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Abstract  
Phosphorus is a crucial macronutrient in plant development, playing a vital role in metabolic 

activities and growth. Due to its poor availability in soil, phosphorus (P) is essential for healthy 

plant growth, particularly in tropical regions. P is present in nucleic acids, catalysts, coenzymes, 

nucleotides, and phospholipids. Optimal phosphorus availability is essential for plant 

reproductive structure formation during early development. Soil phosphorus content is around 

0.05%, but due to insoluble phosphates, soluble forms are not readily available for plants. 

Chemical P fertilizers are used to increase available P levels, but these are costly and have 

negative environmental impacts. The limited P-source and high-quality rock P deposits may be 

exhausted within the next century, leading to the search for environmentally friendly alternatives. 

Biofertilizers with P-solubilizing properties are an environmentally friendly alternative to 

chemical-based Phosphorus fertilizers. PSB, beneficial microorganisms, hydrolyse insoluble 

phosphorus compounds into soluble P, facilitating plant uptake. This eco-friendly and 

economically sound approach overcomes P scarcity. This review details about the use of these 

PSB’s in improvement of fruit crops. 
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1. INTRODUCTION 

Phosphorus is a significant macronutrient that plays a crucial role in plant metabolic activities 

and development, second only to nitrogen [1]. Due to its poor availability in the soil, phosphorus 

(P) is one of the main macronutrients that limits plant development and is necessary for healthy 

plant growth, especially in tropical regions [2].It represents somewhere in the range of 0.2 and 

0.8% of the dry load of plants [3], and it is held inside nucleic acids, catalysts, coenzymes, 

nucleotides, and phospholipids. P is fundamental in each part of plant development and 

improvement, from the atomic level to numerous physiological and biochemical plantactivities 

including photosynthesis [3], improvement of roots, fortifying the shoots and stems, 

development ofblossoms and seeds, crop development and nature of yield, energy creation, 

storing and transfer reactions, root development, celldivision and augmentation, Nitrogen 
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obsession in vegetables, obstructionto establish sicknesses [4], nitrogen fixation in legumes [5], 

change of sugar to starch,furthermore, moving of the hereditary attributes [6].Optimal 

phosphorus availability is essential for the formation of plant reproductive structures during early 

plant development [6].Lack of phosphorus results in stunted growth and dark green colouration 

due to the enhancement of anthocyanin formation [7]. 

The soil has a phosphorus content of around 0.05%. Due to their fixation asinsoluble phosphates 

of iron, aluminium, and calcium in the soil, soluble forms of P are not as readily available for 

plants [8].Because of this, soil P becomes fixed, and, in most agricultural soils, available P levels 

must be increased by adding chemical P fertilisers. These fertilisers not only constitute a 

significant expense of agricultural production but also have a negative environmental impact on 

the health of the soil as a whole and degrade freshwater, marine, and terrestrial 

resources.Accordingly, elevated P levels have been found to be a primary cause of surface water 

eutrophication, which can result in algal blooms [9]. The frequent and careless use of chemical P 

fertilisers reduces crop output by upsetting microbial diversity, which in turn causes soil fertility 

to be lost [10]. The P-source in the world is limited and the world's high-quality rock P deposits 

may be exhausted within the next century due to its limited nature and current pace of 

consumption [11]. Beyond a certain point, producing P-based fertilisers would need processing 

lower-grade rock, which will be more expensive [12].The recognition of all the potential 

challenges related to chemical P fertilisers, combined with the enormous expenditures involved 

in their production, has prompted the search for environmentally friendly and economically 

possible alternatives to enhance crop production on poor and Phosphorous deficient soils [13]. 

Using microbial inoculants (biofertilizers) with Psolubilizing properties in agricultural soils is an 

environmentally benign alternative to chemical-based P fertilisers. 



 

 

 

Fig. 1. Phosphorous cycle in nature 

2. PHOSPHORUS SOLUBILISING BACTERIA (PSB)  

Pikovskayain 1948 reported on the solubilization of insoluble P by microorganisms [14].A few 

bacterial animal categories can change the insoluble type of phosphorous into a dissolvable one 

and are known as phosphate-solubilising microorganisms (PSBs). They are otherwise called 

plant development-advancing rhizobacteria (PGPR) because they colonize the plant roots and 

advance plant development. PSB has been utilized for crop creation starting around 1903. 

Phosphobacterin is the bacterial compost containing cells of Bacillusmegatherium var. 

phosphaticum arranged first and foremost by USSR researchers. These microorganisms assume a 

critical part in providing phosphate to plants, in a climate cordial and manageable way 

[15].Joined application of arbuscular mycorrhiza and phosphate solubilizing microbes upgraded 

the take-up of both local P from soil and P coming from the phosphatic rock [16,17].Amongthe 

entire microbial populace in soil P, solubilizing bacteriacontain 1–50% and P solubilizing fungi 

0.1 to 0.5% ofthe entire individual populace[18].PSBs are concentrated in the rhizosphere since 

this is the metabolically most active area [19].The mode of action of these PSBsincludes 
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increasing the surface area of the plant roots, increasing the availability of nutrients in the soil to 

the plants, and assisting nitrogen fixation.Pseudomonas fluorescens, Bacillus megatherium var. 

phosphaticum, Acrobacter acrogens,Nitrobacter spp., Serratia spp., Escherichia coli, 

Pseudomonas striata, Bacillus polymyxa are some of the microbes that have phosphate 

solubilising capacity. 

 

Fig .2. Functional diversity of PSB 

3.  MECHANISM OF PHOSPHORUS SOLUBILIZATION 

3.1 Production of organic acids 

Microbial secretion of low-molecular-weight organic acids is a crucial mechanism for the 

mineralization of phosphorus in soil. By producing organic acids, the phosphate solubilizing 

bacteria (PSB) can lower the surrounding pH [20]. These natural acids can either break up 

phosphates because of anion trade or can chelate Ca, Fe or Al particles related to the phosphates 

[10]. Nonetheless, soil microorganisms shift significantly in their capacity to discharge natural 

acids and, consequently, solubilize mineral phosphates at various degrees. 

3.2 Production of acid Phosphatase 

The mineralization of phosphorus compounds is completed by the activity of a few phosphates 

(likewise called phosphor hydrolase), which are available in a wide assortment of soil 

microorganisms and assume a critical part in the osmosis of phosphate from natural mixtures by 
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plants and microorganisms [21]. It includes the hydrolysis of phosphoester or phosphor 

anhydride bonds. 

 

Fig. 3. Soil phosphorous mobilization and immobilization by bacteria 

4. EFFECT OF PSB ON CROPS 

 The biofertilizer PSB has a positive effect on siderophores' secretion, which is used to chelate 

and absorb iron from the environment. Iron take-up is vital for compounds like Nitrogenase 

and hydrogenase nitrogen obsession. 

 They can create various kinds of chemicals like auxins, abscisic corrosive (ABA), gibberellic 

corrosive and cytokinins[22]. 

 PSB can combine 1-amino cyclopropane-1-carboxylate (ACC) deaminase catalyst which 

switches ACC over completely to smelling salts and forestalls the inhibitory impact of 

ethylene in roots as ACC is a quick forerunner of ethylene and consequently expanding root 

length and development [23]. 

 They upgrade the organic nitrogen obsession in plants [24]. 

 Siderophores, molecules that bind metals, are produced by them [25], β-1,3 glucanase, 

fluorescent shades, chitinases, anti-infection agents and cyanides to safeguard plants against 

microorganisms [26]. 
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 They give protection from the dry spells, saltiness, water-logging and oxidative pressure [27] 

and help in the solubilisation and mineralization of supplements [28]. 

 They produce water-solvent nutrients like niacin, thiamine, riboflavin and biotin for plant 

development [29,30]. 

 They advance free-living nitrogen-fixing microbes and improve nitrogen obsession and the 

stock of supplements like phosphorous, sulfur, iron and copper [31,32]. 

 

Fig .4.Mechanism of plant growth promotion by phosphorous solubilizing 

microorganism 

 

 

 

5. EFFECT OF PSB ON FRUIT MORPHOLOGICAL CHARACTERISTICS  

5.1 Canopy volume 
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A study effect of PSB application in Nanasaheb Purple grapes, got the most noteworthy shoot 

length (92.06 cm), shoot measurement (8.43 mm), total chlorophyll (1.31mg/g) and leaf area 

(178 cm2) which were treated by PSB of 2.5ml/plant treatment [33]. A positive relationship 

between's PSB focus, and the development of the plant was noted. This may be because of the 

creation of auxin by PSB and the expanded stock of phosphorus by PSB [34]. Likewise, the 

expansion in development characters may be because of the stimulative impact of PSB on P 

solubilisation prompting higher P accessibility and take-up by plants [35,36].A percent 

expansion in plant level (8.93%), number of shoots/plant (69.23%), and number of nodes per 

plant (52.90%) in guava cv. L – 49 was reported when treated with vermicompost 7.5kg + PSB 

50g [37]. Its very well results may be because of improved take-up of supplements under 

consolidated use of 7.5 kg Vermicompost + 50 g PSB per plant which could expand the 

accessible N, P, and K status of the soil. The consortium of Vermicompost + PSB presumably 

improved the soil by natural nitrogen obsession and maybe went about as a wellspring of energy 

(carbon) for its development and advancement and could added to upgraded auxin combination 

especially IAA in effectively isolating meristematic district in adolescents in guava plants. 

Research on the INM effect on strawberry cv. Sweet Charlie had evidenced that application of 

PSB along with azotobacter, vermicompost (5 tons), and poultry manure(2.5tons) resulted in 

maximum plant height(16.19cm), plant spread (24.68cm), and (77.26cm2) [38]. 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Effect of PSB on canopy volume 



 

 

Crop 
Dosages of Phosphorus 

Solubilizing Bacteria 
Results Reference 

Mango cv. 

Himsagar 

 

75% RDF + Azospirillum 

and Azotobacter @250g 

+PSB @ 250g+ K-

mobilizers@250g 

High leaf supplement status 

(1.98-2.12% nitrogen, 0.17-

0.18% phosphorus and 1.15-

1.20% potassium) 

[39] 

Mango plants 

cv. Dashehari 

Azotobacter 50g per plant + 

PSB 50g per plant 

High-rate expansion in plant 

height (10.78%), number of 

shoots per plant (68.98 %), and 

the quantity of nodes per shoot 

(41.65 %) 

[40] 

Bananacv. 

Ardhapuri 

(Musa AAA) 

half RDF + FYM + 

Azotobacter (50 g/plant) + 

PSB (50 g/plant) + VAM G. 

fasciculatum (250 g/plant) 

Maximum plant height (190.84 

cm), higher number of leaves 

(32.30) per plant and leaf area 

(17.93 m2) and the minimum 

number of days (211.03) for 

shooting after planting and the 

number of days for harvest in 

the wake of shooting (117.46) 

[41] 

Strawberrycv. 

Chandler 

vermicompost(250g/plant) 

and PSB(2g/plant) 

More increased plant 

height(23.59cm), leaves per 

plant (12.67), primary branches 

per plant (10.50), auxiliary 

branches per plant (27.35) 

[42] 

Sapota 

(Manilkara 

achras (Mill.) 

Forseberg). 

100% RDF + Azospirillum 

200g + PSB 200g 

Increase in plant growth 

concerning days expected for 

growing of new shoots (24.30), 

length of the shoot (12.64 cm), 

[43] 



 

 

cv. Kalipatti No. of leaves per shoots (9.67), 

leaf area (19.48 cm2) 

Strawberry 

cv. Chandler 

Azotobacter + PSB + 

vermicompost + 50 % 

recommended NPK 

More elevated plant height, 

plant spread, and leaf area per 

plant 

[44] 

Strawberry 

vermicompost + Azotobacter 

+ PSB +Arbuscular 

mycorrhiza 

Greatest plant height (20.26 

cm), plant spread (25.64 cm), 

number of leaves (54.30), and 

leaf area (97.87 cm 2)/plant 

[45] 

Mango 

Bio-compost PSM @ 100 

g/plant + Azotobacter @ 

150g/plant + half RDF 

Maximum plant height (6.72 

m) 
[46] 

Aha lemon 

Azospirillum 25g/tree + 

Azotobacter 25g/tree + 75% 

NPK/tree + Bacillus 

circulans 25g/tree + 27.5kg 

FYM/year 

Increase in leaf area and shoot 

length 
[47] 

Valencia 

orange 

180 N units/feddan + 120 K 

units/feddan + B. circulans 

Maximum increase of shoot 

length (43.51cm) 
[48] 

sweet Orange 

80ml Azotobacter + 80ml 

PSB + RDF 800:400:400g 

NPK + 50kg FYM 

The maximum expansion in 

tree height (0.47m) 
[49] 

Custard 

Apple 

Azotobacter 50 g + VAM 20 

g + PSB 50 g + half N 

through vermicompost + half 

RDF 

The most extreme plant height [50] 

Papaya 
Azotobacter + PSB + 100% 

NPK + FYM 

Increase in Plant height (201.95 

cm) 
[51] 



 

 

Guava 

PSB 100 g/tree + 

Azospirillum 100 g/tree + 

cowdung slurry @ 10 

liter/tree + 75%RDF 

Increase in plant height  (4.91 

m) 
[52] 

Guava 
Azotobacter + PSB + FYM + 

RDF 100% 

maximum plant height  (3.43 

m) 
[53] 

Mango 

Azotobacter 100g + VAM 

100g + Trichoderma viridae 

100g + PSB 100g + 25 kg 

vermicompost + Oil cake 2.5 

kg + 520: 160: 450 NPK 

g/plant 

Increase in the crown height 

(78.3cm) 
[54] 

Papaya 

PSB 2.5 g/m2 + Azotobacter 

50 g/plant + half RDF-NPK 

100g:100g:125g/plant 

Increase in plant height at 

blossoming and harvest stage 
[55] 

 

5.2 Stem girth  

The greatest rate expansion in rootstock circumference (11.69%) and scion size (12.67%) during 

2018 in the mango cv. Dashehari plants which were treated with Azotobacter 50 g + PSB 50 g + 

3 kg Vermicompost, during a different biofertilizers treatment study [40]. This may be added to 

better nitrogen obsession in soil, the creation of phytohormone substances, and expanded take-up 

of supplements especially nitrogen and phosphorus given bio-natural manure application. The 

most extreme expansion in stem circumference (4.16cm) of Sweet Orange was assessed under 

the treatment of 80ml Azotobacter + 80ml PSB + 50kg FYM + RDF (800:400:400g NPK), 

though the base increment was seen in charge (RDF 800:400:400g NPK + 50kg FYM) [49]. Use 

of 50g Azotobacter + 50g PSB + 250g VAM + FYM + half RDF (200:160:200 NPK) gives the 

greatest stem girth (81.34cm) in banana [41]. The treatment containing Azotobacter 50 g + VAM 

20 g + PSB 50 g + half N through vermicompost + half RDF expands the scion and rootstock 

circumference of Custard Apple as against different medicines and control [50]. 

Table 2. Effect of PSB on stem girth 



 

 

Crops 
Dosages of Phosphorus 

Solubilizing Bacteria 
Results Reference 

Sapota 

100 percent RDF-1000: 500: 500 g 

NPK + 200g Azospirillum+200g 

PSB/Plant 

The most extreme size of the 

shoot (2.06 cm) among the 

treatments 

[43] 

Banana Azospirillium + PSB 20 g/plant 
the most noteworthy stem 

girth development (63.00 cm) 
[56] 

Mango 

Azotobacter 150g/plant + PSM 

100 g/plant + half Inorganic 

manure 

Most extreme stem 

circumference (79.32 cm) 
[46] 

Guava Vermicompost 7.5 kg + PSB 50 g 

Maximum and large rate 

expansion in rootstock size 

(7.67%) and scion 

circumference (7.88%) 

[37] 

 

6. EFFECT OF PSB ON FRUIT REPRODUCTIVE CHARACTERISTICS  

6.1 Flowering 

Research finding revealed that the greatest blooming shoot initiation (46.1%) in 10-year-old 

mango cv. Himsagar crops treated with 50% NPK + Azospirillum @ 250g + PSB @ 250g + K-

mobilizers @ 250g. The superior outcome as far as blossoming by applying higher dosages of 

inorganic and biofertilizer mixes is because the plants get the necessary measure of significant 

supplements like nitrogen, phosphorus, and potassium [39]. Research concentrated on the effect 

of INM on the plant development and yield boundaries of strawberry cv. Chandler showed 

that,the treatment mix of Azotobacter + PSB + vermicompost + 50 % suggested portion of NPK 

recorded earliest in blossoming and largest number of blossoms per plant and blooming span 

[44]. Indian gooseberry displayed early blooming inception when treated with 3/fourth portion of 

NPK/tree + 100 kg FYM + Azotobacter @100g + Azospirillum @ 100g + PSB @ 100g. Be that 

as it may, a higher sex proportion was seen in the control (250.22 and 251.09) trailed by (a three-

fourths portion of NPK/tree + 100 kg FYM) and (a half portion of NPK/tree + 100 kg FYM) 

[57]. 

 



 

 

6.2 Fruit set and development 

Researchon the effect of INM on strawberry cv. Chandler evidenced that, the treatment blend of 

Azotobacter + PSB + vermicompost + 50 % suggested portion of NPK was recorded earliest in 

fruit development [44]. Research on effect of biofertilizer in Indian gooseberry detailed high fruit 

set (44.55%&50.16%), fruitretension percent (35.55% & 43.17%) was reported in Indian 

gooseberry with the treatment of biofertilizers (azotobacter, azospirillum, PSB @100g/tree each) 

alongside 75% RDF [57]. Research on nutrient management in sapota (Manilkara achras (Plant.) 

Forseberg). cv. Kalipatti revealed that plants treated with 100% RDF + Azospirillum 200g + 

PSB 200g showed the biggest number of fruits per shoot (4.24) and number of fruits per tree 

(635.67) [43].Research on INM effect on strawberry cv. Sweet Charlie found that application of 

PSB along with azotobacter, vermicompost (5 tons), and poultry manure(2.5tons) noted the 

maximum number of fruits per plant (11.78) [38].  

7. EFFECT OF PSB ON FRUIT SIZE AND WEIGHT 

The most elevated typical fruit weight (663.67 g), and 50 berry weight (458.0 g) in Nanasaheb 

purple grapes are accounted for when treated with PSB@2.5ml/plant. An expansion in normal 

bundle weight and 50 berry weight was seen as the centralization of PSB application/plant (0.5, 

1.0, 1.5, 2.0, and 2.5 ml/plant) expanded. A positive connection was seen between the PSB 

fixation and yield boundaries [33]. The biofertilizer application in mango cv. Himsagar got a 

higher fruit weight (267.2g), fruit length (9.62cm), and fruit diameter(7.74cm), in plants treated 

with 75% NPK + Azotobacter 250 g + PSB @ 250 g + K-mobilizer @ 250g. The superior 

outcome as far as fruit weight and size by applying higher portions of inorganic and biofertilizer 

mixes is because the plants get the expected measure of significant supplements like nitrogen, 

phosphorus, and potassium [39]. The most extreme load of the fruit in banana cv. Giant 

Cavendish was created with Azospirillium + PSB 20g per plant followed by Azotobacter + PSB 

20g per plant while the lesser yield was recorded with control because organic nitrogen 

obsession relies on the accessible type of phosphorus [56]. Research in the utilization of PSB to 

Nanasaheb grape plants showed an expansion in berry length from 19.33 to 22.67 mm while the 

berry width was expanded from 18.33 to 23.33 mm with the expansion in the convergence of 

PSB from 0.5 to 2.5 ml/plant separately [33].Impact study ofINM on strawberry cv. Sweet 

Charlie found that application of PSB along with azotobacter, vermicompost (5 tons), and 
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poultry manure(2.5tons) yielded the maximum fruit weight (12.26g), fruit diameter (2.99cm) and 

fruit length (5.25cm) among the treatments [38]. 

Table 3. Effect of PSB on fruit size and weight 

Crops 
Dosages of Phosphorus 

Solubilizing Bacteria 
Results Reference 

Sapota 
250 g PSB + 250 g 

Azotobacter per plant 

Most extreme fruit weight 

(125.87 g) 
[58] 

Strawberry 

cv. 

Kurdistan. 

Fertilizer + Azotobacter 

+wood debris + phosphorus 

solubilizing microorganisms + 

oil cake 

Increased fruit size 

(3.11cm), length (3.95 

cm), volume 

(20.397cm3), weight 

(11.11g) of fruits. 

[59] 

Strawberry 

cv. 

Chandler 

Azotobacter + PSB + 

vermicompost + 50 % RDF of 

NPK 

The extreme fruit weight 

in plants among the 

plants. 

[44] 

Mango 

Bio-compost (Azotobacter 

150g/plant + PSM 100 g/plant) 

+ half RDF 

Increment of fruit weight 

(285.15 g) 
[46] 

Nagpur 

mandarin 

VAM 500 gm/plant + 

Azospirillum 100 gm/plant + 

100% RDF + PSB 100 

gm/plant 

Increase in the fruit 

weight (149.98 g/fruit) 
[60] 

Mango cv. 

"Himsagar" 

250 g Azospirillum + 250 g 

PSB + 850:425:1000 NPK + 

100 gm borax + 100 gm 

ZnSO4 (Zinc Sulfate)/tree/year 

+ Vermicompost 

Most extreme weight (i.e., 

273.20gm) 
[61] 



 

 

Guava 

PSB 100 gm/tree + 

Azospirillum 100 gm/tree + 

cow manure slurry @ 10 

liters/tree + 75%RDF 

The fruit breadth (7.46 

cm) was increased among 

the treatments. 

[52] 

Guava 
RDF 100% + FYM + 

Azotobactor + PSB 

Greatest fruit weight 

(135.9g) among the 

treatments. 

[53] 

Papaya 

PSB 2.5 g/m2 + Azotobacter50 

g/plant + half RDF-NPK-

100g:100g:125g/plant 

the most noteworthy fruit 

weight (1670g) all among 

the treatments. 

[55] 

Guava 

250g Azotobacter + 50kg 

FYM + 487.5g + 243.75g + 

281.25g NPK + 250g 

PSB/plant 

Greater fruit weight and 

size 
[62] 

Papaya 
Azotobacter + PSB + 100 

percent NPK + FYM 

Maximum Fruit weight 

(0.952 kg) among the 

treatment. 

[51] 

Guava 

Azospirillum + PSB + 10 kg 

Vermicompost + 100 percent 

N + 100 percent P2O5 

Most elevated fruit width 

(7.91 cm), and pulp 

weight (211.61 g) 

[63] 

 

8. EFFECT OF PSB ON YIELD 

The best return (17.38kg) in grapes is accounted for when treated with PSB @ 2.5ml/plant. 

Expansions in yield were seen as the grouping of PSB application/plant (0.5, 1.0, 1.5, 2.0, and 

2.5 ml/plant) expanded. A positive connection was seen between the PSB fixation and yield 

boundaries [33]. The expansion in fruit yield with immunization of P solubilizing 

microorganisms may be because of an expansion in P accessibility through the solubilization of 

insoluble inorganic phosphate by natural corrosive, deterioration of phosphate-rich natural 

mixtures and creation of plant development advancing substances [64].Research on INM effect 

on strawberry cv. Sweet Charlie resulted that application of PSB along with azotobacter, 



 

 

vermicompost (5 tons), and poultry manure(2.5tons) resulted in the maximum yield per plant 

(112.63g) [38].Research on effect of biofertilizer concentrated on Indian gooseberry and detailed 

that a high return for every tree (159.6 kg & 161.68 kg/tree) when treated with biofertilizers 

(azotobacter, azospirillum, PSB @100g/tree each) alongside 75% RDF. In sapota (Manilkara 

achras). cv. Kalipatti, the plants treated with 100% RDF + Azospirillum 200g + PSB 200g 

showed the best yield per tree (53.33 kg). The most increasedfruit yield regarding the number of 

fruits/plant (1569.33) and fruit yield per plant (197.53 kg/plant) were reported in sapota which 

were treated with 1125:750:375 g NPK + 15 kg vermicompost + 250 g Azotobacter + 250 g 

PSB/plant [58].  

Table 4. Effect of PSB on yield 

Crops 
Dosages of Phosphorus 

Solubilizing Bacteria 
Results Reference 

Mango cv. 

Himsagar 

75% NPK + Azotobacter 

250g + PSB @ 250g + K-

mobilizer @ 250g 

greatest fruit yield (60.4 

kg/plant), and number of 

fruits/plants (225.7) among 

the treatments 

[39] 

Strawberry 

cv. 

Kurdistan 

compost + Azotobacter + 

wood ash + phosphorus 

solubilizing microorganisms 

+ oil cake 

Increase in the fruit yield 

(238.95 g/plant) 
[59] 

Strawberry 

cv. 

Chandler 

Azotobacter + PSB + 

vermicompost + 50 % 

suggested portion of NPK 

the most extreme number of 

fruits per plant, yield per plant 

(181.84 g), marketable yield 

per plant (145.47 g) and yield 

per hectare (101.02 q). 

[44] 

Strawberry vermicompost + 

Azotobacter + PSB 

the most extreme yield 

(311.26 g) / plant 
[45] 



 

 

+Arbuscular mycorrhiza 

Aha lemon 

Azospirillum 25g/tree + 

Azotobacter 25g/tree + 75% 

NPK/tree + Bacillus 

circulans 25g/tree + 27.5kg 

FYM/year 

Greater fruit yield among the 

treatment 
[47] 

Nagpur 

mandarin 

VAM 500 gm/plant + 100 

percent suggested portion of 

compost + Azospirillum 

100 gm/plant + PSB 100 

gm/plant 

The most extreme yield i.e., 

112.75 kg/tree 
[60] 

Sweet 

Oranges 

80ml Azotobacter + 80ml 

PSB + 50kg FYM + RDF 

(800:400:400g NPK) 

The most noteworthy fruit 

yield (107.36kg) and 

marketable yield (105.46kg) 

[41] 

Guava 

250g Azotobacter + 250g 

PSB+ 50kg FYM + (487.5g 

+ 243.75g + 281.25g 

NPK)/plant 

Higher fruit yield [62] 

Guava 

PSB 100 gm for each tree + 

Azospirillum 100 gm for 

every tree + cow dung 

slurry @ 10 liter for every 

tree + 75% RDF 

Obtained the maximum yield 

(48.23 kg/tree) 
[52] 

Guava 

treatment of RDF 100 % + 

Vermicompost + 

Azotobacter + PSB 

Recorded the most extreme 

fruit yield (21.74kg/tree) 
[53] 

Mango 75% RDF + Azotobacter 

250 g + 20 kg 
Most extreme fruit yield/tree [45] 



 

 

Vermicompost + 250 g 

PSB/plant 

(23.36 kg) 

Papaya 

PSB 2.5 g/m2 + Azotobacter 

50 g/plant + half RDF-NPK 

100g:100g: 125g/plant 

the most highest fruit yield/ha  

(259.97 ton) and marketable  

fruit yield/plot (299 kg) 

[55] 

Mango cv. 

Langra 

Azotobacter (250g) + PSB 

(250g) + Vermicompost 

(30kg) + GA3 (40ppm) 

Resulted the best yield among 

the treatment 
[65] 

Mango 

Bio-manure (PSM 100 

g/plant + Azotobacter 

150g/plant) + half NPK by 

RDF 

Noted the  most extreme fruit 

yield (57.20 kg/plant) and 

fruit  weight (285.15 g) 

[46] 

Banana 
Azospirillium + PSB 20g 

per plant 
Highest number of fingers [56] 

Strawberry 

FYM and Bio-composts (oil 

cake + wood debris + 

Poultry fertilizer + PSB + 

Azotobacter) 

The highest noted  yield 

(132.75q/ha.) 
[66] 

Guava 

PSB 100gm/tree + FYM 

26kg/tree/year + potash 

mobilizers100 gm/tree + 

Azotobacter100 gm/tree 

Maximum fruit yield (i.e.114 

kg/plant) 
[67] 

Plum 

12.5% nitrogen acquired by 

FYM + 12.5% nitrogen 

from Vermicompost + 75% 

of N + PSB + Azotobacter 

The best yield (52.14 kg/tree) [68] 

 



 

 

9. EFFECT OF PSB ON FRUIT QUALITY  

A study on INM effect on strawberry cv. Sweet (Table 5) Charlie showed that application of 

PSB along with azotobacter, vermicompost (5 tons), and poultry manure(2.5 tons) increased the 

specific gravity of fruits (1.84) [38].Papaya cv. Surya showed an elevated degree of carotenoids, 

lycopene, and a low degree of ascorbic acids in treatment with 50%RDF and Azospirillum + 

PSB+ mycorrhiza+ vermicompost at 50g/plant [69]. Consolidated use of fertilizer + Azotobacter 

+woodash + phosphorus solubilizing microorganisms + oil cake improved essentially 

fruitcomplete sugars (7.95%), all out dissolvable solids (9.01°B), corrosiveness (0.857), TSS: 

acridity proportion (11.12) in strawberry cv. Kurdistan [59]. 

Table 5: Effect of PSB on fruit quality  

Crops 
Dosages of Phosphorus 

Solubilizing Bacteria 
Results References 

Sapota 

1125:750:375 g NPK+15 

kg vermicompost +250 g 

Azotobacter + 250 g 

PSB/plant 

Maximum fruit weight (125.87 g), fruit 

length (4.36 cm), fruit width (5.26 cm) 

andfruitvolume(117.20cc), maximum pulp 

weight (101.66 g), greate (23.16ºB), and 

total sugar (18.03%) with least acidity 

(0.050%) 

[43] 

Strawberry 

vermicompost + 

Azotobacter + 

Azospirillum + PSB 

Higher TSS and total sugar with lower 

acidity (0.481%) 
[70] 

Nanasaheb 

purple 

grape 

1ml PSB/plant 
Most noteworthy TSS (18.67ºB) and least 

acidity (5.50 g/lit.) 
[33] 

Sapota 

1125:750:375 g NPK + 

15kg vermicompost + 

250 g Azotobacter + 250 

g PSB/plants 

Most extreme total soluble solids (23.16 

ºB), total sugar (18.03%) with least 

acidity (0.050%) 

[58] 

 

10. EFFECT OF PSB ON SOIL HEALTH 



 

 

The prime role of PSB application is to improve the soil quality as well as promoting the plant 

growth and development while sustaining natural resources. The plant growth is most obvious 

characteristic for evaluation the effect of PSB. Application of PSB 50g + vermicompost 7.5kg 

treatment in the guava cv. L-49 orchard soils revealed that there was a significant decrease in the 

pH, electrical conductivity, and organic carbon (%) as well as the available N, P, K status was 

significantly increased [37].Soil application of PSB along with azotobacter + Vermicompost 

(5tons/ha) + Poultry manure(2.5tons/ha) significantly increased the soil residual available N, P, 

K and organic carbon and decrease in the soil pH, and electrical conductivity was observed [38]. 

An examination on the impact of biofertilizers and inorganic composts on mango cv. 

Himsagar,obtained soil's greatest accessible phosphorous (25.91kg/ha) and natural carbon 

(1.19%) in their treatment was 75% NPK + Azotobacter @ 250g + PSB @ 250g + K-mobilizer 

@ 250g. The higher soil supplement status is because of the use of joined medicines (inorganic 

composts + biofertilizers) [39]. The effect of INM on strawberry cv. Chandler and the use of 

Azotobacter + PSB + vermicompost + half RDF was viewed as more compelling in diminishing 

the electrical conductivity (0.02 dSm⁻ ¹) and pH (6.27) of soil. The natural carbon (1.95%), 

accessible nitrogen (314.64 kg ha⁻ ¹), phosphorous (17.56 kg ha⁻ ¹), and potassium (306.33 kg 

ha⁻ ¹) were recorded altogether higher in the soil after gathering of the harvest in treatment 

getting Azotobacter + PSB + vermicompost + half RDF [44]. Use of PSB (2.5ml PSB/plant and 

2ml PSB/plant) treatment showed the microbial count 0.3 CFU/gm soil to 3.5 CFU/gm soil from 

the 30th, 45th, and 60th after application to harvest stage [33].  

CONCLUSION 

Phosphorus nutrition limits global agricultural productivity. To address the issue of phosphorus 

unavailability in agricultural soil, phosphatic fertilizers are routinely administered in an 

imbalanced way, degrading soil and crop health. Phosphoric fertilizer effectiveness is limited 

owing to fixation in both acidic and alkaline soils. Soil microorganisms have a role in P 

transformation, affecting the availability of phosphate to plant roots through several mechanisms. 

Microorganisms may solubilize and mineralize P from both organic and inorganic sources in 

soil. Inoculating PSB in soil effectively converts insoluble P compounds to plant-available form, 

leading to increased plant growth, crop output, soil quality, and sustainable agriculture. PSB 

promotes plant development by supplying readily absorbed P and producing plant growth 

hormones including IAA and GA. Additionally, PSB promotes plant development by producing 



 

 

siderophores and improving nitrogen fixation. In addition, PSB functions as a biocontrol against 

plant infections by producing antibiotics. Thus, PSBs provide possible replacements for 

inorganic phosphate fertilizers in meeting plant P needs and enhancing output in sustainable 

agriculture. Their application is both environmentally and economically sound. Further research 

is needed to investigate effective biofertilizers-PSB with numerous growth-stimulating properties 

in the field experiment. 

REFERENCES: 

1. Vikram A, Hamzehzarghani H. Effect of phosphate solubilizing bacteria on nodulation 

and growth parameters of greengram (Vigna radiata L. Wilczek). 2008; 62-72. 

2. Santana EB, Marques EL, Dias JC. Effects of phosphate-solubilizing bacteria, native 

microorganisms, and rock dust on Jatropha curcas L. growth. Genetics and Molecular 

Research. 2016 Oct 5;15(4):15048729. 

3. Sharma SB, Sayyed RZ, Trivedi MH, Gobi TA. Phosphate solubilizing microbes: 

sustainable approach for managing phosphorus deficiency in agricultural soils. 

SpringerPlus. 2013 Dec; 2:1-4. 

4. Kumar A, Kumar A, Patel H. Role of microbes in phosphorus availability and acquisition 

by plants. International journal of current microbiology and applied Sciences. 

2018;7(5):1344-7. 

5. Kouas S, Labidi N, Debez A, Abdelly C. Effect of P on nodule formation and N fixation 

in bean. Agronomy for Sustainable Development. 2005;25(3):389-93. 

6. Satyaprakash M, Nikitha T, Reddi EU, Sadhana B, Vani SS. Phosphorous and phosphate 

solubilising bacteria and their role in plant nutrition. International Journal of Current 

Microbiology and Applied Sciences. 2017;6(4):2133-44. 

7. Khan MS, Zaidi A, Wani PA. Role of phosphate solubilizing microorganisms in 

sustainable agriculture-a review. Sustainable agriculture. 2009:551-70. 

8. Sharma SB, Sayyed RZ, Trivedi MH, Gobi TA. Phosphate solubilizing microbes: 

sustainable approach for managing phosphorus deficiency in agricultural soils. 

SpringerPlus. 2013 Dec; 2:1-4. 

9. Schindler DW, Hecky RE, Findlay DL, Stainton MP, Parker BR, Paterson MJ, Beaty KG, 

Lyng M, Kasian S. Eutrophication of lakes cannot be controlled by reducing nitrogen 



 

 

input: results of a 37-year whole-ecosystem experiment. Proceedings of the National 

Academy of Sciences. 2008 Aug 12;105(32):11254-8. 

10. Gyaneshwar P, Naresh Kumar G, Parekh LJ, Poole PS. Role of soil microorganisms in 

improving P nutrition of plants. Plant and soil. 2002 Aug; 245:83-93. 

11. Cordell D, Drangert JO, White S. The story of phosphorus: global food security and food 

for thought. Global environmental change. 2009 May 1;19(2):292-305. 

12. Isherwood KF. Mineral fertilizer uses and the environment. International Fertilizer 

Industry Association; 1998. Vikram 

13. Oves M, Zaidi A, Khan MS, Ahemad M. Variation in plant growth promoting activities 

of phosphate-solubilizing microbes and factors affecting their colonization and 

solubilizing efficiency in different agro-ecosystems. Phosphate solubilizing microbes for 

crop improvement. Nova Science, New York. 2009:247-63. 

14. Pikovskaya RI. Mobilization of phosphorus in soil in connection with vital activity of 

some microbial species. Mikrobiologiya 17: 362–370. Plant Soil. 1948; 287:77-84. 

15. Khan MS, Zaidi A, Wani PA. Role of phosphate solubilizing microorganisms in 

sustainable agriculture-a review. Sustainable agriculture. 2009:551-70. 

16. Goenadi DH, Siswanto, Sugiarto Y. Bioactivation of poorly soluble phosphate rocks with 

a phosphorus�solubilizing fungus. Soil science society of America journal. 2000 

May;64(3):927-32. 

17. Cabello M, Irrazabal G, Bucsinszky AM, Saparrat M, Schalamuk S. Effect of an 

arbuscular mycorrhizal fungus, Glomus mosseae, and a rock�phosphate�solubilizing 

fungus, Penicillium thomii, on Mentha piperita growth in a soilless medium. Journal of 

Basic Microbiology: An International Journal on Biochemistry, Physiology, Genetics, 

Morphology, and Ecology of Microorganisms. 2005 Jun;45(3):182-9. 

18. Walpola BC, Yoon MH. Prospectus of phosphate solubilizing microorganisms and 

phosphorus availability in agricultural soils: A review. African Journal of Microbiology 

Research. 2012 Sep 27;6(37):6600-5. 

19. Vazquez P, Holguin G, Puente ME, Lopez-Cortes A, Bashan Y. Phosphate-solubilizing 

microorganisms associated with the rhizosphere of mangroves in a semiarid coastal 

lagoon. Biology and Fertility of Soils. 2000 Mar; 30:460-8. 



 

 

20. Chen YP, Rekha PD, Arun AB, Shen FT, Lai WA, Young CC. Phosphate solubilizing 

bacteria from subtropical soil and their tricalcium phosphate solubilizing abilities. 

Applied soil ecology. 2006 Nov 1;34(1):33-41. 

21. Sharma S, Kumar V, Tripathi RB. Isolation of phosphate solubilizing microorganism 

(PSMs) from soil. Journal of microbiology and Biotechnology Research. 2011;1(2):90-5. 

22. Dey RK, Pal KK, Bhatt DM, Chauhan SM. Growth promotion and yield enhancement of 

peanut (Arachis hypogaea L.) by application of plant growth-promoting rhizobacteria. 

Microbiological research. 2004 Dec 15;159(4):371-94. 

23. Glick BR, Penrose DM. A model for lowering plant ethylene concentration by plant 

growth promoting rhizobacteria. J Theor Biol. 2001; 190:63–68. 

24. Kennedy IR, Choudhury AT, Kecskés ML. Non-symbiotic bacterial diazotrophs in crop-

farming systems: can their potential for plant growth promotion be better exploited? Soil 

Biology and Biochemistry. 2004 Aug 1;36(8):1229-44. 

25. Pal KK, Tilak KV, Saxcna AK, Dey R, Singh CS. Suppression of maize root diseases 

caused by Macrophominaphaseolina, Fusarium moniliforme and Fusarium graminearum 

by plant growth promoting rhizobacteria. Microbiological research. 2001 Jan 

1;156(3):209-23. 

26. Cattelan AJ, Hartel PG, Fuhrmann JJ. Screening for plant growth–promoting 

rhizobacteria to promote early soybean growth. Soil Science Society of America Journal. 

1999 Nov;63(6):1670-80. 

27. Saleem M, Arshad M, Hussain S, Bhatti AS. Perspective of plant growth promoting 

rhizobacteria (PGPR) containing ACC deaminase in stress agriculture. Journal of 

industrial Microbiology and Biotechnology. 2007 Oct 1;34(10):635-48. 

28. Richardson AE. Prospects for using soil microorganisms to improve the acquisition of 

phosphorus by plants. Functional Plant Biology. 2001;28(9):897-906. 

29. Revillas JJ, Rodelas B, Pozo C, Martínez�Toledo MV, González�López J. Production 

of B�group vitamins by two Azotobacter strains with phenolic compounds as sole 

carbon source under diazotrophic and adiazotrophic conditions. Journal of applied 

microbiology. 2000 Sep 1;89(3):486-93. 



 

 

30. Sierra S, Rodelas B, Martinez�Toledo MV, Pozo C, González�López J. Production of 

B�group vitamins by two Rhizobium strains in chemically defined media. Journal of 

applied microbiology. 1999 May;86(5):851-8. 

31. McMillan S. Promoting growth with PGPR. The Canadian Organic Grower. Soil 

Foodweb Canada Ltd. Soil Biology Lab. & Learning Centre. 2007; 2007:3-4. 

32. Çakmakçi R, Dönmez F, Aydın A, Şahin F. Growth promotion of plants by plant growth-

promoting rhizobacteria under greenhouse and two different field soil conditions. Soil 

Biology and Biochemistry. 2006 Jun 1;38(6):1482-7. 

33. Swaminathan AG, Hariprasad KP, Suryawanshi AV, Kadam GB, Ghule VS. Effect of 

Phosphorus Solubilizing Bacteria on Growth, Yield, Quality and Nutrient Uptake in 

Nanasaheb Purple Grapes Grown under Semi-Arid Condition. Int J Curr Microbiol App 

Sci. 2020;9(7):1274-83. doi: 10.20546/ijcmas.2020.907.146. 

34. Henri F, Laurette NN, Annette D, John Q, Wolfgang M, Francois-Xavier E, Dieudonne 

N. Solubilization of inorganic phosphates and plant growth promotion by strains of 

Pseudomonas fluorescens isolated from acidic soils of Cameroon. African journal of 

microbiology research. 2008 Jul 1;2(7):171-8. 

35. Sharma K, Dak G, Agrawal A, Bhatnagar M, Sharma R. Effect of phosphate solubilizing 

bacteria on the germination of Cicer arietinum seeds and seedling growth. Journal of 

Herbal Medicine and Toxicology. 2007;1(1):61-3. 

36. Turan M, Ataoglu N, Sahin F. Effects of Bacillus FS-3 on growth of tomato 

(Lycopersicon esculentum L.) plants and availability of phosphorus in soil. Plant soil and 

environment. 2007 Feb 28;53(2):58. 

37. Verma NK, Bhatnagar P, Singh J, Sharma MK, Chopra R, Kumar A. Growth and 

development dynamics of Guava cv. L–49 plants under consortium of vermicompost and 

phosphorus solubilizing bacteria. IJCS. 2019;7(5):1316-22. 

38. Jain N, Kumar A. Influence of INM on soil physical and chemical property before and 

after harvesting of strawberry cv. sweet Charlie. Journal of Pharmacognosy and 

Phytochemistry. 2021;10(1):2347-50. 

39. Kundu S, Mishra J. Effect of biofertilizers and inorganic fertilizers on mango cv. 

Himsagar. J Crop Weed. 2018;14(3):100-5. 



 

 

40. Poonia KD, Bhatnagar P, Sharma MK, Singh J. Efficacy of biofertilizers on growth and 

development of mango plants cv. Dashehari. Journal of Pharmacognosy and 

Phytochemistry. 2018;7(5):2158-62. 

41. Patil VK, Shinde BN. Studies on integrated nutrient management on growth and yield of 

banana cv. Ardhapuri (Musa AAA). Journal of Horticulture and Forestery. 2013 

Oct;5(9):130-8. 

42. Kumar N, Singh HK, Mishra PK. Impact of organic manures and biofertilizers on growth 

and quality parameters of Strawberry cv. Chandler. Indian Journal of Science and 

Technology. 2015 Jul 13;8(15):1-6. 

43. Maskar SL, Manjare PB, Tonde MG. Effect of bio-fertilizers and inorganic fertilizers on 

growth and yield of Sapota (Manilkara achras (Mill.) Forseberg), cv. Kalipatti. Int J Curr 

Microbiol Appl Sci. 2018; Special Issue-6: 2606-13. 

44. Verma J, Rao VK. Impact of INM on soil properties, plant growth and yield parameters 

of strawberry cv. Chandler. Journal of Hill Agriculture. 2013;4(2):61-7. 

45. Singh AK, Beer K, Pal AK. Effect of vermicompost and bio-fertilizers on strawberry 

growth, flowering and yield. Annals of Plant and Soil Research. 2015;17(2):196-99. 

46. Dutta P, Das K, Patel A. Influence of organics, inorganic and biofertilizers on growth, 

fruit quality, and soil characters of Himsagar mango grown in new alluvial zone of West 

Bengal, India. Advances in Horticultural Science. 2016 Jan 1;30(2):81-6. 

47. Ennab H. Effect of Organic Manures, Biofertilizers and NPK on Vegetative Growth, 

Yield, Fruit Quality and Soil Fertility of Eureka Lemon Trees (Citrus limon (L.) Burm). 

Journal of Soil Sciences and Agricultural Engineering. 2016 Oct 1;7(10):767-74. 

48. El-Khawaga AS, Maklad MF. Effect of combination between bio and chemical 

fertilization on vegetative growth, yield and quality of Valencia orange fruits. 

Hortscience Journal of Suez Canal University. 2013; 1:269-79. 

49. Jugnake MO. Effect of Bio-fertilizer and chemical fertilizers on growth, yield and quality 

of Sweet Orange (Citrus sinensis L. Osbeck) (Doctoral dissertation, Vasantrao Naik 

Marathwada Krishi Vidyapeeth, Parbhani). 2017. 

50. Sharma A, Bhatnagar P. Effect of integrated nutrient management on growth attributes in 

custard apple cv. Arka Sahan. Progressive horticulture. 2014;46(2):227-31. 



 

 

51. Amrish Srivastava AS, Singh JK, Singh HK. Integrated nutrient management (INM) on 

growth, yield and quality of papaya (Carica papaya L.) cv. CO-7.2014;390-395. 

52. Chandra V, Sharma HG, Dikshit SN. Effect of chemical fertilizers, organic manure and 

biofertilizers on growth, yield and quality of mrig bahar guava (Psidium guajava). Curr 

Adv Agric Sci. 2016;8(1):114-116. 

53. Sharma JR, Baloda S, Kumar R, Sheoran V, Saini H. Response of organic amendments 

and biofertilizers on growth and yield of guava during rainy season. Journal of 

Pharmacognosy and Phytochemistry. 2018;7(6):2692-5. 

54. Sharma R, Jain PK, Sharma TR. Improvement in productivities and profitability in high 

density orchard of mango (Mangifera indica L) cv. Amrapali through integrated nutrient. 

Economic Affairs. 2016;61(3):533-8. 

55. Singh JK, Varu DK. Effect of integrated nutrient management in papaya (Carica papaya 

L.) cv. Madhubindu. 2013; 667-670. 

56. Kumar SA, Pathak KA, Kishore K, Shukla R, Solankey SS, Singh DK. Effect of 

biofertilizers on biological nitrogen fixation of banana cv. Giant Cavendish. Asian J. 

Hortic. 2013 Dec;8(2):436-9. 

57. Sharma A, Tiwari S, Chaurasiya RK, Nagaich KN. Respose of Indian gooseberry 

(Emblica officinalis Gaertn.) to Different Sources of Plant Nutrients. Journal of Pure & 

Applied Microbiology. 2021 Dec 1;15(4). 

58. Baviskar MN, Bharad SG, Dod VN, Barne VG. Effect of integrated nutrient management 

on yield and quality of sapota. Plant Archives. 2011;11(2):661-3. 

59. Dadashpour A, Jouki M. Impact of integrated organic nutrient handlingon fruit yields and 

quality of strawberry cv. Kurdistan in iran. 2012; 251-256. 

60. Hadole SS, Shivmala W, Jadhao SD. Integrated use of organic and inorganic fertilizers 

with bio-inoculants on yield, soil fertility and quality of Nagpur mandarin (Citrus 

reticulata Blanco). Int J Agric Sci. 2015;11(2):242-247. 

61. Hasan MA, Manna M, Dutta P, Bhattacharaya K, Mandal S, Banerjee H, et al. Integrated 

nutrient management in improving fruit quality of mango 'Himsagar'. Acta Hortic. 

2013;(992):167-72. 

62. Barne VG, Bharad SG, Dod VN, Baviskar MN. Effect of integrated nutrient management 

on yield and quality of guava. Asian Journal of Horticulture. 2011;6(2):546-8. 



 

 

63. Binepal MK, Tiwari R, Kumawat BR. Effect of integrated nutrient management on 

physico-chemical parameters of guava under Malwa Plateau conditions of Madhya 

Pradesh. Annals of Plant and Soil Research. 2013;15(1):47-9. 

64. Gaur AC, Sunita G. Phosphate solubilizing microorganisms-An overview. Current 

Trends in Life Science. 1999; 23:151-64. 

65. Tomar AK. Studies on Influence of Growth Regulators, Micronutrients and Bio-

fertilizers on Flowering, Fruiting and Fruit Quality of Mango (Mangifera indica L.) cv. 

2015. 

66. Nazir N, Singh SR, Sharma MK, Banday FA, Sharma VK, Khalil A, Hayat S. Effect of 

integrated organic nutrient sources on soil nutrient status and microbial population in 

strawberry field. Indian Journal of Horticulture. 2012;69(2):177-80. 

67. Devi HL, Mitra SK, Poi SC. Effect of different organic and biofertilizer sources on guava 

(Psidium guajava L.)'Sardar'. InIII International Symposium on Guava and other 

Myrtaceae 959 2012 Apr 23 (pp. 201-208). 

68. Kamatyanatti M, Kumar A, Dalal RP. Effect of integrated nutrient management on 

growth, flowering and yield of subtropical plum cv. Kala Amritsari. Journal of 

Pharmacognosy and Phytochemistry. 2019;8(1):1904-8. 

69. Reddy YT, Prasad SS, Kurian RM, Ganeshamurthy AN, Pannerselvam P. Effect of 

organic practices on fruit quality in papaya cv. Surya. Journal of Horticultural Sciences. 

2012 Jun 30;7(1):88-90. 

70. Singh SR, Zargar MY, Najar GR, Ishaq MI, Hakeem SA. Effect of integrated nutrient 

supply on yield, fertility and quality of strawberry under rainfed temperate conditions. 

Journal of the Indian Society of Soil Science. 2012;60(1):79-82. 


