	20.00
	43.67
	44.33
	44.00
	45.00
	40.00

	30°C
	44.33
	20.33
	45.00
	45.67
	45.33
	46.00
	41.11

	40°C
	46.00
	20.67
	46.33
	47.00
	46.67
	47.33
	42.33

	50°C
	46.33
	21.00
	46.67
	47.67
	47.33
	48.33
	42.89

	Mean
	44.06
	20.11
	44.50
	45.28
	44.89
	45.78
	40.75

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.09
	0.25

	Temperature (T)
	0.09
	025

	O × T
	0.22
	0.62

	45 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	60.67
	22.00
	61.00
	61.67
	61.33
	62.00
	54.78

	20°C
	61.00
	22.33
	61.33
	62.00
	61.67
	62.33
	55.11

	25°C
	61.67
	22.67
	62.00
	62.67
	62.33
	63.00
	55.72

	30°C
	62.33
	23.00
	63.00
	63.67
	63.33
	64.33
	56.61

	40°C
	63.67
	23.33
	64.33
	65.33
	64.67
	65.67
	57.83

	50°C
	64.33
	24.00
	65.00
	66.00
	65.67
	66.33
	58.56

	Mean
	62.28
	22.89
	62.78
	63.56
	63.17
	63.94
	56.44

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.12
	0.34

	Temperature (T)
	0.12
	0.34

	O × T
	0.29
	0.82

	60 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	70.67
	29.00
	71.00
	72.00
	71.33
	72.33
	64.39

	20°C
	71.00
	29.33
	71.33
	72.33
	71.67
	72.67
	64.72

	25°C
	71.67
	29.67
	72.33
	73.00
	72.67
	73.33
	65.45

	30°C
	72.33
	30.33
	73.00
	75.00
	74.67
	75.33
	66.78

	40°C
	74.00
	30.67
	74.67
	75.67
	75.00
	76.00
	67.67

	50°C
	75.00
	31.00
	75.33
	76.67
	76.33
	77.00
	68.56

	Mean
	72.45
	30.00
	72.94
	74.11
	73.61
	74.44
	66.26

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.12
	0.34

	Temperature (T)
	0.12
	0.34

	O × T
	0.29
	0.84

	75 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	50.67
	31.00
	51.00
	51.67
	51.33
	52.33
	48.39

	20°C
	51.33
	31.33
	52.00
	52.67
	52.33
	53.33
	49.22

	25°C
	52.33
	32.00
	53.67
	54.00
	53.33
	54.67
	50.33

	30°C
	54.00
	32.67
	54.33
	55.00
	54.67
	55.67
	51.33

	40°C
	54.67
	33.33
	55.00
	55.67
	55.33
	56.33
	51.95

	50°C
	55.00
	33.67
	55.67
	56.67
	56.33
	57.00
	52.61

	Mean
	53.00
	32.33
	53.61
	54.28
	53.89
	54.89
	50.64

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.12
	0.35

	Temperature (T)
	0.12
	0.35

	O × T
	0.30
	0.85

	90 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	37.00
	33.33
	37.67
	39.33
	39.00
	39.67
	37.06

	20°C
	38.00
	33.67
	39.00
	39.67
	39.33
	40.33
	37.72

	25°C
	39.67
	34.00
	40.00
	40.67
	40.33
	41.00
	38.67

	30°C
	40.00
	34.33
	40.67
	41.33
	41.00
	42.33
	39.39

	40°C
	41.67
	34.67
	42.00
	43.00
	42.67
	43.67
	40.72

	50°C
	42.67
	35.00
	43.00
	43.67
	43.33
	44.00
	41.45

	Mean
	39.84
	34.17
	40.39
	41.28
	40.94
	41.83
	39.17

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.08
	0.23

	Temperature (T)
	0.08
	0.23

	O × T
	0.20
	0.56



3.2.3 Actinomycetes Count 
At 50°C, the maximum actinomycetes population (Table 7) was observed in cassia weed–amended soil (65.33 × 10⁶ cfu g⁻¹ soil), followed by sugarcane trash (64.67 × 10⁶ cfu g⁻¹ soil), parthenium weed (64.00 × 10⁶ cfu g⁻¹ soil), sorghum straw (63.67 × 10⁶ cfu g⁻¹ soil) and pearl millet straw (62.67 × 10⁶ cfu g⁻¹ soil) at 60 days of incubation. Thereafter, the population declined gradually up to 90 days.
In wheat straw–amended soil, a higher actinomycetes population was observed at 50°C (32.33 × 10⁶ cfu g⁻¹ soil), with the population continuing to increase up to 90 days. The interaction effect was found to be significant across all sampling stages.
Similar findings were reported by Ball et al. [17], who studied lignocarbohydrate solubilization from straw by actinomycetes. They observed that the actinomycetes strain (Streptomyces MT813) in wheat straw reached 55 × 10⁶ cfu g⁻¹ soil at 30°C after 5 days of incubation. Comparable trends in microbial population dynamics were documented by Vargas-García et al. [18]; Tiquia et al. [19].

Table 7. Actinomycetes count in organic residue added soil under different temperature regimes
	Actinomycetes count (× 106 cfu g-1 soil)

	15 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	18.67
	9.33
	19.00
	20.00
	19.67
	20.33
	17.83

	20°C
	19.00
	10.00
	20.00
	20.67
	20.33
	21.00
	18.50

	25°C
	20.33
	10.33
	21.00
	22.00
	21.67
	22.33
	19.61

	30°C
	21.67
	10.67
	22.00
	23.00
	22.33
	23.67
	20.56

	40°C
	22.67
	11.00
	23.00
	24.00
	23.67
	24.33
	21.45

	50°C
	23.67
	11.33
	24.00
	25.33
	25.00
	25.67
	22.50

	Mean
	21.00
	10.44
	21.50
	22.50
	22.11
	22.89
	20.07

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.06
	0.18

	Temperature (T)
	0.06
	0.18

	O × T
	0.15
	0.44

	30 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	28.00
	13.33
	28.67
	29.33
	29.00
	30.00
	26.39

	20°C
	29.00
	13.67
	29.67
	30.67
	30.00
	31.33
	27.39

	25°C
	30.67
	14.00
	31.00
	32.00
	31.33
	32.67
	28.61

	30°C
	31.33
	14.33
	31.67
	33.00
	32.00
	33.33
	29.28

	40°C
	33.00
	14.67
	33.33
	34.33
	33.67
	34.67
	30.61

	50°C
	33.67
	15.00
	34.00
	35.67
	35.00
	36.00
	31.56

	Mean
	30.95
	14.17
	31.39
	32.50
	31.83
	33.00
	28.97

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.12
	0.32

	Temperature (T)
	0.12
	0.32

	O × T
	0.28
	0.79

	45 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	48.00
	19.00
	48.33
	49.33
	48.67
	49.67
	43.83

	20°C
	48.67
	19.67
	49.00
	49.33
	49.00
	50.00
	44.28

	25°C
	49.67
	20.00
	50.00
	50.67
	50.33
	51.00
	45.28

	30°C
	51.00
	20.33
	51.33
	52.00
	51.67
	52.67
	46.50

	40°C
	51.67
	20.67
	52.00
	53.00
	52.33
	53.33
	47.17

	50°C
	52.67
	21.00
	53.00
	54.33
	54.00
	54.67
	48.28

	Mean
	50.28
	20.11
	50.61
	51.44
	51.00
	51.89
	45.89

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.12
	0.34

	Temperature (T)
	0.12
	0.34

	O × T
	0.29
	0.82

	60 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	57.33
	23.33
	57.67
	59.67
	59.00
	60.00
	53.33

	20°C
	58.00
	24.00
	58.33
	60.33
	59.67
	61.33
	54.06

	25°C
	59.33
	24.33
	59.67
	61.00
	60.33
	62.67
	55.11

	30°C
	60.67
	24.67
	61.00
	62.67
	62.33
	63.33
	56.33

	40°C
	61.00
	25.00
	62.33
	63.67
	63.00
	64.67
	57.22

	50°C
	62.67
	25.33
	63.67
	64.67
	64.00
	65.33
	58.22

	Mean
	59.83
	24.44
	60.45
	62.00
	61.39
	62.89
	55.71

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.12
	0.34

	Temperature (T)
	0.12
	0.34

	O × T
	0.29
	0.84

	75 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	38.33
	26.33
	38.67
	39.67
	39.33
	40.33
	37.78

	20°C
	39.00
	26.67
	39.33
	40.33
	40.00
	41.67
	38.50

	25°C
	39.67
	27.67
	40.00
	41.33
	41.00
	42.33
	39.22

	30°C
	41.00
	28.00
	41.67
	42.67
	42.00
	43.00
	40.34

	40°C
	41.67
	28.67
	42.67
	43.67
	43.33
	44.33
	41.28

	50°C
	42.00
	29.00
	43.33
	44.67
	44.33
	45.00
	41.94

	Mean
	40.28
	27.72
	40.95
	42.06
	41.67
	42.78
	39.84

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.16
	0.46

	Temperature (T)
	0.16
	0.46

	O × T
	0.39
	1.11

	90 Days

	
	Pearl millet straw
	Wheat
straw
	Sorghum straw
	Sugarcane trash
	Parthenium weed
	Cassia weed
	Mean

	15°C
	24.00
	30.33
	24.33
	25.00
	24.67
	25.33
	24.44

	20°C
	24.33
	30.67
	24.67
	25.33
	25.00
	26.00
	24.89

	25°C
	25.33
	31.00
	25.67
	26.67
	26.33
	27.33
	25.94

	30°C
	25.67
	31.67
	26.00
	27.67
	27.33
	28.00
	26.56

	40°C
	26.33
	32.00
	27.00
	28.33
	28.00
	29.33
	27.33

	50°C
	27.00
	32.33
	27.67
	29.00
	28.33
	30.00
	27.89

	Mean
	25.44
	31.33
	25.89
	27.00
	26.61
	27.67
	26.18

	
	SE(m) ±
	C.D. at 5%

	Org. residue (O)
	0.09
	0.26

	Temperature (T)
	0.09
	0.26

	O × T
	0.22
	0.64



4. CONCLUSIONS
Our findings indicate a positive correlation between increasing temperature and enhanced enzymatic activities and microbial populations. This is primarily attributed to the proliferation and heightened metabolic activity of thermophilic microorganisms. Consequently, the decomposition and mineralization of organic residues were significantly accelerated at higher temperatures. Specifically, Cassia weed and sugarcane weed demonstrated the most rapid mineralization rates, suggesting their potential as effective soil amendments for improving nutrient cycling and soil health.
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