


Effect of foliar nutrition on growth parameters of bhindi [Abelmoschus esculentus (L.) Moench]


ABSTRACT
A field experiment was conducted at the College of Agriculture, Padannakkad, Kasaragod, Kerala, during 2024–2025, to study the influence of foliar nutrition and its split application on growth attributes in bhindi. The experiment was laid out in Randomized Block Design (RBD) with fourteen treatment combinations and three replications. Treatment had two main factors (i) Foliar nutrition F1: Micro sol (2%), F2: 19:19:19 (0.5%), F3: Nano urea (0.4%), F4: Supernatant solution of cow dung (10 %), F5: 19:19:19 (0.5%) + Micro sol (2%), F6: Nano urea (0.4%) + Micro sol (2%), F7: Supernatant solution of cow dung (10 %) + Micro sol (2%) and (ii) Number of split applications S1: 15 DAS, 30DAS and 45 DAS, S2: 15DAS, 30DAS, 45 DAS and 60DAS. Results indicated that treatments varied significantly for all growth characteristics. F₅, comprising 19:19:19 (0.5%) + Micro sol (2%), had a maximum plant height, number of branches, leaf length, leaf width, and dry matter production, followed by Nano urea 0.4% + Micro sol 2% (F₆). Split applications at four intervals (S₂) were superior to three-split applications (S₁). The study clearly shows that the combined foliar application of 19:19:19 (0.5%) and Micro sol (2%) at four split intervals can enhance nutrient uptake and improve the growth attributes in bhindi.
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1. INTRODUCTION
Okra (Abelmoschus esculentus L. Moench), or lady's finger or bhindi, is an important vegetable crop grown extensively in tropical and subtropical parts of the world. Being a nutrient-rich vegetable, it possesses tender green pods that contain fiber, vitamins, minerals, and antioxidants essential for human health and nutrition (Bawa and Bardrie, 2016). India is the largest producer of okra, contributing to 70% of the world production with an average productivity of around 12 t ha-1. However, productivity in many areas still remains suboptimal owing to imbalances of nutrients and inefficient management of fertilizers.
Okra is a nutrient-demanding crop and shows a good response towards balanced fertilization, especially towards nitrogen, phosphorus, and potassium (Abusaleha and Shanmugavelu, 1988). However, the efficiency of soil-applied fertilizer is constrained by fixation, leaching, and soil degradation such as salinization and acidification (Litalien and Zeeb, 2020; Cai, 2019). Foliar feeding has thus proven to be an efficient alternative under such circumstances, with the ability to absorb nutrients directly through leaves and quick translocation to metabolically active tissues (Manasa et al., 2015). Foliar application provides targeted nutrient release at critical growth phases and maximizes nutrient-use efficiency (Bindraban et al., 2015). It avoids soil constraints and allows faster correction of deficiencies by minimizing wastage of fertilizers and environmental impact (Otálora et al., 2018). 
Among the commonly used foliar formulations, water-soluble fertilizers like NPK (19:19:19) are widely recommended because of balanced nutrient content, which ensures vigorous vegetative growth, early flowering, and better yield (Singhal et al., 2015). Macronutrient supplementation with micronutrients in combination (Fe, Zn, Mn, Cu, B, and Mo) promotes enzymatic activity, chlorophyll formation, and reproductive development (Ashwini and Binitha, 2022).
Split and combined foliar applications have gained importance in modern nutrient management strategies. By splitting the total dose of nutrients into smaller, timely foliar applications, plants receive a continuous and balanced nutrient supply throughout their growth period, minimizing losses and maximizing uptake efficiency. This not only improves yield but also enhances nutrient-use efficiency, which is very important in sustainable crop production. Recent studies have demonstrated that foliar feeding with a balanced mixture of macro- and micronutrients improves growth and yield parameters in vegetable crops (Mehraj et al., 2015; Das et al., 2015; Adarsh et al., 2023).
Considering these aspects, the present investigation was undertaken to study the effect of foliar application of macronutrients and micronutrients on growth attributes of okra with a view to find out the best foliar nutrition method for sustaining high productivity.
2. MATERIALS AND METHODS
An investigation entitled “Foliar nutrition for yield enhancement in bhindi [Abelmoschus esculentus (L.) Moench]” was carried out with an objective to evaluate the effect of foliar application of macronutrients and micronutrients on the growth, yield and quality parameters of bhindi.
The experiment was conducted at Instructional Farm II, College of Agriculture, Padannakkad, Kasaragod, Kerala, India which is located at 12⁰24’60” North latitude, 75⁰8’6” East longitude, and 9 m above mean sea level. The experiment was laid out in RBD with 14 treatment combinations and 3 replications. Okra variety Salkeerthi was sown in a spacing of 60 × 45 cm in plots measuring 3 × 3.15 m during October–March, 2024–2025 under irrigated conditions. The treatments consisted of seven levels of foliar nutrition formulations viz., F1: Micro sol (2%), F2: 19:19:19 (0.5%), F3: Nano urea (0.4%), F4: Supernatant solution of cow dung (10 %), F5: 19:19:19 (0.5%) + Micro sol (2%), F6: Nano urea (0.4%) + Micro sol (2%), F7: Supernatant solution of cow dung (10 %) + Micro sol (2%) and two levels of foliar split applications such as 3 splits (15 DAS, 30 DAS and 45 DAS) and 4 splits (15 DAS, 30 DAS, 45 DAS and 60 DAS). The recommended basal fertilizer dose (RDF) of 110:35:70 kg N:P₂O₅: K₂O ha⁻¹ and farm yard manure @ 25t ha⁻¹ were applied as per Kerala Agricultural University Package of Practices. All the cultural practices including plant protection measures were adopted uniformly in all plots. Plant growth parameters like plant height, number of branches, leaf length, leaf width and total dry-matter production were recorded. 

3. RESULTS AND DISCUSSION
3.1. Plant height (cm)
Plant height was measured at 30 DAS, 60 DAS and harvest final stage (Table 1). Results showed significant influence of foliar nutrition on plant height of okra in all the growth stages. Among the various foliar nutrition treatments, the plants supplied with F₅ (19:19:19 @ 0.5% + Micro sol 2%) along with RDF had the maximum plant height (34.43 cm, 88.33 cm, and 132.35 cm at corresponding growth stages), whereas the minimum plant height (27.86 cm, 63.08 cm, and 95.07 cm) was observed in F₄ (Supernatant solution of cow dung 10%). Among the number of split applications, four splits (S₂) recorded significantly higher plant height (115.72 cm) at final harvest than three splits (S₁) (109.53 cm). There were no differences at earlier growth stages, indicating that the effect of split application became more pronounced during later growth stages as nutrients were continually available. In the interaction effect, F₅S₂ (four splits of foliar application of 19:19:19 @ 0.5% + Micro sol 2%) had the highest plant height (138.23 cm) at final harvest, followed by F₆S₂ (133.83 cm) while the lowest height (95.00 cm) was observed with F₄S₁. The interaction has also shown that balanced foliar nutrition coupled with more splits of application was most effective for plant height. The increase in plant height due to foliar nutrition treatments could be attributed to the synergistic action of balanced macro- and micronutrient supply, improving nutrient uptake, chlorophyll development, cell expansion, increased photosynthetic activity and improved vegetative growth. These findings are consistent with the results of Manjunatha (2004), Anburani (2018), Punnoose (2019) and Narayan et al. (2020) who reported increased vegetative growth in okra due to foliar application of 19:19:19 and micronutrient mixtures.
3.2. Number of branches
The data on number of branches (Table 1) revealed significant difference between the foliar nutrition treatments at all growth phases. The highest number of branches was recorded by F5 (2.39, 4.17, and 4.95 at 30, 60 DAS and harvest, respectively), followed by F₆ (2.25, 3.78, and 4.83), whereas the lowest (1.76, 2.81, and 3.69) was observed in F₄. The increase in branching under foliar nutrition treatments may have resulted from improved nutrient uptake and hormonal balance that promoted lateral bud activation and overall vegetative development. Anburani (2018) also reported that higher levels of nutrients provided by foliar application of water-soluble fertilizer at the early crop stage, stimulated more auxiliary buds and ultimately produced a greater number of branches. Between the split applications, S₂ developed significantly more branches at final harvest (4.39) than S₁ (4.19), although differences were non-significant at earlier growth stages. The effect of the interaction between number of split applications and foliar nutrition was not significant on number of branches. Foliar-applied nitrogen enhances vegetative growth and the initiation of axillary bud growth, while phosphorus is involved in energy transfer for cell division and differentiation (Taiz et al., 2015; Marschner, 2012). Potassium maintains the osmotic balance and activation of enzymes for the overall shoot development (Mengel & Kirkby, 2001; Fageria et al., 2009). Micronutrients like zinc, boron, and iron further enhance auxin synthesis, chlorophyll formation, and enzymatic activity, hence improving branching and canopy expansion (Alloway, 2008; Rout & Das, 2003; Singh et al., 2018). Thus, the synergistic action of these nutrients in F₅ ensured better metabolic function and enhanced vegetative growth. These results are in agreement with Manjunatha (2004), Narayan et al. (2021) and Javeed et al. (2023) findings in okra.

Table 1. Effect of foliar nutrition and its split application on plant height and number of branches of bhindi
	
Treatments
	Height (cm)
	Number of branches

	
	30DAS
	60DAS
	FINAL HARVEST
	30DAS
	60DAS
	FINAL HARVEST

	FOLIAR NUTRITION


	F1
	28.97e
	72.17e
	101.70f
	1.84e
	2.80e
	3.91c

	F2
	31.74c
	79.78c
	111.73d
	2.11c
	3.30c
	4.36b

	F3
	30.47d
	77.18d
	117.57c
	1.98d
	3.08d
	4.37b

	F4
	27.86f
	63.08f
	95.07g
	1.76f
	2.81e
	3.69d

	F5
	34.43a
	88.33a
	132.35a
	2.39a
	4.17a
	4.95a

	F6
	33.46b
	84.62b
	127.10b
	2.25b
	3.78b
	4.83a

	F7
	29.10e
	73.12e
	102.87e
	1.85e
	2.79e
	3.94c

	SEm (±)
	0.26
	0.76
	0.12
	0.02
	0.03
	0.05

	CD (0.05)
	0.752
	2.2
	0.349
	0.07
	0.078
	0.136

	NUMBER OF SPLIT APPLICATIONS


	S1
	30.86
	76.92
	109.53b
	2.03
	3.24
	4.19b

	S2
	30.86
	76.87
	115.72a
	2.02
	3.26
	4.39a

	SEm (±)
	0.14
	0.40
	0.06
	0.01
	0.01
	0.03

	CD (0.05)
	NS
	NS
	0.187
	NS
	NS
	0.073

	INTERACTION


	F1S1
	28.98
	72.43
	99.20k
	1.85
	2.78
	3.83

	F1S2
	28.96
	71.91
	104.20j
	1.83
	2.81
	3.98

	F2S1
	31.67
	79.44
	109.87h
	2.12
	3.29
	4.16

	F2S2
	31.81
	80.11
	113.60g
	2.10
	3.31
	4.56

	F3S1
	30.54
	77.53
	116.17f
	1.98
	3.09
	4.31

	F3S2
	30.39
	76.82
	118.97e
	1.98
	3.07
	4.43

	F4S1
	27.91
	63.44
	95.00l
	1.76
	2.79
	3.66

	F4S2
	27.82
	62.71
	95.13l
	1.75
	2.83
	3.71

	F5S1
	34.35
	87.94
	126.47c
	2.38
	4.17
	4.81

	F5S2
	34.50
	88.72
	138.23a
	2.39
	4.16
	5.09

	F6S1
	33.42
	84.32
	120.37d
	2.23
	3.76
	4.69

	F6S2
	33.50
	84.92
	133.83b
	2.26
	3.79
	4.96

	F7S1
	29.12
	73.33
	99.63h
	1.86
	2.78
	3.87

	F7S2
	29.07
	72.91
	106.10i
	1.84
	2.81
	4.01

	SEm (±)
	0.37
	1.07
	0.17
	0.03
	0.04
	0.07

	CD (0.05)
	NS
	NS
	0.494
	NS
	NS
	NS



3.3. Leaf length (cm)
Leaf length was measured at 30 DAS, 60 DAS and final harvest stage. Foliar nutrition exerted a significant influence on okra leaf length at all growth stages (Fig 1). Plants treated with F₅ showed the highest leaf length (18.90, 19.45 and 21.17 cm at respective growth stages), followed by F₆, while the least was observed in F₄. Among the split applications, S₂ had significantly higher leaf length (19.93 cm) at final harvest (Fig 2) compared to S₁ (19.38 cm), which shows that split application provided steady nutrient supply over the growth period. The interaction effect was significant at final harvest (Fig 3), where F₅S₂ had the longest leaves (21.80 cm), followed by F₆S₂ (21.13 cm), while F₄S₁ had the lowest (18.40 cm). The increase in length of leaves as a result of foliar feeding could be due to increased nutrient uptake from leaf surfaces and enhanced metabolic processes resulting in cell division and elongation. Similar results were reported by Karpagam et al. (2004), Singh and Kumar (2007) and Venkataraman (2007) in vegetable crops under foliar nutrition.


Fig 1. Effect of foliar nutrition on leaf length


Fig 2. Effect of number of split applications on leaf length at final harvest


Fig 3. Interaction effect of foliar nutrition and split application on leaf length at final harvest

3.4. Leaf width (cm) 
The data on leaf width (Fig 4) showed significant difference among foliar nutrition treatments at all growth stages. F₅ had the maximum values (26.03, 32.63 and 35.20 cm at 30, 60 DAS and final harvest, respectively), followed by F₆, and the minimum was recorded for F₄. Among split applications, S₂ had significantly wider leaves (31.87 cm) compared with S₁ (30.85 cm) at final harvest (Fig 5).
A significant interaction was observed at final harvest stage (Fig 6), in which F₅S₂ showed the highest leaf width (35.83 cm), followed by F₆S₂ (35.08 cm), and the lowest by F₄S₁ (27.32 cm). Enhanced leaf width under foliar nutrition could be related to enhanced utilization of nutrients and chlorophyll synthesis, promoting turgidity and leaf expansion. Similar leaf area improvement with foliar sprays has also been noted by Manjunatha (2004) and Venkataraman (2007).


Fig 4. Effect of foliar nutrition on leaf width


Fig 5. Effect of number of split applications on leaf width at final harvest


Fig 6. Interaction effect of foliar nutrition and split application on leaf width at final harvest


3.5. Dry matter production (kg/ha)
The results revealed that foliar nutrition significantly affected dry matter yields in bhindi (Fig 7). Among the treatments, F5 (4729.0 kg/ha) recorded the highest dry matter yield, which was statistically on par with F6 (4687.5 kg/ha) whereas F4 (3533.5 kg/ha) had the lowest value. Similarly split application levels were also found significant (Fig 8), with S2 (4253.57 kg/ha) having greater dry matter accumulation than S1 (4054.14 kg/ha). The effect of interaction between number of split applications and foliar nutrition was not significant on dry matter production. Better performance under F5 may be due to the balanced and available supply of nutrients, especially N, P, and K, with foliar sprays of water-soluble fertilizers. Quick absorption from the leaf surface improved photosynthetic functions and assimilate translocation, thus leading to higher total dry matter production. These results agree with the findings of Banadose (2016), who observed higher total dry matter with foliar application of 19:19:19, and Javeed et al. (2023), who observed enhanced physiological and biochemical processes in okra through regular foliar supply of micronutrients.


Fig 7. Effect of foliar nutrition on dry matter production


Fig 8. Effect of number of split applications on dry matter production

4. CONCLUSION
Foliar nutrition significantly influenced various growth parameters in bhindi. F₅, comprising 19:19:19 (0.5%) + Micro sol (2%), resulted in maximum plant height, number of branches, leaf length, leaf width, and dry matter production. Foliar application of nutrients at four intervals found to improve growth attributes in bhindi than three applications. The study thus indicates that foliar application of 19:19:19 @ 0.5% along with Micro sol @ 2% in four splits is an efficient and effective nutrient management approach toward improved vegetative growth and higher dry matter production in bhindi. This practice can be recommended for sustainable enhancement of okra productivity and nutrient-use efficiency.
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