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ABSTRACT
         The present field experiment was undertaken at Wheat and Maize Research Unit, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani to assess the “Compatibility and Influence of Microbial Inoculants and their Consortia on Maize Grown on Vertisol” during Kharif season of 2022. Ten different treatment combinations were used in the experiment which includes different microbial inoculants and their consortia Azospirillum + Bacillus megaterium (Consortia-I), Azospirillum + Frateuria aurantia (Consortia-II), Azospirillum + Thiobacillus thioxidase (Consortia-III), Azospirillum + Psedomonas strita (Consortia-ⅠⅤ), Azospirillum + Bacillus megaterium  + Frateuria aurantia (Consortia-Ⅴ), Azospirillum + Bacillus megaterium  + Thiobacillus thioxidase  (Consortia-ⅤI), Azospirillum + Bacillus megaterium + Psedomonas strita (Consortia-ⅤII), and control replicated there in RBD (Randomized Block Design). Seed treatment of maize was done with microbial inoculants consortia @ 10 ml kg-1 seed and application at the time of sowing with recommended dose of fertilizers.  Significantly higher value, of available N, P2O5 and K2O5 were recorded at tasseling and harvesting stage of maize in treatment receiving RDF + Azospirillum + PSB + ZnSB. Further, DTPA Fe, Mn, Zn and Cu were recorded maximum at tasseling and harvest stage of maize in the treatment receiving RDF + Azospirillum + PSB + ZnSB as soil is deficient in Zn and Fe. The treatment with RDF + Azospirillum + PSB + ZnSB treatment also increased the content and uptake of nitrogen, phosphorus, potassium and micronutrients (Fe, Mn, Zn and Cu) in maize significantly. The soil microbial quality attributes were also improved significantly with RDF + Azospirillum + PSB + ZnSB, the maximum bacterial, actinomycetes and fungal population was seen in the treatment with RDF + Azospirillum + PSB + ZnSB in soil at tasseling and harvest stage of maize. The treatment receiving RDF + Azospirillum + PSB + ZnSB showed the higher values of soil enzymes i.e., dehydrogenase, acid phosphatase, and alkaline phosphates at tasseling and harvesting stage of maize. 
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INTRODUCTION
 Zea mays, often known as maize, is said to have originated from a wild grass in central Mexico 7000 years ago. Native Americans improved maize to become a more nutritious food source. Maize is found all over the world, with the top three producing nations being the United States, China and Brazil. It comprises roughly 72% starch, 10% protein, and 4% fat, providing 365 Kcal/100 g of energy. A wide range of food and commercial items, such as starch, sweeteners, oil, drinks, glue, industrial alcohol and fuel ethanol can be produced from maize. the soil application of indigenous mycorrhizal fungi inoculum combined with NPK fertilization can provide higher maize yields and soil-available N, P, and K than chemical fertilization can alone. Fofana Fall et al. (2023). microbial consortium has shown its effectiveness in improving soil structure, water holding capacity and nutrient availability and essential for plant growth. Upadhayay et al. (2023). In sustainable agriculture, PGPR play an important role, improving crop yield, soil fertility, increasing biodiversity and association with other helpful microorganisms, and limiting pathogen growth and infection (Vazquez et al. 2020). Biofertilizers, also called microbial inoculants, are organic products containing specific microorganisms, which are derived from plant roots and root zones. They have been shown to improve the growth and yield of the plant by 10–40%. Nosheen et al. (2021). In conclusion, the bacterial consortium offers a safety alternative that can reduce chemical fertilization by half while producing the same crop yield obtained with 100%fertilization. Decreased chemical fertilization could avoid contamination and reduce the cost in agricultural practices. Molina-Romero et al. (2021). All the bacterial consortia exhibited maximum influence on seedling vigour. Therefore, these consortia could be used as potential bioinoculant to enhance plant growth and productivity in a more eco-friendly manner to improve sustainable agriculture Roshani et al. (2020). At physiological maturity, positive effects on plant height were observed in plants co-inoculated with Bradyrhizobium and Azospirillum brasilense and in the number of pods of plants that were co-inoculated and received rhizobial metabolites (SI+ MSM + A. brasilence Morettiet) Moretti et al. (2020). Microbes have been used in agriculture since long time for improving soil conditions to perform better soil functions. However, the applications of products associations of multiple micro-organisms having synergistic role towards increasing crop productivity of nonlegume crops are seldom done. The success of microbial consortium (MC) and biofilm depends on the compatibility of the partner microbes. The MC as a component of the integrated nutrient management can reduce mineral fertilizer demand. They may be used in nonlegume crops with low-cost and eco-friendly way. The use of MC is the need of the hour for improving the deteriorating soil health and enhancing factor product. Behera et al. (2022). AMF functions as an effective microbial consortium with excellent application prospects for wheat biofortification, grain yield and soil fertility compared with chemical fertilizers. Yadav et al. (2021). In any natural or agricultural ecosystem, plants are found to interact with soil microorganisms. The vast majority of these interactions, whether pathogenic, neutral, or beneficial, occur through a complex network of signals, which include metabolites, volatile and non-volatile compounds, physical interactions, and interactions that regulate gene expression, either by increasing or repressing it. It is essential to take advantage of this intricate network of natural interactions to engineer artificial microbial consortia that substantially and consistently benefit plant growth and health, increase crop production. Santoyo et al. (2021) and Meena et al. (2025).
OBJECTIVES:
1.To evaluate the effect of microbial inoculants and their consortia on yield and soil nutrient availability in vertisol as influenced by microbial inoculants and their consortia on maize. 

MATERIALS AND METHODS 
               Field experiments on Maize were conducted during kharif 2021-22 at Wheat and Maize Research Unite of Department of Soil Science and Agril. Chemistry, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani (M.S.), India on Vertisol to find Influence of microbial inoculants and their consortia on yield and nutrient uptake in maize grown on Vertisol. Ten treatments were used in the experiment, viz. T1 absolute control, T2 RDF, T3 RDF + Azospirillum, T4 RDF + Azospirillum + PSB, T5 RDF + Azospirillum + KSB, T6 RDF + Azospirillum + SSB, T7 RDF + Azospirillum + ZnSB, T8 RDF + Azospirillum + PSB + KSB, T9 RDF + Azospirillum + PSB + SSB, T10 RDF + Azospirillum + PSB + ZnSB, the experiment was laid out in a Randomized Block Design (RBD) with ten treatments and three replications. The unit plot size was 45 m2 (4 m x 4.5 m). Spacing Row to row 60 cm and Plant to plant 20 cm for Maize. Seeds were sown at the rate of 15 kg ha-1 for Maize. The fertilizers were applied N: P2O5: K2O 120:60:40 kg ha-1 for Maize. Urea, single super phosphate and muriate of potash were used as fertilizer sources for field. Azospirillum lipoferum with Bacillus megaterium (Consortia-I), Azospirillum lipoferum with Frateuria aurantia (Consortia-II), Azospirillum lipoferum with Thiobacillus thiooxidans (Consortia-III), Azospirillum lipoferum with Pseudomonas striata (Consortia-IV), Azospirillum lipoferum with  Bacillus megaterium and Frateuria aurantia (Consortia-V), Azospirillum lipoferum with  Bacillus megaterium and Thiobacillus thiooxidans (Consortia-VI), Azospirillum lipoferum with  Bacillus megaterium and Pseudomonas striata (Consortia-VII) for Maize was obtained from ICAR - All India Network Project on Soil Biodiversity – Biofertilizers and used for seed treatment @ 10 ml per kg of Maize seed. Seed treatment was done before sowing. Seeds were dried in shed and used for sowing. The latitude and longitude for Vasantrao Naik Marathwada Agricultural University (VNMKV) in Parbhani, Maharashtra, are approximately 19.25° N (North) and 76.8° E (East), placing it in the Marathwada region of India, known for conducting research work.
Table No 1 Treatment details given below:-
	Sr. No.
	Treatments
	Treatment details

	1
	T1
	Absolute control

	2
	T2
	RDF (120:60:40 N: P2O5: K2O kg ha-1)

	3
	T3
	T2 + Azospirillum inoculation

	4
	T4
	T2 + Azospirillum + PSB inoculation (consortia - Ⅰ)

	5
	T5
	T2 + Azospirillum + KSB inoculation (consortia - Ⅱ)

	6
	T6
	T2 + Azospirillum + SSB inoculation (consortia - Ⅲ)

	7
	T7
	T2 + Azospirillum + ZnSB inoculation (consortia - Ⅳ)

	8
	T8
	T2 + Azospirillum + PSB + KSB inoculation (consortia - Ⅴ)

	9
	T9
	T2 + Azospirillum + PSB + SSB inoculation (consortia - Ⅵ)

	10
	T10
	T2 + Azospirillum + PSB + ZnSB inoculation (consortia - Ⅶ)



Statistical analysis
The results obtained were statistically analyzed and appropriately interpreted as per the methods described in “Statistical method for Agricultural Workers” by Panse and Sukhatme (1985). Appropriate standard error (S.E.) critical differences (C.D.) at 5 per cent levels were worked out for interpretation of result.
 
RESULTS AND DISCUSSION
Grain and straw yield 
The grain yield of maize observed maximum i.e., 8156.00 kg ha-1 in treatment T10 RDF + Azospirillum + PSB + ZnSB, (consortia-VII) followed by treatment T9 RDF + Azospirillum + PSB + SSB, (consortia-VI), (7587.33 kg ha-1) Significantly lowest grain yield was observed in T1 (absolute control). And straw yield significantly highest (9836.33 kg ha-1) was obtained from treatment receiving T10 RDF + Azospirillum + PSB + ZnSB (consortia-VII) followed by treatment T9 RDF + Azospirillum + PSB + SSB (consortia-VI), Chhagan et al., (2019) reported that the higher yield under  T9 might be due to faster mineralization of Vermicompost and beneficial effects of Azotobacter and PSB application for seed treatment might be due to balanced addition of NPK, and integrated effect of organic, inorganic and biofertilizer which enhanced nutrients availability and resulted improvement grain. Gao et al., (2020) reported that the application of the organic and biofertilizers beside 50% NPK has improved the maize yield parameters as compared with the control plants. Because decreasing level of mineral fertilizers along with integration of consortia biofertilizer markedly improved grain yield over the sole application of chemical fertilizers and the solitary application of consortia biofertilizer. This might be attributed to increased growth and yield attributing characters in maize hybrids. A similar result has been reported number of researchers such as Choudhary et al., (2015) Manjunath et al., (2023) conducted the three years of field experiments have showed that, the treatments with seed + soil application of microbial consortia 1 (3,858.66 kg/ha) and microbial consortia 2 (3,720.66 kg/ha) significantly increased maize grain yield as compared to uninoculated control (3,019.66 kg/ha). The straw yield was also significantly improved due to seed + soil application of microbial consortia 1 (9,110 kg/ha) as well as microbial consortia 2 (8,827.33 kg/ha) compared to uninoculated control which recorded lowest straw yield of (6,934.33 kg/ha) This may be due to beneficial effects exerted by the microbial consortia on maize plants. The bacteria used in the present study viz., Pseudomonas putida P7 + Paenibacillus favisporus B30 (Microbial consortia 1) and Pseudomonas putida P45 + Bacillus amyloliquefaciens B17 (Microbial consortia 2) were previously tested for plant growth promoting characteristics. They were able to produce phytohormones such as IAA, solubilize phosphorus, synthesize exopolysaccharides (EPS) and increased proline, sugar and protein contents in leaves under moisture stress conditions. Also improved relative water content (RWC) and reduced leaf water loss (LWL) of inoculated plants.

Gohil et al., (2021) reported that the yield attributes like grain and straw yield of rice increased significantly due to application of RDF + 75% Zn + 75% Fe + Bio-NPK consortium. Significant increase in grain and straw yield of rice might be due to positive effect of treatments on growth parameters and yield attributes during growth period. This might be due to the inoculation of N fixer, P solubilizer and organisms that produces plant growth promoting substances and their role in the increased availability of nutrients to the crop plants.
Table No 2 Effect of microbial inoculants and their consortia on grain and straw yield of maize
	Tr. No.
	Treatments
	Grain yield
(kg ha-1)
	Straw yield 
(kg ha-1)

	T1
	Absolute control 
	3365.00
	5834.33

	T2
	RDF (120:60:40 N: P2O5: K2O kg ha-1)
	4717.00
	7552.33

	T3
	T2+ Azospirillum  
	4862.66
	8518.33

	T4
	T2+ Azospirillum + PSB
	6772.66
	8790.33

	T5
	T2+ Azospirillum + KSB
	6828.66
	8993.33

	T6
	T2+ Azospirillum + SSB
	7153.33
	8906.66

	T7
	T2+ Azospirillum + ZnSB
	6802.00
	8564.33

	T8
	T2+ Azospirillum + PSB + KSB
	7211.33
	9247.00

	T9
	T2+ Azospirillum + PSB + SSB
	7587.33
	9543.00

	T10
	T2+ Azospirillum + PSB + ZnSB
	8156.00
	9836.66

	
	SEm±
	30.54
	56.91

	
	C.D. at 5%
	90.76
	169.10

	
	C.V.%
	1.08
	1.15




Available Nitrogen, Phosphorus and Potassium
Available nitrogen which ranged between 139.25 to 183.70 kg ha-1 showing significantly higher (183.70 kg ha-1) available nitrogen in treatment T10 (RDF + Azospirillum + PSB + ZnSB) at par with T8 RDF + Azospirillum + PSB + KSB (181.15 kg ha-1) and T7 RDF + Azospirillum + ZnSB (180.45 kg ha-1). Whereas, significantly lower (139.25 kg ha-1) available nitrogen per plot were noted in T1 (absolute control). The buildup of soil available N could be attributed to greater multiplication of microbial inoculants which helped in mineralization of soil N leading to higher available nitrogen and quickly released nutrients as previously reported by Thakur et al. (2010), Madhukar et al. (2019) revealed Biofertilizer plants absorbed more nutrients from the soil, the increase in the growth parameters may be due to the favorable actions of biofertilizers which resulted in more availability of nitrogen, certain growth-promoting hormones like auxins, gibberellins, vitamins, and organic acid secreted by bio-inoculants.
The highest P content (20.10 kg ha-1) of the soil was noted in treatment T4 (RDF+ Azospirillum + PSB) which is followed by T8 RDF + Azospirillum + PSB + KSB (17.52 kg ha-1). (Richardson and Simpson 2011) reported that Pseudomonas and Bacillus have a significant function in controlling the amount of phosphorus that is available to plants by participating in the soil phosphorus cycle. They either directly solubilize and mineralize inorganic phosphorus or by encouraging the mobility of organic phosphorus through the turnover of microbial consortia, they increase the root system's size.
Yaduwanshi et al., (2021) find out the highest content of available P in soil (22.6 kg P2O5 ha-1) was recorded with the application of RDF+ PGPR+ Actino +Arthro (T7) as compared to that of fertilized uninoculated plot (17.4 kg P2O5 ha-1) and it had a greater response by ~30 per cent over control followed by the effect of treatment combination of RDF+PGPR+Arthro (T6) with available P of  21.3 kg P2O5 ha-1 with ~22.0 per cent greater response over control plot. Similar findings were reported by Sarkar et al. (2002) where they reported that actinomycetes along with PGPR and Arthrobacter were capable of solubilizing tricalcium phosphate (TCP), while rock phosphate (RP) was found less soluble than TCP.
Significantly highest value of available potassium is in T8 (RDF+ Azospirillum + PSB +KSB) treated plot (T8) which is 674.43 kg ha-1 followed by T5 (RDF+ Azospirillum + KSB) which is 658.43 kg ha-1. Whereas, significantly lowest (557.77 kg ha-1) available potassium per plot were noted in T1 absolute control. Ingole et al. (2023) find out the strain Trichoderma viride was superior in availability of potassium and Sulphur in soil of pot experiment followed by Bacillus megaterium and Pseudomonas striata. Increased potassium availability in soil of pot culture after inoculation listed is might due to microbial mobilization of metal by secretion of organic and inorganic acid (e.g. Malic acid and citric acid) by redox reaction and by exudation of complexing agents. Amount of organic acid release in the rhizosphere was accountable for increasing potassium mobilization. Our experimental results found similar with finding of Wagmare et al., (2019) reported that maximum increase in phosphorus content in soil with inoculation of strain Pseudomonas striata followed by Trichoderma viride and Bacillus megaterium with recommended dose of fertilizer. Meena et al. (2024) showed that the application of the Azospirillum lipoferum + Bacillus megaterium + Pseudomona strita (Consortia -VII) as seed inoculation along with 100 per cent recommended dose of fertilizers performed as the best consortium for enhancing seed and stover yield of maize. Similarly for nutrient uptake of N, P and K, micronutrients viz., Fe, Mn Cu and Zn. Due to the enhance the length and quality of plant roots which might have been boosted by microbes that create phytohormones, which in turn raised the concentration of nutrients in the soil. 
Table No 3 Effect of microbial inoculants and their consortia on available nitrogen, phosphorus and potassium
	
Tr. No.
	
Treatments
	Available Nitrogen (kg ha-1)
	Available Phosphorus (kg ha-1)
	Available potassium (kg ha-1)

	
	
	At Harvest

	T1
	Absolute control 
	139.25
	11.67
	533.13

	T2
	RDF
	167.81
	15.24
	619.47

	T3
	T2+ Azospirillum  
	165.24
	16.37
	604.13

	T4
	T2+ Azospirillum + PSB
	173.31
	18.59
	606.60

	T5
	T2+ Azospirillum + KSB
	172.99
	17.11
	677.67

	T6
	T2+ Azospirillum + SSB
	175.64
	17.04
	637.63

	T7
	T2+ Azospirillum + ZnSB
	180.45
	15.36
	637.53

	T8
	T2+ Azospirillum + PSB + KSB
	181.15
	17.52
	642.29

	T9
	T2+ Azospirillum + PSB + SSB
	177.60
	16.66
	615.88

	T10
	T2+ Azospirillum + PSB + ZnSB
	183.70
	15.20
	623.93

	
	SEm±
	1.73
	0.35
	2.76

	
	C.D. at 5%
	5.13
	1.04
	8.22

	
	C.V.%
	1.74
	3.78
	0.77


Fig. No 1 Effect of microbial inoculants and their consortia on available nitrogen, phosphorus and potassium

Micronutrient Fe, Mn, Zn and Cu 
Significantly higher DTPA iron in T10 (RDF+ Azospirillum + PSB +ZnSB) 5.47mg kg-1 followed by T9 RDF+ Azospirillum + PSB + SSB (5.23 mg kg-1). However, lower DTPA iron 3.29 mg kg-1 observed in absolute control (T1). Jadhav (2021) shows increased iron status of soil due inoculation of Pseudomonas fluroscence, Pseudomonas striata, Trichoderma viride and Bacillus megaterium. Adriana et al. (2010) study that microbial metal mobilization from polluted soil by Bacillus megaterium has resulted in manganese and iron mobilization of 60-80%, whereas zinc was mobilized by 20%.
Kumar and Ismail (2017b) reported that the available micronutrients in soil after harvest of soybean crop were also influenced significantly with the inoculation of microbial cultures. DTPA Zn (0.663 mg kg-1), Fe (5.81 mg kg1), Mn (11.2 mg kg-1) and Cu (2.71 mg kg-1) were noted maximum in T6 treatment receiving RDF + Rhizobium + Trichoderma viride. Solubilization of micronutrients by microbial cultures can be accomplished by range of mechanisms, which include secretion of organic acids and the release of organic acids i.e., 2-ketogluconic and 5-ketoglyconic acids and change in the micro environment near root which increases the H+ ion concentration or protein extrusion or production of chelating agents. 
Manganese which ranged from 8.11 to 9.06 mg kg-1 have showing significantly maximum DTPA manganese (9.18 mg kg-1) in treatment T7 (RDF + Azospirillum + ZnSB). This increase was at par with treatment T10 RDF + Azospirillum + PSB + ZnSB (9.06 mg kg-1) and was significantly higher than other all treatments. The minimum soil DTPA extractable manganese (8.11 mg kg-1) was observed treatment T1 (absolute control). Stefanescu et al. (2010) examined bio-solubilization capacity of Bacillus megaterium and found that manganese and iron were mobilized by Bacillus megaterium during the study to the extent of 60-80%, whereas zinc was mobilized to the extent of 20%.
Gulnaz et al. (2017) reported the various phosphorus biofertilizers and plant growth promoting rhizosphere (PGPR) and their combinations. The maize hybrid used was NAH-1137. The results revealed that, the application of 75, 100 and 125% of recommended dose of phosphorus fertilizer along with PGPR II (Pseudomonas fluorescens + Bacillus megaterium + Azospirillum brasilense) improved the soil nutrient status as well as biological properties of the soil by increasing the population off beneficial microbe in the soil.
Significantly the highest DTPA zinc (0.68 mg kg-1) was noticed under in treatment T10 (RDF+ Azospirillum + PSB +ZnSB) it was found at par with treatment T7 (RDF+ Azospirillum + ZnSB) 0.69 mg kg-1. However, the lowest values of DTPA zinc (0.37 mg kg-1) were noted in without treatment T1 (absolute control). More availability of Zn was noticed at tasseling stage and it was in decreasing order at harvest stage of maize. According to Bhosale et al., (2021) promising microbial isolates significantly increased the soil's nutrient availability after inoculation of microbial isolates. Higher values of DTPA Zn were reported when RDF + Pseudomonas striata was applied.
According to Goteti et al., (2013) Solubilisation of zinc can be accomplished by a range of mechanisms, which include excretion of metabolites such as organic acids, proton extrusion, or production of chelating agents. In addition, production of inorganic acids such as sulphuric acid, nitric acid, and carbonic acid could also facilitate the solubilization.
Sarathambal et al., (2010) reported the available zinc content was more in zinc defi cient unsterile soil than the sterile zinc suffi cient and zinc defi cient soils. This clearly indicated that microorganism other than G. diazotrophicus may also involve the solubilization of insoluble zinc sources. Zn solubilizing potential of few bacterial genera namely Bacillus spp, Pseudomonas fl uorescens, Thiobacillus ferroxidans, T.thiooxidans have been reported Comparatively inoculated organism better in solubilization in zinc defi cient soil than zinc suffi cient soil and hence the growth of maize seedlings was better in the zinc defi cient soil. Irrespective of soil types, the inoculation of G. diazotrophicus showed higher plant zinc content. The total zinc content was more in unsterile zinc defi cient soil. This may due to more zinc available due to solubilization of insoluble zinc compounds by soil microorganisms or G. diazotrophicus in unsterile soil.
Maximum DTPA copper (4.08 mg kg-1) in treatment T9 (RDF+ Azospirillum + PSB + SSB). This increase was at par with treatment T7 RDF + Azospirillum + ZnSB (3.76 mg kg-1) and T10 RDF + Azospirillum + PSB + ZnSB (3.73 mg kg-1) and was significantly higher than other all treatments. The minimum soil DTPA extractable manganese (2.11 mg kg-1) was observed treatment T1 (absolute control). Kumar and Ismail (2017b) reported that the available micronutrients in soil after harvest of soybean crop were also influenced significantly with the inoculation of microbial cultures. Due to secretion of organic acids and the release of organic acids i.e., 2-ketogluconic and 5-ketoglyconic acids and change in the micro environment near root which increases the H+ ion concentration or protein extrusion or production of chelating agents.
Table No 4 Effect of microbial inoculants and their consortia on DTPA extractable Fe, Cu, Zn and Mn. 
	Tr. No.
	
Treatments
	DTPA Fe (mg kg-1)
	DTPA Mn (mg kg-1)
	DTPA Zn (mg kg-1)
	DTPA Cu (mg kg-1)

	
	
	At Harvest

	T1
	Absolute control 
	3.29
	8.11
	0.37
	2.11

	T2
	RDF
	4.29
	8.37
	0.47
	2.86

	T3
	T2+ Azospirillum  
	4.32
	8.58
	0.44
	2.77

	T4
	T2+ Azospirillum + PSB
	4.50
	8.65
	0.49
	2.92

	T5
	T2+ Azospirillum + KSB
	4.51
	8.32
	0.52
	3.10

	T6
	T2+ Azospirillum + SSB
	4.38
	8.78
	0.43
	3.41

	T7
	T2+ Azospirillum + ZnSB
	4.64
	9.18
	0.69
	3.76

	T8
	T2+ Azospirillum + PSB + KSB
	5.15
	8.84
	0.51
	3.69

	T9
	T2+ Azospirillum + PSB + SSB
	5.23
	8.72
	0.44
	4.08

	T10
	T2+ Azospirillum + PSB + ZnSB
	5.47
	9.06
	0.68
	3.73

	
	SEm±
	0.07
	0.04
	0.03
	0.10

	
	C.D. at 5%
	0.22
	0.12
	0.08
	0.30

	
	C.V.%
	2.75
	0.81
	8.63
	5.47



Fig. No 2 Effect of microbial inoculants and their consortia on DTPA extractable Fe, Cu, Zn and Mn. 


Soil Enzymes (Dehydrogenase, Acid phosphatase and alkaline phosphatase activity)
 Dehydrogenase activity in soil
           Dehydrogenase is found intracellularly in all living microbial cells and is connected to microbial respiratory activities, making it regarded as an indicator of total microbial activity. It is known that the dehydrogenase enzyme converts protons and electrons from substrates to acceptors to oxidise soil organic materials. The kind of soil has a direct impact on these processes, which are a component of respiration and routes used by soil microorganisms.
The data presented in Table 5 and depicted in Fig. 3 related to dehydrogenase activity at tasselling stage in maize indicate significant effect of microbial inoculants and their consortia. The result indicated that dehydrogenase activity in the rhizosphere soil gradually increased ranged between (38.37 to 51.17 μg TPF g-1 soil) showing significantly higher dehydrogenase activity (51.17 μg TPF g-1 soil) in treatment T10 (RDF+ Azospirillum + PSB + ZnSB) at par with treatment T9 RDF + Azospirillum + PSB + SSB (51.17 μg TPF g-1 soil) and T8 RDF + Azospirillum + PSB + KSB (50.42 μg TPF g-1 soil). Whereas, significantly lower dehydrogenase activity (38.37 μg TPF g-1 soil) per plot were noted in absolute control (T1).
The dehydrogenase activity in soil at harvest was noted which ranged between (39.09 to 52.17 μg TPF g-1 soil) showing significantly higher dehydrogenase activity (52.17 μg TPF g-1 soil) in treatment T10 (RDF+ Azospirillum + PSB + ZnSB) at par with treatment T9 RDF + Azospirillum + PSB + SSB (52.15 μg TPF g-1 soil) and T8 RDF + Azospirillum + PSB + KSB (51.42 μg TPF g-1 soil). Whereas, significantly lower dehydrogenase activity (39.09 μg TPF g-1 soil) per plot were recorded in absolute control (T1).
The outcomes suggested that the largest bacterial population observed in Pseudomonas striata and Bacillus megaterium treatment-receiving formulations would be due to the presence of dehydrogenases with much greater levels of activity. The enzyme dehydrogenase is exclusive to soil bacteria, such as those in the Pseudomonas species. Without a variety of bacteria, they cannot function on their own. Consequently, it stands to reason that the presence of dehydrogenase in soil indicates the presence of bacteria (Walls-Thumma, 2000). The results of the experiment were in line with those of Pagar, (2020) and Rana et al. (2012), who concluded that the maximum dehydrogenase enzyme activity in the soil rhizosphere area by inoculation may be caused by the presence of a greater quantity of biodegradable matter, which helps to improve their microbial activities. Additionally, Bagmare et al., (2019) demonstrated that the maximum dehydrogenase enzyme activity was observed in plots treated with RDF + Rhizobium phaseoli + Pseudomonas fluorescens. Soil dehydrogenase enzyme activity is influenced additively by iron supply. The maximum dehydrogenase activity in soil was recorded by Satwadhar et al., (2020) following the inoculation of Pseudomonas striata (47.20-52.50- 48.13 g TPF g-1 soil 24 hr-1 for 90, 150 and 210 days, respectively).
 Acid phosphatase activity in soil
             The activity of acid phosphatase is predominating in acid soil and predominantly due to plants. There is a strong correlation between pH and phosphatase activity. However, the majority of acid phosphatase originates from associated fungal and plants. The nutritional state of the plant would have a greater impact on acid phosphatase activity.
The data presented in Table 5 and depicted in Fig. 3 indicates significant impact of seed inoculation of microbial inoculants and their consortia on soil acid phosphatase activity and these activities at tasselling and harvest stage increased by microbial inoculants and their consortia over control. However, acid phosphatase activity in soil at tasselling stage was found significantly highest in treatment T10 (RDF+ Azospirillum + PSB + ZnSB) which is 70.25 μg g-1 which was ta par with T9 RDF + Azospirillum + PSB + SSB (67.66 μg g-1 soil). The lowest value of acid phosphatase activity (42.47 μg g-1 soil) was in T1 (absolute control).
The acid phosphatase activity in soil at harvest was found significantly highest in treatment T10 (RDF+ Azospirillum + PSB + ZnSB) which is 55.00μg g-1 soil which at par with treatment T9 RDF + Azospirillum + PSB + SSB (53.00 μg g-1 soil) and T8 RDF + Azospirillum + PSB + KSB (54.00 μg g-1 soil). The lowest value of acid phosphatase activity (37.80 μg g-1 soil) was in T1 (absolute control).
The synthesis of organic acids during nutrient solubilization may moderately suppress soil response, increase enzyme activity and potentially account for the observed increase in acid phosphatase activity in the zinc and iron solubilizing microbial inoculation treatment. A balanced crop nutrition may be the cause of the maximum enzyme activity. This study's conclusions aligned with those of Yadav et al., (2016). Furthermore, our results concur with those of Ramalakshmi et al. (2008). There was a considerable increase in dehydrogenase activity and nutritional availability during the therapy. According to Sable et al. (2016), Pseudomonas striata, Pseudomonas fluorescens and Trichoderma viride exhibited the greatest periodic Zn concentrations in the soil. However, fungal and plant sources account for the majority of acid phosphatase. Alkaline phosphatase, on the other hand, is most likely a microbial product.
 Alkaline phosphates activity
The data pertaining to alkaline phosphatase enzyme activity at tasselling and harvest stage is narrated in Table 5 and depicted in Fig. 3 which was significantly affected due to microbial inoculants and their consortia. However, alkaline phosphatase activity in soil at tasselling stage was found significantly highest in treatment T9 (RDF+ Azospirillum + PSB + SSB) which is 74.85 μg g-1 which was at par with T10 (RDF+ Azospirillum + PSB + ZnSB) which is 74.85 μg g-1 and T8 RDF + Azospirillum + PSB + KSB (73.63 μg g-1 soil). Significantly lowest value of alkaline phosphatase activity (56.33 μg g-1 soil) was in T1 (absolute control).
The alkaline phosphatase activity in soil at harvest was found significantly highest in treatment T9 (RDF+ Azospirillum + PSB + SSB) which is 69.89 μg g-1 soil which was at par with T10 RDF + Azospirillum + PSB + ZnSB (68.97 μg g-1 soil) and T8 RDF + Azospirillum + PSB + KSB (67.52 μg g-1 soil). Significantly lowest value of alkaline phosphatase activity (50.53 μg g-1 soil) was in T1 (absolute control).
The findings of our experiment showed that the activity of alkaline phosphatase was greater than that of acid phosphatase. pH and phosphatase activity have been found to be strongly and closely associated. It was found that phosphatase enzyme activity decreased with the length of the crop growing cycle; bulk soil is known to have higher enzyme activity than the rhizosphere. The increased alkaline phosphatase activity could have resulted from an increase in microbial biomass, given the association between alkaline phosphatase and microorganisms. The results of this study are consistent with those of Sable et al. (2016), who found that the combination of RDF, Rhizobium and Bacillus megaterium resulted in noticeably increased levels of both acid phosphatase and alkaline phosphatase activity. The study revealed that Pseudomonas striata had the highest periodic Zn content in soil, followed by Pseudomonas fluorescens and Trichoderma viride, despite the fact that dehydrogenase activity and nutrient availability were much higher in the treatment.
Similarly, Badda et al. (2013) found that the highest increase in alkaline phosphatase activity was observed in plants infected with A. laevis + Trichoderma viride + Pseudomonas fluorescens. The impact of different ZnS microbial inoculants on soil enzymatic activity after groundnut crop harvest was illustrated by Sable and Ismail (2016). The treatment with RDF, Rhizobium and Bacillus megaterium resulted in significantly increased alkaline phosphatase activity (76.38 μg g-1 soil).

Table No 5 Effect of microbial inoculants and their consortia on Dehydrogenase, Acid phosphatase and alkaline phosphatase activity in soil

	
Tr. No. 
	
Treatments
	Dehydrogenase activity (µg g-1 soil)
	Acid phosphatase activity (µg g-1 soil)
	Alkaline phosphatase activity (µg g-1 soil)

	
	
	At Tasselling stage
	At Harvesting Stage
	At Tasselling stage
	At Harvesting Stage
	At Tasselling stage
	At Harvesting Stage

	T1
	Absolute control 
	38.37
	39.09
	42.47
	37.80
	56.33
	
50.53

	T2
	RDF
	39.71
	40.46
	43.80
	39.46
	57.69
	53.11

	T3
	T2+ Azospirillum  
	44.28
	45.31
	53.82
	42.49
	68.63
	
65.18

	T4
	T2+ Azospirillum + PSB
	45.42
	46.49
	55.40
	46.40
	69.93
	

63.91

	T5
	T2+ Azospirillum + KSB
	47.16
	47.86
	56.52
	47.06
	71.53
	

66.56

	T6
	T2+ Azospirillum + SSB
	47.70
	48.38
	58.38
	47.72
	73.83
	

66.17

	T7
	T2+ Azospirillum + ZnSB
	48.94
	49.85
	59.67
	51.34
	74.47
	

64.47

	T8
	T2+ Azospirillum + PSB + KSB
	50.42
	51.42
	63.09
	54.00
	73.63
	

67.52

	T9
	T2+ Azospirillum + PSB + SSB
	51.17
	52.15
	67.66
	53.00
	75.44
	

69.89

	T10
	T2+ Azospirillum + PSB + ZnSB
	51.17
	52.17
	70.25
	55.00
	74.85
	

68.97

	
	SEm±
	0.52
	0.48
	0.93
	0.98
	1.52
	2.26

	
	C.D. at 5%
	1.54
	1.42
	2.75
	2.91
	4.53
	6.70

	
	C.V.%
	1.93
	1.75
	2.81
	3.58
	3.79
	6.14

	
	Initial
	     28.05
	    28.12
	      53.06



Fig. No 3 Effect of microbial inoculants and their consortia on Dehydrogenase, Acid phosphatase and alkaline phosphatase activity in soil

CONCLUSION
              As the above discussion, it can be concluded that, the grain yield, straw yield and nutrient availability in soil were improved with microbial inoculants and their consortia along with RDF. Significantly maximum grain yield and straw yield of maize was recorded in T10 RDF + Azospirillum + PSB +ZnSB (Consortia – VII), followed by treatment T8 RDF + Azospirillum +PSB + KSB. (Consortia – VII). Significantly maximum nutrient availability in soil after tasseling and harvesting of maize crop was also registered with microbial inoculants and their consortia. Significantly highest value of available N, P2O5 and K2O and micronutrients (Fe, Mn, Zn and Cu) were recorded maximum in treatment receiving the RDF + Azospirillum + PSB + ZnSB (Consortia -VII) over rest of the treatments. 
1. The recorded soil fertility in respect of available soil N, P, K, and DTPA extractable Fe, Mn, Zn and Cu was observed to improve at tasseling and harvesting stage of maize with the treatments RDF + Azospirillum + PSB + ZnSB (consortia-VII).
2. Increase in bacterial, actinomycetes and fungal population and enzyme activities viz; dehydrogenase, acid phosphatase, alkaline phosphatase were noted highest at tasseling and harvest stage of maize in treatment RDF + Azospirillum + PSB + ZnSB (consortia-VII).
3. In general, in maize crop growth attributes, seed yield, nutrient content and uptake increased with RDF + Azospirillum + PSB + ZnSB (consortia-VII) showing significantly better results. Further, all soil quality attributes were also improved with treatment RDF + Azospirillum + PSB + ZnSB (consortia-VII).

ACKNOWLEDGEMENT
Authors are grateful to the division of soil science and Agricultural chemistry VNMKV, Parbhani for providing excellent facilities for conducting this research.   
REFERENCES
1. Adriana, I., Stefanescu, R. and Duncianu, M. (2010). Bio-solubilisation capacity of Bacillus megaterium strain of some micronutrients from the polluted soil. Cercetări Agronomice În Moldova, 142 (2), 49-52. 
2. Badda, N., Yadav, K., Kadian, N. and Aggarwal, A. (2013). Impact of Arbuscular mycorrhizal fungi with Trichoderma viride and Pseudomonas fluorescens on growth enhancement of genetically modified Bt cotton (Bacillus thuringiensis). Journal of Natural Fibres 10(4): 309-325.
3. Baghmare, R., R. (2019). Growth Promoting Influence of Siderophore Producing Microorganism in Green Gram (Master’s Thesis). Vasantarao Naik Marathwada Krishi Vidyapeeth, Parbhani.
4. Behera, B., Das, T. K., Raj, R., Ghosh, S., Md. Basit Raza, and Sen, S. (2022). Microbial Consortia for Sustaining Productivity of Non-legume Crops: Prospects and Challenges. Agricultural Research · October 2020 DOI: 10.1007/s40003-020-00482-3.
5. Bhosle, A. (2021) Enhancement of drought tolerant in wheat (triticum aestivum) and soil health using promising microbial culture in vertisol. Ph.D. Thesis, submitted to Vasantrao Naik Marathwada Agriculture University, Parbhani.
6. Chhagan, B. R. Sharma, M.P.  Sharma, K.R. Samanta, A. Wani, O. A. Kachroo, D. Kumar, M. Razdan, V. K. Sharma, V. Mondal, A. K. and Arya, V.M. (2019). Impact of Organic, Inorganic and Biofertilizers on Crop Yield and N, P and K Uptake under Rainfed Maize-Wheat Cropping System, International Journal of Current Microbiology and Applied Sciences. 8(4): 2546-2564.
7. Choudhary, K., More, S., and Bhanderi, D. (2015). Impact of biofertilizers and chemical fertilizers on growth and yield of okra (Abelmoschus esculentus L. Moench). The ecoscan, 9(1and2), 67-70.
8. Fofana Fall, A., Nakabonge G. Ssekandi, J. Founoune-Mboup, H. Badji A. Ndiaye, A. Ndiaye, M., Kyakuwa P. Anyoni O. G. Kabaseke C. Ronoh A. K. 9 and Ekwangu J. (2023). Combined Effects of Indigenous Arbuscular Mycorrhizal Fungi (AMF) and NPK Fertilizer on Growth and Yields of Maize and Soil Nutrient Availability. Sustainability, 15, 2243.
9. Gao, C. El-Sawah, A. M. Ali, D. F. I. Hamoud, Y. A. Shaghaleh, H.  and Sheteiwy, M. S. (2020). The Integration of Bio and Organic Fertilizers Improve Plant Growth, Grain Yield, Quality and Metabolism of Hybrid Maize (Zea mays L.). Agronomy, 10, 319.
10. Gohil, N.B., Ramani, V.P., Kadivala, V.H. and Kacha, R.P. (2021). Effects of Bio-NPK Consortium on Growth, Yield and Nutrient Uptake by Rice under Clay Loam Textured Soil. Journal of the Indian Society of Soil Science, Vol. 69, No. 2, pp 179-186.
11. Goteti, P. K., Emmanuel, L.D.A., Desai, S. and Shaik, H.A. (2013). Prospective Zinc Solubilising Bacteria for Enhanced Nutrient Uptake and Growth Promotion in Maize (Zea mays L.), International Journal of Microbiology Volume 2013, Article ID 869697, 7 pages http://dx.doi.org/10.1155/2013/869697
12. Gulnaz, Y., Fathima, P. S., Denesh, G. R., Kulmitra, A. K., Shivraj Kumar, H. S., Sathisha, C and Nagesh, C. R. (2017). Effect of plant growth promoting rhizobacteria (PGPR) and PSB on growth and yield of irrigated maize under varying levels of phosphorus. International Journal of Chemical Studies, 5(5), 1008-1010.
13. Ingole, A., Ismail, S., Dhamak, A., (2023). Mobilization of macro and micronutrients by promising microbial isolates in soil pot culture experiment. The Pharma Innovation Journal, 12(7): 2366-2373.
14. Kumar, B. K. and Ismail, S. (2017) Influence of different microbial inoculants on biological health of soil and economics in soybean crop grown on Vertisol. Journal of Pharmacognosy and Phytochemistry, 6(3): 198-201.
15. Madhukar, C. V., (2021). Comparative Studies of the Applications of Different Fertilizers on the Morphological Properties of Arachis hypogaea (L.). World Journal of Environmental Biosciences,10(4): 1-5.
16. Manjunath M, Khokhar A, Chary GR, Singh M, Yadav SK, Gopinath KA, Jyothilakshmi N, Srinivas K, Prabhakar M and Singh VK (2023) Microbial consortia enhance the yield of maize under sub-humid rainfed production system of India. Front. Sustain. Food Syst. 7:1108492. doi: 10.3389/fsufs.2023.1108492
17. Meena, G., Ismail, S., Umate, S., & Chavan, R. (2024). Influence of Microbial Inoculants and their Consortia on Yield and Nutrient Uptake in Maize Grown on Vertisol. International Journal of Plant & Soil Science, 36(3), 328-335.
18. Meena, G., Ismail, S., Kumar, R., Wankhade, B., Dalavi, P., & Kumar, M. (2025). Influence of Microbial Inoculants and their Consortia on Growth, Yield, and Soil Biological Properties of Maize (Zea mays) under Vertisol Conditions. Journal of Advances in Biology & Biotechnology, 28(12), 982-990.
19. Molina-Romero, D. Juarez-Sanchez, S. Venegas, B. Cindy, S. Ortíz-Gonzalez, Baez, A. Yolanda E. Morales-García, and Munoz-Rojas, J. (2021). A Bacterial Consortium Interacts with Different Varieties of Maize, Promotes the Plant Growth, and Reduces the Application of Chemical Fertilizer Under Field Conditions. Frontiers in Sustainable Food Systems.4:616757.
20. Moretti, L. G., Crusciol, C.A.C., Bossolani, J.W., Momesso, L., Garcia, A. Kuramae, E.E. and Hungria, M. (2020). Bacterial Consortium and Microbial Metabolites Increase Grain Quality and Soybean Yield. Journal Soil Sci Plant Nutrient, 20:1923–1934.
21. Nosheen, S., Ajmal, I. and Song Y. (2021). Microbes as Biofertilizers, a Potential Approach for Sustainable Crop Production. Sustainability, 13, 1868.
22. Pagar, B. (2020). Effect of zinc mobilizing microbial cultures and zinc levels enhancing yield and enzymatic activity in soybean grown on Vertisol. International Journal of Chemical Studies.
23. Panse, U.G. and Sukhatme, P.V. (1985) Statistical Methods for Agricultural Workers. I.C.A.R. Pub., New Delhi. 
24. Ramalakshmi, A., Iniyakumar, M. and Anthoni Raj, S. (2008) Influence of biofertilizers on soil physico-chemical and biological properties during cropping period. Asian Journal of Biological Science, 3(2), 348-351.
25. Rana, A., Joshi, M., Prasanna, R., Shivay, Y.S. and Nain, L. (2012) Biofortification of wheat through inoculation of plant growth promoting rhizobacteria and cyanobacteria.The European Journal of Soil Biology 50: 118–126.
26. Richardson, A. E. and Simpson, R. J. (2011). Soil microorganisms mediating phosphorus availability: phosphorus plant physiology. Plant physiology (Bethesda), 156(3): 989-996.
27. Roshani, Khan, A., Singh, A.V., Upadhayay, V.K. and Prasad, B. Development of Potential Microbial Consortia and their Assessment on Wheat (Triticum aestivum) Seed Germination. (Environment and Ecology), 38 (1): 6.
28. Sable, P., Ismail, S. and Pawar, A. (2016) Effect of zinc solubilizing microorganisms in enhancing enzyme activity and nutrient availability in groundnut grown on Vertisol. International Journal of Agricultural Sciences, 8(49): 2099-2102. 
29. Santoyo, G., Guzman-Guzman, p., Parra-Cota, F., Santos-Villalobos, S., Orozco-Mosqueda, M.  and Bernard R. Glick. (2021). Plant Growth Stimulation by Microbial Consortia, Agronom 11, 219. https://doi.org/10.3390/ agronomy11020219.
30. Sarathambal, C., Thangaraju, M., Paulraj, C. and Gomathy, M. (2010) Assessing the Zinc solubilization ability of Gluconacetobacter diazotrophicus in maize rhizosphere using labelled 65Zn compounds. Indian Journal Microbiology, 50(Suppl 1):S103–S109
31. Sarkar, P.K., Florczyk, M.A., McDonough, K.A. and Nag, D.K. (2002) SSP2, a sporulation-specific gene necessary for outer spore wall assembly in the yeast Saccharomyces cerevisiae. Molecular Genetics and Genomics 267, 348-358.
32. Satwadhar, P.P. (2020) Response of Ginger to Graded Levels of Zinc and Zinc Solubilizing Biofertilizers. Master’s Thesis submitted to Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani-431402 (M.S.), India.  
33. Stefanescu, I. A., Mocanu, R. and Duncianu, M. (2010). Bio-solubilization capacity of Bacillus megaterium strain of some micronutrients from the polluted soil. Cercetari Agronomicein Moldova, 43(2), 49-54.
34. Thakur, S. K., Jha, C. K., Kumari, G. and Singh, V. P. (2010) Effect of Trichoderma inoculated trash, nitrogen level and biofertilizer on performance of sugarcane in calcareous soils of Bihar. Indian Journal of Agronomy, 55(4):308-311.
35. Upadhayay, V. K. 2023. Microbial Consortium as an Important Bioproduct for Sustainable Agriculture. Vigyan Varta 4(6): 5-8.
36. Vazquez, I.T., Cruz, R.S., Domínguez, M.A., Ruan, V.L., Reyes, A.S., Chacón, D.P., García, RAB, Mallol, JLF. (2020). Isolation and characterization of psychrophilic and psychrotolerant plant-growth promoting microorganisms from a high-altitude volcano crater in Mexico. Microbiol Res. 232:126394.
37. Waghmare YA, Dhamak AL, Syed I. Impact of levels of zinc and various zinc solubilizing microorganisms on changes in zinc and other soil nutrients in spinach. International Journal of Chemical Studies. 2019;8(1):529-535.
38. Walls-Thumma, D. (2000). Dehydrogenase activity in soil bacteria. dehydrogenase-activity-soil-bacteria. Gardenguides Pub, 130633.
39. Yadav, N., Rao, Ch. P., Luther, M. M. and Rani, Y. A. (2016) Effect of nitrogen, phosphorus and bio-fertilizers management on growth and yield of pearl millet. The Andhra Agriculture, 63(3): 503-507. 
40. Yadav, N., Rao, Ch. P., Luther, M. M. and Rani, Y. A. (2016) Effect of nitrogen, phosphorus and bio-fertilizers management on growth and yield of pearl millet. The Andhra Agriculture, 63(3): 503-507. 
41. Yadav, R. Ror, P. Beniwal, R. Kumar, S. and Ramakrishna, W. (2021). Bacillus sp. and arbuscular mycorrhizal fungi consortia enhance wheat nutrient and yield in the second- year field trial: Superior performance in comparison with chemical fertilizers, Journal Applied Microbiology;132:2203–2219.
42. Yaduwanshi, B., Sahu, R.K., Mitra, N.G.  and Dwivedi, B.S. (2021). Impact of Microbial Consortia on Microbial Population and Available Nutrients in Soil under Soybean Crop. Journal of the Indian Society of Soil Science, Vol. 69, No. 2, pp 187-194.
Effect of microbial inoculants and their consortia on available nitrogen, phosphorus and potassium


Available Nitrogen (kg ha-1)	At Harvest	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	139.25	167.81	165.24	173.31	172.99	175.64	180.45	181.15	177.6	183.7	Available Phosphorus (kg ha-1)	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	11.67	15.24	16.37	18.59	17.11	17.04	15.36	17.52	16.66	15.2	Available potassium (kg ha-1)	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	533.13	619.47	604.13	606.6	677.67	637.63	637.53	642.29	615.88	623.92999999999995	
NPK (Kg/ ha)




Effect of microbial inoculants and their consortia on DTPA extractable Fe, Cu, Zn and Mn

DTPA Fe (mg kg-1)	At Harvest	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	3.29	4.29	4.32	4.5	4.51	4.38	4.6399999999999997	5.15	5.23	5.47	DTPA Mn (mg kg-1)	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	8.11	8.3699999999999992	8.58	8.65	8.32	8.7799999999999994	9.18	8.84	8.7200000000000006	9.06	DTPA Zn (mg kg-1)	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	0.37	0.47	0.44	0.49	0.52	0.43	0.69	0.51	0.44	0.68	DTPA Cu (mg kg-1)	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	2.11	2.86	2.77	2.92	3.1	3.41	3.76	3.69	4.08	3.73	
mg/kg




Effect of microbial inoculants and their consortia on Dehydrogenase, Acid phosphatase and alkaline phosphatase activity in soil

Dehydrogenase activity (µg g-1 soil)	At Tasselling stage	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	38.369999999999997	39.71	44.28	45.42	47.16	47.7	48.94	50.42	51.17	51.17	Dehydrogenase activity (µg g-1 soil)	At Harvesting Stage	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	39.090000000000003	40.46	45.31	46.49	47.86	48.38	49.85	51.42	52.15	52.17	Acid phosphatase activity (µg g-1 soil)	At Tasselling stage	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	42.47	43.8	53.82	55.4	56.52	58.38	59.67	63.09	67.66	70.25	Acid phosphatase activity (µg g-1 soil)	At Harvesting Stage	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	37.799999999999997	39.46	42.49	46.4	47.06	47.72	51.34	54	53	55	Alkaline phosphatase activity (µg g-1 soil)	At Tasselling stage	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	56.33	57.69	68.63	69.930000000000007	71.53	73.83	74.47	73.63	75.44	74.849999999999994	Alkaline phosphatase activity (µg g-1 soil)	At Harvesting Stage	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	50.53	53.11	65.180000000000007	63.91	66.56	66.17	64.47	67.52	69.89	68.97	
µg g-1 




