


Effect of Integrated Nutrient Management on Growth and Yield Parameters in French bean Genotypes (Phaseolus vulgaris L.)


Abstract
The field experiment was conducted at the students’ experimental field of the School of Agriculture, Loyola Academy, during the Rabi season of 2025. Two French bean genotypes (Malgudi and Anuradha) were evaluated under five treatments: T1 (control), T2 (100% NPK, RDF), T3 (100% biofertilisers: Rhizobium + PSB), T4 (50% NPK + 50% biofertilisers) and T5 (75% NPK + 25% biofertilisers). The experiment was laid out in a randomised block design (RBD) with three replications. Significant differences were observed in growth and yield parameters among the nutrient management treatments. T5 recorded the highest plant height (40.71 cm), number of branches (9.1) and number of leaves per plant (24.75), followed by T4, whereas the lowest values occurred under T1. The application of 75% chemical fertilisers (NPK) supplied essential nutrients, including nitrogen, phosphorus and potassium, required for vegetative growth, flowering and pod development. Similarly, the highest yield parameters were recorded under T5: 58 pods per plant, 6.70 seeds per pod, pod length of 14 cm, pod diameter of 1.43 cm, individual pod weight of 4.82 g, green pod weight of 178 g per plant, green pod yield of 19.75 kg per plot and green pod yield of 26.3 t/ha. T4 followed T5, while T1 recorded the lowest values. Genotypic differences in growth and yield parameters were also observed across treatments. Malgudi exhibited higher growth parameters and a pod yield of 19.64 kg/plot compared with 18.33 kg/plot for Anuradha. The higher yield of Malgudi suggests better adaptability, genetic potential, growth characteristics and resistance to environmental stress than Anuradha. Overall, the differences in growth and yield parameters indicated that the types and proportions of chemical fertilisers and biofertilisers influenced the growth and productivity of French bean. These results suggest that integrating chemical fertilisers and biofertilisers may be more effective and economical than relying excessively on chemical fertilisers alone.
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Introduction 
French bean (Phaseolus vulgaris) is an important annual leguminous vegetable crop cultivated for its tender pods, shelled beans and dry beans. It is widely grown in tropical and subtropical regions. It is a rich source of protein, minerals (iron, calcium, magnesium and potassium), vitamins (A, C and K), dietary fibre and antioxidants (Noopur et al., 2019). French bean is valued for its high productivity, nutritional content and adaptability to different climatic conditions (Pandey et al., 2011). Owing to its nutrient-rich composition, it is considered an important component of a balanced diet and vegetable production systems. French bean is widely used in household cooking and marketed commercially.
Tender French bean pods are widely consumed as vegetables in salads, curries, stir-fries, soups and steamed dishes. They may also be preserved by freezing, canning or dehydration for later consumption. Their tender texture, mild flavour and nutritional value contribute to their importance as a vegetable (Sinkovič et al., 2024). The foliage is used as animal fodder (Pandey et al., 2012) and to help restore soil fertility. As a leguminous crop, French bean harbours symbiotic Rhizobium bacteria in its root nodules, which fix atmospheric nitrogen (https://link.springer.com).
Recent field studies on French bean have reported differences in growth and yield attributes following the combined application of inorganic fertilisers and organic nutrient sources, although the amendments and growing conditions varied (Poonam et al., 2023; Changkiri et al., 2024).
Under saline conditions, a study on snap bean evaluated reduced mineral nitrogen in combination with Rhizobium inoculation and foliar amino-acid treatments (Abd El-Azeiz & Faiyad, 2023). Related studies on common bean have investigated rhizobial co-inoculation with phosphate-solubilising bacteria (Korir et al., 2024) and rhizobial inoculation alongside phosphorus application (Samago & Dakora, 2025).
Traditional farming practices often rely on chemical fertilisers, such as urea and other inorganic nutrient sources, to improve crop growth and yield. However, inefficient or excessive fertiliser application may contribute to nutrient losses, soil degradation and environmental pollution (FAO, n.d.). Alternatively, organic manures and biofertilisers containing beneficial microorganisms, such as Rhizobium, Azotobacter and phosphate-solubilising bacteria (PSB), can support nutrient availability, improve soil biological activity and enhance crop productivity (Etesami et al., 2017; Schütz et al., 2018). However, the comparative growth and yield responses of the Malgudi and Anuradha genotypes to the specified combinations of NPK fertilisers and Rhizobium- and PSB-based biofertilisers have not been established under the present experimental conditions. Therefore, this experiment was conducted to evaluate the effects of the integrated application of biofertilisers and inorganic fertilisers on the growth and yield parameters of French bean.
Materials and Methods:

The field trial was conducted on the students’ farm of the School of Agriculture, Loyola Academy, Secunderabad, Telangana, during the Rabi season of 2025. The experimental soil was a red sandy loam with a pH of 7.7. The soil had low organic carbon (0.43%), low available N (158 kg/ha), medium available P (15 kg/ha) and high available K (285 kg/ha). The experiment was conducted using a fixed layout with a plot size of 3 m × 2.5 m. The varieties used were Malgudi and Anuradha. The experiment was laid out in a randomised block design (RBD) with three replications. Five treatments were used: T1 (control), T2 (100% NPK, RDF), T3 (100% biofertilisers: Rhizobium + PSB), T4 (50% NPK + 50% biofertilisers) and T5 (75% NPK + 25% biofertilisers). The crop was sown on ridges at a spacing of 45 cm × 15 cm on 20th November 2025. The recommended dose of NPK fertilisers was 60–40–60 kg/ha. The recommended package of practices was followed during crop growth. The selected biofertilisers (1–2 kg) were mixed with 50–100 kg of FYM or compost, shade-dried overnight and applied uniformly to the soil along the furrows at sowing, followed by light irrigation. Observations were recorded for growth parameters, namely plant height (cm), number of branches per plant, number of leaves per plant, leaf area (cm2), days to 50% flowering and days to 50% maturity, and for yield attributes, namely number of pods per plant, pod length (cm), pod width (cm), pod weight (g) and green pod yield per plot (g). The data were subjected to statistical analysis to determine significant differences among the treatments. The statistical analyses were performed using the GENES program (Cruz, 2016) and ASREML-R (Butler et al., 2009), as implemented in the R software environment, version 4.3.1.

Results and Discussion: 
1. Growth Parameters:

Growth parameters were significantly influenced by the application of INM treatments in both varieties (Table 1 and Figure 1).

A. Plant Height (cm):
The results indicated that treatment T5 (75% NPK + 25% biofertilisers) recorded the highest plant height (40.71 cm), followed by T4 (50% NPK + 50% biofertilisers), with a height of 39.61 cm. The other reported values were 39.50 and 38.41 cm. The lowest plant height (35.80 cm) was recorded under T1 (control). These results indicate that the integrated application of inorganic fertilisers and biofertilisers, particularly under T4, supported better plant growth than the control. Organic manures also improve soil structure, moisture retention and microbial activity, thereby creating favourable conditions for vigorous vegetative growth (Rajput et al., 2009). Greater plant height may also be associated with the synergistic action of Rhizobium and PSB, which enhances nitrogen fixation and phosphorus availability, respectively, supporting cell division, cell elongation and overall vegetative development (Parween et al., 2019).

B. Number of Branches per Plant:
The number of branches per plant varied among the fertiliser treatments. T5 (75% NPK + 25% biofertilisers) recorded the highest number of branches per plant (9.16), followed by T4 (50% NPK + 50% biofertilisers), which recorded 8.83 branches per plant. The other reported values were 9.09 and 7.97. The lowest number of branches per plant (6.20) was observed under T1 (control). Overall, T5 showed a favourable response in branch production compared with the control.

C. Number of Leaves per Plant:
Among the five fertiliser treatments, T5 (75% NPK + 25% biofertilisers) recorded the highest number of leaves per plant (24.75), followed by T4 (50% NPK + 50% biofertilisers), with 23.35 leaves per plant. The other reported values were 22.5 and 22.15 leaves per plant. The lowest number of leaves per plant (18.50) was recorded under T1 (control). These findings suggest that integrated nutrient management, particularly under T5, promoted vegetative growth and leaf development in French bean. This response may have resulted from greater nutrient availability through the integration of organic and inorganic sources. Similar findings have been reported by Longmatula et al. (2021) and Rashid et al. (2016).

D. Leaf Area per Plant (cm²):
Among the five fertiliser treatments, T5 (75% NPK + 25% biofertilisers) recorded the maximum leaf area per plant (803 cm²), followed by T4 (50% NPK + 50% biofertilisers), with 755 cm². The reported grand means were 638 and 874.9, respectively. T1 recorded the lowest leaf area (450 cm2). These results indicate that Malgudi exhibited superior leaf development, whereas 75% NPK combined with 25% biofertilisers was associated with a greater leaf area than the other treatments. Nitrogen supports cell division and rapid leaf expansion, while phosphorus supports root development and energy transfer, contributing to larger, healthier leaves. The role of NPK nutrients and biofertilisers (Rhizobium and PSB) in increasing leaf area and overall productivity was reported by Jagdale et al. (2005).

E. Days to 50% Flowering:
The results indicated differences among fertiliser treatments in the number of days required to reach 50% flowering. T5 (75% NPK + 25% biofertilisers) recorded the earliest flowering at 46.36 days, followed by T4 (50% NPK + 50% biofertilisers) at 48.91 days. In contrast, T1 (control) took the longest time to reach 50% flowering (54.41 days). The reported grand means were 50.22 and 47.5 days, respectively. These findings suggest that integrated nutrient management, particularly under T5, was associated with earlier flowering than the control.

F. Days to 50% maturity:
The results revealed that T5 (75% NPK + 25% biofertilisers) recorded the earliest 50% maturity at 40 days, followed by T4 (50% NPK + 50% biofertilisers), which reached maturity at 43 days. The reported grand means were 44 and 41.5 days, respectively. In comparison, T1 (control) required 48 days to reach 50% maturity. These findings indicate that 75% NPK combined with 25% biofertilisers was associated with earlier maturity than the control. Adequate nutrition promotes vigorous vegetative growth and facilitates the transition from vegetative to reproductive development. Similar beneficial effects of integrated nutrient management on flowering and growth in French bean were reported by Barcchiya and Kushwah (2017).

	                 Table 1:  Effect of chemical Fertilizers & Biofertilizers on Growth Parameters in French Bean Varieties

	Treatment
	Plant Height
(cm)
	No of Branches /Plant
	No of leaves/Plant
	Leaf area/plant (cm2)
	50% Flowering
	50% Maturity

	T1 - (Control)
	35.80
	6.2
	18.50
	450.44
	54.41
	48

	T2 - 100 % NPK (RDF)
	37.18
	7.2
	20.26
	550.12
	52.16
	45

	T3 - (100 % Biofertilizers (Rhizobium + PSB)
	38.79
	8.3
	23.20
	632.50
	49.27
	44

	T4 - (50 % NPK + 50 % Biofertilizers)
	39.61
	8.8
	23.35
	755.01
	48.91
	43

	T5 - (75% NPK + 25 % Biofertilizers)
	40.71
	9.1
	24.75
	803.11
	46.36
	40

	Mean
	38.41
	7.9
	22.15
	638
	50.22
	44

	CD (5%)
	0.38
	0.21
	0.37
	0.40
	0.20
	0.19

	SE(d)
	0.17
	0.11
	0.18
	0.20
	0.10
	0.09

	V1 (Malgudi)
	41
	10
	25
	925.5
	45
	40

	V2 (Anuradha)
	38
	8.18
	20
	824.4
	50
	43

	Mean 
	39.5
	9.09
	22.5
	874.9
	47.5
	41.5

	CD (5%)
	0.34
	0.20
	0.37
	0.42
	0.18
	0.19

	SE(d)
	0.17
	0.10
	0.17
	0.21
	0.9
	0.09
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2. Yield Parameters:
Yield parameters were significantly influenced by the application of INM treatments in both varieties (Table 2 and Figure 2).
A. No. of Pods/Plant: The highest number of pods per plant was recorded under T5 (75% NPK + 25% biofertilisers), with 58 pods, followed by T4 (50% NPK + 50% biofertilisers), with 50 pods. The reported grand means were 42 and 88.5, respectively, while the lowest number of pods per plant (25) was observed under T1 (control).
B. No. of Seeds/ Pod: The highest number of seeds per pod was observed under T5 (75% NPK + 25% biofertilisers), with 6.7 seeds, followed by T4 (50% NPK + 50% biofertilisers), with 5.5 seeds. The reported grand means were 5.07 and 6.05, respectively, while the lowest number of seeds per pod (4) was recorded under T1 (control).
C. Pod Length (cm): Pod length was greatest under T5 (75% NPK + 25% biofertilisers), at 14 cm, followed by T4 (50% NPK + 50% biofertilisers), at 13 cm. The reported grand means were 11.27 and 14.6 cm, respectively, and the shortest pods (9.58 cm) were recorded under T1 (control).
D. Pod diameter: Pod diameter differed significantly among treatments. T5 (75% NPK + 25% biofertilisers) recorded the greatest diameter (1.43 cm), followed by T4 (50% NPK + 50% biofertilisers), at 1.12 cm. The reported grand means were 1.13 and 1.09 cm, respectively, and the smallest pod diameter (0.95 cm) was recorded under T1 (control).
E. Individual Pod Weight (g): Individual pod weight differed significantly among treatments. T5 (75% NPK + 25% biofertilisers) recorded the highest pod weight (4.82 g), followed by T4 (50% NPK + 50% biofertilisers), at 4.65 g. The reported grand means were 4.19 and 5.28 g, respectively, while the lowest pod weight (3.05 g) was recorded under T1 (control).

F. Green pod weight /plant (g): The highest green pod weight per plant was recorded under T5 (75% NPK + 25% biofertilisers), at 178 g, followed by T4 (50% NPK + 50% biofertilisers), at 162 g. The reported grand means were 133.4 and 175.5 g, respectively, while the lowest green pod weight (97 g) was recorded under T1 (control).
G. Green pod yield (kg/plot): T5 (75% NPK + 25% biofertilisers) recorded the highest green pod yield (19.75 kg/plot), followed by T4 (50% NPK + 50% biofertilisers), at 17.98 kg/plot. The reported grand means were 14.80 and 18.98 kg/plot, respectively, while the lowest yield (10.76 kg/plot) was recorded under T1 (control). The increase in yield components may be attributed to improved performance of yield attributes, as reported by Singh et.al. (2000), Dhanjal et al. (2001), Manjunath et al. (2006) and Ramana et al. (2011).
H. Green pod yield t/ha: The data showed significant differences among treatments. T5 (75% NPK + 25% biofertilisers) recorded the highest green pod yield (26.3 t/ha), followed by T4 (50% NPK + 50% biofertilisers), at 23.6 t/ha. The reported grand means were 19.62 and 23.3 t/ha, respectively, while the lowest yield (14.2 t/ha) was recorded under T1 (control). The increase in yield attributes may have resulted from greater availability of NPK, increased vegetative growth and higher total dry matter production, leading to improved yield attributes and higher seed yield following the application of inorganic fertilisers (Prabhakar et al., 2011; Sarma et al., 2014).
I. Benefit Cost Ratio: The benefit–cost ratio differed among treatments. T5 (75% NPK + 25% biofertilisers) recorded the highest ratio (4.33), followed by T4 (50% NPK + 50% biofertilisers), at 4.0, while the lowest ratio (2.0) was recorded under T1 (control). The reported grand means were 3.50 and 4.35, respectively.

	Table 2:  Effect of chemical Fertilizers & Biofertilizers on Yield Parameters in French bean Varieties

	Treatment
	    No. of Pods/Plant
	No. of   Seeds/ Pod
	Pod length (cm)
	Pod diameter (cm)
	 Individual Pod wt (g)
	Green pod yield/ plant(g)
	Green pod yield (kg/plot)
	Green pod yield t/ha
	B:C Ratio

	T1- (Control)
	25
	4.00
	9.58
	0.95
	3.05
	97
	10.76
	14.2
	2.0

	T2- 100 % NPK (RDF)
	45
	4.83
	9.77
	1.12
	4.45
	125
	13.87
	18.5
	3.8

	T3 - (100 % Biofertilizers (Rhizobium + PSB)
	38
	4.33
	10
	1.04
	4.0
	105
	11.65
	15.5
	3.4

	T4-(50 % NPK + 50 Biofertilizers)
	50
	5.50
	13
	1.12
	4.65
	162
	17.98
	23.6
	4.0

	T5-(75% NPK + 25 % Biofertilizers)
	58
	6.70
	14
	1.43
	4.82
	178
	19.75
	26.3
	4.33

	Mean
	42
	5.072
	11.27
	1.13
	4.19
	133.4
	14.80
	19.62
	3.50

	CD (5%)
	0.22
	0.20
	0.26
	0.24
	0.30
	0.30
	0.40
	0.20
	0.24

	SE(d)
	0.11
	0.10
	0.12
	0.12
	0.15
	0.15
	0.20
	0.10
	0.12

	V1 (Malgudi)
	92
	6.7
	14.55
	1.15
	5.54
	177
	19.64
	24.6
	4.6

	V2 (Anuradha)
	85
	5.4
	14.65
	1.04
	5.03
	174
	18.33
	22
	4.1

	Mean
	88.5
	6.05
	14.6
	1.09
	5.28
	175.5
	18.98
	23.3
	4.35

	CD (5%)
	0.24
	0.26
	0.28
	0.22
	0.32
	0.28
	0.26
	0.34
	0.26

	SE(d)
	0.12
	0.13
	0.14
	0.11
	0.16
	0.14
	0.13
	0.17
	0.23
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Conclusion: 
The results of this investigation revealed significant differences in growth and yield attributes among the nutrient management treatments, highlighting the importance of appropriate nutrient management for improving French bean productivity. T5 (75% NPK + 25% biofertilisers) recorded the highest growth performance, followed by T4 (50% NPK + 50% biofertilisers). Among the genotypes, Malgudi showed superior growth and yield performance, recording a pod yield of 19.64 kg/plot, compared with 18.33 kg/plot for Anuradha. Overall, the findings suggest that integrated application of chemical fertilisers and biofertilisers can improve the growth, yield attributes and economic performance of French bean compared with the control. Of the treatments tested, T5 (75% NPK + 25% biofertilisers) was the most promising, followed by T4. Thus, combining 75% of the recommended NPK fertilisers with 25% biofertilisers may be a promising nutrient management strategy for improving French bean productivity and profitability under the experimental conditions. The higher yield of Malgudi suggests better adaptability, genetic potential, growth characteristics and resistance to environmental stress than Anuradha. Differences in growth and yield parameters indicated that the type and proportion of chemical fertilisers and biofertilisers applied influenced French bean growth and productivity.

Limitations 
The findings reflect the responses of two French bean genotypes to five nutrient treatments under the soil and field conditions at Loyola Academy during a single Rabi-season trial. Accordingly, the observed treatment rankings should be interpreted within this experimental context. The reported growth, yield and benefit–cost outcomes do not establish whether similar responses would occur across other locations, growing seasons or soil conditions. Further field evaluations would be needed to assess the consistency and wider applicability of the results.
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Table 1. Effect of Chemical Fertilizers & Biofertilizers on Growth Parameters
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T4 = 50% NPK + 50% Biofertilizers | T5 = 75% NPK + 25% Biofertilizers | V1 = Malgudi | V2 = Anuradha
| Variety Mean = mean of varieties

Treatment Mean = mean of treatments

Figure 1. Graphical representation of growth parameters in French bean varieties.
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Table 2. Effect of Chemical Fertilizers & Biofertilizers on Yield Parameters
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Figure 2. Graphical representation of yield parameters in French bean varieties.





