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ABSTRACT
Aim: This study aimed to evaluate the comparative efficacy of liquid versus carrier-based biofertilizer formulations on enhancing foliar nitrogen, phosphorus, and potassium uptake in guava (Psidium guajava L.) cv. Taiwan White, under varying levels of chemical fertilizer application.
Study Design: The experiment was conducted using a Factorial Randomized Block Design (FRBD) with three replications.
Place and Duration of Study: The investigation was carried out over two consecutive years (2019-2021) at the College of Horticulture, Venkataramannagudem, Andhra Pradesh, India.
Methodology: The treatment structure combined three levels of the recommended dose of fertilizers (RDF)—100% (400:160:400 g NPK/tree), 80%, and 60%—with three biofertilizer applications: carrier-based (NFB+PSB+KSB @ 100 g/tree), liquid (NFB+PSB+KSB @ 5 ml/tree), and a control (no biofertilizers). Standardized protocols were used for leaf sampling and analysis: the Micro-Kjeldhal method for nitrogen, the vanadomolybdo-phosphoric yellow color method for phosphorus, and flame photometry for potassium. Pooled data from both years were subjected to factorial analysis of variance.	Comment by Dr.Hala: Scientifically, it is more accurate to state that it is grams of N:P₂O₅:K₂O per tree, because “P” and “K” usually represent oxides, not elements.
Correct wherever you find it
Results: The combined application of 100% RDF with liquid biofertilizers resulted in the highest foliar nutrient concentrations: 2.06% nitrogen, 0.39% phosphorus, and 1.62% potassium. Liquid biofertilizers consistently outperformed carrier-based formulations across all nutrient parameters and RDF levels. A significant finding was that the 80% RDF treatment amended with liquid biofertilizers achieved a phosphorus level (0.33%) that was statistically equivalent to the highest-yielding treatment (100% RDF + liquid), suggesting a potential 20% reduction in chemical fertilizer use without detriment to foliar phosphorus status.
Conclusion: Liquid biofertilizers are demonstrably superior to carrier-based forms for enhancing foliar nutrient content in guava. Their integration, even with a reduced (80%) RDF, can maintain optimal phosphorus nutrition, offering a practical and sustainable strategy for precision nutrient management and fertilizer input optimization in commercial guava cultivation.

Keywords: Guava, Liquid Biofertilizers, Foliar Nutrient Uptake, Integrated Nutrient Management, Fertilizer Optimization	Comment by Dr.Hala: The keywords must correspond to the terms mentioned in the abstract to ensure consistency; unrelated words should not be included ."

1. introduction 	Comment by Dr.Hala: The information provided in the introduction is not sufficient. Please add more relevant and detailed information about this topic.

Guava (Psidium guajava L.), recognized as "the apple of the tropics," represents a commercially vital fruit crop in India, esteemed for its exceptional nutritive value, notably its high ascorbic acid content. Intensive cultivation practices aimed at maximizing yield have historically depended on synthetic fertilizers. Nevertheless, the disproportionate and excessive application of these chemical inputs poses significant risks, including environmental pollution, degradation of soil health, and escalating production expenditures (Sharma et al., 2013). This underscores an urgent need for Integrated Nutrient Management (INM) strategies that reconcile high productivity with ecological stewardship.
Biofertilizers, comprising consortia of beneficial microorganisms such as nitrogen-fixing bacteria (NFB), phosphate-solubilizing bacteria (PSB), and potassium-solubilizing bacteria (KSB), present a viable alternative for sustainable agriculture. These microbial inoculants enhance nutrient bioavailability and acquisition through biological mechanisms, thereby potentially diminishing reliance on chemical fertilizers (Kaushik et al., 2018). Recent advancements have highlighted the superiority of liquid formulations over traditional carrier-based biofertilizers, attributable to their greater microbial load, extended shelf life, application convenience, and improved microbial survival rates.
Foliar nutrient analysis serves as a critical diagnostic tool for evaluating the phytochemical status and the efficiency of nutrient management protocols in perennial crops. Despite the acknowledged potential of biofertilizers, a comparative assessment of their formulation-specific impacts on the foliar nutrient profile of guava remains inadequately documented. Consequently, the present investigation was formulated to systematically evaluate the relative performance of liquid versus carrier-based biofertilizers, in conjunction with graded doses of chemical fertilizers, on the foliar nitrogen, phosphorus, and potassium concentrations in guava cv. Taiwan White.

2. material and methods 	Comment by Dr.Hala: Please, the work methods should be divided into sections to facilitate understanding, and not in the form of a list of information.

Some sentences are very long and need to be separated to make them clearer to the academic reader.
You should use the past tense when describing your experience, which you did well.

mproved linguistic formulation (more academic).

Clarification of chemical units (P₂O₅ and K₂O instead of P and K).

Correction of some methodological terms (FRBD, ANOVA, CD).

Adding simple reference details for analytical methods if the goal is to publish scientifically.

A two-year field investigation (2019-2021) was conducted using a Factorial Randomized Block Design with three replications to assess the individual and interactive effects of chemical fertilizers and biofertilizers on guava leaf nutrition. The experimental treatments comprised three levels of recommended dose of fertilizers (100% RDF: 400:160:400 g NPK/tree; 80% RDF: 320:128:320 g NPK/tree; 60% RDF: 240:96:240 g NPK/tree) and three biofertilizer applications [carrier-based (NFB+PSB+KSB) @ 100 g/tree, liquid biofertilizers @ 5 ml/tree, and a control without biofertilizers], all receiving a uniform basal dose of farmyard manure.
Standardized protocols were employed for leaf sampling and nutrient analysis. The third pair of leaves from the apex of non-fruiting shoots The third pair of leaves from non-fruiting branches was collected at experiment initiation and final harvest, followed by thorough cleaning, drying, and grinding through a 40-mesh sieve. Leaf nitrogen content was determined using the Micro-Kjeldhal method, while phosphorus and potassium were analyzed through vanadomolybdo-phosphoric yellow color method and flame photometry, respectively. 	Comment by Dr.Hala: It is better to cite sources.
Statistical Analysis.
The data were subjected to factorial analysis of variance (ANOVA), and treatment means were compared using the critical difference (CD) test at the 5% probability level.”The collected data were subjected to factorial analysis of variance, with treatment means compared using critical difference at 5% probability level, and pooled data from both years are presented.	Comment by Dr.Hala: Add a main title: Statistical Analysis.



3. results and discussion

3.1. Leaf Nitrogen Content (%)
Leaf nitrogen content showed a statistically significant response to varying levels of chemical fertilizers and biofertilizer applications. The nitrogen concentration in leaves increased from an initial level of 1.32% to a pooled mean of 1.78% across two years of experimentation. The highest nitrogen content (1.91%) was recorded in plants receiving 100% Recommended Dose of Fertilizers (RDF), while the lowest (1.63%) was observed in the 60% RDF treatment. Among the biofertilizer treatments, liquid formulations (NFB + PSB + KSB) led to a considerable increase in nitrogen uptake (1.91%), surpassing carrier-based biofertilizers (1.80%) and untreated control (1.64%). The most effective combination was 100% RDF with liquid biofertilizers, which resulted in the maximum nitrogen concentration (2.06%). This enhancement in leaf nitrogen content can be attributed to improved nutrient availability and uptake facilitated by the synergistic effect of chemical and biological inputs. Azotobacter, a nitrogen-fixing bacterium present in both liquid and carrier-based formulations, likely contributed to increased nitrogen availability through biological nitrogen fixation and improved mineralization of soil organic matter. The microbial activity may have also enhanced root surface area and nutrient absorption efficiency. These results agree with previous findings by Chauhan (2008), Ram et al. (2007), Sharma et al. (2013), Kaushik et al. (2018), and Dutta et al. (2014), who reported enhanced nitrogen uptake in guava and other fruit crops with integrated nutrient management.
3.2. Leaf Phosphorus Content (%)
Phosphorus content in guava leaves significantly varied with different levels of fertilizer and biofertilizer treatments. Starting from an initial value of 0.13%, the mean phosphorus content increased to 0.26% in pooled data. The application of 100% RDF recorded the highest leaf phosphorus content (0.31%), followed by 80% RDF (0.27%), while the lowest value (0.21%) was found in the 60% RDF treatment. Among the biofertilizer options, liquid biofertilizers led to the highest phosphorus uptake (0.32%), significantly outperforming carrier-based biofertilizers (0.26%) and the no-biofertilizer control (0.21%). The highest phosphorus accumulation (0.39%) occurred with the combined treatment of 100% RDF + liquid biofertilizers. The increase in phosphorus content can be ascribed to the phosphate-solubilizing activity of microbial strains such as PSB (Phosphate Solubilizing Bacteria), which enhance phosphorus availability by releasing organic acids (e.g., citric and oxalic acid) that mobilize fixed forms of phosphorus in the soil. The extensive root colonization by these microbes also increases the absorptive capacity of the root system. Similar mechanisms were documented by Dotaniya et al. (2014), Sundara et al. (2002), and Trivedi et al. (2012), who emphasized the role of biofertilizers in improving phosphorus availability in perennial fruit crops.
3.3. Leaf Phosphorus Content (%)
Leaf potassium content also exhibited significant responses to chemical fertilizer levels and biofertilizer treatments. The initial potassium content of 1.18% rose to a pooled average of 1.48%. The application of 100% RDF resulted in the highest potassium level (1.55%), followed by 80% RDF (1.50%), with the minimum (1.38%) recorded under 60% RD. Liquid biofertilizers led to a notable increase in potassium content (1.56%) compared to carrier-based biofertilizers (1.49%) and untreated control (1.38%). The combination of 100% RDF + liquid biofertilizers recorded the highest potassium accumulation in leaf tissue (1.62%). The observed increase in potassium levels is likely due to the activity of potassium-solubilizing bacteria (KSB), which help in converting insoluble forms of potassium into forms readily available to plants. These microbes not only enhance nutrient solubility but also improve root development and rhizospheric nutrient dynamics through the secretion of enzymes and organic acids. The superior performance of liquid biofertilizers could be due to higher microbial load, better shelf-life, and faster colonization in the rhizosphere compared to carrier-based formulations. These findings are in line with the results of Yadav (2006), who reported better potassium uptake in guava with biofertilizer application, and confirm the efficacy of integrating chemical fertilizers with microbial inoculants for improved nutrient uptake.

Table 1. Influence of different levels of RDF and biofertilizers on nitrogen, phosphorous and potassium 
               content in leaf (%) in guava cv. Taiwan White (Pooled data of 2019-20 & 2020-21)   
	   
	Fertilizers (F)
	Biofertilizers (B)

	
	Nitrogen content  (%)
	Phosphorous content  (%)
	Potassium content  (%)

	
	B1
	B2
	B3
	Mean
	B1
	B2
	B3
	Mean
	B1
	B2
	B3
	Mean

	F1 (100% RDF)
	1.90
	2.06
	1.78
	1.91
	0.28
	0.39
	0.25
	0.31
	1.55
	1.62
	1.49
	1.55

	F2 (80% RDF)
	1.82
	1.94
	1.67
	1.81
	0.26
	0.33
	0.22
	0.27
	1.50
	1.60
	1.41
	1.50

	F3 (60% RDF)
	1.69
	1.74
	1.45
	1.63
	0.23
	0.25
	0.15
	0.21
	1.43
	1.46
	1.25
	1.38

	Mean
	1.80
	1.91
	1.64
	1.78
	0.26
	0.32
	0.21
	0.26
	1.49
	1.56
	1.38
	1.48

	Factor
	S Em +
	CD at 5%
	S Em +
	CD at 5%
	S Em +
	CD at 5%

	Fertilizers (F)
	0.01
	0.02
	0.01
	0.02
	0.01
	0.02

	Biofertilizers (B)
	0.01
	0.02
	0.01
	0.02
	0.01
	0.02

	F x B
	0.01
	0.04
	0.01
	0.04
	0.01
	0.03

	Initial leaf nutrient (%)
	1.32
	
	0.13
	
	1.18
	


F1- 100 % RDF (400:160:400 g NPK per tree) B1- Carrier based biofertilizers (NFB + PSB + KSB) @ 100 g per tree	Comment by Dr.Hala: What the symbol mean
F2- 80 % RDF (320:128:320 g NPK per tree)	B2- Liquid biofertilizers (NFB + PSB + KSB) @ 5 ml per tree
F3- 60 % RDF (240:96:240 g NPK per tree)	B3- Without biofertilizers



                                 
       Fig. 1.  Effect of biofertilizers in combination with different levels of RDF on 	Comment by Dr.Hala: In this figure must be illustrated symbol F1B1…… and all symbols
                   nutrient uptake of N, P, and K (%) in guava leaves leaf cv. Taiwan White.


4. Conclusion

[bookmark: _GoBack]The findings of this study clearly demonstrate that the integrated use of liquid biofertilizers with recommended fertilizer doses significantly enhances foliar nutrient status in the guava cv. Taiwan White. The 100% RDF + liquid biofertilizer treatment yielded the highest concentrations of N, P, and K in leaf tissue, while 80% RDF + liquid biofertilizers produced comparable phosphorus levels, indicating potential for partial substitution of chemical fertilizers. Superior performance of liquid formulations is likely due to enhanced microbial viability, solubilization efficiency, and rhizosphere activity. These results underscore the agronomic advantage of liquid biofertilizers in precision nutrient management, offering a sustainable pathway to optimize fertilizer inputs without compromising crop nutrition.
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