The effect of NPK, Zinc and Boron on growth and yield of Onion (Allium cepa L.)
                                         
                               

Abstract

The production performance of a crop depends on many factors and fertilization is one of them. This plays a significant role in enhancing the production of a commercially important crop, onion. Based on this, a field experiment was conducted during rabi season of 2022-23 in Horticulture farm, Department of HPHT, Palli Siksha Bhavana, Visva Bharati, Sriniketan to evaluate the effect of different nutrients i.e. NPK, Sulphur, Zinc and boron on onion by adopting factorial RBD with three replications consisting of two factors. Factor A consists of three levels of different NPK sources & sulphur [F1: NPK @ 125:100:100 (through 10-26-26 & Urea), F2: NPK @ 125:100:100 (through 10-26-26 & Urea) & Sulphur @ 40 kg/ha, F3: NPK @ 125:100:100 (through Urea, SSP & MOP)]; whereas Factor B consists of four levels of zinc and boron alone or in combination [M0: No ZnSO4 & No Boron, M1: ZnSO4 @ 10 Kg/ha (Basal dose), M2: Boron @ 2g/Lit (20% solution through foliar application), M3: ZnSO4 + Boron].  The results revealed that combined application of nutrients significantly increased the yield and yield attributing components. The plant height and neck diameter were affected by the application of different nutrients in combination or as sole whereas as the number of leaves remain unaffected. The various biochemical parameters i.e. TSS, reducing sugar, total sugar showed higher increase due to application of sulphur and boron and also combination. As application of Urea+10:26:26+sulphur+zinc+boron gave good result in terms of yield and quality so this could be recommended in the red and lateritic belts of West Bengal.

Introduction:

             Onion (Allium cepa L.) belongs to family Alliaceae and is grown as biennial bulb crop. It is an extremely important crop in terms of domestic consumption as well as foreign exchange among all fruits and vegetables. In world, India ranks second in area (13.20 lakh ha) and production (209.31 lakh tones) with a productivity of 17.32t/ha in onion (ICAR-DOGR, 2023). Among the different growing regions of onion in India, West Bengal produces around 866.35 thousand MT of onion (3rd advance estimate, 2021-22, Ministry of Agriculture & Farmers welfare). Many studies have found that, onions are loaded with a good number of nutrients which are consumed fresh as salads or cooked or processed. The major distribution of nutrients in onion are  carbohydrates, proteins, sugars (especially glucose, fructose, galactose, arabinose), vitamins (such as C, beta carotenes), minerals (such as iron, calcium, sulphur), flavonoids and polyphenol compounds (such as anthocyanin, spiraeoside, quercetin) (Sami et al., 2021; Kandoliya et al., 2015; Rodrigues et al., 2017; Lachman et al; 2003; Yahaya et al; 2010). These have been associated with the protection of human health from various infectious and non infectious diseases.
             The growth of onion plant is affected by type of fertlisation and various agronomic practices (Kitila et al., 2022).  Among the fertilizers, mineral fertilizer play a significant role in increasing the crop growth, production and productivity. Application of macronutrients nitrogen, phosphorus, potassium and sulphur have show their major effect of on vegetative growth, reproductive growth , disease resistance mechanism and in quality of produce. In onion, the nitrogen availability regulates the bulb characters such as bulb size of onion and weight of bulb and also decreases the incidence of bolting (Geisseler et al., 2022, Tekeste et al., 2018). This shows that nitrogen is one of the nutrient which determines the yield of onion. The use of sulphur fertilization has a significant impact on enhancing the yield and quality especially pungency and flavour of onion (Jaggi and Dixit 1999; Mishu et al., 2013;  Meher et al., 2016). 
 The role of micronutrients such as zinc and boron is not negligible though applied in very limited amount. In India, zinc deficiency is prevalent. The application of zinc significantly increased the yield and bulb quality of onion (Rafie et al., 2016). Boron is a necessary element for formation of cell wall and maintains balance between sugar and starch in plant body. The combined application of zinc and boron showed a significant effect on the vegetative growth of onions and improve the bulb fresh weight significantly (Shajalal, 2011; Manna et al., 2014; Aske et al., 2017). The objective of this study was to evaluate the effect of different sources of NPK, sulphur, boron , zinc and their combination in onion.

Material and Method:

The experiment was conducted at the Horticulture Farm of Palli Siksha Bhavana (Institute of Agriculture), Visva-Bharati, Sriniketan, West Bengal during rabi season of 2022-23. The experiment was laid out in Factorial RBD design with two factors and three replication. Factor A having different sources of NPK & Sulphur i.e. F1-NPK @ 125:100:100 (through 10-26-26 & Urea), F2- NPK @ 125:100:100 (through 10-26-26 & Urea) & Sulphur @ 40 kg/ha, F3- NPK @ 125:100:100 (through Urea, SSP & MOP). Factor B is having sole or combination of zinc and boron i.e. M0: No ZnSO4 & No Boron, M1: ZnSO4 @ 10 Kg/ha (Basal dose), M2: Boron @ 2g/Lit (20% Solution through foliar application), M3: ZnSO4 + Boron. For this experiment, the widely grown variety of West Bengal i.e. Sukhsagar was used (Ajgalley et al; 2017). The seeds were first sown in raised nursery bed and when seedlings attained the age of fifty days they were transplanted to the main field. The seeds were sown in the experimental plot at a spacing of 15 cm x 10 cm. Required amount of well decomposed farm yard manure @15t/ha along with the recommended dose of fertilizer NPK@120:100:100 kg/ha (by Mandal et al; 2020) were applied in the field. The recommended dose of nitrogen was supplied by the application of Urea and 10-26-26, phosphorus by SSP (Single Super Phosphate), and potassium by MOP (Muriate of Potash). The half of urea along with the full amount of SSP, MOP, sulphur and zinc sulphate was applied as the basal dose. The remaining 50% of urea was then applied in two split doses at 30 DAT and 60 DAT as topdressing. A foliar spray of Boron (Solubor by Tata Rallis) @ 2 g/l was done at 30 and 50 DAT. The data were collected at 60 DAT and 90 DAT for different vegetative parameters. Plant height was measured with the help of measuring scale, neck diameter was measured by vernier caliper, number of leaves were counted manually. The yield and yield attributing parameters  as well as biochemical parameters were assessed after curing of onion bulbs which were harvested at 100 DAT.  Polar diameter as well as equatorial diameter was also measured by vernier caliper, bulb weight was counted by weighing under electronic balance and yield was calculated by weighing all bulbs after curing operation. Different biochemical parameters were assessed such TSS through digital refractometer, total sugar content and reducing sugar were determined through the method given by Lane and Eynon (1923). 

Result and discussion:
A. Effect of nutrients on growth parameters
To investigate the effect of nutrients on growth parameters such as the plant height, number of leaves, neck diameter were measured at 60 DAT as well as 90 DAT. Significant variation have been observed in plant height and neck diameter both at 60 DAT and 90 DAT for both the factors A and B along with their interaction. The combination of Urea+10:26:26+ Zinc resulted maximum among all followed by Urea+SSP+MOP+Zinc at 90 DAT. Furthermore, the performance of factor B with the application of ZnSO4 @10 kg/ha (M1) resulted better than factor A i.e. NPK @125:100:100kg/ha (10-26-26, Urea) & Sulphur (F2) with respect to plant height. The application of Urea+10:26:26+Sulphur+Zinc+Boron (T8) resulted maximum neck diameter followed by Urea+SSP+MOP+Zinc+Boron (T12) with the least in T2 (urea+10:26:26+zinc). Among the two factors, the application of NPK @125:100:100 kg/ha (Urea,SSP,MOP) in Factor A showed the maximum neck diameter at 90 DAT as compared to the Factor B (Zinc sulphate+Boron). In case of number of leaves at 90 DAT, the application of different treatments did not showed any variation among them. However, at 60 DAT, significant variation was noted among them with the highest leaf number observed in interaction effect with the application of Urea+SSP+MOP+Zinc+Boron.

B. Effect of nutrients on yield and yield attributing characters
The data revealed that application of different nutrients significantly affected the various yield and yield attributing characters of onion as shown in the table. The interaction of Factor A and Factor B performed better as compared to the sole application. Among the interaction, the application of Urea+SSP+MOP+Zinc+Boron (T12) showed maximum polar diameter and equatorial diameter followed by T8 (Urea+10:26:26+sulphur+zinc+boron). The interaction effect in case of T8 (Urea+10:26:26+sulphur+zinc+boron) significantly improved the bulb weight (46.1 g) as well as yield (230.3 q/ha). In case of factor A, application of NPK@125:100:100 kg/ha (Urea, SSP, MOP) significantly resulted maximum bulb weight (41.34 g) and yield (207.44 q/ha) whereas for factor B, application of zinc+boron significantly improved yield as compared to others and application of boron alone resulted maximum bulb weight.

C. Effect of nutrients on biochemical parameters
Result of the analysis showed a significant variation for different biochemical parameters for both the factors as well as their interaction as illustrated in table. The interaction of factor A and factor B resulted maximum TSS of 14.6o Brix in T5 (Urea+10:26:26+sulphur) followed by T7 (Urea+10:26:26+sulphur+boron). It was seen that application of boron and sulphur had a significant effect on reducing sugar and total sugar of onion. The application of Urea+10:26:26+boron and Urea+10:26:26+sulphur+boron resulted maximum reducing sugar (5.1%) and total sugar (8.2%) respectively. Considering the Factor A, application of NPK @125:100:100 kg/ha (10-26-26, Urea) & sulphur improved the TSS, reducing sugar and total sugar. Similarly, for the factor B, the sole application of boron @ 2g/lt contributed in enhancing the TSS, reducing sugar and total sugar.

Fertilisers being a significant source of plant nutrients, maintains soil fertility and helps to attain better crop production and productivity. In onion, fertiliser play a critical role in increasing the yield of onion bulbs (Khokhar 2019). The Birbhum district of West Bengal being red and laterite zone  are having low to medium N content and poor amount of potassium and sulphur as well as zinc (Sahu et al; 2022, Nisab et al; 2019). So, Mandal et al; 2020 have recommended the suitable dose of FYM and NPK for the onion in these areas. As per Ajgalley et al; 2017 and Behera et al; 2017 the Sukshsagar variety was choosen which performed better in red and lateritic belt of West Bengal. The macronutrients such as nitrogen, phosphorus, potassium and sulphur along with micronutrients such as zinc, boron are associated with the growth and hence the yield achieved through onion bulb. Onion being, a shallow rooted crop and sparse root system, the management of nutrients is important factor which will able to reduce the risk of nitrate leaching. The photosynthetic ability of plant is enhanced by the application of nitrogen and other nutrients which help the availability of potassium and enhanced the translocation of metabolities from source to sink (Geisseler et al, 2022; Bender et al, 2015; Geetha et al., 2022). Based on this, Mandal et al., 2020 found that application of sulphur, boron and zinc alone or in combinations with FYM and recommended dose of fertiliser (125:100:100 kg/ha) increased the plant height, neck diameter, bulb weight. During, our experiment such result was obtained by the application of Urea, 10:26:26, Sulphur, Zinc, Boron which resulted the maximum yield among all the treatments. Similar results were also noted by Mishu et al, 2013, Gurjar etal, 2019, Yali et al; 2021, Tripathi et al., 2013). Application of sulphur and boron increased the TSS and reducing sugar among the treatments. Similar results were obtained by Laxmi et al., 2019, Manna et al., 2014. As per Sharma et al; 2017 nutrient management in onion crop plays a significant role in enhancing the yield as well as quality. And this will ultimately leads to higher productivity and good benefit:cost ratio which will be beneficial for farmer’s growing onion.

Conclusion:
The findings of the present investigation demonstrated that the integrated application of macronutrients (NPK) in conjunction with secondary and micronutrients such as sulphur, zinc, and boron exerted a pronounced influence on the vegetative growth, yield components, and biochemical composition of onion (Allium cepa L.). Among the various nutrient combinations evaluated, the treatment comprising Urea + 10:26:26 + Sulphur + Zinc + Boron (T8) exhibited superior performance with the highest bulb yield (230.3 q ha⁻¹), bulb weight (46.1 g), and improved biochemical attributes including total soluble solids, reducing sugars, and total sugars. This was closely followed by Urea + SSP + MOP + Zinc + Boron (T12). The substantial enhancement in plant height and neck diameter at 90 DAT further substantiated the synergistic effect of macro- and micronutrient integration. Overall, the study underscores that balanced and integrated nutrient management, particularly the inclusion of sulphur, zinc, and boron along with the recommended NPK dose (125:100:100 kg ha⁻¹), significantly improves onion growth, yield potential, and bulb quality under red and lateritic soil conditions. Hence, this nutrient strategy can be effectively adopted to enhance productivity, improve bulb quality, and maximize economic returns in onion cultivation across comparable agro-climatic regions.
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	TREATMENT DETAILSTable 1: Effect of different nutrients on plant growth, yield and yield attributing components and biochemical components of onion

	PL HT 
60 DAS 
(cm)
	PL HT
 90 DAS (cm)
	NO OF LEAVES
 60 DAS
	NO OF LEAVES 
90 DAS
	NECK DIAMETER 
60 DAS (mm)
	NECK DIAMETER 
90 DAS (mm)
	YIELD  (quintal/ha)
	BULB WT (gm)
	POLAR DIAMETER
(mm)
	EQUATORIAL DIAMETER
(mm)
	TSS
 (0Brix)
	TOTAL SUGAR
(%)
	REDUCING SUGAR
(%)

	FACTOR A

	F1: NPK@125-100-100 Kg/ha ( 10-26-26 & Urea)
	38.25
	48.16
	4.50
	5.37
	7.34
	8.23
	187.38
	37.79
	53.23
	42.72
	13.19
	6.93
	3.88

	F2: NPK@125-100-100 Kg/ha ( 10-26-26, Urea ) & Sulphur 
	38.56
	43.14
	4.50
	5.47
	7.86
	8.89
	205.67
	41.15
	56.37
	46.83
	13.74
	7.22
	4.18

	F3: NPK@125-100-100 Kg/ha (Urea, SSP, MOP)
	47.00
	47.16
	4.83
	5.33
	7.91
	9.67
	207.44
	41.34
	55.42
	44.46
	13.57
	5.61
	2.50

	SE(d)

	0.51
	0.60
	0.06
	0.08
	0.11
	0.21
	2.12
	0.42
	0.56
	0.31
	0.16
	0.12
	0.05

	CD (0.05)
	1.13
	1.25
	0.14
	NS
	0.24
	0.43
	4.39
	0.87
	1.16
	0.64
	0.34
	0.25
	0.12

	FACTOR B

	M0: No ZnSo4 & No Boron 
	38.60

	46.34
	4.58
	5.42
	7.04
	8.82
	183.48
	36.71
	52.83
	39.86
	13.62
	6.47
	3.53

	M1: ZnSo4 @ 10 kg/ha (basal dose)
	42.54
	49.31
	4.47
	5.27
	7.47
	8.71
	197.42
	39.68
	55.34
	39.26
	12.82
	5.86
	2.89

	M2: Boron @ 2 g/lit (20% solution foliar spray).
	41.54
	44.07
	4.53
	5.44
	8.03
	8.79
	203.36
	42.10
	53.64
	38.62
	14.10
	7.26
	4.17

	M3: ZnSo4 + Boron
	43.21
	44.88
	4.86
	5.41
	8.28
	9.40
	216.41
	41.88
	58.21
	39.09
	13.44
	6.75
	3.49

	SE(d)
	0.62
	0.69
	0.07
	0.09
	0.13
	0.23
	2.44
	0.48
	0.64
	0.36
	0.19
	0.14
	0.07

	CD (0.05)
	1.31
	1.44
	0.16
	NS
	0.27
	0.49
	5.07
	1.01
	1.34
	0.74
	0.395
	0.29
	0.14

	INTERACTION

	F1M0: T1 (Urea+10:26:26)
	33.7
	48.84
	4.50
	5.23
	6.40
	8.01
	171.4
	34.3
	55.17
	40.73
	12.5
	6.6
	3.7

	F1M1: T2 (Urea+ 10:26:26 +Zinc)
	44.12
	54.45
	4.40
	5.33
	7.8
	8.00
	188.6
	38.9
	56.07
	41.67
	12.4
	6.2
	3.1

	F1M2: T3(Urea + 10:26:26 + Boron)
	43.2
	48.23
	4.60
	5.47
	7.67
	8.60
	184.2
	41.1
	50.17
	43.81
	14.4
	8.1
	5.1

	F1M3: T4 (Urea + 10:26:26 +Zinc + Boron)
	34.4
	41.14
	4.50
	5.43
	7.52
	8.33
	205.4
	36.9
	52.07
	45.01
	13.5
	6.9
	3.6

	F2M0: T5(Urea+ 10:26:26 + Sulphur)
	35.4
	41.91
	4.53
	5.47
	7.72
	9.11
	187.2
	37.5
	54.68
	44.9
	14.6
	7.5
	4.2

	F2M1:T6(Urea + 10:26:26 + Sulphur + Zinc)
	36.30
	43.67
	4.40
	5.40
	6.46
	7.64
	194.0
	38.8
	56.47
	46.20
	12.6
	5.8
	2.9

	F2M2: T7(Urea + 10:26:26 + Sulphur+ Boron)
	37.19
	41.10
	4.40
	5.53
	8.27
	8.80
	211.2
	42.3
	55.76
	46.50
	14.5
	8.2
	5.0

	F2M3: T8(Urea + 10:26:26 + Sulphur + Zinc + Boron)
	45.41
	45.87
	4.8
	5.47
	8.99
	9.99
	230.3
	46.1
	58.70
	49.7
	13.3
	7.4
	4.7

	F3M0: T9(Urea+ SSP + MOP)
	46.72
	48.26
	4.70
	5.57
	7.00
	9.35
	191.8
	38.4
	52.32
	44.0
	13.8
	5.3
	2.7

	F3M1: T10(Urea+SSP +MOP+Zinc)
	47.23
	49.82
	4.60
	5.2
	8.18
	9.48
	209.7
	41.3
	54.99
	39.9
	13.5
	5.6
	2.7

	F3M2: T11(Urea+SSP+MOP+Boron)
	44.20
	42.90
	4.60
	5.33
	8.14
	8.96
	214.7
	43.0
	54.91
	41.2
	13.4
	5.5
	2.4

	F3M3: T12(Urea+SSP+MOP+Zinc+Boron)
	49.80
	47.65
	5.40
	5.33
	8.32
	9.88
	213.6
	42.7
	59.46
	52.8
	13.5
	6.0
	2.2

	MEAN
	42.39
	46.99
	4.61
	5.40
	7.70
	8.93
	200.17
	40.09
	55.01
	44.67
	13.50
	6.6
	3.5

	SE(d)
	1.03
	1.21
	0.13
	0.16
	0.23
	0.41
	4.24
	0.84
	1.122
	0.63
	0.32
	0.2
	0.1

	CD (0.05)
	2.26
	2.51
	0.26
	0.34
	0.48
	0.85
	8.79
	1.75
	2.37
	1.27
	0.68
	0.5
	0.2

	CV (%)
	3.15
	3.21
	3.40
	NS
	3.69
	5.69
	2.60
	2.58
	2.50
	1.95
	2.99
	4.5
	4.0







