


Influence of spacing and fertigation levels on growth, yield and quality of onion (Allium cepa l.) Cv. Agrifound Light red under semi-arid conditions of Rajasthan

ABSTRACT
A field experiment was conducted during the rabi season 2025-26 at the Horticultural Research Farm, School of Agricultural Sciences, Nirwan University, Jaipur, Rajasthan, to evaluate the influence of plant spacing and fertigation levels on the growth, yield, quality and economics of onion (Allium cepa L.) cv. Agrifound Light Red under semi-arid conditions. The experiment was laid out in a Factorial Randomized Block Design with three replications, comprising three spacings (15 × 10, 20 × 10 and 20 × 15 cm), three fertigation levels (75, 100 and 125% RDF) and a conventional soil-applied fertilizer control. The recommended fertilizer dose was 100:50:80 kg N:P₂O₅:K₂O ha⁻¹, with water-soluble fertilizers supplied through drip fertigation in split applications. The treatments significantly influenced crop growth, bulb development, yield, quality and economic returns. Among the treatment combinations, 20 × 10 cm spacing combined with 100% RDF through fertigation (T₅) performed best, producing superior vegetative growth, larger and heavier bulbs, higher marketable and total yield. The factor-wise response also indicated that 20 × 10 cm spacing and 100% RDF through fertigation were the most effective levels. The results indicate that appropriate plant population combined with balanced fertigation can improve resource utilization and productivity of onion under semi-arid conditions. Thus, 20 × 10 cm spacing with 100% RDF through fertigation may be considered a promising production strategy for onion cv. Agrifound Light Red under the agro-climatic conditions of Rajasthan.
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INTRODUCTION
Onion (Allium cepa L.) is one of the most important bulb vegetables cultivated worldwide because of its culinary, nutritional and economic significance. The bulb is a valuable source of vitamin C, vitamin B6, potassium, dietary fibre, flavonoids and organosulfur compounds, which contribute to its functional and health-promoting properties (Marrelli et al., 2019). India is among the leading onion-producing countries, with the crop cultivated during kharif, late-kharif and rabi seasons across diverse agro-climatic regions (APEDA, 2025). Rajasthan is an important onion-producing region, where cultivation is largely undertaken under semi-arid conditions characterized by low and erratic rainfall, high evaporative demand and limited soil moisture availability. These conditions often result in inefficient utilization of water and nutrients and consequently variable crop productivity.
Plant spacing is another important factor determining onion productivity because it regulates plant population, competition for water and nutrients, light interception and individual bulb development. Closer spacing may increase yield per unit area but can restrict bulb size, whereas wider spacing may favour larger bulbs but reduce plant population and total yield. Hence, an optimum spacing is required to balance bulb size and productivity (Kumari & Kumar, 2017; Kishor et al., 2023).
The effects of spacing and fertigation may also interact because plant population influences crop demand for water and nutrients, while fertigation determines their availability within the root zone. Although the individual effects of these practices have been studied, information on their combined influence on growth, yield, bulb quality and economic returns of onion, particularly cv. Agrifound Light Red under the semi-arid conditions of Rajasthan, remains limited. Therefore, the present study was undertaken to evaluate the individual and interactive effects of plant spacing and fertigation on growth, yield, quality and economics of onion (Allium cepa L.) cv. Agrifound Light Red, with the aim of identifying an efficient and economically viable production strategy for semi-arid conditions.
MATERIALS AND METHODS
2.1 Experimental Site, Climate and Soil Characteristics
A field experiment was conducted during the rabi season 2025-26 at the Horticultural Research Farm, School of Agricultural Sciences, Nirwan University, Jaipur, Rajasthan, India, to evaluate the effect of plant spacing and fertigation levels on the growth, yield and quality of onion. The experimental site falls under the semi-arid agro-climatic zone and is characterized by low and erratic rainfall, high evapotranspiration and considerable diurnal and seasonal temperature fluctuations. During the crop period, air temperature ranged from 5 to 28°C, with a mean maximum and minimum temperature of 24.5 and 8.5°C, respectively. Relative humidity ranged from a mean minimum of 48% to a mean maximum of 72%, while bright sunshine prevailed for most of the crop season, with occasional haze, dust storms and light winter showers. Meteorological observations, including temperature, relative humidity, rainfall and sunshine hours, were obtained from the Agrometeorological Observatory located at the experimental site. The soil of the experimental field was sandy to sandy-loam in texture, slightly alkaline in reaction, low in organic carbon and of moderate fertility status. Before transplanting, composite soil samples were collected from a depth of 0–30 cm at randomly selected locations across the experimental field and analysed for pH, electrical conductivity, organic carbon and available nitrogen, phosphorus and potassium using standard laboratory procedures.
2.2 Plant Material
The onion cultivar ‘Agrifound Light Red’ was used as the test crop. It is a widely cultivated cultivar recommended for the northern and semi-arid regions of India and produces medium- to large-sized, light-red and uniformly shaped bulbs with good keeping quality. The cultivar generally attains maturity within approximately 110–120 days after transplanting and possesses desirable market characteristics, including firmness, uniformity and good storage potential, making it suitable for both fresh consumption and storage.
2.3 Experimental Design and Treatments
The experiment was laid out in a Factorial Randomized Block Design (FRBD) with three replications and comprised nine factorial treatment combinations involving three plant spacing levels and three fertigation levels, along with one conventional-fertilization control, resulting in a total of ten treatment combinations and 30 experimental plots. Each plot measured 3.0 m × 2.0 m. The treatments were randomized independently within each replication, and irrigation channels were provided along the field boundaries to facilitate uniform water distribution through the drip irrigation system. The plant spacing treatments consisted of S₁: 15 cm × 10 cm, S₂: 20 cm × 10 cm and S₃: 20 cm × 15 cm. The seedling were transplanted after 30 days after seed sowing. The fertigation treatments comprised F₁: 75% recommended dose of fertilizer (RDF) through fertigation, F₂: 100% RDF through fertigation and F₃: 125% RDF through fertigation. The RDF was 100:50:80 kg N:P₂O₅:K₂O ha⁻¹. Fertilizers were supplied as water-soluble NPK through the drip irrigation system in split doses according to crop growth stages. In addition, F₄, consisting of 100% RDF through conventional soil application without fertigation, was included as the control treatment at S₁ spacing. 
Table 1. Treatment combinations.
	Code
	Combination

	T1
	S1 (15 × 10 cm) + F1 (75% RDF, fertigation)

	T2
	S2 (20 × 10 cm) + F1 (75% RDF, fertigation)

	T3
	S3 (20 × 15 cm) + F1 (75% RDF, fertigation)

	T4
	S1 (15 × 10 cm) + F2 (100% RDF, fertigation)

	T5
	S2 (20 × 10 cm) + F2 (100% RDF, fertigation)

	T6
	S3 (20 × 15 cm) + F2 (100% RDF, fertigation)

	T7
	S1 (15 × 10 cm) + F3 (125% RDF, fertigation)

	T8
	S2 (20 × 10 cm) + F3 (125% RDF, fertigation)

	T9
	S3 (20 × 15 cm) + F3 (125% RDF, fertigation)

	T10
	S1 (15 × 10 cm) + F4 (100% RDF, conventional soil application — control)


 
2.4 Statistical Analysis
The experimental data recorded for various growth, yield, quality and economic parameters were subjected to analysis of variance (ANOVA) appropriate for the Factorial Randomized Block Design. The significance of treatment effects was tested using the F-test at the 5% probability level (P = 0.05). Whenever the F-test indicated significant differences among treatments, the treatment means were compared using the Critical Difference (CD) at the 5% level of significance. Differences between treatment means greater than the corresponding CD value were considered statistically significant, whereas differences within the CD value were considered statistically at par.
3.RESULTS AND DISCUSSION
3.1 Growth parameters
3.1.1 Plant establishment
Plant establishment percentage differed significantly among treatments (Table 2), ranging from 86.74% under the conventional control (T10) to 97.31% under T6 (20 x 15 cm + 100% RDF fertigation); T5 (96.24%) and T9 (96.12%) were next best.
Table 2. Effect of spacing and fertigation levels on plant establishment (%) of onion.
	Treatment
	Establishment (%)

	T1: 15x10 + 75% RDF fertigation
	88.42

	T2: 20x10 + 75% RDF fertigation
	90.15

	T3: 20x15 + 75% RDF fertigation
	92.38

	T4: 15x10 + 100% RDF fertigation
	94.86

	T5: 20x10 + 100% RDF fertigation
	96.24

	T6: 20x15 + 100% RDF fertigation
	97.31

	T7: 15x10 + 125% RDF fertigation
	93.18

	T8: 20x10 + 125% RDF fertigation
	95.06

	T9: 20x15 + 125% RDF fertigation
	96.12

	T10: 15x10 + 100% RDF soil-applied (control)
	86.74

	S.Em+/-
	1.12

	CD (P=0.05)
	3.28

	CV (%)
	2.41



Wider spacing reduced early inter-plant competition for light, moisture and space, and improved soil aeration and root proliferation, favouring seedling survival (Amare et al., 2020; Shelema and Hruy, 2024). Fertigation outperformed conventional soil application by delivering nutrients and moisture uniformly and continuously to the root zone (Kumar and Kumar, 2018); establishment was highest at 100% RDF and declined slightly at 125% RDF, likely reflecting localized salt build-up around tender roots at the higher rate (Pramanik and Tripathy, 2017).
3.1.2 Plant height
Plant height was significantly affected by spacing, fertigation and their interaction (Tables 3-5). Among spacing levels, the closest spacing S1 (15 x 10 cm) gave the tallest plants (55.48 cm), decreasing progressively with wider spacing to 52.17 cm under S3 (20 x 15 cm). Among fertigation levels, F2 (100% RDF) gave the tallest plants (55.61 cm), followed by F1 (53.38 cm) and F3 (52.15 cm); the conventional control F4 was shortest (45.73 cm). Despite the closer-spacing trend in the main effect, the tallest plants overall were recorded in the interaction treatment T5 (20 x 10 cm + 100% RDF fertigation; 57.34 cm), followed by T9 (56.08 cm) and T3 (55.72 cm) - indicating that moderate spacing combined with optimum fertigation outperformed the general closer-spacing trend; the shortest plants were recorded under T10 (45.73 cm).
Table 3. Main effects of spacing and fertigation level on plant height (cm) of onion.
	Factor
	Level
	Plant height (cm)

	Spacing
	S1: 15x10 cm
	55.48

	Spacing
	S2: 20x10 cm
	54.31

	Spacing
	S3: 20x15 cm
	52.17

	Fertigation
	F1: 75% RDF
	53.38

	Fertigation
	F2: 100% RDF
	55.61

	Fertigation
	F3: 125% RDF
	52.15

	Fertigation
	F4: control
	45.73



Table 4. Interaction effect of spacing and fertigation level on plant height (cm) of onion.
	Treatment
	Plant height (cm)

	T1
	51.24

	T2
	53.18

	T3
	55.72

	T4
	49.86

	T5
	57.34

	T6
	54.62

	T7
	47.95

	T8
	52.41

	T9
	56.08

	T10
	45.73

	SEm+/- (interaction)
	1.12

	CD (P=0.05)
	3.29

	CV (%)
	5.84


3.1.3 Number of leaves per plant
Leaf number responded oppositely to spacing compared with plant height: the maximum (6.04) occurred under the widest spacing S3, decreasing to 5.46 under the closest spacing S1 (Table 5). Among fertigation levels, F2 gave the most leaves (5.95), followed by F3 (5.72) and F1 (5.49); F4 was lowest (4.86). The interaction treatment T5 gave the highest leaf number overall (6.42), followed by T9 (6.15) and T6 (6.08); T10 was lowest (4.86).
Table 5. Effect of spacing and fertigation level (main effects) on number of leaves per plant of onion.
	Factor
	Level
	Leaves plant⁻¹

	Spacing
	S1
	5.46

	Spacing
	S2
	5.87

	Spacing
	S3
	6.04

	Fertigation
	F1
	5.49

	Fertigation
	F2
	5.95

	Fertigation
	F3
	5.72

	Fertigation
	F4
	4.86



The gain in leaf number under wider spacing reflects reduced competition for nutrients, moisture and light (Sikder et al., 2010; Jilani et al., 2009; Kumar et al., 2001; Ngullie and Biswas, 2017; Shelema and Hruy, 2024), while the fertigation response, peaking at F2, reflects efficient nitrogen and potassium delivery to the root zone, supporting chlorophyll formation and photosynthetic capacity (Vachhani and Patel, 1993; Rizk, 1997; Nasiruddin et al., 1993; Amare et al., 2020). The significant interaction (T5 highest) confirms that plant geometry and nutrient supply act complementarily rather than independently (Rao et al., 2013).
3.1.4 Leaf length and neck thickness
Both traits were maximised under the interaction treatment T5 (leaf length 44.73 cm; neck thickness 1.21 cm), followed by T9 (43.92 cm, 1.19 cm) and T6 (43.15 cm, 1.17 cm); the conventional control T10 gave the lowest values (35.18 cm, 0.91 cm) (Table 6).
Table 6. Effect of spacing and fertigation levels on leaf length and neck thickness of onion.
	Treatment
	Leaf length (cm)
	Neck thickness (cm)

	T1
	38.75
	1.04

	T2
	40.21
	1.09

	T3
	42.08
	1.14

	T4
	37.46
	0.98

	T5
	44.73
	1.21

	T6
	43.15
	1.17

	T7
	36.84
	0.95

	T8
	40.86
	1.08

	T9
	43.92
	1.19

	T10
	35.18
	0.91

	SEm+/-
	1.10
	1.01

	CD (P=0.05)
	3.32
	3.0

	CV (%)
	4.98
	3.02



Both traits followed the same T5-led ranking as plant height and leaf number, consistent with a shared physiological basis: efficient root-zone nutrient delivery under fertigation promoting cell elongation and division, and optimum spacing reducing competitive stress and improving canopy light interception (Shelema and Hruy, 2024; Ngullie and Biswas, 2017; Amare et al., 2020; Dawar et al., 2007).
3.1.5 Days to bulb initiation
Bulb initiation was earliest under T5 (54.92 days), followed by T6 (55.47), T9 (55.86) and T3 (56.18), and latest under the control T10 (62.35 days), followed by T7 (60.14) and T1 (59.42) (Table 7).
Table 7. Effect of spacing and fertigation levels on days to bulb initiation in onion.
	Treatment
	Days to bulb initiation

	T1
	59.42

	T2
	57.86

	T3
	56.18

	T4
	58.34

	T5
	54.92

	T6
	55.47

	T7
	60.14

	T8
	57.02

	T9
	55.86

	T10
	62.35

	SEm+/-
	1.14

	CD (P=0.05)
	3.32

	CV (%)
	5.26



Earlier bulb initiation under optimum spacing and fertigation is consistent with faster vegetative development and earlier physiological transition to bulb formation under efficient nutrient and resource availability (Brewster, 2008; Rizk, 1997; Shelema and Hruy, 2024; Kumar and Kumar, 2018); delayed initiation under the control reflects nutrient-limited vegetative growth (Singh and Singh et al., 2010).
3.1.6 Dry matter accumulation
Dry matter accumulation increased progressively from 30 DAT to harvest in all treatments and was consistently highest under T5 at every stage (2.56, 6.72, 11.46 and 16.18 g plant⁻¹ at 30, 60, 90 DAT and harvest), followed by T9 and T6; T10 was lowest throughout (1.58 to 10.94 g plant⁻¹) (Table 8).
Table 8. Effect of spacing and fertigation levels on dry matter accumulation (g plant⁻¹) of onion.
	Treatment
	30 DAT
	60 DAT
	90 DAT
	Harvest

	T1
	1.92
	5.08
	8.94
	13.12

	T2
	2.08
	5.54
	9.66
	14.08

	T3
	2.24
	6.06
	10.38
	14.96

	T4
	1.84
	4.82
	8.42
	12.34

	T5
	2.56
	6.72
	11.46
	16.18

	T6
	2.42
	6.34
	10.92
	15.52

	T7
	1.76
	4.54
	7.98
	11.86

	T8
	2.14
	5.82
	9.94
	14.42

	T9
	2.48
	6.48
	11.18
	15.84

	T10
	1.58
	4.16
	7.36
	10.94

	SEm+/-
	0.09
	0.21
	0.36
	0.52

	CD (P=0.05)
	0.26
	0.62
	1.05
	1.52



The steady rise in dry matter under T5 reflects sustained photosynthetic activity and efficient assimilate translocation supported by continuous fertigation-delivered nutrients and reduced competitive stress at optimum spacing (Vachhani and Patel, 1993; Uikey et al., 2015; Kumar and Kumar, 2018; Shelema and Hruy, 2024); the low accumulation under the control is consistent with nutrient-limited chlorophyll synthesis and photosynthesis (Brewster, 2008; Rizk, 1997).
3.2 Yield and yield attributes
3.2.1 Bulb diameter and average bulb weight
Both traits were maximised under T5 (bulb diameter 5.88 cm; bulb weight 74.16 g), followed by T9 (5.76 cm, 72.18 g) and T6 (5.64 cm, 70.42 g); T10 gave the smallest, lightest bulbs (4.34 cm, 49.28 g) (Table 9).
Table 9. Effect of spacing and fertigation levels on bulb diameter and average bulb weight of onion.
	Treatment
	Bulb diameter (cm)
	Average bulb weight (g)

	T1
	4.86
	58.42

	T2
	5.14
	62.38

	T3
	5.42
	66.74

	T4
	4.72
	55.86

	T5
	5.88
	74.16

	T6
	5.64
	70.42

	T7
	4.58
	52.94

	T8
	5.26
	64.85

	T9
	5.76
	72.18

	T10
	4.34
	49.28

	SEm+/-
	0.14
	1.96

	CD (P=0.05)
	0.42
	5.72

	CV (%)
	5.48
	5.86



Larger, heavier bulbs under T5 reflect efficient potassium-mediated carbohydrate translocation under fertigation (Uikey et al., 2015; Singh and Singh et al., 2010) combined with reduced inter-plant competition at moderate spacing, allowing greater assimilate supply per bulb (Kumar and Kumar, 2018; Amare et al., 2020; Shelema and Hruy, 2024); nutrient-limited conditions under the control curtailed both traits (Rizk, 1997).
3.2.2 Bulb number, marketable and total yield, and harvest index
Number of bulbs per plot was highest under the closer-spacing treatments (T7, 256; T4, 252; T1, 248), reflecting greater plant population per unit area, and lowest under T10 (214). Marketable and total yield, by contrast, were maximised under T5 (31.46 and 33.28 t ha⁻¹), followed by T9 (30.62, 32.36 t ha⁻¹); T10 gave the lowest yield (18.76, 20.42 t ha⁻¹). Harvest index followed the yield trend, peaking under T5 (78.52%) and lowest under T10 (67.18%) (Table 10).
Table 10. Effect of spacing and fertigation levels on yield and yield attributes of onion.
	Treatment
	Bulbs plot⁻¹
	Marketable yield (t ha⁻¹)
	Total yield (t ha⁻¹)
	Harvest index (%)

	T1
	248
	22.46
	24.18
	71.84

	T2
	236
	24.92
	26.54
	73.16

	T3
	218
	27.38
	29.12
	74.84

	T4
	252
	21.84
	23.66
	70.92

	T5
	242
	31.46
	33.28
	78.52

	T6
	226
	29.74
	31.42
	77.18

	T7
	256
	20.38
	22.14
	69.86

	T8
	238
	26.18
	27.92
	75.42

	T9
	222
	30.62
	32.36
	77.94

	T10
	214
	18.76
	20.42
	67.18

	SEm+/-
	6.84
	0.92
	1.08
	1.42

	CD (P=0.05)
	19.92
	2.68
	3.14
	4.12



That the highest bulb count occurred under closer spacing while marketable yield peaked at the wider T5 spacing shows the yield advantage of T5 arose from larger individual bulbs outweighing the lower bulb number, not from bulb number itself (Kumar and Kumar, 2018) - a sink-strength effect reinforced by efficient nutrient delivery under fertigation (Uikey et al., 2015; Amare et al., 2020; Shelema and Hruy, 2024). The parallel improvement in harvest index under T5 indicates more efficient partitioning of photosynthates into the bulb rather than vegetative tissue (Singh and Singh et al., 2010); nutrient-limited conditions under the control reduced both yield and partitioning efficiency (Rizk, 1997).
CONCLUSION
The present study demonstrated that plant spacing and fertigation significantly influenced the growth, yield, bulb quality and economic performance of onion (Allium cepa L.) cv. Agrifound Light Red under semi-arid conditions of Rajasthan. Among the treatment combinations, T₅ (20 cm × 10 cm spacing + 100% RDF through fertigation) consistently performed better than the other treatments, resulting in superior vegetative growth, larger and heavier bulbs, higher marketable and total yield, improved TSS and dry matter content, and greater economic returns. The factor-wise analysis also identified 20 cm × 10 cm spacing and 100% RDF through fertigation as the most effective combination for improving productivity and profitability.
The improved performance under fertigation indicates the importance of timely and efficient nutrient and water availability in supporting crop growth and bulb development, while optimum spacing likely reduced inter-plant competition for available resources. Overall, the combination of 20 cm × 10 cm spacing with 100% RDF through fertigation appears to be a promising production practice for enhancing onion productivity, bulb quality and profitability under semi-arid conditions. However, the recommendation should be validated across seasons, soil types and locations before wider adoption.
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