


Impact of Bio-NPK Consortia and Zinc on Nutrient Uptake and Quality of Soybean [Glycine max (L.) Merrill]in Inceptisol
Abstract
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.A field experiment was conducted to investigate the impact of bio-NPK along with zinc on nutrient uptake and quality of soybean in kharif  2023at 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.the application of bio-NPK consortia and ZnSO4.Significantly highest N, P, K and Zn uptake in grain (159.48, 13.97, 31.95 kg ha-1 and 79.54 g ha-1, respectively) were recorded in treatment (T5), which received GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia, while at par with, GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia (T4) noted the higher uptake of N, P, K and Zn.The significantly highest protein content (33.68%) in the treatment T5 and followed by T4) i.e., 33.65%.
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Introduction
The "golden bean" of the twenty-first century is the soybean. Despite being a legume crop, soybeans are utilized extensively as oilseeds. It is the world's top producer of edible oil and India's third-largest oilseed crop, after peanuts, mustard, and rapeseed. Because of its exceptional quality which includes 38–40% protein, 18–20% oil, calcium, iron, and phosphorus, soybeans are a miracle crop. It helps against HIV, cancer, and heart disease since it is a good source of flavones. Additionally, a high-protein animal feed is made with it. Soybeans provide almost 40% of the edible vegetable oil produced worldwide (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 products made from live cells of various microorganisms that may use biological processes to transform nutritionally significant substances from non-usable to usable forms. Although they can't completely replace chemical fertilizers, biofertilizers can definitely lower their input costs (Navasare et al., 2019; Patel et al., 2022). “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 necessary for the development of plants. One of the seven foundations of nutrition, zinc is essential for human, animal, and plant growth. “Zinc levels in pasture and fodder range from 20 to 30 mg kg-1 in soil, which is a relatively little quantity. Zinc is required for the activation of several enzymes, including dehydrogenases, tryptophan synthetase, and superoxide dismutase. Furthermore, larger seed zinc concentrations may help prevent soil-borne pathogen invasion during germination and seedling growth, resulting in improved crop stands and, eventually, increased production” (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  impact  of bio-NPK along with zinc on nutrient uptake and quality of soybean in Inceptisol.As   a   result,   the purpose of this study was to see the impact ofbio-NPK along with zinc on nutrient uptake and quality of soybean.
Materials 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). Total nitrogen (%) in grain and straw of soybean estimated by micro kjeldahl (digestion distillation)(Jackson, 1973), total phosphorus (%) by vanodomolybdate yellow colour method colorimetry (Jackson, 1973), total potassium (%) by flame photometer (Jackson, 1973), total zinc (mg kg-1) by atomic absorption spectrophotometer (Lindsay and Norvell, 1978), protein content (%) by microkjeldahlmethod and multiplying percentage of N in grain sample by constant factor 6.25 (A.O.A.C., 2016) and oil content (%) by soxhelt ether extraction (Plummer, D., 1998). Uptake of nitrogen, phosphorus, potassium and zinc by grain and straw was calculated by multiplying the nutrients content in grain and straw with the grain and straw yields. The data rewarded for different parameters were statistically analyzed in Randomized Block Design(RBD) as suggested by Panse and Sukhtme (1985).
Results and Discussion
Nutrient uptake by grain and straw of soybean:-
	An appraisal of data regarding thenitrogen, phosphorus, potassium and zinc uptake by grain and straw of soybean as influenced by bio-NPK consortia and ZnSO4 during the investigation is presented in Table 1 and 2. 
	The data given in Table 1 indicated that the nitrogen uptake by grain and strawof soybean found to be significant under the different level of bio-NPK consortia and ZnSO4. Significantly maximum uptake by grain and straw was recorded under the application of GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia (T5) (159.48and48.94 kg ha-1, respectively) and found to be at par with treatment GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia(T4) (151.26 and 46.13 kg ha-1, respectively). While absolute control (T1) obtained less N uptake by soybean grain and straw i.e., 88.67 and 20.91 kg ha-1, respectively.
	The data furnished in Table 1 revealed that the different levels of bio-NPK consortia and ZnSO4 gave significant difference in case of phosphorus uptake by grain and straw of soybean. Significantly maximum phosphorus uptake in grain and straw (13.97 and 16.37kg ha-1, respectively) found under the treatment with application of GRDF 100% + ZnSO4 @ 20 kgha-1and 8 ml bio-NPK consortia (T5) and remained at par with treatment GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia (T4) (12.85 and 15.29 kg ha-1, respectively).
The data on potassium uptake by grain and straw of soybean showed that different levels of bio-NPK consortia and zinc sulphate significantly influenced the potassium uptake by grain and straw (Table 1). Significantly maximum potassium uptake by grain and straw (31.95 and 90.69 kg ha-1, respectively) recorded under the treatment with application of GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia(T5) and remained at par with treatment application of GRDF 100%+ ZnSO4 @ 20 kgha-1 and 6 ml bio-NPK consortia (T4) (29.64 and 85.83 kg ha-1, respectively).While absolute control recorded lowest potassium uptake by soybean in grain and straw i.e.,16.86 and 50.59 kg ha-1 respectively.Uptake of any nutrient in the plant is directly related to its availability in the root zone and growth stage of the plant. This might be due to the application of 100% GRDF by chemical fertilizers could have created more opportunity to absorbed more nutrients from soil by soybean root. The similar findings were also reported by Jaga and Sharma, (2015), Kumar et al., (2016),Ghadge and Murumkar, (2020), Gaikwad et al., (2021) andThite and Murumkar, (2023).
[bookmark: _Hlk177376675]The zinc uptake by soybean grain and straw was influenced significantly due to the different levels of bio-NPK consortia and zinc sulphate (Table 2). Among the different treatments the treatment (T5) GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia gave significantly maximum zinc uptake by grain and straw of soybean(79.54and 43.91gha-1, respectively), but remained statistically at par with treatment GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia (T4) (75.17 and 41.38g ha-1, respectively). While (T1) absolute control recorded lower zinc uptake by grain and straw of soybean (34.62 and 21.76 g ha-1, respectively).Zinc uptake by soybean was highly dependent on soil available zinc. The response of zinc to crop more pronounced in Zn deficient soils compared to Zn sufficient soils. This may also due to development of root system with production of some organic acids in the rhizosphere such as gluconic, citric and or fumaric acid which decreases soil pH leads to increase solubility of insoluble compound and an availability of micronutrients as well as increase in plant nutrient uptake. The results were in accordance with the findings of Kumar et al., (2016), Yadav et al., (2022) and Sharma et al., (2023).
Quality of soybean:-
The data pertaining to effect of seed treatment of bio-NPK consortia and ZnSO4 on protein content, oil content and chlorophyll content in kharif soybean are presented in Table 3.
[bookmark: _GoBack]The data summarized in Table 3 appeared that effect of seed inoculation with bio-NPK consortia and ZnSO4 on protein content of kharif soybean was significantly superior in treatment GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia (T5) (33.68%), which was statistically at par with the treatment GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia (T4) (33.65%). Protein content seems to be increased due to increased availability of nitrogen to the plant through the process of atmospheric nitrogen fixation, higher microbial activity and more solubilization of phosphorus. Thus, increased in nitrogen content in grain resulted in increased protein content in grain, as nitrogen is basic constituent of amino acids, which are building block of molecules of protein. These results are cognizance with the findings of Jaga and Sharma,(2015), Kumar et al., (2016) and Navasareet al., (2019). Zinc is required as structural and catalytic components of protein or amino acids. The reason for improvement in protein content in grain could be traced backs the role of zinc in plant nutrition. These results are also confirmed by the findings of Kumar et al., (2016), Raghuwanshiet al., (2017) and Chavan et al., (2022) in soybean crop.
Table 1. Effect of Bio-NPKconsortia and ZnSO4 on nitrogen, phosphorus and potassium content in grain and straw of kharifsoybean
	 Treatments
	Nutrient content in grain (%)
	Nutrient content in straw (%)

	
	N
	P
	K
	N
	P
	K

	T1: Absolute control
	5.178
	0.413
	0.986
	0.819
	0.308
	1.978

	T2: GRDF (50:75:45 N: P2O5: K2O Kg ha-1+ 10 t FYM ha-1)
	5.363
	0.439
	1.028
	1.081
	0.347
	2.019

	T3: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 4 ml bio-NPK consortia 
	5.376
	0.447
	1.035
	1.086
	0.355
	2.027

	T4: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia
	5.380
	0.458
	1.053
	1.093
	0.362
	2.034

	T5: GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	5.383
	0.472
	1.080
	1.102
	0.368
	2.041

	T6: GRDF 75% + ZnSO4 @ 20 kg ha-1and 4 ml bio-NPK consortia
	5.359
	0.429
	1.006
	1.075
	0.331
	2.007

	T7: GRDF 75% + ZnSO4 @ 20 kg ha-1and 6 ml bio-NPK consortia 
	5.360
	0.432
	1.010
	1.076
	0.336
	2.011

	T8: GRDF 75% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	5.362
	0.437
	1.017
	1.079
	0.343
	2.016

	S.E. ±
	0.002
	0.006
	0.013
	0.005
	0.003
	0.003

	C.D. @ 5%
	0.006
	0.018
	0.039
	0.015
	0.010
	0.009


GRDF (General recommended dose of fertiliser)
Table 2.  Effect of Bio-NPK consortia and ZnSO4 on zinc content of grain and straw of kharif soybean
	Treatment
	Zinc content (mg kg-1)

	
	Grain
	Straw

	T1: Absolute control
	20.21
	8.52

	T2: GRDF (50:75:45 N: P2O5: K2O Kg ha-1+ 10 t FYM ha-1)
	24.03
	9.08

	T3: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 4 ml bio-NPK consortia 
	26.67
	9.74

	T4: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia
	26.73
	9.81

	T5: GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	26.86
	9.89

	T6: GRDF 75% + ZnSO4 @ 20 kg ha-1and 4 ml bio-NPK consortia
	26.14
	9.25

	T7: GRDF 75% + ZnSO4 @ 20 kg ha-1and 6 ml bio-NPK consortia 
	26.26
	9.32

	T8: GRDF 75% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	26.31
	9.40

	S.E. ±
	0.06
	0.04

	C.D. @ 5%
	0.18
	0.13


GRDF (General recommended dose of fertiliser)

Table 3. Effect of Bio-NPK consortia and ZnSO4 on protein content (%) and oil content (%) of kharif soybean
	Treatments
	Protein content (%)
	Oil content
(%)

	T1: Absolute control
	32.38
	18.49

	T2: GRDF (50:75:45 N: P2O5: K2O Kg ha-1+ 10 t FYM ha-1)
	33.57
	18.83

	T3: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 4 ml bio-NPK consortia 
	33.63
	19.20

	T4: GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia
	33.65
	19.41

	T5: GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	33.68
	19.47

	T6: GRDF 75% + ZnSO4 @ 20 kg ha-1and 4 ml bio-NPK consortia
	33.52
	19.00

	T7: GRDF 75% + ZnSO4 @ 20 kg ha-1and 6 ml bio-NPK consortia 
	33.54
	19.06

	T8: GRDF 75% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia 
	33.55
	19.17

	S.E. ±
	0.01
	      0.33

	C.D. @ 5%
	0.04
	NS


GRDF (General recommended dose of fertiliser)
Conclusion:-
From finding of the present research, it is concluded that the uptake of N, P, K and Zn by grain and straw of soybean were recorded significantly highest by the application of bio-NPK consortia and ZnSO4.Significantly highest N, P, K and Zn uptake in grain (159.48, 13.97, 31.95 kg ha-1 and 79.54 g ha-1, respectively) were recorded in treatment (T5), which received GRDF 100% + ZnSO4 @ 20 kg ha-1and 8 ml bio-NPK consortia, while at par with, GRDF 100% + ZnSO4 @ 20 kg ha-1 and 6 ml bio-NPK consortia (T4) noted the higher uptake of N, P, K and Zn similar trend were also found in straw.The significantly highest protein content (33.68%) in the treatment T5 and followed by T4) i.e., 33.65%.
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