Comparative Efficacy of Liquid and Carrier-Based Biofertilizers on Foliar Nutrient Uptake in Guava Under Varied Fertilizer Regimes




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- 21) 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 N:P₂O₅:K₂O/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.
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.
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1. introduction 

Guava (Psidium guajava L.), a tropical fruit of high nutritional value, is widely cultivated across India and ranks fifth among major fruit crops in terms of area and production. Known as the “apple of the tropics,” guava is rich in vitamin C, minerals, and dietary fibre, making it a valuable fruit for both fresh consumption and processing industries. In India, it covers approximately 2.65 lakh hectares with a productivity of 15.3 MT/ha, and Andhra Pradesh contributes significantly to its production (NHB, 2020). “The decline in soil health due to excessive dependence on chemical inputs has necessitated a shift towards biological inputs like biofertilizers to restore soil health and address plant nutrition, a transition supported by national agricultural policy” (ICAR, 2020; NMSA, 2018). “Biofertilizers are microbial preparations containing living cells of different microorganisms which can mobilize plant nutrients in soil from unusable to usable form through biological process. They are environmentally friendly and play a significant role in sustainable crop production, with their application expanding from field crops to horticultural fruit crops, including guava orchards” (Bharathi Nirujogi et al., 2021).
Liquid biofertilizers, which contain dormant microorganisms and stabilizing compounds, offer several advantages over conventional carrier-based formulations. While carrier-based biofertilizers have a shelf life of around six months, liquid formulations can remain viable for up to two years. They are more resilient, capable of tolerating higher temperatures and maintaining high microbial populations (>10⁹ cells/ml) for extended periods, which makes them more effective and farmer-friendly. The efficacy of these liquid formulations is further demonstrated by their ability to enhance nutrient uptake and improve the physiological status of fruit trees when applied through soil or as a foliar spray. Foliar nutrient analysis serves as a critical diagnostic tool for evaluating the phytochemical status and the efficiency of such 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 

The current study was conducted at the Instructional orchard, Department of Fruit Science, College of Horticulture, V.R.Gudem, Dr. YSRHU, Andhra Pradesh, over the years 2019-20 and 2020-21, utilizing three-year-old guava trees cultivated with a spacing of 2.8 x 2.8 m. The experiment was conducted in a factorial RBD with three replications. The treatment combinations are T1: F1B1- 100% RDF + NFB + PSB + KSB (carrier based biofertilizer);T2: F1B2- 100% RDF + NFB+ PSB + KSB (liquid biofertilizer); T3: F1B3- 100% RDF + without biofertilizer; T4: F2B1- 80% RDF + NFB + PSB + KSB (carrier based biofertilizer); T5: F2B2- 80% RDF + NFB + PSB + KSB (liquid biofertilizer); T6: F2B3- 80% RDF + without biofertilizers; T7: F3B1- 60% RDF + NFB + PSB + KSB (carrier based biofertilizer); T8: F3B2- 60% RDF + NFB + PSB + KSB (liquid biofertilizer) and T9: F3B3- 60% RDF + without biofertilizer. Recommended dose of fertilizer was 400:160:400 g N:P₂O₅:K₂O/tree. Biofertilizers viz., NFB (Azotobacter chroococcum) + PSB (Bacillus megaterium) + KSB (Bacillus mucilaginosus) were thoroughly mixed with FYM and allowed to multiply for one week under shade, prior to application in tree basins. Biofertilizers were applied in the tree basins 60 cm away from the tree trunk after two weeks of inorganic fertilizers application. Dosage of carrier based biofertilizer was 100 g per plant and liquid biofertilizer was 5 ml per plant. 
[bookmark: _GoBack]“Standardized protocols were followed for leaf sampling and nutrient analysis. The third pair of leaves from the apex of non-fruiting shoots was collected at both the experiment's initiation and final harvest. After collection, samples were thoroughly cleaned, dried, and ground to pass through a 40-mesh sieve to ensure homogeneity. For nutrient determination, leaf nitrogen was analyzed using the established Micro-Kjeldahl method, while phosphorus and potassium were measured via the vanadomolybdo-phosphoric yellow color method and flame photometry, respectively” (AOAC, 1995; Jackson, 1973; Kalra, 1998).The resulting data were subjected to factorial analysis of variance (ANOVA) to assess the significance of treatment effects. For mean separation, the Critical Difference (CD) test was applied at the 5% probability level to identify statistically significant differences between the treatments.

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. When comparing biofertilizer types, the liquid form led to a greater nitrogen uptake (1.91%) than the traditional carrier-based type (1.80%) or using no biofertilizer at all (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 Sharma et al. (2013) on guava and support the concept that microbial inoculants can improve nitrogen availability, as discussed in the review by Kumar et al. (2019).
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. A key finding was that using liquid biofertilizers with just 80% RDF produced a phosphorus level statistically equivalent to the full fertilizer dose, suggesting farmers could potentially reduce phosphate fertilizer use by 20%. 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 Alori et al. (2017) 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. From a starting value of 1.18%, the leaf potassium content reached an 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%). This increase is credited to potassium-solubilizing bacteria (KSB) present in the biofertilizers. These microbes break down insoluble potassium minerals in the soil, converting them into a form that plant roots can easily absorb. The superior performance of the liquid formulation is likely due to its higher concentration of viable microbes and their ability to rapidly establish themselves around the root zone. These results confirm the potential of KSB, as seen in earlier guava studies by Yadav (2006), and are consistent with the principles of potassium mobilization described by Meena et al. (2018).



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
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
                         

4. Conclusion

The findings of this study clearly demonstrate that the integrated use of liquid biofertilizers with recommended fertilizer doses significantly enhances the foliar nutrient status in guava cv. Taiwan White, with the 100% RDF + liquid biofertilizer treatment yielding the highest concentrations of nitrogen, phosphorus, and potassium in leaf tissue. A key revelation was that the 80% RDF + liquid biofertilizers treatment produced statistically comparable phosphorus levels to the full-dose treatment, indicating a viable potential for the partial substitution of chemical fertilizers and a reduction in input costs. The superior performance of the liquid formulations is likely attributable to their enhanced microbial viability, superior solubilization efficiency, and increased rhizosphere activity compared to traditional carrier-based bioinoculants. Collectively, these results underscore the significant agronomic advantage of incorporating liquid biofertilizers into precision nutrient management strategies, offering a sustainable pathway to optimize fertilizer use efficiency, reduce environmental footprint, and maintain high crop productivity without compromising nutritional status.
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