


Effect of Bio-NPK Consortia and Zinc on the Physico-Chemical and Biological Properties of Inceptisol Soil Under Soybean [Glycine max (L.) Merrill] Cultivation

Abstract
Soybean [Glycine max (L.) Merrill] is an important pulse as well as oilseed crop. It is believed to be originated in China around 2838 B.C. It belongs to family leguminoceae and subfamily papilionaceae. A field experiment was conducted to investigate the effect of bio-NPK along with zinc on soil properties under soybean grown soil in kharif 2023 at Krishi Vigyan Kendra, Dhule. The field experiment consisted of eight treatments viz., T1 (Absolute control), T2 [GRDF (50:75:45 N: P2O5: K2O kg ha-1  + 10 t FYM  ha-1)], T3 (GRDF 100% + ZnSO4 @ 20 kg ha-1 and 4 ml bio-NPK consortia), T4 (GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia), T5 (GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia), T6 (GRDF 75% + ZnSO4 @ 20 kg ha-1and 4 ml bio-NPK consortia), T7 (GRDF 75% + ZnSO4 @ 20 kg ha-1and 6 ml bio-NPK consortia), T8 (GRDF 75% + ZnSO4 @ 20 kg ha-1 and 8 ml bio-NPK consortia) were replicated thrice under randomized block design.Application of bio-NPK consortia and zincshowed significant effect on available N, P, K, DTPA-Zn and microbial count in soil after harvest of soybean. Significantly maximum available N, P, K,  DTPA-Zn (175.05, 17.45, 362.13 kg ha-1 and 0.67 mg kg-1, respectively), bacterial count Rhizobium, PSB and KMB in soil (14.49, 22.33 and 20.60  105 cfu g-1 soil, respectively) were noticed in treatment receiving GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia (T5), which was followed by application of GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia (T4).
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Introduction:-
“Soybean is known as the “golden bean” of the 21st century. Though soybean is a legume crop, yet it is widely used as an oilseed. It is the third largest oilseed crop of India after rapeseed, mustard and groundnut and ranks first in edible oil in the world. Soybean is a miracle crop due to its excellent quality, as it contains 38-40% protein, 18-20% oil, calcium, iron and phosphorus. It is a good source of flavones therefore it helps in preventing heart disease, cancer and HIV’s. It is also used to produce a high protein animal feed. About 40% of the world’s edible vegetable oil comes from soybean” (Hildebrand et al., 1986). “It is extremely resilient and performs even under severe water stress condition. It fits well in cropping system/rotation including inter/mixed cropping system” (Singh et al., 2017). “The yield of soybean is a generally low because it is less cared crop and mostly grown under rainfed condition without biofertilizers. Regular depletion of nutrient resources of soil has led to emergence of several nutrients deficiencies in soil and this because of intensive production, the higher and faster are the rates of nutrients exhaustion from the soil. There is immense scope for improving the production of this crop by using organic manures, inorganic manures and biofertilizers” (Sharma et al.,2023).
“Biofertilizers are the products containing living cells of different types of microorganisms which have an ability to mobilize nutritionally important elements from non-usable to usable form through biological process. Biofertilizers cannot replace chemical fertilizers, but certainly are capable of reducing their input” (Navasare et al., 2019). “Unlike chemical fertilizers, which have an adverse effect on the soil, biofertilizers boost soil fertility naturally.Therefore, using biofertilizer is essential to boosting soil productivity” (Sharma et al., 2023). “Microbial inoculants are cost effective, eco-friendly and renewable sources of plant nutrients.Liquid biofertilizer reduces the use of chemical fertilizer by 15-40%. They have long shelf life, easy to produce and apply” (Kumar et al., 2017). “Bio source medium such as Bio-NPK Liquid Microbial Consortium contain mixed population of N-fixing bacteria, P-solubilizing bacteria and K-mobilizing bacteria. These inoculants help in meeting the nutrient demand of crops through proper nitrogen fixation by enhancing nodulation, solubilization of insoluble phosphorus and mobilizing potassium” (Sharma et al.,2023). “Soybean rhizosphere harbors vast proportion of microorganisms, whose activities largely determine the biological condition of the soil and influence the plant growth right from seed germination to maturity” (Kumar et al., 2021). “The nitrogen demand of soybean can be supplied via biological nitrogen fixation through the inoculation with selected Bradyrhizobium japonicum strains. It is well known that, PSB and Rhizobium havesynergistic effect on legume crop” (Ghadge and Murumkar, 2020).
“Micronutrients are essential for plant growth. Zinc is one of the seven pillars of nutrition and is needed for the growth of plant, animals and humans. The amount of zinc in pasture and forage is very little and varies from 20 to 30 mgkg-1 in soil. Zinc is necessary to activate many enzymes, enzymes that are activated by the zinc are Tryptophan synthetase,Superoxide dismutase and Dehydrogenases. In addition, higher seed Zn contents may better resist invasion of soil-borne pathogens during germination and seedling development thus, ensuring good crop stands and ultimately better yield” (Goibaet al., 2018). “Soybean plant absorbs zinc as Zn2+and it is a component of synthetic and natural organic complexes. Zinc application in soybean improves photosynthetic activity, chlorophyll synthesis, metabolism of nitrogen and develops resistance to abiotic stresses. Zinc availability from soil to plant depends on various factors which governs the sorption and desorption of zinc in the soil. Effect of Zn application could be variable due to application of time, rate and method which need to be optimized for higher productivity and Zn use efficiency in soybean” (Yadav et al., 2022). “Application of Zn has been reported significant positive effects, in most cases, on growth measurements and chemical composition of soybean” (Raghuwanshiet al., 2017). “Zinc is known to have an important role either as a metal component of enzyme or as a functional, structural or regulatory co-factor of a large number of enzymes” (Grotz and Guerinot,2006). “Zinc is important for membrane integrity and phytochrome activities” (Shkoinik, 1984). “Zinc is needed by crops especially pulses in sufficiently large quantity. Unfortunately, in India about 50% soil is deficient in zinc. Zinc deficiency in human and animal is due to reduction in concentration of zinc in edible plant part. The crop grown in zinc deficient soil are generally having lower zinc content and intake of produce, such crop leads to health-related problems in humans and animals” (Mane et al., 2021).As   a   result,   the purpose  of  this  study  was  to  see  the  effect  ofbio-NPK along with zinc on soil properties in soybean grown soil.
Material and Methods:-
The field experiment was conducted at Krishi Vigyan Kendra, College of Agriculture, Dhule during the kharif 2023. Geographically, the Dhule is situated at 20.540 N latitude and 74.470 E longitude. The altitude is 258 m above mean sea level, this area falls in the sub-tropical region at the North Agroclimatic Zone-6 viz., Scarcity Zone condition of Northern Maharashtra. Generally, monsoon commences in the firstweek of June and retreats at the end of September with the average annual rainfall of 487.3 mm at College of Agriculture, Dhule. This is realized entirely from South-West monsoon. The rainfall is mostly received in 32 rainy days in a year. The mean annual maximum and minimum temperature ranges from 40.200C and 130C, respectively. The maximum sunshine hours are 08.50 hrs. The eight treatments in the experiment viz., T1 (Absolute control), T2 [GRDF (50:75:45 N: P2O5: K2O kg ha-1  + 10 t FYM ha-1)], T3  (GRDF 100% + ZnSO4 @ 20 kg ha-1 and 4 ml bio-NPK consortia), T4 (GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia), T5 (GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia), T6 (GRDF 75% + ZnSO4 @ 20 kg ha-1and 4 ml bio-NPK consortia), T7 (GRDF 75% + ZnSO4 @ 20 kg ha-1and 6 ml bio-NPK consortia), T8 (GRDF 75% + ZnSO4 @ 20 kg ha-1 and 8 ml bio-NPK consortia) were evaluated in randomized block design with three replications.The application of bio-NPK consortia (4 ml, 6 ml and 8 ml) and ZnSO4 (20 kg ha-1) were applied as per the treatments and evaluated with soybean variety Phule Kimaya (KDS 753).The soil of the experimental plot was clayey in texture and slightly alkaline in reaction (pH, 7.73 and EC, 0.34 dSm-1) . The soil was low in available nitrogen (156.91 kg ha-1), low in phosphorus (13.04 kg ha-1), very high in potassium (335.20 kg ha-1) and deficient in zinc (0.46 mg kg-1). The composite soil sample was collected at 0 to 30 cm depth from the experimental plot before the layout of the experiment. The composite sample was prepared after proper mixing, drying and sieving (2 mm sieve). The composite sample was analyzed for different chemical properties of the experiment soil which pH and EC (Jackson, 1973), organic carbon by wet oxidation method (Walkly and Black, 1934), available nitrogen by alkaline permanganate method (Subbiah and Asija, 1956), available phosphorus by NaHCO3 (0.5 M) pH 8.5 (Ascorbic acid) extraction method (Olsen et al.,1954), available potassium by neutral normal ammonium acetate method (Knudsen et al., 1982), DTPA-Zinc by atomic absorption spectrophotometer (Lindsay and Norvell, 1978) and microbial count by serial dilution plate method (Dhingra and Sinclair, 1993) were all measured in soil samples after crop harvest. The data rewarded for different parameters were statistically analyzed in Randomized Block Design(RBD) as suggested by Panse and Sukhtme (1985).
Result and Discussion:-
Physico-chemical properties:-
[bookmark: _Hlk149747169]The results regarding chemical properties viz., pH, EC and OC in soil after harvest of soybean as influenced by bio-NPK consortia and zinc are presented in Table 1.The perusal data given in Table 1, indicated that the pH, electrical conductivity and organic carbon in soil were not differ significantly due to application of different levels of bio-NPK consortia and zinc.
Table 1. Effect of Bio-NPK consortia and zincon pH, electrical conductivity and organic carbon of soil after harvest of soybean
	Treatments
	pH

	EC
(dSm-1)
	Organic carbon
(%)

	T1: Absolute control
	7.71
	0.33
	0.53

	T2: GRDF (50:75:45 N: P2O5: K2O Kg ha-1+ 10 t FYM ha-1)
	7.74
	0.34
	0.55

	T3: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 4 ml bio-NPKconsortia
	7.65
	0.30
	0.59

	T4: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia
	7.65
	0.27
	0.58

	T5: GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia
	7.63
	0.26
	0.60

	T6: GRDF 75% + ZnSO4 @ 20 kg ha-1and 4 ml bio-NPK consortia
	7.70
	0.33
	0.56

	T7: GRDF 75% + ZnSO4 @ 20 kg ha-1and 6 ml bio-NPK consortia
	7.69
	0.33
	0.60

	T8: GRDF 75% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia
	7.66
	0.31
	0.57

	S.E. ±
	0.07
	0.03
	0.03

	C.D. @ 5%
	NS
	NS
	NS

	Initial soil status
	7.73
	0.34
	0.56


GRDF (General recommended dose of fertiliser)
The available nitrogen, phosphorus, potassium (Table 2) and DTPA-Zinc (Table 3) in soil after harvest of soybean significantly influenced by the application of bio-NPK consortia and zinc.
The different levels of bio-NPK consortia along with zinc and recommended dose of nitrogen exerted significant effect of available N in soil after harvest of soybean (Table 2). The treatment receiving application of GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia (T5) recorded maximum available N (175.05 kg ha-1) and at par with treatment application of GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia (T4) (168.30 kg ha-1).Increased in available nitrogen might be due to attributed to the greater multiplication of soil microbes which converts organically bound nitrogen to inorganic form. Increase in available N due to the mineralization of organic matter in soil. Similar results were reported by Kumaret al., (2017), Ghadge and Murumkar,(2020), Thite and Murumkar,(2023),Sahuet al., (2023a) and Sharma et al., (2023).
The available phosphorus (Table 2) in soil after harvest of soybean was significantly highest under the treatment (T5) GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia (17.45kg ha-1). However, it was statistically at par with treatment (T4) GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia(17.11kg ha-1).Phosphorous solubilizing bacteria having the capacity of phosphate solubilizing and convert the insoluble phosphate into soluble forms through the production of organic acids. Inoculation of PSB with seed treatment create a multiplication of these type of bacteria(Bacillus megaterium) in plant rhizosphere which may improve the availability of phosphorus in soil, this work also confirmed by Kumaret al., (2017), Ghadge and Murumkar, (2020), Sahuet al., (2023a) and Thite and Murumkar, (2023) by using PSB.
The available potassium(Table 2) in soil after harvest of soybean was significantly highest under the treatment (T5) GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia (362.13kg ha-1). However, it was statistically at par with treatment (T4) GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia (360.54kg ha-1).The increase in available potassium in soil is might be due to the beneficial effect of organic manures affective clay-organointeraction and K2O addition widening available potassium in soil. It might be due to the inoculation of microbes in liquid consortia i.e., KMB increase the potassium availability in soil by the mechanism of mobilization. This work also confirmed by Kumar et al., (2017), Devarnavadgiet al., (2023) and Sahuet al., (2023a).
The treatment involving (Table 3) the application of GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia (T5) significantly showed the highest DTPA-Zn in soil after harvest of soybean (0.67mg kg-1), but remained at par with treatment (T4) GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia(0.66mg kg-1).It is generally accepted that the mechanism of mineral phosphate solubilization by PSB strains is associated with release of low molecular weight organic acids, their hydroxyl and carboxyl group chelate the cations bound to zinc and increased DTPA extractable zinc in soil. The residual status of nutrient after harvest of a soybean is a function of nutrients supplied and their loss/removal. It might be due to the experimental site was low in zinc status therefore through the application of zinc sulphate increased the DTPA extractable zinc content in soil. Increase in availability of zinc due to soil application in soybean. Similar results were reported by Kumar et al., (2017),Yadav et al.,(2022), Devarnavadgiet al., (2023) and Sharma et al., (2023).
Table 2. Effect of Bio-NPK consortia and zincon available N, P2O5 and K2O in soil after harvest of soybean
	Treatments
	Available nutrients
(kg ha-1)

	
	N
	P2O5
	K2O

	T1: Absolute control
	142.54
	10.42
	324.61

	T2: GRDF (50:75:45 N: P2O5: K2O Kg ha-1+ 10 t FYM ha-1)
	161.76
	15.28
	349.75

	T3: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 4 ml bio-NPK consortia 
	164.47
	16.49
	356.12

	T4: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia
	168.30
	17.11
	360.54

	T5: GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	175.05
	17.45
	362.13

	T6: GRDF 75% + ZnSO4 @ 20 kg ha-1and 4 ml bio-NPK consortia
	152.51
	14.32
	352.24

	T7: GRDF 75% + ZnSO4 @ 20 kg ha-1and 6 ml bio-NPK consortia 
	154.73
	14.89
	353.19

	T8: GRDF 75% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	157.66
	15.03
	355.82

	S.E. ±
	2.33
	0.13
	0.92

	C. D. @ 5 %
	7.04
	0.39
	2.77

	Initial soil status
	156.91
	13.04
	335.20


GRDF (General recommended dose of fertiliser)
Table 3. Effect of Bio-NPK consortia and zinc on DTPA-Zinc in soil after harvest of soybean
	Treatments
	DTPA-Zinc
(mg kg-1)

	T1: Absolute control
	0.36

	T2: GRDF (50:75:45 N: P2O5: K2O Kg ha-1+ 10 t FYM ha-1)
	0.57

	T3: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 4 ml bio-NPK consortia 
	0.63

	T4: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia
	0.66

	T5: GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	0.67

	T6: GRDF 75% + ZnSO4 @ 20 kg ha-1and 4 ml bio-NPK consortia
	0.59

	T7: GRDF 75% + ZnSO4 @ 20 kg ha-1and 6 ml bio-NPK consortia 
	0.61

	T8: GRDF 75% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	0.63

	S.E. ±
	0.01

	C.D. @ 5%
	0.03

	Initial soil status
	0.46


GRDF (General recommended dose of fertiliser)
Biological properties:-
Soil samples were analyzed for microbial population of Rhizobium, phosphate solubilizing bacteria (PSB) and potassium mobilizing bacteria (KMB) were presented in Table 4.
The data presented in Table 4 showed significant results against the bacterial count in soil after harvest of soybean as influenced by bio-NPK consortia and zinc. Significantly highest bacterial count i.e.,Rhizobium, PSB and KMB ( 105 cfu g-1 soil respectively) was recorded under the treatment, T5(GRDF 100% + ZnSO4 @ 20 kg ha-1 and 8 ml bio-NPK consortia). However, it was at par with treatment, T4 (GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia) (12.56, 21.45, 19.77 105 cfu g-1 soil, respectively), T7 (GRDF 75% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia) (10.77, 18.86, 16.98 105 cfu g-1 soil, respectively) and also with treatment T8 (GRDF 75% + ZnSO4 @ 20 kg ha-1 and 8 ml bio-NPK consortia)(11.74, 19.91, 18.08 105 cfu g-1 soil, respectively).
Soil is a natural basal media for microbial growth. Mostly, one gram of fertile soil contains millions of soil beneficial bacteria and their live weight may exceed 2,000 kg ha-1. The increase in population of bacteria in soil might be due to the rhizospheric activity, as releases of root exudates supplies required carbon compounds and attracted the bacteria near the root hairs. This might be due to the consortia of Rhizobium, PSB and KMB secret the growth hormone and some growth promoting substances that might induce root formation and growth of root as well as enhanced microbial population. The co-inoculation with B. Japonicumand Bacillus strains increases B. japonicum colonization and population on the soybean root surface and nodule number due to production of growth promoting substances, and that co-inoculation effects were strain-dependent because soybean plant with Bacillus strain able to produce high levels of auxin, salicyclic acid and natural symbiont B. japonicum altered plant growth parameters and significantly improved nodulation. Similar results were found in Jakharet al., (2018), Ghadge and Murumkar, (2020), Gaikwad et al., (2021), Singh et al.,(2021) and Thite and Murumkar, (2023).
Table 4. Effect of bio-NPK consortia and zincon microbial count of soil after harvest of soybean
	Treatments
	Bacterial count ( 105cfu g-1 soil)

	
	Rhizobium
	PSB
	KMB

	T1: Absolute control
	2.88
	5.07
	4.25

	T2: GRDF (50:75:45 N: P2O5: K2O Kg ha-1+ 10 t FYM Kg ha-1)
	4.17
	9.34
	7.91

	T3: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 4 ml bio-NPK consortia 
	9.67
	16.97
	14.92

	T4: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia
	12.56
	21.45
	19.77

	T5: GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	14.49
	22.33
	20.60

	T6: GRDF 75% + ZnSO4 @ 20 kg ha-1and 4 ml bio-NPK consortia
	9.34
	16.32
	13.41

	T7: GRDF 75% + ZnSO4 @ 20 kg ha-1and 6 ml bio-NPK consortia 
	10.77
	18.86
	16.98

	T8: GRDF 75% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	11.74
	19.91
	18.08

	S.E. ±
	1.23
	1.18
	1.22

	C.D. @ 5%
	3.72
	3.58
	3.69


GRDF (General recommended dose of fertiliser)
Conclusion:-
From finding of the present research, it is concluded that application of bio-NPK consortia and zincshowed significant effect on available N, P, K, DTPA-Zn and microbial count in soil after harvest of soybean. Significantly maximum available N, P, K,  DTPA-Zn (175.05, 17.45, 362.13 kg ha-1 and 0.67 mg kg-1, respectively), bacterial count Rhizobium, PSB and KMB in soil (14.49, 22.33 and 20.60  105 cfu g-1 soil, respectively) were noticed in treatment receiving GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia (T5), which was followed by application of GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia (T4).
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