Improving beneficial microbial population in soils of baby corn (Zea mays L.) through nutrient management in the new alluvial zone of West Bengal



ABSTRACT:
Baby Corn (Zea mays L.) supplies the profitable nutrients that is needed in most people's diets. A field study was carried out during the rabi season of 2019 at the Agricultural Experimental Farm of Calcutta University located at Baruipur, West Bengal after the harvest of Kharif rice to evaluate the influence of integrated nutrient management in baby corn (Zea mays L.) on soil microbial population in lower Gangetic alluvial land. The experimental plot was set up in a Randomized Complete Block Design replicated thrice having eight integrated nutrient management treatments in soil pH of 6.2 and the land was medium low land with clay loam texture. The soil micro-flora is a stimulant for creating earth as inhabit, across microbe that reason several procedures admire change as concerns nutrients and decay of wastes is occupied. Their activities are determined by management practices. Microbial populations were determined in this study, and results showed that baby corn recorded a greater number of microfloral populations at 20 days after sowing and after harvest viz., fungi, total bacteria, and actinomycetes under the treatment application of 75% NPK with 2.5 t vermicompost ha-1 along with seaweed 2.5 litre ha-1 whereas low microbial count was recorded in the control plot. A closer look at production technology is required, especially at the right nutrient management plan for baby corn, to maximize yield, maximize financial return, and improve soil health.	Comment by padideh: You must introduce the treatments correctly and completely.
Keywords: Baby corn, integrated nutrient management, microflora, seaweed.
Introduction
    Like rice and wheat, maize is also the staple diet for most of the people. It is known as the queen of cereals having its place of origin in Central America and domesticated 7000 years ago. Both the corn and the fodder are economically important and provide nutrition to humans as well as animals (Jinjala et al., 2016). A few decades ago, the cultivation of baby corn (Zea mays L.) spread all over the world due to its high nutritive value and short duration maturity period which fetches high market price has very high demand in food processing industries and consumed by people as vegetable. Baby corn is actually an immature ear harvested at the emergence of silk (Bairagi et al., 2015). Baby corn is suitable for the gangetic alluvial belt of West Bengal and the farmers can earn huge profits through its cultivation. Necessary agronomic management practices like integrated nutrient management must be adopted by farmers as it would ensure the quality and quantity of production. Soil is a dynamic body which supports and sustains various forms of life. It has a storage of varietal forms of microorganisms which maintains the nutrient exchange cycle between soil and plants. Microorganisms play a vital role in increasing plant yield and productivity by supplying essential nutrients required for the growth and development of plants. Their potentiality to fix nutrients like nitrogen from the atmosphere and various enzymatic processes transform phosphorus from insoluble form to available form benefits plants to get access to such nutrients. Soil microbial population may be imposed with the use of organic source of nutrients which may play a role in improving the yield of baby corn to a great extent. More the population of beneficial microbial, the better will be the soil health and ultimately yield of the crop.	Comment by padideh: Reference؟	Comment by padideh: None of them have references.
You should have reviewed the sources regarding the effects of the treatments, but you haven't done.
MATERIALS AND METHODS:
    The experiment was undertaken in the rabi season of 2019 (January-April) at the Experimental Farm of Calcutta University, Baruipur, West Bengal. The experimental field was situated at (22º22´ N, 88º26´ E) and 9 m latitude. The soil texture was clay loam in nature with pH 6.2, organic carbon 0.62%, 0.078% total N, 34 kg ha-1 available P and 260 kg ha-1 available K after harvest of rice. The experiment was set up in a Randomized Block Design (RBD) consisting three replications with eight integrated nutrient management treatments viz. 100% recommended dose of NPK (RDF: N 120 kg ha-1, P2O5 60 kg ha-1 and K2O 60 kg ha-1); 75% of NPK + 2.5 t of vermicompost ha-1 + 2.4 litre ha-1 of seaweed extract spray; 75% NPK + 5 t ha-1 of FYM + 2 t ha-1 of vermicompost; 50% NPK + 2.5 t ha-1 of FYM + 1.5 litre ha-1 of humic acid spray; 75% NPK + 4.5 litre ha-1 of seaweed extracts spray; 75% NPK + 2.5 t ha-1 of vermicompost + 2.4 litre ha-1 of humic acid; 0.2 t ha-1 of Neem pellets + 7.5 t ha-1 of FYM + 2.5 t ha-1  of vermicompost + 2 litre ha-1 of seaweed extract spray; Control.
       The Baby corn variety KSP-1224 was sown during the 2nd week of January in 2019 maintaining a spacing of 45 cm × 25 cm. The fertilizer sources for N, P2O5 and K2O was urea, SSP and MOP, respectively. The required quantity of fertilizers was evenly broadcasted along with the required amount of FYM and vermicompost as per the treatments during final land preparation. Seaweed extract pre-mix and humic acid pre-mix was applied as foliar spray at 3 intervals viz., 15, 30 and 45 days in 500 litres of water hectare-1. Irrigation to crop fields was provided whenever necessary. Collection of soil samples from the rhizosphere was done at various intervals viz., before sowing and at harvest. The count of the microbial population was performed by using their respective agar medium following serial dilation technique and pour plate method. The plates were incubated at 30ºC in an incubator. The data on colony counts were done at 5 days and 10 days of incubation.	Comment by padideh:  what basis have you calculated the base fertilizers?
        The fungi count was made using Martin’s rose bengal streptomycin agar medium (table 1). Sterile streptomycin was added just prior to plating to the medium. Jensen’s agar medium (table 2) was used for actinomycetes to take the colony of total actinomycetes. A pH of 6.5-6.6 was maintained for the medium and sterilization was done at 15 lbs pressure for 20 minutes. The total bacteria count was done using Thornton’s agar medium (table 3) with the pH of the medium at 7.4 and sterilized for 20 minutes at 15 lbs pressure.
Statistical analysis of the collected data was evaluated utilizing the methods as referred by Gomez and Gomez (1984).
Table 1. Martin’s rose bengal streptomycin agar medium
	Potassium dihydrogen phosphate 
	KH2PO4
	1.0 g 

	Magnesium sulphate 
	MgSO4, 7H2O 
	0.5 g 

	Dextrose 
	C6H12O6
	10.0 g 

	Peptone 
	
	5.0 g

	Agar 
	
	10.0 g 

	Rose Bengal (1:300 aq) 
	
	10.0 ml

	Distilled water 
	
	1000 ml

	Streptomycin 
	
	30 µg ml-2 












Table 2. Jensen’s agar medium (for actinomycetes) 
	Dextrose 
	C6H12O6
	2.0 g 

	Casein [dissolved in 10 ml of 0.1 (N) NaOH] 
	
	5.0 g 

	Dipotassium hydrogen phosphate 
	K2HPO4
	0.2 g 

	Magnesium sulphate
	MgSO4, 7H2O 
	0.2 g 

	Yeast extract 
	
	0.5g 

	Potassium chloride 
	KCl
	0.2g 

	Ferrous sulphate 
	FeSO4 2H2O 
	Trace 

	Agar 
	
	15.0 g 

	Distilled water 
	
	1000 ml



Table 3: Thornton’s agar medium 
	Dipotassium hydrogen phosphate 
	K2HPO4
	1.0 g

	Calcium chloride 
	CaCl2
	0.1 g

	magnesium sulphate 
	MgSO4, 7H2O
	0.2 g

	Sodium chloride 
	NaCl
	0.1 g

	Ferric Chloride 
	FeCl3, 6H2O
	0.002g

	Potassium nitrate 
	KNO3
	0.5g

	Asparagine 
	C4H8N2O4
	0.5g 

	Mannitol 
	C6H8 (OH)6
	1.0g 

	Agar 
	
	15.0 g 

	Distilled water 
	
	1000 ml


RESULT AND DISCUSSION:
I. Fungi:	
    The fungi population in table 4 revealed that at the pre-sowing stages showed non-significant output during both counts taken at 5 days after plating and 10 days after plating. At harvest, after 5 days of plating revealed T2-(75% of NPK+2.5 t ha-1 of vermicompost+2.4 litre ha-1 of seaweed extract spray) with (102.00) CFU × 104 g-1 had no significant difference with T1‑(100% recommended dose of NPK)‑(98.00) CFU × 104 g‑1 but differs significantly with by T7‑(0.2 t ha‑1 of Neem pellets+7.5 t ha‑1 of FYM+2.5 t ha‑1 of vermicompost+2 litre ha‑1 of    seaweed extract spray)‑(83.00) CFU × 104 g‑1 and T8‑(Control plot)‑(0.00) CFU × 104 g‑1           resulted in the lowest colony. After 10 days of plating T2-(75% of NPK+2.5 t ha-1 of vermicompost+2.4 litre ha‑1 of seaweed extract spray) with (105.00) CFU×104 g‑1 had no       significant difference with T1‑(100% recommended dose of NPK) with (104.00) CFU x 104   g‑1 followed by T7‑(0.2 t ha‑1 Neem pellets+7.5 t ha‑1 of FYM+2.5 t ha‑1 of vermicompost+2   litre ha‑1 of sea weed extract spray)‑(90.00) CFU x 104 g‑1 and other treatments respectively whereas showed significant difference with T8-(Control plot) that indicated the lowest with (7.00) CFU × 104   g-1. The soil fungi have a positive correlation with an organic source of nutrients as the organic nutrients provide carbon which acts as a food source for existing soil fungal population and through feeding of carbon they multiply and enables nutrient cycling.  So, the application of both seaweed and vermicompost, both of which are organic in nature seems to increase the fungal population in the soil. Kuttimani et al., (2017) and Krishnan, (2014) also observed similar findings.
II. Actinomycetes:
    From the table 4, the two-year pooled data showed that during the pre-sowing stages, non-significant results were recorded. The data at harvest, 5 days after plating revealed that T2‑(75% of NPK+2.5 t ha‑1 of vermicompost+2.4 litre ha‑1 of seaweed extract spray) with (23.00) CFU × 105 g‑1 with highest count was statistically at par with T1‑(100% Recommended dose of NPK)‑(22.00) CFU × 105 g‑1  with CFU x 105 g‑1 followed by T7‑(0.2 t ha‑1 of Neem pellets+7.5 t ha‑1 of FYM+2.5 t ha‑1 of vermicompost+2 litre ha‑1 of seaweed extract spray)‑(16.00)    CFU × 105 g‑1 and other treatments but showed significant difference with T6‑(75% NPK+2.5 t ha‑1 of vermicompost+2.4 litre ha‑1 of humic acid )‑(8.00) CFU × 105 g‑1 followed by T4‑(50% NPK+2.5 t FYM ha‑1+humic acid spray @ 1.5 litre ha‑1)‑(6.00) CFU × 105 g‑1 and T8‑(Control plot)‑(0.00) CFU × 105 g‑1 as the lowest colony. At harvest 10 days after plating  revealed the highest colony in T2‑(75% of NPK+2.5 t ha‑1 of vermicompost+2.4 litre ha‑1 of   seaweed extract spray) with (26.00) CFU × 105 g‑1 does not differ significantly with T1 (100% Recommended dose  of NPK)‑(20.00) CFU × 105 g‑1 , T5‑(75% NPK+4.5 litre ha‑1 of seaweed extract spray)‑(20.00) CFU × 105 g‑1 and other treatments respectively and T8‑(Control plot) being the lowest with (4.00) CFU × 105 g-1. The population of actinomycetes in the soil increase like that of bacteria and fungi after the application of both organics and recommended doses of fertilizers. It may be because of the favourable pH of the soil and required soil environment which enhanced their multiplication rate in the rhizospheric region of soil due to the application of an organic source of nutrients and the seaweed provided to plants which contain several growth-promoting substances and other nutrients along with organic acids, proteins etc. through their contact with plant roots into the soil. The addition of organics in the soil can be considered one of the primary factors for increasing the actinomycetes population in the soil Somasundaram et al., (2003); Nagaraju et al., (2022).
III. Population of total bacteria:
    The total bacterial population in table 4 indicates that before the application of treatments revealed no significant variation in both counts i.e., 5 days after plating and 10 days after plating. At harvest, 5 days after plating T2‑(75% NPK along+2.5 t ha-1 of vermicompost +2.4 litre ha-1 of seaweed) revealed the highest total bacteria population of (102.00) CFU × 106 g-1, and T8‑(Control plot) recorded the lowest population among all other treatments of (36.00)    CFU × 106 g‑1. T2 (75% NPK along with 2.5 t ha‑1 of vermicompost+2.4 litre ha‑1 of seaweed extract spray) does not differ significantly from T1 (100% recommended dose of NPK)‑(98.00) CFU × 106 g‑1 and T7 (0.2 t ha‑1 of Neem pellets+7.5 t ha‑1 of FYM+2.5 t ha‑1 of vermicompost+2 litre ha‑1 of seaweed extract spray)‑(83.00) CFU × 106 g‑1 whereas T2‑(75% NPK +2.5 t ha‑1 of vermicompost+2.4 litre ha‑1 of sea weed extract spray) had significant difference with T5‑(75% NPK+4.5 litre ha‑1 of seaweed extract spray )‑(76.00) CFU × 106 g‑1 followed by other treatments respectively.The results for 10 days after plating also showed significant variations among the treatments where T2‑(75% NPK along+2.5 t ha‑1 of vermicompost +2.4 litre ha‑1 of seaweed)‑(113.00) CFU × 106 g‑1 recorded highest colony and (Control plot) T8‑(55.00) CFU × 106 g‑1  resulted in lowest count for total bacteria. The increase in the population of total bacteria may be due to the application of nitrogen containing substances in T2 (75% NPK+2.5 t ha‑1 vermicompost+2.4 litre ha-1 of seaweed extract spray) mainly organic nutrients as compared to control plot which might have enhanced the bacterial population to increase in quantity due creation of favourable conditions due to decomposition and mineralization of organic substances applied in soil. Similar trends were observed by Kumari et al., (2017); Gunjal and Chitodkar, (2017).  
[bookmark: _GoBack]     It was finally observed that the microfloral population before application of treatments was less, but after applying nutrients through foliar application of seaweed, humic acid and soil application of vermicompost, neem pellets, FYM along with the application of a recommended dose of NPK the population of microflora increased. The addition of organic matter through different sources to soil provided the required amount of energy for soil microbes to multiply and form new cells. Similar findings could be corroborated with that of Wolf and Wagner, (2005); Moharana et al., (2012). The presence of various compounds of biological activities in fermented preparation i.e. growth hormones, vitamins and organic acids secretions and other bioactive metabolites etc. enhances the fertility of the soil by enabling the microbial population to colonize in the rhizosphere zone of the soil. The seaweed or humic acid applied on the crop secretes root exudates which act as a food for soil microbes. Another reason might be that the soil microbial population are mostly chemo-autotrophs and carbon from organic sources are their food after oxidation of those organic sources helping in enhancing soil microbial colony. This finding are similar with that of Ingle et al., (2014); Mcspadden and Gardener, (2007). The total bacteria and fungi population was observed to be dominant throughout the experiment. A good percentage increase in soil microflora would result in improving and increasing the nutrient status of soil which would lead to enhanced productivity of crops. Similar findings were observed by (Dolai et al., 2015).
Conclusion: It can be concluded that use of combined sources of organic and syntethic fertilizers is must to protect the soil health and sustain the crop production and productivity through improving beneficial soil microbes for which maximum application of organic sources (Vermicompost, Farmyard manure, Oilcakes, seaweed extracts etc.) of nutrients for crops are must in agricultural field that will enable nutrient recycling as well as other physio-chemical and biological activities thus improving yield of crops. 








Table 4: Effect of Integrated nutrient management on the population of fungi (x 104 ), actinomycetes (x 105) and total bacteria (x106)
	Treatments
	Fungi (x 104)
	Actinomycetes (x 105)
	Total bacteria (x 106)

	
	Pre-Sowing
(after 5 days of plating)
	Pre-Sowing
(after 10 days of plating)
	At Harvest
(after 5 days of plating)
	At Harvest
(after 10 days of plating)
	Pre-Sowing
(after 5 days of plating)
	Pre-Sowing
(after 10 days of plating)
	At Harvest
(after 5 days of plating)
	At Harvest
(after 10 days of plating)
	Pre-Sowing
(after 5 days of plating)
	Pre-Sowing
(after 10 days of plating)
	At Harvest
(after 5 days of plating)
	At Harvest
(after 10 days of plating)

	T1
	0(0.71)
	32(5.70)
	98(9.92)
	104(10.22)
	16(4.06)
	22(4.74)
	22(4.74)
	20(4.53)
	5(2.35)
	23(4.85)
	98(9.92)
	103(10.17)

	T2
	3(1.87)
	31(5.61)
	102(10.12)
	105(10.27)
	17(4.18)
	20(4.53)
	23(4.85)
	26(5.15)
	7(2.74)
	21(4.64)
	102(10.12)
	113(10.65)

	T3
	2(1.58)
	32(5.70)
	36(6.04)
	40(6.36)
	17(4.18)
	21(4.64)
	3(1.87)
	5(2.35)
	6(2.55)
	20(4.53)
	46(6.82)
	71(8.46)

	T4
	0(0.71)
	33(5.79)
	46(6.82)
	53(7.31)
	18(4.30)
	22(4.74)
	6(2.55)
	9(3.08)
	6(2.55)
	22(4.74)
	67(8.22)
	77(8.80)

	T5
	0(0.71)
	33(5.79)
	76(8.75)
	80(8.97)
	16(4.06)
	21(4.64)
	16(4.06)
	20(4.53)
	7(2.74)
	23(4.85)
	76(8.75)
	91(9.57)

	T6
	3(1.87)
	32(5.70)
	67(8.22)
	69(8.34)
	15(3.94)
	20(4.53)
	8(2.92)
	12(3.54)
	5(2.35)
	20(4.53)
	72(8.15)
	87(9.35)

	T7
	3(1.87)
	31(5.61)
	83(9.14)
	90(9.51)
	16(4.06)
	21(4.64)
	16(4.06)
	20(4.53)
	8(2.92)
	22(4.74)
	83(9.14)
	97(9.87)

	T8
	2(1.58)
	32(5.70)
	0(0.71)
	7(2.74)
	16(4.06)
	20(4.53)
	0(0.71)
	4(2.12)
	5(2.35)
	21(4.64)
	36(6.04)
	55(7.45)

	SE m (±)
	NS
	NS
	0.3
	1.4
	NS
	NS
	0.38
	1.12
	NS
	NS
	0.4
	0.3

	CD at 5%
	NS
	NS
	0.9
	4.4
	NS
	NS
	1.17
	3.39
	NS
	NS
	1.2
	1.0


Figures in parentheses are square root transformed values √0.5; NS: Not significant.

Notations used: T1-100% recommended dose of NPK (RDF: N 120 kg ha-1, P2O5 60 kg ha-1 and K2O 60 kg ha-1); T2-75% of NPK+2.5 t of vermicompost ha-1+2.4 litre ha-1 of seaweed extract spray; T3-75% NPK+5 t ha-1 of FYM+2 t ha-1 of vermicompost; T4-50% NPK+2.5 t ha-1 of FYM+1.5 litre ha-1 of humic acid spray; T5-75% NPK+4.5 litre ha-1 of seaweed extracts spray; T6-75% NPK+2.5 t ha-1 of vermicompost+2.4 litre ha-1 of humic acid;  T7-0.2 t ha-1 of Neem pellets+7.5 t ha-1 of FYM+2.5 t ha-1 of vermicompost+2 litre ha-1 of seaweed extract spray; T8-Control plot.
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