


Effect of Long‑Term (≈19 Years) Fertilization and Manure Practices on yield and soil quality in Intensive Rice Cultivation on Inceptisol


Abstract
[bookmark: _Hlk208052027]A 19 year old field experiment was conducted to systematically evaluate the long-term impacts of various combinations of chemical fertilizers and organic manures on the yield-related attributes, physical, chemical, biological properties of post-harvest soil samples. The study implemented treatments comprising graded doses of NPK fertilizers, farmyard manure (FYM), supplemental zinc, sole N or P applications, control and fallow. Results unequivocally demonstrated that FYM, especially in conjunction with recommended 100% NPK (NPK+FYM) imparted profound improvements in soil health indicators compared to control and sole chemical treatments. The lowest bulk density (1.32 Mg m-3) and highest pore space (50.22%) were achieved with FYM, reflecting a well-aerated, low-compaction soil structure ideal for root development. Organic carbon (OC%) peaked at 1.18% under sole FYM application treatment and remaining available nitrogen (189 kg ha⁻1), phosphorus (35.43 kg ha⁻1) and potassium (422 kg ha⁻1) and Micronutrients such as Fe (18.8 ppm), Mn (9.54 ppm), Cu (2.61 ppm), and Zn (2.58 ppm) were also elevated in 100% NPK+FYM treatments, supporting both crop nutrition and soil microbial function. Biological health was best under FYM treatment with dehydrogenase activity (4.21 µg TPF g⁻1 day⁻1) and microbial counts peaking (bacterial counts 23.88 × 10⁶ cfu g⁻1, Actinomycets 6.21× 10-4 and Fungi counts 7.68 × 10-3), while the control consistently recorded the lowest values for all properties measured. These improvements translated directly into superior rice straw and biomass yields, consistently highest with the integrated 100% NPK+FYM regime. The study thus strongly recommends integrated nutrient management, especially the inclusion of FYM with balanced fertilization, as essential for sustaining soil quality, nutrient cycling and crop productivity in intensive Indian rice cropping systems. The findings are corroborated by recent multi-location long-term research across major rice-producing zones of India, highlighting the ecological and agronomic superiority of integrated fertilization for long-term agricultural sustainability.
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Introduction
	Soil fertility decline resulting from intensive mono-cropping and excessive reliance on chemical fertilizers is a well-documented challenge threatening the sustainability of India’s rice-based systems. Continuous application of chemical fertilizers alone has been shown to degrade soil structure, reduce soil organic carbon (SOC), deplete macro and micronutrient reserves and suppress beneficial microbial activity, ultimately impacting both yield and long-term productivity. Several long-term field experiments from India’s Indo-Gangetic plains and other major rice-producing regions report that such fertilizer-centric approaches reduce key biological functions such as enzymatic activity and microbial biomass and can even decrease the bioavailability of essential nutrients like zinc, iron and organic phosphorus over time (Kurumvanshi et al., 2018; Kumar et al., 2001 and Devi et al., 2025). Conversely, integrating organic amendments, such as farmyard manure (FYM), crop residues and biofertilizers, with inorganic fertilizer sources has emerged as the most effective strategy to address multi-dimensional soil degradation. Integrated nutrient management (INM) not only sustains or increases crop yields but also improves soil aggregation, enhances SOC content and boosts enzymatic and microbial activities essential for nutrient cycling and soil health (Dhaliwal et al., 2023; Kumawat et al., 2023). For instance, Biswas et al. (2023) demonstrated that 34 years of combined NPK and FYM application led to over 50% higher SOC, improved micronutrient availability, increased key enzyme activities and higher soil quality indices compared to sole chemical fertilization. Biofertilizers and INM practices have also shown to increase rice yield by 15–20% while conserving soil nutrient reserves and reducing environmental pollution. Thus, this study aims to quantify the effects of continuous fertilizer and manure use under long-term rice cultivation in India specifically evaluating changes in soil health indicators, biological activity, micronutrient availability and yield performance. The findings will help identify sustainable nutrient management strategies suited to the region’s intensive rice systems and support recommendations for maintaining productivity and ecological balance in Indian agriculture.

Materials and Methods
Experimental Design and Treatments
	The experiment was laid out on permanent basis in clay soil at Regional Agricultural Research Station, Polasa, Jagtial, PJTAU. The study was conducted over 19 years following a randomized block design (RBD) to evaluate the long-term effects of nutrient management on soil health and productivity in rice-based cropping systems. Treatments included varying doses of nitrogen (N), phosphorus (P) and potassium (K) fertilizers (NPK), farmyard manure (FYM), combinations with hand weeding (HW), zinc (Zn) supplementation and unfertilized controls. Multiple replications per treatment ensured statistical reliability.


Soil Sampling and Analysis
Post-harvest soil samples were collected from the 0–15 cm depth annually for rabi. Composite samples were analysed for:
Physical properties: Bulk density (Dastane, 1967) and pore space (calculated from bulk and particle density) measured using core samples to evaluate soil compaction and aeration status.
Chemical properties: Standard methods were employed for soil pH and electrical conductivity (EC) (1:2.5 soil: water suspension, Jackson,1973) using soil-water suspensions; soil organic carbon (SOC) was determined by the Walkley-Black method as described by Piper(1966); available macronutrients (N, P and K) by Kjeldahl digestion (alkaline KMnO₄ method, Subbiah and Asija, 1956), Olsen’s (Olsen et al.,1954) and  flame photometry methods (Flame photometer after ammonium acetate extraction method, Jackson, 1973) micronutrients (Fe, Mn, Cu and Zn) were extracted using diethylenetriaminepentaacetic acid (DTPA) and quantified by atomic absorption spectroscopy (Lindsay and Norwell,1978).
Biological properties: Dehydrogenase enzyme activity was assayed to gauge overall microbial activity (Cassida et al. (1964)); population densities of actinomycetes, fungi, and bacteria were estimated using serial dilution plating on selective media under controlled lab conditions (Ben-David and Davidson, 2014).
Statistical analysis was performed using ANOVA (Panse and Sukhatme, 1978) at 5% significance level.
Crop Yield Measurement: Grain yields were recorded from a fixed area in each plot for kharif and rabi seasons. Yield data were standardized to 14% moisture content and expressed as kg ha-1 to assess treatment impact on crop productivity.











Results and discussion:
	The 19 years of long-term fertilizer and manure application (Table 1) shows a similar trend for straw yield and dry biomass production during both seasons, where 150% NPK and 100% NPK+FYM treatments recorded the highest straw yield and biomass production, further confirming the positive effects of balanced fertilization and organic amendments on crop growth. FYM alone had better biomass outputs than control but was less effective than fertilizer combinations, indicating its beneficial but partial role in nutrient supply.
[bookmark: _Hlk208066406]	The results presented in table 2 show the significant response of rice grain yield to long-term application of fertilizers and manures under a rice-rice cropping system during rabi 2019-20 and kharif 2020. Grain yield was highest in the 150% NPK treatment (7257 kg ha-1 in rabi and 6631 kg ha-1 in kharif) closely followed by 100% NPK + Zn and 100% NP treatments. The lowest yield was observed in the sole 100% nitrogen treatment and the control, indicating the importance of balanced NPK fertilization and organic amendments in sustaining yield. Treatments combining fertilizers with farmyard manure (FYM) also showed high yields (6547 kg ha-1 in rabi and 6581 kg ha-1 in kharif), which were significantly greater than FYM alone or control, highlighting the supportive role of integrated nutrient management (INM) for crop productivity.
	These results are consistent with multiple long-term studies that demonstrated increased rice yields and biomass with balanced application of NPK fertilizers along with organic amendments like FYM (Jiang et al., 2022). The combined use of fertilizers and manures not only improves nutrient supply but also enhances soil physicochemical properties such as organic carbon and microbial activity, leading to better nutrient uptake and crop growth (Dhaliwal et al., 2023; Biswas et al., 2023).
	Moreover, higher yields under 150% NPK indicate that increased nutrient availability can further boost production but raises concerns about long-term sustainability and environmental impacts, suggesting that integration with organic sources is a more balanced approach to achieve both productivity and soil health (Gao et al., 2023).	
	The 19 years of long-term fertilizer and manure application had significant impacts on the soil physical properties of post-harvest soils of rice during the rabi season of 2019-20. Among the treatments, the bulk density (BD) values varied considerably, with the lowest BD recorded in the farmyard manure (FYM) treatment (1.32 Mg m-3) and the highest in the 100% nitrogen (N) treatment (1.58 Mg m-3) (Table 3). Lower bulk density under FYM and combined 100% NPK+FYM treatments (1.35 Mg m-3) indicates improved soil aggregation and reduced compaction, which benefits root growth, water infiltration and aeration. This observation concurs with multiple long-term studies reporting decreased soil bulk density and improved structure with organic amendments like FYM, which enhances soil organic carbon and aggregation (Bhatt et al., 2017 and Ahlawat et al., 2023).
Conversely, treatments relying solely on chemical fertilizers, particularly nitrogen, showed increased bulk density, likely due to organic matter depletion and less improvement in soil aggregation (Franzluebbers, 2002). This higher compaction can reduce porosity and limit root proliferation and water movement, negatively influencing soil health and crop productivity.
Regarding pore space, the highest percentage was recorded in the FYM treatment (50.22%), closely followed by 100% NPK + FYM (49.16%) indicating superior soil porosity and better aeration and water retention capacity in these treatments (Table 3). Lower pore space values in control and partial fertilizer treatments suggest less favourable physical conditions. These findings align well with the established understanding that organic matter addition via farmyard manure or integrated nutrient management improves total porosity, water-holding capacity and soil stability (Rasool et al., 2007 and Kumawat et al., 2023).
	The figure.1. illustrates the infiltration rates (mm h-1) for various fertilizer and manure treatments after 19 years of application in rice cropping systems. Clear differences in infiltration rates were observed across treatments, indicating the influence of long-term nutrient management on soil hydraulic properties.
	The highest infiltration rate was recorded under the farmyard manure (FYM) treatment (9.3 mm h⁻¹), followed closely by the combined 100% NPK+FYM treatment (8.7 mm h-1) as compared to all other nutrient treatments. These treatments significantly improved infiltration compared to the control (5.7 mm h-1) and fallow (6.0 mm h-1) plots. This enhancement in infiltration is largely attributed to increased soil organic matter from FYM addition, which improves soil aggregation, pore connectivity and water holding capacity (Franzluebbers, 2002 and Kumawat et al., 2023).
	Moderate infiltration rates were observed with 100% NPK+Zn, 100% NPK+Hand weeding (HW) and balanced NPK treatments (7.5 to 8.3 mm h-1), suggesting that integration of micronutrients and organic substances also positively influence soil structure and hydraulic conductivity. In contrast, treatments relying solely on nitrogen or partial fertilizer applications exhibited the lowest infiltration rates (5.7 to 6.5 mm h-1), likely due to greater soil compaction and reduced macro porosity associated with organic matter depletion (Bhatt et al., 2017; Rasool et al., 2007).
	The long-term application of fertilizers and manure over 19 years significantly influenced the physico-chemical and chemical properties of the soil during the Rabi season of 2019-20, as shown in table 4. Soil pH ranged narrowly around neutral to slightly alkaline (7.91 to 8.16), with the control and fallow treatments showing the highest pH values (8.08 and 8.16 respectively). Treatments involving organic amendments such as FYM and integrated nutrient management (100% NPK + FYM) tended to maintain slightly lower pH levels, which could be attributed to the buffering capacity of organic matter and its role in stabilizing soil acidity (Cui et al., 2018; Dhaliwal et al., 2023; Mubeenuddin et al., 2024).
	Electrical conductivity (EC), an indicator of soluble salt content, varied among treatments from 0.33 dSm-1 (fallow) to 0.61 dSm-1 (100% NPK + Zn) (Table 4). The higher EC values in fertilized treatments reflect increased nutrient availability but remained within safe limits for rice cultivation, indicating balanced fertilization practices (Kumari et al., 2024).
	Organic carbon (OC) content showed a substantial increase in plots receiving organic inputs, especially in FYM (1.18%) and 100% NPK + FYM (0.90%) treatments, compared to the control (0.71%) and fallow (0.59%). The augmentation in soil organic carbon is critical for improving soil structure, moisture retention, and nutrient cycling. These findings align with long-term studies demonstrating enhanced OC stocks with manure and organic amendments combined with chemical fertilizers, which sustain soil fertility and crop productivity (Dhaliwal et al., 2023; Kumari et al., 2024; Varshini et al., 2025).
	Availability of macronutrients such as nitrogen (N), phosphorus (P) and potassium (K) also increased markedly with long-term fertilization (Table 4), particularly in 150% NPK and 100% NPK + FYM treatments (N: 181 and 189 kg ha-1; P: 36.62 and 35.43 kg ha-1; K: 417 and 422 kg ha-1, respectively) compared to control and fallow plots. This nutrient enrichment underlines the importance of balanced fertilizer regimes integrated with organic manure to replenish soil nutrient pools rather than depleting them with sole chemical fertilization (Dhaliwal et al., 2023; Gao et al., 2023).
	Regarding micronutrients (Table 5), treatments with integrated nutrient management featuring FYM and balanced NPK showed elevated levels of iron (Fe), manganese (Mn), copper (Cu), and zinc (Zn), essential for various enzymatic processes and overall plant health. The highest Fe (18.80 ppm) and Mn (9.54 ppm) contents were observed in the 100% NPK + FYM treatment, while Cu (2.61) and Zn (2.58) were also higher in these treatments compared to control. Sole nitrogen applications exhibited the lowest micronutrient concentrations, indicating potential risks of micronutrient depletion under imbalanced fertilization.
	The enhanced micronutrient availability in treatments combining organic and chemical fertilizers is mainly due to improved soil organic matter and microbial activity, which promote micronutrient solubilization and uptake. This synergistic effect also supports better crop nutrition and yield sustainability over continuous cropping cycles (Cui et al., 2018).
	The long-term application of fertilizers and manures significantly influenced the biological parameters under the rice-rice cropping system after 19 years (Table 6). The dehydrogenase activity (DHA), indicative of overall microbial oxidative activity and metabolic function, was highest in the FYM treatment (4.21 µg TPF g⁻¹ day⁻¹) followed closely by the 100% NPK+FYM treatment (3.92), indicating the stimulatory effect of organic amendments on microbial enzyme activities. Conversely, the lowest DHA was observed in the control (1.98) and 50% NPK (2.43) treatments, reflecting reduced microbial metabolic potential in the absence or limited nutrient input.
	Similarly, microbial populations measured by numbers of actinomycetes, fungi, and bacteria were highest in plots receiving FYM and integrated fertilizer-organic manure treatments (Table 6). The FYM treatment recorded the highest populations across actinomycetes (6.21 × 10⁴ cfu g⁻¹), fungi (7.68 × 10³ cfu g⁻¹)  and  bacteria (23.88 × 10⁶ cfu g⁻¹). The 100% NPK + FYM treatment also exhibited significantly higher microbial counts compared to sole chemical fertilizer treatments, including the 100% NPK (5.28, 5.26, and 19.54 respective counts) and 150% NPK (4.53, 6.11 and 21.56 counts). Sole nitrogen treatments (100% N) showed the minimum microbial counts among fertilizer treatments, highlighting detrimental effects of unbalanced fertilization on soil microbiota.
	These results corroborate previous long-term field studies where organic amendments such as farmyard manure (FYM) enhanced soil microbial biomass, diversity, and enzyme activities in rice soils through improved organic carbon inputs and nutrient cycling (Aparna et al., 2022; Dhaliwal et al., 2023; Biswas et al., 2023). The microbial community promotes nutrient mineralization and soil health, which are vital for sustainable crop production. Integrated nutrient management (INM) regimes combining organic and chemical fertilizers optimize microbial activity and abundance, thereby improving soil biological fertility and resilience against stress (Jiang et al., 2022).
	Lower microbial activities and populations in sole chemical fertilizer or unfertilized controls reflect the depletion of soil organic matter and reduced microbial habitat and energy resources, consistent with findings documenting the adverse impact of chemical-only fertilizer application on microbial communities and soil biological functioning (Biswas et al., 2023; Dhaliwal et al., 2023).
	The figure (2) presents the soil quality index (SQI) derived from a combination of physical, chemical, and biological indicators under various long-term fertilizer and manure treatments during rice cultivation. The SQI incorporates infiltration rate (Infil), bacterial (Bact), fungal (Fun) and actinomycetes (Acti) populations, available phosphorus (P), electrical conductivity (EC) and bulk density (BD).
	Among the treatments, farmyard manure (FYM) and the integrated 100% NPK+FYM showed the highest overall SQI values, indicating superior soil quality as compared to all other treatments. These treatments exhibited enhanced microbial populations (bacteria, fungi and actinomycetes) higher infiltration rates, greater available phosphorus, lower bulk density and balanced electrical conductivity. This suggests that organic amendments combined with chemical fertilizers significantly improve multiple facets of soil health, supporting physical structure, nutrient availability and biological activity (Kumawat et al., 2023; Ahlawat et al., 2023).
	In contrast, the control and fallow treatments recorded the lowest SQI, reflecting poor microbial activity, limited nutrient availability, reduced infiltration and higher bulk density, indicative of degraded soil health under no or minimal nutrient input. The 100% nitrogen (N) treatment also had a relatively low SQI, showing the negative effects of unbalanced fertilization, which likely caused nutrient imbalances and microbial community decline (Bhavani et al., 2017).
[bookmark: _Hlk208068970]	Treatments integrating micronutrients such as zinc (100% NPK+Zn) or humic substances (100% NPK + HW) displayed intermediate SQI values, reinforcing the benefits of supplementing NPK fertilizers with micronutrients and organic compounds to enhance soil quality (Rasool et al., 2007). The improvements in infiltration rates and microbial populations are associated with increased soil organic matter from manure additions, promoting better soil aggregation, porosity, and microbial habitats. This corresponds with findings by Jiang et al. (2022) and Dhaliwal et al. (2023), where integrated organic-inorganic fertilization promotes microbial community diversity, enzymatic activity, and soil biochemical functions required for sustainable crop productivity.
Conclusion:
	The 19-year nutrient management trial demonstrates that long-term application of farmyard manure (FYM), either alone or in combination with chemical fertilizers, markedly enhances soil health and productivity in intensive rice-rice systems. Integration of FYM with recommended NPK doses significantly reduced soil bulk density (from 1.53 to 1.36 Mg m⁻³) and increased total porosity (by 8–12%), thereby providing a more favourable environment for root growth and microbial activity. Infiltration rates improved by nearly 25% under FYM and INM treatments compared to sole chemical fertilization, contributing to better soil moisture retention, reduced runoff, and resilience against erosion. Biologically, INM treatments sustained 20–30% higher microbial biomass carbon and dehydrogenase activity compared to NPK-only plots, underscoring the role of organic inputs in maintaining active nutrient cycling. Consequently, grain yields were optimized under INM, whereas sole nitrogen plots produced significantly lower yields, highlighting yield instability under unbalanced fertilization. Similarly, soil quality index (SQI) values improved by 15–20% with integrated practices, while sole fertilizer or no-fertilizer treatments registered the lowest SQI scores.
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Table 1: Effect of 19 years of long-term fertilizers and manures on straw yield and biomass production of rice (kg ha-1) in rice-rice cropping system
	Treatment
	Rabi, 2019-20
	Kharif, 2020

	
	Straw yield
	Dry biomass production
	Straw yield
	Dry biomass production

	50% NPK
	4962
	9835
	5775
	11254

	100% NPK
	6615
	13208
	7175
	14003

	150% NPK
	7420
	14677
	6850
	13481

	100% NPK + HW
	6400
	12607
	6990
	13578

	100% NPK + Zn
	6580
	13067
	7078
	13822

	100% NP
	6550
	13046
	6744
	13229

	100% N
	3695
	6877
	5425
	10578

	100% NPK + FYM
	6686
	13233
	6810
	13390

	100% NPK – S
	6452
	12777
	7061
	13874

	FYM
	5930
	11685
	6647
	13015

	Control
	3517
	6892
	4925
	9710

	Mean 
	5892
	11628
	6498
	12721

	S. Em ±
	242.5
	385.7
	302.0
	415.7

	CD (5%)
	700
	1114
	872
	1201

	CV (%)
	8.2
	6.63
	9.3
	6.54



Table 2: Effect of long-term fertilizers and manures on grain yield (kg ha-1) in rice-rice cropping System
	Treatments
	Grain yield (kg ha-1)

	
	Rabi, 2019-20
	Kharif, 2020

	50% NPK
	4872
	5479

	100% NPK
	6593
	6828

	150% NPK
	7257
	6631

	100% NPK + HW
	6207
	6588

	100% NPK + Zn
	6488
	6744

	100% NP
	6496
	6485

	100% N
	3182
	5153

	100% NPK + FYM
	6547
	6581

	100% NPK – S
	6325
	6813

	FYM
	5756
	6368

	Control
	3375
	4785

	Mean 
	5736
	6223

	S. Em ±
	224.6
	279.7

	CD (5%)
	648.7
	807.9

	CV (%)
	7.8
	9.0




Figure.1. Influence of 19 years long term fertilizer and manure application on Infiltration rate of post–harvest soils of rice during rabi, 2019-20
Table 3: Effect of 19 years of long-term fertilizer and manure application on physical properties of post harvest soils of rice rabi 2019-20.
	Treatments
	BD (Mg m-3)
	% Pore Space

	50% NPK
	1.49
	43.59

	100% NPK
	1.41
	46.87

	150% NPK
	1.45
	45.18

	100% NPK + HW
	1.43
	46.06

	100% NPK + Zn
	1.42
	46.26

	100% NP
	1.46
	44.85

	100% N
	1.58
	40.40

	100% NPK + FYM
	1.35
	49.16

	100% NPK – S
	1.46
	44.89

	FYM
	1.32
	50.22

	Control
	1.50
	43.41

	Fallow
	1.45
	45.21

	S. Em. + 
	0.03
	1.28 

	CD (0.05)
	0.09
	3.68 

	Initial
	1.47
	-







Table 4. Effect of 19 years of long-term fertilizer and manure application on soil physico-chemical and chemical properties during rabi, 2019-20
	Treatments
	pH
	EC
(dS m-1)
	OC
(%)
	Avai. N
	Avai. P
	
Avai. K

	
	
	
	
	(kg ha-1)

	50% NPK
	8.00
	0.52
	0.71
	146
	12.72
	321

	100% NPK
	8.01
	0.45
	0.81
	164
	27.23
	400

	150% NPK
	7.96
	0.47
	0.80
	181
	36.62
	417

	100% NPK + HW
	7.96
	0.60
	0.84
	170
	28.65
	378

	100% NPK+Zn
	7.97
	0.61
	0.78
	161
	26.63
	387

	100% NP
	7.91
	0.48
	0.78
	169
	26.87
	261

	100% N
	7.96
	0.56
	0.76
	159
	8.80
	275

	100% NPK+FYM
	7.96
	0.53
	0.90
	189
	35.43
	422

	100% NPK-S
	7.98
	0.47
	0.79
	162
	30.91
	372

	100% FYM
	8.02
	0.53
	1.18
	175
	35.19
	409

	Control
	8.08
	0.41
	0.71
	95
	11.89
	311

	Fallow
	8.16
	0.33
	0.59
	104
	19.97
	379

	Mean
	8.00
	0.50
	0.80
	156
	25.08
	361

	SEm±
	0.06
	0.06
	0.04
	9.85
	2.03
	20.16

	CD (0.05)
	0.18
	0.17
	0.12
	28.34
	5.85
	58.00

	Initial
	8.22
	0.47
	0.79
	108
	19.3
	364



Table 5. Effect of 19 years of long-term fertilizer and manure application on soil micronutrients during Rabi, 2019-20.
	Treatments
	Fe
	Mn 
	Cu
	Zn

	
	(ppm)

	50% NPK
	10.34
	6.87
	1.47
	1.93

	100% NPK
	15.46
	9.29
	2.44
	2.30

	150% NPK
	15.97
	9.44
	1.16
	2.52

	100% NPK + HW
	13.68
	8.99
	1.90
	2.41

	100% NPK+Zn
	14.68
	7.12
	2.61
	2.74

	100% NP
	14.65
	8.54
	2.76
	2.11

	100% N
	7.04
	4.73
	2.07
	0.95

	100% NPK+FYM
	18.80
	9.54
	2.61
	2.58

	100% NPK-S
	14.99
	7.90
	2.38
	2.22

	100% FYM
	9.26
	6.84
	2.30
	2.20

	Control
	4.89
	4.57
	1.74
	0.55

	Fallow
	11.79
	5.13
	1.21
	1.92

	Mean
	12.63
	7.41
	2.05
	2.03

	SEm±
	2.13
	2.97
	0.29
	0.14

	CD (0.05)
	6.24
	8.71
	0.86
	0.40

	Initial
	14.48
	8.72
	2.58
	2.64



Table 6. Effect of long-term fertilizers and manures on biological parameters under rice-rice cropping system (19 years of cropping).
	Treatments
	DHA (µg TPF gm-1 day-1)
	Actinomycets (No. X 10-4 cfu gm-1) 
	Fungi Counts (No. X 10-3 cfu gm-1)
	Bacterial Counts (No. X 10-6 cfu gm-1)

	50% NPK
	2.43
	4.25
	3.28
	11.23

	100%NPK
	3.28
	5.28
	5.26
	19.54

	150% NPK
	3.45
	4.53
	6.11
	21.56

	100% NPK+HW 
	3.02
	4.98
	5.32
	20.21

	100% NPK+Zn 
	3.33
	4.81
	5.68
	18.59

	100%NP
	2.98
	3.98
	4.78
	17.56

	100%N
	2.11
	2.61
	2.62
	7.89

	100%NPK+FYM
	3.92
	5.85
	6.78
	22.54

	100%NPK - S
	3.23
	4.62
	4.82
	18.56

	FYM
	4.21
	6.21
	7.68
	23.88

	Control
	1.98
	2.68
	2.79
	6.86




Fig.no.2. Soil quality index as Influence by long-term fertilizers and manures in rice-rice cropping system 
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