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Abstract
A field experiment entitled was conducted during Kharif season (2024) under ongoing (All India Coordinated Research Project on Long Term Fertilizer Experiments at Jabalpur, Madhya Pradesh to evaluate the response of long term application of fertilizers and manure on biological properties of a Vertisol. There were eight treatments consisting with different fertility levels i.e. 50% NPK, 100% NPK, 150% NPK, 100% NP, 100% N, 100% NPK + FYM, 100% NPK-S and Control, were tested in RBD with four replications. Soil sample from each treatments were collected from o-15 cm depth on biological properties of soil were determined. The findings indicated that the application of 100% NPK + FYM obtained highest soil microbial biomass C and N contents in both surface and sub-surface soil followed by 150% NPK and 100%NPK. However, application of only nitrogen (100% N) has resulted in lower values of microbial biomass C and N. The microbial population increased significantly with the increase in doses of fertilizers as sub optimal dose, optimal dose and super optimal dose. It was also observed that The Microbial count of Bacteria, Fungi and Actinomycetes was significantly higher in 100% NPK + FYM over all the remaining treatments. The enzymatic activities (dehydrogenase, acid phosphatase, alkaline phosphatase and β-glycosidase activity) were observed maximum in treatments 100%NPK+FYM followed by 150% NPK. 
Therefore, the application of balanced fertilizer either alone or integrated with manure (FYM) have helped in improving the biological properties of soil which is an indicator of soil health improvement.
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Introduction	
	            Long-term fertilizer experiments give the valuable information on effect of continuous application of different level of fertilizer nutrients alone and in combination with and without organic manure under intensive cropping on soil fertility and crop productivity Raghuwansi et al 2016, Suman et al (2018). The experiments could be of paramount help in solving the complex problems related to the soil fertility management. The continued capacity of soil to function as a vital living system, within ecosystem and land use boundaries" (Doran and Parkin. 1994). Biologically based indicators are a suitable means of evaluating the sustainability of soil ecosystems (Dwivedi and Rawat 2013, Piotrowska-Dlugosz and Charzynsk.2015, Bairwa et al 2020).
Stabilized soil matrix enzymes do not associate with living cells anymore, but instead accumulate or form complexes with organic matter humus, clay, and humus-clay compounds. Since it comes from intracellular, cell-associated, or free enzymes, the majority of the enzymatic activity in soil is microbial in origin. Soil health is maintained by a delicate balance of chemical, physical, and biological (including microbial, particularly enzyme activity) components. Therefore, indications of each of these elements are necessary for evaluating the health of the soil. For terrestrial ecosystems to be intact or to recover from disturbances like drought, climate change, pest infestation, pollution, and human exploitation, including agriculture, healthy soils are necessary. (Ellert et al.1999, Inwati et al 2022 , Bagde et al 2023 and Dwivedi et al. 2023).
Enzymes play a significant role in biological soil activities, including the breakdown of organic materials, the mineralization of those materials, and the release or recycling of nutrients like sulphur, nitrogen, phosphorus and other important metals. An effective method for determining the functional diversity of soil microbial communities or soil organic material turnover is the analysis of enzymatic activity in environmental samples, such as soil, litter, lingo cellulose or other matrices. (Handeler et al.1999).
The biological activity of the soil at any particular time can be determined by monitoring dehydrogenase, which are respiratory enzymes and an essential component of all soil organisms (Chhonkar et al.2007). The microbial community in a soil affects the enzymatic activity of the soil, and both organic and inorganic sources of nutrients can have an impact. These studies are extremely helpful in tracking changes in soil fertility and resolving challenging issues with managing soil fertility (Parihar et al 2010,  Dwivedi and Rawat 2013, Jha et al 2014, Pathariya et al. 2022).The agro-ecosystems depend on soil microorganisms. Generally speaking, fertilization promotes the buildup of bacterial leftovers and raises the biomass of soil microorganisms.
The quality of soil under various agricultural approaches has been described in recent years by factors such as soil microbial biomass carbon, microbial community topologies functions and enzyme activities (Khandagle et al. 2020, Patidar et al 2021, Tiwari et al 2023).
Methods and materials 
The study was carried out as a component of the Long-Term Fertilizer Experiment (LTFE) under All India Coordinated Research Project which was started in 1972. The LTFE was set up continuously in the fix experimental field, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.). The soil was medium-deep black soil that is categorized as extremely fine and is a member of the Typic Haplustert fine montmorillonitic hyperthermic family, namely the Kheri series
Jabalpur region has a semiarid and subtropical climate with a characteristics feature of dry summer and cold winter. It is situated at 23°10'N latitude and 79°57" E longitude at 393 meters above the mean sea level. In winter season (i.e. from November to February) the average temperature ranges from 4 to 33 and the relative humidity varies from 70 to 90 percent. Dry and warm weather usually prevails during the months of March to June. The temperature in the months of May attain a value as high as 46°C. Monsoon season extends from mid-June to mid-September. The temperature during this period varies from 25 to 35°C and the relative humidity ranges between 70 to 80 per cent. Eight treatments in a randomized block design were duplicated four times in this experiment. The overall plot dimensions are 17 by 10.8 meters, with a 1 m inter-plot and a 2 m inter-replication spacing. The primary experiment site also keeps an extra strip as a no-crop control (fallow strip). 
There were ten treatments combinations (T1 -50 % NPK (sub optimal dose), T2 -100 % NPK (optimal dose), T3 -150 % NPK (super optimal dose), T4 -100 % NPK + Hand weeding, T5 -100 % NPK + Zn, T6 -100 % NP, T7 -100 % N, T8 -100 %NPK + FYM(@ 05 t ha-1 year‑1), T9 -100 % NPK – S (Sulphur free) and T10- absolute control). These treatments were applied to each crop Kharif soybean and Rabi wheat. However, the application of FYM @ 5 t ha-1 was being practiced only to soybean crop during Kharif season. The sources of nutrients for NPK were Urea, Single Super Phosphate (SSP) and Muriate of Potash (MOP), respectively. In sulphur free treatment instead of SSP, Diammonium phosphate (DAP) was being used.
The fresh soil samples at 0-15 cm depth were collected for estimating SMBC (Brookes et al., 1985), SMBN (Brookes et al., 1985), Total population count was studied to know the initial microbial populations in soil using different dilution methods Serial dilution (Pour Plate Method), enzymatic activity dehydrogenase activity (DHA) following TTC method (Burns, 1978), acid and alkaline phosphatase enzyme (Tabatabai and Bermner, 1969) and β-glucosidase (Eivazi and Tabatabai, 1988).  The data pertaining to soil microbial properties of Vertisol were statically analysed using analysis of variance (ANOVA) for randomized block design taking eight treatments with four replication to draw suitable references as per standard method by (Panse and Sukhatme, 1970).
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Soil Microbial biomass carbon
 The data presented in Table1 revealed that the application of 50%NPK, 100%NPK and 150% NPK successively and significantly increased the Soil Microbial biomass carbon. The highest value (310 µg g-1 soil) was obtained under the treatment containing 100 % NPK with FYM. This could be due to increasing levels of NPK application resulted enhanced decomposition of plant residues as a result of intensive cropping. The significantly higher Soil Microbial biomass carbon was observed with 100% NPK than100 % NPK-S, 100 % NP, 100 % N might be due to balance supply of NPK maintain favourable soil condition for better productivity, because there was more easily hydrolyzable and mineralizable carbon present in the comprehensive nutrient management treatments. Similar findings noted by Verma and Mathur (2009) revealed that continuous cropping without fertilization or manuring caused nutrient depletion. The increased mineralizable and easily hydrolyzable carbon from FYM was the cause of the highest SMBC in the integrated nutrition management treatments Tiwari et al. (2019). Bairwaet al. (2021) and Anupama et al. (2022 b) also published similar finding.
Soil Microbial Biomass Nitrogen 
The soil microbial biomass nitrogen (SMBN) content as influenced by different treatment is illustrated in table1. When farmyard manure and NPK were used in combination (100% NPK + FYM @ 5 t ha-1) the highest value of SMBN (39.61μg g-1 of soil) was detected, and the lowest value (21.26μg g-1 of soil) was found in the control plot. This suggested that a balanced fertilizer application was necessary to increase soil microbial activity. It was also noted that, in comparison to 100% NPK treatments, the combined application of 100% NPK + FYM @ 5 t ha-1 boosted SMBN, suggesting the beneficial role of organics in enhancing microbial activity. The increased amount of SMBN may be caused by high soil organic carbon, increased root proliferation, and enhanced N supply to microorganisms by FYM (Patel et al 2018, Nagwanshi et al 2018, Bairwaet al., 2021). Adding inorganic fertilizer with organic manure has the potential to enhance plant biomass yield, as increased carbon input into the soil is a primary driver of increased soil organic matter (SOM). Moreover, adding FYM to inorganic fertilizer creates cationic bridges with functional groups, which lowers the solubilisation or oxidation of SOM. These SOM improve the soil environment, allowing the soil microbial population to proliferate and raising the SMBC and SMBN. However, given the increased plant biomass, applying larger concentrations of inorganic fertilizer alone (i.e., 50%, 100%, and 150% NPK) may likewise raise the soil's organic carbon contents and SMBN. However, in comparison to the manure, the inorganic fertilizer treatments (50 %NPK, 100 % NPK and 150 %NPK) reduced the SOM as well as other microbial biomass such as SMBC and SMBN. Similar findings were also reported by (Anupama et al. 2022 b and Tiwari et al 2023)
Total Population Counts
The populations of Bacteria, Fungi, and Actinimycetes in soil collected at crop harvest were presented in graph1.
The microbial population result displays in graph 1 showed that the population of bacteria, fungi and actinomycetes was significantly greater in the fertilizers (NPK) containing FYM as compared to the control. This is because the microbial population was immediately impacted by the application of fertilizers and organic manures, which offered a variety of macro and micronutrients, vital growth-promoting compounds, and a favourable physical environment. The similar results were obtained by Venkateswar and Srinivasarao (2004), Dwivedi and Rawat (2013). The impact of crop rhizosphere, FYM and mineral fertilizers on the population of intrifiers, Azotobacterand nitrogen (N) transformation in Vertisol was studied by Jain et al. (2003) and Saravanakumar et al. (2008) they observed that PGPR produced plant growth promoting compounds and could also play a pivotal role in the cycling of macro and micronutrients by modifying the root morphology, resulting in greater root surface area for the uptake of nutrients within the soil and also protect crop against disease.
The microbial population benefited from suboptimal, optimal and super optimal fertilizer concentrations, which increased the viable count of nitrifying bacteria, fungi and actinomycetes. In comparison to the control, the microbial population was observed to be at its peak in the optimal dose + FYM. The microbial population was directly impacted by fertilizer application, and the impact differed depending on the type of manure added. Zakarauskaite et al. (2005) have published findings that are similar to these. The findings of Bairwa et al (2021) also, showed that the values of the microbial population were lower in the absence of fertilizer application and 100% N alone as compared to other treatments. The amount of microorganisms in the soil increased when fertilizer was used together with manure or straw. Ying et al. (2005) suggested that the quantity of soil microorganisms and soil nutrient levels were positively correlated.
Application of 100% NPK+FYM showed highest microbial population over other treatment.However, Dwivedi et al. (2015a), Meshramet al. (2016) and Yaduwanshi et al. (2021) showed that the addition of FYM at the rate 5t ha-1 showed higher fungi population in the soil. Anupama et al. (2022b) revealed that increased levels of microbial population were observed near the surface, gradually decreasing as depth increased.
Enzymatic activity
Dehydrogenase activity.
The measurement of dehydrogenase activity (DHA) in soil is utilized to obtain correlative information on the biological activity of microbial populations in soil rather than on the enzyme itself. The results on DHA activity as illustrated in graph 2 the DHA activity after harvesting. The DHA was found maximum at treatment containing 100% NPK with FYM. Similar results have been reported by Parham et al., (2002), they found that cattle manure enriches some microbial communities that favours higher oil productivity through maintenance of soil pH. Also, found that cattle manure increased microbial activity and stimulated the Activity of several enzymes involved in N and P transformation (Tekam et al., 2023).With progressively higher fertilizer doses, from 50% to 150% NPK the DHA of soil increased. Under balanced use of fertilizer, DHA increased compared to unbalanced fertilization.Similar, findings reported by Patel et al. (2018) and Tiwari et al. (2019), who found a 4-5 fold rise in DHA as a result of FYM application in conjunction with NPK.
According to Patel et al. (2018), agricultural wastes with readily decomposable components may have a significant impact on DHA and soil microbial metabolism. Additionally, it was shown that the DHA was reduced by over 100% NPK treatments when continuous management of unbalanced fertilization (100% N alone and 100% NP) was applied. The decline was most pronounced in the 100% N alone plots, where DHA was much lower than in the 100% NP plots. This could be because the continuous application of N alone has raised the soil's redox potential by causing nitrate and other anions to accumulate in the soil (Verma et al., 2022, Tiwari et al. 2023),. 
Acid and Alkaline phosphatase activity
The phosphatases activity of soil after harvest of the crop was found highest with 100% NPK+FYM (Graph 2).Studies of enzyme activities in soil are important as the indicate the potential of the soil to support biochemical processes which are essential for the maintenance of soil fertility.
The results showed that 100% NPK, 150% NPK, and 100% NPK –S were comparable with 100% NPK + FYM and these treatments are better than 50% NPK and 100% NP treatments. The lowest value of acid phosphatase activity was shown by 100% N alone and the control plot; this could be because of P is absent from these treatments. The results also showed that 100% NPK + FYM had the highest acid phosphatase activity value (15.12μgp-nitrophenol g-1 h-1), whereas the control plot had the lowest value (9.50μg p-nitrophenol g-1 h-1). Similar findings reported by Patel et al. (2018), Tiwari et al. (2023) and Tekam et al.(2024).

The alkaline phosphatase activity in the soil was higher (28.32 μg p-nitro phenol g-1 h-1) in the 100% NPK+FYM treatment than in the 100% NPK treatment (22.8 μg p-nitro phenol g-1 h-1), while the control plot had the lowest value (14.90μg p-nitrophenol g-1 h-1). Phosphatase activity is significant for understanding the P cycle since it can facilitate P mineralization and plant uptake. Independent of the treatments, the alkaline phosphatase activity was significantly higher than the acid phosphatase activity, which may be because of the soil's alkaline reaction .Previous research has also demonstrated that soil pH has a significant impact on phosphatase activity (Tiwari et al., 2019). The increasing levels of organic manures in the soil resulted increasing in alkaline phosphatase activity, according to studies by Mandal et al. (2007) and Masto et al.  (2006).
β-glucosidase activity in soil
The values on β-glucosidase activity in soil sampled at harvest of the crop are tabulated in graph 2 the β-glucosidase activity in soils was gradually increasing NPK dosages resulted in a considerable rise in β-glucosidase value conversely, decreased β glucosidase activity values were obtained when P or K was absent. The percentage increase enzyme activity caused by different treatments over control. The treatment with 100% NPK+FYM produced the highest value of β-glucosidase activity, (45.24μg p nitrophenol g-1 hr-1), whereas the control plot showed the lowest value (27.03μg β-glucosidase g-1 h-1).Liang et al. (2014) found that the application of FYM considerably increased β-glucosidase activities. β-glucosidase activity in soil exhibited a gradual decrease with increasing depth, with the highest enzymatic activity observed at the surface soil. Corresponding outcomes were also documented in the study by Patel et al. (2018) and Tiwari et al. (2019 a).
Conclusion
The highest Soil microbial biomass carbon, soil microbial biomass nitrogen, microbial population (Bacteria, Fungi, and Actinomycetes) and Enzymatic Activity (Dehydrogenase, acid and alkaline phosphatase, ß-glucosidase) was found under the treatment containing 100% NPK+FYM followed by 150%NPK and 100%NPK. These treatments responded positively to the increment of soil micro fauna over 51th cycles of soybean-wheat cropping sequences. 

Table 1: Impact of continuous application of fertilizer and manure on soil microbial biomass carbon and nitrogen
	Treatments
	[bookmark: _Hlk6856414]SMBC (µg g-1 soil)
	SMBN (µg g-1 soil)

	50% NPK
	229
	26.60

	 100%NPK
	278
	33.56

	150%NPK
	290
	35.55

	100%NP
	237
	28.69

	100%N
	215
	24.15

	100%NPK+FYM 
	310
	39.61

	100%NPK-S
	271
	32.43

	Control
	195
	21.26

	CD(p=0.05)
	23.09
	3.84
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Fig 1: Impact of continuous application of fertilizer and manure on bacteria, fungi and   Actinomycetes population



Fig 2: Impact of continuous application of fertilizer and manure on enzymatic activity in soil 
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Microbial Count
Bacteria 	50% NPK	100%NPK	150%NPK	100%NP	100%N	100%NPK+FYM 	100%NPK-S	Control	17.21	21.62	24.65	17.579999999999998	13.64	32.659999999999997	22.28	10.92	Fungi 	50% NPK	100%NPK	150%NPK	100%NP	100%N	100%NPK+FYM 	100%NPK-S	Control	23.11	28.75	33.71	22.85	19.47	37.409999999999997	26.06	18.920000000000002	Actinomycetes 	50% NPK	100%NPK	150%NPK	100%NP	100%N	100%NPK+FYM 	100%NPK-S	Control	16.559999999999999	24.85	28.39	17.32	15.64	36.659999999999997	23.56	12.61	
(cfu g-1)


Dehydrogenase activity	50% NPK	100%NPK	150%NPK	100%NP	100%N	100%NPK+FYM 	100%NPK-S	Control	9.02	11.61	12.75	9.68	8.73	13.71	11.59	7.62	Acid phosphatase activity	50% NPK	100%NPK	150%NPK	100%NP	100%N	100%NPK+FYM 	100%NPK-S	Control	11.25	13.1	14.61	11.75	10.93	15.12	12.66	9.5	Alkaline phosphatase activity	50% NPK	100%NPK	150%NPK	100%NP	100%N	100%NPK+FYM 	100%NPK-S	Control	18.23	22.55	26.65	20.71	16.309999999999999	28.32	22.62	14.9	ß-Glucosidaes activities	50% NPK	100%NPK	150%NPK	100%NP	100%N	100%NPK+FYM 	100%NPK-S	Control	31.17	36.549999999999997	39.630000000000003	32.49	30.62	45.24	34.520000000000003	27.03	
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