Role of Bio-fertilizers in availability of Phosphorus fertilizer and yield of Blackgram (Vigna mungo L.)
            


Abstract
The present study aimed to determine the effect of Bio-fertilizers and level of Phosphorus on growth and yield of Blackgram (Vigna mungo L.). The field experiment was carried out during the Summer season 2023 at Shraddhey Bhagwati Singh Agriculture Farm, Hazipur, C.B.G. AG. PG. College, B.K.T., Lucknow, (U.P.). The experiment was laid out in FRBD with 12 treatment combination along with three replications. The result showed that the growth parameter viz. plant stand, plant height, number of branches, dry matter accumulation and leaf area index significantly increased due to application of T12 (Rhizobium seed treatment @ 20g/kg seed+ PSB soil application @5kg/ha+60kg P2O5) .Yield attributes viz. number of pods/plant, number of grains/pod, weight of pods/plant ,weight of seeds/plant (and 1000 grain weight ,grain and straw yield ,total biological yield and harvest index , quality and economics of Black gram was significantly increased by the T12 (Rhizobium seed treatment @ 20g/kg seed+ PSB soil application @5kg/ha+60kg P2O5) .However the highest B:C Ratio was resulted due to the application of(Rhizobium seed treatment @ 20g/ka seed+ PSB soil application+40kg P2O5).Rhizobium, and PSB along with phosphorus level was the superior among others treatments.
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Introduction:
“Black gram or urd (Vigna mungo) is one of the important crop among pulse grown in the country. It belongs to family leguminoceae and reported to be originated in India. Black gram is rich in protein and contains about 26% protein, which is almost three times that of cereals and supplies a major share of protein requirement of vegetarian population of the country. It is also an excellent source of dietry fibre, vitamin B complex, iron (7.57mg), copper (0.981mg), calcium (138mg), magnesium (267mg), zinc (3.35mg), potassium (983mg), phosphorus (379mg). It is consumed in the form of split pulse as well as whole pulse, which is an essential suppliment of cereal based diet. It has ability to fix about 22.10 kg/ha of atmospheric crucial  component of nucleic acids and  proteins. It is necessary to employ certain less expensive sources of fertilizers,  such  as  Rhizobium  and  phosphatic solubilizing  bacteria,  etc.,  because  the  cost  of nitrogenous  and  phosphatic  fertilizers  is  rising daily” (Kalhapure et al., 2024; Hepsibha et al., 2024). “By boosting the   biological   fixation of atmospheric nitrogen and improving the availability of phosphorus to the crop, bio-fertilizers like Rhizobium and phosphate solubilizing bacteria play a significant part  in raising     the availability     of     nitrogen     and phosphorus” (Abhishali & Debbarama, 2023).
“Phosphate Solubilizing Bacteria (PSB) plays an important role in solubilization of soil P through secretion of various organic acids (formic, acetic, butyric, propionic, citric, glucomic, succinic, oxalic, malic, maleic and lactic acids) and make it available to plant” (Gaur 1991).
“One of the  most crucial  minerals  that  has  a considerable  impact  on  plant  development and metabolism is   phosphorus. The fast rate of energy transfer that occurs  in  the  nodule   of legumes and the  high need for  P are congruent. Phosphorous   plays   a   crucial   role   in   energy storage and transmission for metabolic activities, which has an influence on growth and biological production” (Singh et al.).
The work done so far on Bio-fertilizer and phosphorus is limited under central plain zone of UP. Hence, the present study was conducted during Zaid season 2023 at the Agronomy Research Farm of Shraddheya Bhagwati Singh Agriculture Research Farm, Hazipur, C.B.G. Ag. Pg. College, BKT, Lucknow.

Materials and Methods:
The present investigation entitled “Effect of Bio-fertilizers and level on the growth and yield of Black gram [Vigna mungo (L.)]” was carried out in Zaid (summer) during 2023. Geographically experimental site is situated between 26.500C north latitude, 80.520C east latitude Its height from mean sea level is about 123 m and has sub-tropical climate. The experimental soil was silt-loam in texture, slightly alkaline reaction (pH 8.00), low in organic carbon (0.31%) and low in available nitrogen (180 kg/ha), medium phosphorus (16.5 kg/ha) and potassium (260 kg/ha The experiment was laid out in Factorial Randomized Block Design with three replications. The experiment comprised of the 12 treatment combinations. The pure seed of Black gram (Shekhar-2) was obtained from Research Farm, Hazipur, C.B.G. Ag. Pg. College, BKT, Lucknow Seeds were treated with Rhizobium @ 20g/kg seeds. Sowing was carried out on11 April, 2023 at thes pacing 30 cm × 10 cm. Fertilizer application was done in (N:P:K@ 20:40:20 kg/ha) was calculated as per their nutrient content. The half of Nitrogen through urea and full dose of Potassium (MOP) were applied as common dose sowing. Bio-fertilizer PSB (phosphorus solublizing bacteria) @5kg/ha mixed with sand was applied before sowing as per treatment. The required quantity of Single super phosphate (SSP) was calculated as per level of phosphorus and applied before sowing of crop seed plot wise. The rest of the nitrogen was top-dressed after first irrigation. All the recommended cultural and plant protection measures were followed throughout the experimentation. The data on plant stand, plant height, number of branches, dry matter accumulation, leaf area index, no. of pods/plant, no. of grains/pod, weight of seeds/plant, test weight, seed yield (q/ ha), straw yield (q/ha), total biological yield (q/ha), nutrient content and its uptake, protein content (%) and protein production and economics of all treatment was worked out.

Result and Discussion:
Plant Stand
The highest plant stand 20DAS was observed with T12 (Rhizobium seed treatment @ 20g/kg seed+ PSB soil application @5kg/ha+60kg P2O5).
Plant Height
The significantly highest plant height was obtained at harvest i.e. 36.91 cm with the crop seed treated with Rhizobium along with application of PSB @5kg/ha in soil which was at par with application of PSB @5kg/ha and seed treatment by rhizobium . The higher plant height with combination of bio-fertilizer i.e. Rhizobium + PSB was mainly because of  mobilization and availability of Phosphorus due to PSB which  enhanced the root proliferation which resulted in the higher translocation of nutrients to plant ,helped in higher metabolic activities and meristmetic activities which  enhanced the cell division ,cell elongation and enlargement thus resulted in improvement in plant height. Similar plant height of black gram with Rhizobium + PSB was reported by Kumari et al. (2020).
The highest plant height was recorded with the application of 60 kg P2O5 /ha at harvest i.e. 39.50 cm which was at par with 40 kg P2O5 /ha and 20 kg P2O5 /ha. The higher plant height with supply of Phosphorus was mainly due to better root development more absorption of plant nutrients, higher metabolic activity enhances the cell elongation and thus increase plant height at all stages.
Number of Branches
Results showed that the maximum number of branches were obtained at harvest with the combined application of Rhizobium along with application of PSB @5kg/ha in soil (7.13) which was at par with application of PSB @5kg/ha and seed treatment by rhizobium. Increase  in branches/plant under combined application of Rhizobium + PSB treatment was probably due to higher activities of meristematic tissues in plant owing to  higher availability and  mobilization of plant nutrients which played a significant  role in cell differentiation ,more meristematic division and more translocation of food materials in plant ,thereby results in higher production of branches in plant a t different growth stages in this experiment .Similar more number of branches/plant under integrated use of Rhizobium  + PSB was reported by Sasidhar et al. (2021).
Increasing the level of phosphorus from 0 to 60 kg P2O5/ha increased the number of branches. The maximum number of branches was obtained with the application of 60 kg P2O5/ha (7.72) The higher branches/plant due to higher level of P2O5 was mainly because of higher availability of nutrients, more photosynthetes formation which enhanced the cell division and formation of meristmatic tissues and branching initiations. Thus, more branches/plant under adequate supply of  phosphorus was observed in this experiment . Similar higher branches/plant with phosphorus application was reported by Parvez et al. (2013).
Dry matter accumulation 
The highest dry matter accumulation was recorded at harvest due to the combined effect of Rhizobium and PSB which was 15.81 g/plant which was significantly superior among other treatments. The higher dry matter /plant due to combined use of Rhizobium + PSB was  attributed to increase the crop growth due to adequate availability of nutrients by solubilizing and mineralization  process that attributed to more plant growth and dry matter accumulation of crop. Similar higher dry matter /plant with combined use of Rhizobium + PSB treatment was reported by Khatana et al. (2022).
As increasing the level of phosphorus from 0 to 60 kg P2O5/ha, the highest dry matter accumulation was recorded at harvest. The highest dry matter accumulation recorded was 20.39 g/plant with the application of phosphorus @ 60 kg/ha. Application of phosphorus increase the no. of roots and Rhizosphere area which led to the higher supply of plant nutrients to crop resulted in better formation of photosynthates which leads to higher metabolic activities, cell division, and  formation of meristmatic tissues which increase the growth of stem, functional leaf and branches/plant , ultimately the higher dry matter accumulation/plant as compared to lower doses of P2O5 in this experiment.  Similar, higher dry matter/plant with application of 60 kg P2O5/ha was reported by Singh et al. (2020) and Saikishor et al. (2020). 
Leaf Area Index
Combined application of Rhizobium @ 20 g/kg seed + PSB @ 5 kg /ha in soil resulted the highest leaf area index (4.78) which was significantly superior than application of Rhizobium and at par with Rhizobium alone. Combined application of Rhizobium + PSB treatment recorded the highest values of LAI  which   was mainly due to higher availability of  nutrients and better uptake by plants that results more formation of photosynthetes  which increased the number of functional leaves/plant ultimately enhanced the leaf area index (LAI).
The highest leaf area was recorded with the application of 60 kg P2 O5 /ha (5.11) at 60 DAS. The higher LAI with high dose of phosphorus under this study was mainly due to increased availability of plant nutrients enhanced the no. of functional leaves and ultimately the leaf area index with higher dose i.e. 60 kg P2O5 /ha.
Table 1: Measurement of Leaf area index










	Treatment
	Plant Stand
	Plant height (cm)
	Number of Branches
	Dry matter accumulation
(g/plant)
	Leaf Area Index

	Biofertilizers
	
	
	
	
	

	Rhizobium (Seed treatment) - 20g kg-1 Seed
	27.99
	34.2
	6.17
	12.94
	4.22

	PSB (phosphorus solublizing bacteria) soil application @5kg ha-1
	28.10
	35.99
	6.73
	13.83
	4.59

	Rhizobium (Seed treatment) 20g kg-1 Seed  + PSB soil application @5kg ha-1
	29.15
	36.91
	7.13
	15.81
	4.78

	SE(m)±
	0.28
	0.11
	0.02
	0.06
	0.05

	CD=0.05
	NS
	0.11
	0.08
	0.18
	0.14

	Phosphorus  Level(kg/ha)
	
	
	
	
	

	0
	27.97
	32.40
	5.64
	9.36
	3.80

	20
	28.10
	34.29
	6.01
	11.36
	4.61

	40
	28.40
	37.31
	7.18
	17.67
	4.59

	60
	28.50
	39.50
	7.72
	20.39
	5.11

	SE(m)±
	0.32
	0.13
	0.03
	0.07
	0.58

	CD=0.05
	NS
	0.39
	0.09
	0.21
	0.17




Yield attributes.
A perusal of yield attributes data indicate that bio-fertilizer and level of phosphorus affected the yield attributes statistically except 1000 grain weight in case of Bio-fertilizer treatment. Among the bio-fertilizer treatment, combined application of Rhizobium+ PSB treatment recorded significantly the maximum values of pods/plant (28.79),grains/pod(6.42),weight of pods/plant (7.29 g),weight of seeds/plant (6.5 g) and 1000 grain weight (40.05 g) as compared to PSB @5 kg /ha treatment and seed treatment of Rhizobium alone . Significantly, the lowest values of all yield attributes were recorded with seed treatment of Rhizobium.
The higher values of yield attributes under Rhizobium + PSB  treatment might be due to the facts that Rhizobium seed treatment  enhanced nitrogen fixation along with higher availability of phosphorus and other nutrients resulted higher  growth due to acceleration of metabolic activities and formation of more photosynthetes and its translocation to sink consequently  improved significantly the all yield attributes of black gram under the present study as compared to PSB @5 kg/ha alone or Rhizobium seed treatment. Similar higher values of all yield attributes with combined use of Rhizobium + PSB was reported by Sashidhar et al. (2022) and Shivani et al. (2022).
Increasing levels of phosphorus increased the root growth and improved root proliferation which enhanced the absorption of all nutrients by plant and improved formation of photosynthetes and its translocation to reproductive part of plant ultimately caused significant improvement of yield attributes under this study. Similar higher values of all yield attributes due to application of phosphorus @ 60 kg/ha was reported by Mahesh et al. (2021).
Phosphorus application increased the test weight by stimulating flowering and aids in seed formation. Increase in test weight due to more number of heavy weighted and bold seeds with application of P and PSB. Similar results were reported by the Ullah et al. (2010) and Verma et al. (2017).
Yield 
The highest values of yield viz. Grain yield (8.74 q/ha), Straw yield (13.00 q/ha), Total Biological yield (21.74 q/ha) and harvest index (40.20) was recorded with the combined application of Rhizobium and PSB which was significantly superior than Rhizobium and PSB alone.
Use of biofertilizer has been linked to supply of more plant hormones like auxins, cytokinin, gibberalin etc. by the micro-organism injected or by the root as a result of reaction to microbial population which may be the cause of increase in seed production with integrated use of Rhizobium + PSB treatment.
The result revealed that increasing the level of phosphorus from 0-60 kg/ha improved significantly the maximum grain (9.62 q/ha), straw (14.43 q/ha) and biological yield (24.04 q/ha)was recorded with application of 60 kg P2O5 /ha over 40 kg P2O5 /ha and 20 kg P2O5 /ha was obtained due to no phosphorus treatment. Phosphorous (60  kg/ha) may     be     responsible     for     the     increased photosynthesis  and  assimilate  translocation  to various   plant   parts   for   the   crop's   enhanced growth  and  yield-attributing  characteristics,  as seen in the number of pods/plant and number of seeds/pods.  Later on,  the  excess  assimilates stored  in  the  leaves  were  translocated  towards sink development, which ultimately contributed to higher  seed  yield
Yumna et  al. observed similar   findings.
Qualtitative Studies
The highest N, P and K content (3.36% N, 0.29% P and 0.59% K) in grain and (1.43%N,0.13%K and 1.49%K) in straw was recorded by  the combined application of seed treatment of Rhizobium and soil application of PSB@ 5kg/ha  which was significantly superior than other biofertilizers treatment.
The higher nutrient content and its uptake (22.92 kg/ha N,1.84kg/ha P and 3.92kg/ha K )in grain and (15.36 kg/ha N,1.41 kg/ha P and 15.99 kg/ha K with the combined application of Rhizobium + soil application of PSB@ 5kg/ha  and it was mainly due to higher grain and straw yield. Similar results were obtained by Tanwar et al. (2023).
Increasing the level of phosphorus increased the the nutrient content and its uptake in both grain and straw. The highest nutrient content (%)nutrient uptake( kg/ha) was recorded with the application of 60 kg P2 O5 /ha i.e 3.61%N, 0.34%P and 0.62%K in grain and 1.62%N,0.15%P and 1.66 %K in straw followed by 40 kg P2 O5 /ha and 20 kg P2 O5 /ha. However the lowest nutrient content ((%) and nutrient uptake (kg/ha) (2.96% N,0.21%P and 0.42%K) in grain and (1.32%N,0.13%P and01.38%K) in straw and lowest nutrient uptake i.e 16.08 kg/ha N,1.16 kg/ha P and 2.28 kg/ha K) in grain and(10.6 kg/ha N,1.08 kg/ha P and 11.01 kg/ha K ) in straw respectively was recorded with no phosphorus treatment. Similar findings were recorded by Kachave et al. (2018).
The data revealed that the combined application of Rhizbium + PSB soil application increased the protein content and protein yield of black gram. The higher protein content and protein yield was recorded under the combined application of Rhizbium + PSB i.e. (20.99% and 15.95kg/ha) in grain and (9.45%and 124.56kg/ha) in straw. However, the lowest protein content and protein yield was recorded with the seed treatment of rhizobium alone i.e. (20.11% and 143.28 kg/ha) in grain and (8.97% and 95.99 kg/ha) in straw.
Different levels of phosphorus also affected the protein content (%) and protein production (kg/ha) statistically. The higher protein content and protein yield of black gram were observed under the treatment 60 kg P2O5 /ha  (22.60 % and 217.70kg/ ha) in grain and (10.16% and 146.82 kg/ha) in straw followed by + 40 kg P2O5 /ha  (21.09 % and 187.87 kg /ha)in grain and (9.46% and126.55 kg/ha) ,respectively .
The increase in protein production in seed and straw was mainly due to higher supply of N through solubilization function of PSB. P helps in root enlargement, better microbial activities resulted in more availability and uptake of N thereby, increased nitrogen. Similar results were reported by Gadhavi et al. (2005), Madane et al. (2014) and Dongare et al. (2016).


Table2 Measurement of Biological yield and harvest index

	
Treatment
	No. of pods /plant
	No. of 
grains /pods
	Weight of pods/
plant(g)
	Weight of seeds/plant
(g)
	1000
grain weight
	Seed Yield
(q/ha)
	Straw yield
(q/ha)
	Biological 
Yield (q/ha)
	Harvest Index
(%)

	Biofertilizers
	
	
	
	
	
	
	
	
	

	Rhizobium (Seed treatment) - 20g kg-1 Seed
	28.79
	6.42
	7.29
	6.59
	40.05
	7.00
	10.50
	17.50
	40.00

	PSB (phosphorus solublizing bacteria) soil application @5kg ha-1
	31.25
	6.83
	9.52
	6.95
	40.12
	7.87
	11.82
	19.69
	39.96

	Rhizobium (Seed treatment) 20g kg-1 Seed  + PSB soil application @5kg ha-1
	32.94
	7.42
	10.14
	7.42
	40.19
	8.74
	13.00
	21.74
	40.20

	SE(m)±
	0.32
	0.051
	0.029
	0.014
	0.079
	0.019
	0.028
	0.025
	0.028

	CD=0.05
	0.97
	0.058
	0.084
	0.042
	N/S
	0.057
	0.082
	0.074
	0.083

	Phosphorus  Level(kg/ha)
	
	
	
	
	
	
	
	
	

	0
	23.17
	5.51
	7.37
	5.00
	36.74
	5.41
	9.97
	15.38
	35.17

	20
	28.68
	6.71
	9.49
	6.58
	40.04
	7.57
	11.80
	19.37
	39.08

	40
	32.70
	7.54
	10.67
	7.85
	41.57
	8.89
	13.33
	22.22
	40.00

	60
	39.43
	7.82
	13.48
	8.28
	42.11
	9.61
	14.10
	23.71
	40.53

	SE(m)±
	0.37
	0.058
	0.03
	0.016
	0.091
	0.022
	0.032
	0.029
	0.03

	CD(P=0.05)
	1.12
	0.017
	0.098
	0.084
	0.026
	0.066
	0.094
	0.085
	0.09



Economics
 Results revealed that combined application  of  Rhizobium + PSB +60  kg P2O5 /ha  recorded the highest cost of cultivation( T12 ) (36,205.0 ha-1) while, the lowest cost of cultivation (27,930.9 ha-1) and net income was recorded  in  control. It  was  observed  that highest   gross   return   (82,425 ha-1) was observed  with  application  of  ( T12 ) Rhizobium  +  PSB+60 kg P2O5 /ha .This was because of  higher gross return as compared to lower cost incurred 
However, treatment (T11) recorded the higher BCR (1.30) which was mainly because of lower cost involved proportionately higher increase in net income as compared to higher cost incurred and proportionately marginal increase in gross or net income with( T12 ) is mainly responsible  for lower BCR ( 1.27) as compared to T (12).
The lowest BCR (0.39) was recorded in control along with Rhizobium (T1) due to poor yield and higher cost incurred.  Similar results were supported by the findings done by Gajera et al. (2014)
Conclusion
The results revealed that Combined application of both bio-fertilizers (Seed inoculation Rhizobium@ 20 g/kg seeds + Soil application PSB @ 5 kg/ha)  along with 60 kg phosphorus /ha recorded the highest growth parameters, yield attributes, yield and qualities  along with economics.



Table3: Economics and net return for different treatments

	Treatments
	Cost of Cultivation
	Gross return
	Net Return
	B:C Ratio

	T1
	27930.9
	39093
	11162.1
	0.39

	T2
	31430.9
	47885
	16454.1
	0.52

	T3
	32930.9
	63346.5
	30415.6
	0.92

	T4
	35,430.9
	69783.5
	34352.6
	0.96

	T5
	28,415
	42390
	13975
	0.49

	T6
	31,915.9
	62404.5
	30488.6
	0.95

	T7
	33,415.9
	68452
	35036.1
	1.04

	T8
	35,915.9
	74336.5
	38420.6
	1.06

	T9
	28,705.9
	45888
	17182.1
	0.59

	T10
	32,205.9
	68295
	36089.1
	1.12

	T11
	33,705.9
	77715
	44009.1
	1.30

	T12
	36,205.9
	82425
	46219.1
	1.27
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