



Effects of Microbial Inoculant-Based Treatments and Consortia on Growth Parameters, Yield, and Soil Microbial Enzymatic Activities in Maize (Zea mays)
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.  Among all the treatments, Azospirillum + PSB + ZnSB (Consortia-ⅤII) T10 significantly improved the growth attributes (plant height, ear height, number of leaves, cob length and cob girth) yield of maize crop and improving soil microbial as well as enzymatic properties of soil. As influence by microbial inoculants and their consortia. Study concludes that RDF with microbial consortia could help in improving yield and growth attributes.
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INTRODUCTION 

              Among these cereals, maize is of high value. It is one of the most consumed staple food crops in the world. From its use as food to paper and energy industries, as well as its use in livestock feeds. we see how valuable it is. Due to its various purposes, its demand is increasing day by day. There is a need to always meet up with the increasing demand. Its nutritional value and high carbohydrate content make it one of the most sought-after food crops. Olanrewaju and Babalola et al. (2019). The bio-organic fertilization caused an obvious increase in the microbial activity by enhancing acid phosphatase and dehydrogenase enzymes, bacterial count, and mycorrhizal colonization levels in maize rhizosphere as compared with the chemical fertilization. Gao et al. (2021). Beneficial bacteria are extensively used to improve soil health, crop growth and yield (Efthimiadou et al., 2020). Microbial consortia have more properties than an individual microbial inoculum, due to the synergy of the microorganisms that populate them. (Aguilar-Paredes et al. 2020). Corn has more vitamins B than wheat or rice and is rich in Phosphorus and potassium. Corn contains 1.2 to 5.7 percent edible oil. Sahu et al. (2021). The microbial consortia are the mixtures of two or more microbial species, living together symbiotically and performs better than the inoculum of single microbial species (Behera et al. 2021).
OBJECTIVES:
1. To evaluate the effect of microbial inoculants and their consortia on growth, yield and uptake of nutrients by 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. 
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
Growth attributes 
               Growth attributes including plant height, ear height, number of leaves and cob length, cob girth significantly highest plant height at tasselling stage was recorded in treatment T10 RDF + Azospirillum + PSB + ZnSB i.e., 230 cm which was at par with T9 RDF + Azospirillum + PSB + SSB (225 cm) and T8 RDF + Azospirillum + PSB + KSB (221 cm), ear height at tasselling stage was recorded in T10 (RDF + Azospirillum + PSB + ZnSB) treatment i.e., 39.67cm which was at par with T9 RDF + Azospirillum + PSB + SSB (38.33 cm), T8 RDF + Azospirillum + PSB + KSB (38.00 cm), and T7 RDF + Azospirillum + ZnSB (35 cm). Gagandeep Kaur and Kamini Kumari (2024) find out the Azotobacter, a bacterium fixes N from the air, which is subsequently fixed in the soil, and produces phytohormones in the root zone of plants that can boost plant growth and production. The increase in is what causes plants to grow to their maximum height. Fitriatin et al., 2021 stated that seed treatment and soil application of biofertilizer increase the plant height.
               Significantly highest number of leaves at tasselling stage was recorded in treatment T10 (RDF + Azospirillum + PSB + ZnSB) i.e.,17 cm followed by T9 (RDF + Azospirillum + PSB + SSB) i.e., 17cm. However, the lowest number of leaves (14) were recorded in T1 (absolute control). 
             Significantly higher cob length (17.33 cm) recorded with the application of treatment T8 i.e., RDF + Azospirillum + PSB + KSB and T6 (RDF + Azospirillum + SSB) which was followed by T10 (RDF + Azospirillum + PSB + ZnSB) treatment i.e., 17cm and T9 (RDF + Azospirillum + PSB + SSB) i.e., 17 cm. However, the lowest cob length was recorded in T1 (absolute control).
             Cob girth recorded with the application of treatment T10 i.e., RDF + Azospirillum + PSB + ZnSB (15.53 cm) which was at par with T9 (RDF + Azospirillum + PSB + SSB) treatment i.e., 14.77 cm and T8 (RDF + Azospirillum + PSB + KSB) i.e., 15.27 cm. However, the lowest cob girth was recorded in T1 (absolute control). i.e., 13.33
 Similarlily Prasad and Subramanian (2020) found that Pseudomonas fluorescens and A. brasilense may have a similar or identical mechanism that contributes to the beneficial interactions that support groundnut seedling growth. Zafar-ul-Hye et al., (2020) studied that organic substances secreted by rhizobacteria can immobilized the nutrients in the soil and which significantly enhanced the growth habitat of crop plant. Madhukar et al. (2019) revealed that the inoculation of biofertilizers had a significant effect on plant yield, shoot length, root length, number of leaves, plant height, and chlorophyll content of plants. Latef et al. (2020) observed in this study that microbial inoculation significantly improved plant physiological activities and that adding bacteria such as Azospiroillum or Azotobacter to the soil could mitigate the negative effects of salt stress on maize plants.
Table. 2 Effect of microbial inoculants and their consortia on growth attributes of maize
	Tr. No.


	Treatments
	Height of plant (cm)
	Height of ear (cm)
	Number of leaves
	Cob length without husk(cm)
	Cob girth without husk (cm)

	
	
	At tasseling 
	At tasseling 
	At tasseling 
	At harvest 
	At harvest

	T1
	Absolute control
	197.00
	27.32
	14.00
	14.00
	13.33

	T2
	RDF
	205.00
	32.67
	16.33
	16.33
	15.13

	T3
	T2+Azospirillum
	210.67
	34.67
	16.33
	16.33
	14.77

	T4
	T2+Azospirillum + PSB
	217.67
	36.00
	16.00
	16.00
	15.03

	T5
	T2+Azospirillum + KSB
	212.33
	36.00
	17.00
	17.00
	14.90

	T6
	T2+Azospirillum + SSB
	214.00
	36.00
	17.33
	17.33
	14.97

	T7
	T2+Azospirillum + ZnSB
	216.33
	35.00
	17.00
	17.00
	15.17

	T8
	T2+Azospirillum + PSB + KSB
	221.00
	38.00
	17.33
	17.33
	15.27

	T9
	T2+Azospirillum + PSB + SSB
	225.00
	38.33
	17.00
	17.00
	14.77

	T10
	T2+Azospirillum + PSB +ZnSB
	   230.00
	39.67
	17.00
	17.00
	15.53

	
	SEm±
	5.11
	1.62
	0.61
	0.61
	0.29

	
	C.D. at 5%
	15.17
	4.82
	1.82
	1.82
	0.86

	
	C.V.%
	4.12
	8.01
	6.41
	6.41
	3.36


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), (Yadav et al., 2016). Reported that application of Azotobacter and PSB to the pearl millet hybrid MLBH-308 produced the highest stover output in the sandy soil and 20.5% increase in grain yield compared to the control. Chhagan et al (2019) reported that the higher yield under T9 might be due to faster mineralization of VC 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. Jasrotia et al. (2021) reported that Pseudomonas otitidis sp. and Enterobacter sp. demonstrated the largest increase in root length and significant increases in paddy yield when PGPR strains were inoculated with 50% of the recommended NPK fertilizer dosage (RDF) in comparison to the uninoculated control.
Table. 3 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
	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


Soil microbial properties 

Microbial properties include bacterial, actinomycetes and fungal population were recorded at tasseling stage of maize found significantly maximum in treatment T10 receiving RDF + Azospirillum + PSB + ZnSB at par with T9 and T8 and minimum population was overserved in treatment T1 absolute control. Kumar and Ismail (2017) find out that the treatment RDF + Rhizobium + Bacillus megaterium considerably increased the microbial population of bacteria. Bagmare (2019) found that siderophore-producing bacteria and Rhizobium phaseoli significantly increased the number of fungi in the rhizosphere's soil region. The largest fungal population ever seen was formed by the RDF + Rhizobium phaseoli + Pseudomonas fluorescens treatment. According to Ramalakshmi et al. (2008), plots seeded with biofertilizer showed a considerable increase in the total microbial population.
Table No 4 Effect of microbial inoculants and their consortia on microbial properties 
	Tr. No.
	Treatments
	Bacterial (CFU×10-7)
	Actinomycetes (CFU×10-5)
	Fungi (CFU ×10-4)

	
	
	At Tasseling
	At Harvest
	At Harvest

	T1
	Absolute control 
	37.17
	32.00
	3.33

	T2
	RDF
	40.33
	37.17
	3.67

	T3
	T2+ Azospirillum  
	47.33
	40.67
	4.67

	T4
	T2+ Azospirillum + PSB
	50.00
	44.17
	5.33

	T5
	T2+ Azospirillum + KSB
	52.00
	40.33
	5.67

	T6
	T2+ Azospirillum + SSB
	53.00
	44.00
	6.00

	T7
	T2+ Azospirillum + ZnSB
	56.00
	46.00
	7.33

	T8
	T2+ Azospirillum + PSB + KSB
	58.67
	49.33
	7.33

	T9
	T2+ Azospirillum + PSB + SSB
	59.67
	49.00
	9.00

	T10
	T2+ Azospirillum + PSB + ZnSB
	61.67
	50.23
	11.33

	
	SEm±
	0.88
	1.52
	0.71

	
	C.D. at 5%
	2.63
	4.50
	2.10

	
	C.V.%
	2.97
	6.06
	19.26


 Soil enzymatic properties
Enzymatic properties include Dehydrogenase, Acid phosphatase and Alkaline phosphatase activity were recorded at tasseling stage of maize found significantly maximum in treatment T10 receiving RDF + Azospirillum + PSB + ZnSB at par with T9 and T8 and minimum population was overserved in treatment T1 absolute control. Bagmare (2019) demonstrated that the maximum dehydrogenase enzyme activity was observed in plots treated with RDF + Rhizobium phaseoli + Pseudomonas fluorescens. The maximum dehydrogenase activity in soil was recorded by Satwadhar (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). 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.
Table No 5 Effect of microbial inoculants and their consortia on Dehydrogenase, Acid and Alkaline phosphatase activity.
	Tr. No.
	Treatments
	Dehydrogenase activity (µg g-1 soil)
	Acid phosphatase activity (µg g-1 soil)
	Alkaline phosphatase activity (µg g-1 soil)

	
	
	At Harvest
	At Harvest
	At Harvest

	T1
	Absolute control
	39.09
	37.80
	50.53

	T2
	RDF
	40.46
	39.46
	53.11

	T3
	T2+ Azospirillum
	45.31
	42.49
	65.18

	T4
	T2+ Azospirillum + PSB
	46.49
	46.40
	63.91

	T5
	T2+ Azospirillum + KSB
	47.86
	47.06
	66.56

	T6
	T2+ Azospirillum + SSB
	48.38
	47.72
	66.17

	T7
	T2+ Azospirillum + ZnSB
	49.85
	51.34
	64.47

	T8
	T2+ Azospirillum + PSB + KSB
	51.42
	54.00
	67.52

	T9
	T2+ Azospirillum + PSB + SSB
	52.15
	53.00
	69.89

	T10
	T2+ Azospirillum + PSB + ZnSB
	52.17
	55.00
	68.97

	
	SEm±
	0.48
	0.98
	2.26

	
	C.D. at 5%
	1.42
	2.91
	6.70

	
	C.V.%
	1.75
	3.58
	6.14


CONCLUSION:
From the above findings, it may be concluded that Growth attributes, yield and soil microbial as well as enzymatic properties of soil as Influenced by microbial inoculants and their consortia in treatment T10 RDF + Azospirillum + PSB + ZnSB (Consortia -VII) along with 100 % RDF fertilizer performed the best results on microbial population (Bacteria, fungi and actinomycetes) and enzymatic activity (Dehydrogenase, Acid phosphatase and Alkaline phosphatase) activity increase with using microbial inoculants and their consortia.
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