


Influence of spacing and nutrition on yield and economics of Lettuce (Lactuca sativa L.) under protected cultivation


Abstract
         This research was done to investigate the influence of spacing and nutrition on its yield and cost economics under protected cultivation of lettuce (Lactuca sativa L.) during Rabi of 2021-22 at ICAR-KVK, Hadonahalli of Karnataka. It was undertaken with Factorial Randomized Complete Block Design, to study the application of three different spacing such as 45×22.5 cm, 45×30 cm and 45×45 cm and three nutrient levels such as 75%, 100% and 125% of Recommended Dose of Fertilizers (RDF) along with 25 t/ha FYM. The results revealed that head girth (12.93 cm) and yield per plant (407.02 g) were recorded significantly higher at 45 cm × 22.5 cm spacing. The higher head girth (12.80 cm), yield per plant (388.45 g), yield per hectare (280.63 q ha-1), was recorded at 125% RDF.  However, higher net returns (Rs. 10,26,435 /-) and higher cost benefit ratio (3.07) were recorded in 45 cm × 22.5 cm spacing + 125 % RDF.
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1. Introduction
Lettuce (Lactuca sativa L.) an annual leafy herb belongs to the family Asteraceae with chromosome number 2n=18, is one of the most popular salad crops and occupies the largest production area among salad crops in the world. It is popular for its delicate, crispy texture and slightly bitter taste with milky juice when fresh (Squire et al., 2007). India ranks third in production of lettuce, occupying 4 per cent of the world total production. It is being grown for over 2500 years and various forms of lettuce are known since 500 B. C. 
It is a self-pollinated annual plant. It forms a deep taproot with largely horizontal lateral roots, most densely near the soil surface for water and nutrient absorption (Deshpande and Salunkhe, 2008). Nearly sessile leaves are spirally arranged in a dense rosette on the often-shortened stem. There is considerable diversity in colour, shape, surface, margin and texture of leaves among different types and forms of lettuce. Leaf margins may be entire, lobed, incised, indented or undulating. 
With the increase in population, the demand for the crop has significantly increased which has led to extensive use of inorganic fertilizers with least consideration for soil health, which is a critical factor for realizing sustainable yield of any vegetable crop. Besides this, the residual effects of inorganic fertilizers on environment, underground water resources, soil micro-flora, vegetables and vegetable products is a matter of great concern. The residual toxicity level is reported to be more in vegetables and fruits as compared to grains. The ill effects of chemicals in agriculture has been well documented (Carson, 1962). 
Plant spacing for lettuce cultivation is an important criteria for attaining maximum vegetative growth and an important aspect of crop production for maximizing the yield. Optimum plant spacing ensures judicious use of resources and makes the intercultural operations easier. It helps to increase the number of leaves and healthy foliage. Densely planted crop obstruct the proper growth and development. On the other hand, wider spacing ensures the basic nutritional requirements but decrease the total number of plants as well as yield may be increased up to 25 per cent by using optimum spacing in leafy vegetable (Bansal et al., 2004).
For realizing high yield of any vegetable crop, soil health is a critical factor. The yield per unit area of lettuce is very low in India as compared to developed countries. This is probably due to lack of technical knowledge in its production aspects, especially in its nutritional requirement. Lettuce is a poor forager with a small root system; therefore, the surface soil should be well supplied with nutrients. The objective of increased yield and economics of crop can be achieved through integrated nutrient management coupled with optimum plant population. 
Understanding the crop response to plant density and nutrition, it is crucial for maximizing lettuce yield. Further, due to climatic and cultivar differences, the optimal plant spacing might be seasonal and cultivar dependant.
2 Material and Methods
    	Experimental site was conducted in the Rabi season of 2021-2022 at ICAR-Krishi Vigyan Kendra, Hadonahalli, Doddaballapur Taluk, of Bengaluru Rural District, Karnatak. The site is located at an elevation of 924 m MSL and has a coordinate position of 13°05′ N and 77°34′ E, thus falling under the Eastern Dry Zone of Karnataka. The soil is red sandy loam and well drained with uniform texture. The research was executed in a Factorial Randomized Complete Block Design (F-RCBD) with three replications and nine treatment combinations. An area of 216 m² constituted an experimental field with 27 plots, measuring 4.5 m × 1 m each, and 0.5 m separation between plots and 0.6 m between replications. Spacing level consists of S1 (45 cm × 22.5 cm), S2 (45 cm × 30 cm) and S3 (45 cm × 45 cm) and nutrition level F1 (100% RDF), F2 (75% RDF) and F3 (125% RDF). This factorial setup resulted in a total of nine treatment combinations (S1F1 to S3F3). The Iceberg lettuce variety was used, known for its vigorous head formation and crispy texture and transplanted in early morning hours to minimize transpiration shock. Harvesting was done uniformly 60 days after transplanting. Mature heads were cut using sharp knives for fresh weight and quality assessments. Five randomly chosen plants per plot were observed for growth and quality metrics. Additionally, soil factors were evaluated both prior to and following harvest. Observations were recorded on yield parameters like head girth, yield per plant and yield per hectare. The cost economics parameters recorded were gross income, net income and benefit cost ratio.
Table 1: Tabular representation of yield and methods of measurement and time of recording
	Parameter
	Measurement Method
	Time of Recording

	Head Girth (cm)
	Measured using vernier calipers
	At harvest

	Yield per Plant (g)
	Average head weight
	At harvest

	Yield per Hectare (q/ha)
	Extrapolated from total plot yield
	At harvest



The cost economics parameters recorded were gross income, net income and benefit cost ratio were recorded by using formula, Gross Income: Determined using the produce's market price upon harvest, Net Income (₹ ha⁻¹) = Gross Income – Cost of Cultivation and Benefit : Cost Ratio = Gross Returns ÷ Cost of Cultivation.
3 Results and Discussion
Yield parameters
The influence of spacing and nutrition on yield parameters was statistically significant. Head girth, yield per plant and yield per hectare were all affected by both factors. Wider spacing (S3) recorded the maximum head girth (12.93 cm), while closer spacing (S1) recorded the minimum (11.12 cm) as presented in Table 2. Similarly, F3 produced the larger head girth (12.80 cm) and F2 the smaller (11.30 cm). Though the interaction was not significant, S3F3 combination yielded the maximum head girth (13.47 cm), indicating enhanced head development under optimum nutrient and space availability. This might be due to the plants received sufficient quantity of nutrients. Similar results were recorded by Chatterjee et al. (2015). Yield per plant increased significantly with wider spacing and higher nutrients. S3 recorded the higher per plant yield (407.02 g) and S1 the lower (298.40 g). Among nutrients, F3 produced the higher yield (388.45 g) and F2 the lower (324.31 g) (Table 2 and Figure 1). The maximum yield per plant (429.47 g) was recorded under S3F3. These findings are in accordance with findings of singh et al (2006) and prasad et al (2010). The results indicated that the head yield per plant of lettuce was increased with increasing level of nutrient and also less competition among plants for nutrient so availability of nutrient was sufficient for better head growth of lettuce. Similar comparable results were recorded by Moniruzzaman et al. (2006) in lettuce. However, yield per hectare followed an opposite trend: closer spacing (S1) resulted in significantly higher yield (304.38 q ha⁻¹) due to higher plant population, while wider spacing (S3) recorded the lower (210.43 q ha⁻¹). This is evident in Figure 2. Among nutrient treatments, F3 led to the higher yield (280.63 q ha⁻¹). S1F3 recorded the maximum overall yield (337.87 q ha⁻¹), showing that higher plant population combined with optimal nutrients can boost per-area productivity. This may be due to increased head yield per hectare with increasing level of nutrient and also sufficiently available of nutrient to all the plants, so there was less competition among plants for nutrient, soil moisture and sunlight. Similar results were also reported by Chatterjee et al. (2015) and Rhim et al. (2022).
Cost economics
[bookmark: _heading=h.8psnnglx2rcp] Economic analysis of different treatments revealed significant variations in gross returns, net returns and benefit-cost (B:C) ratios due to the effects of spacing and nutrient levels. The higher gross income (₹ 15,20,415 ha⁻¹) were recorded under S1F3. The minimum gross income (₹8,53,200 ha⁻¹) was observed under S3F2. Net income followed the same trend as yield and gross income, with S1F3 yielding the higher net return of ₹10,26,371 ha⁻¹. The lower net return (₹3,80,933 ha⁻¹) was noted under S3F2. The maximum benefit-cost ratio (1:3.07) was recorded under the treatment S1F3, demonstrating the most economically viable combination. The lower B:C ratio (1:1.80) were recorded under S3F2 (Table 3).
Conclusion
The study clearly demonstrated that both spacing and nutrient levels significantly influence the Yield and economic returns of lettuce (Lactuca sativa L.) under protected cultivation. Maximum yield per hectare and highest economic profitability were achieved with closer spacing (45×22.5 cm) combined with 125% RDF (187.5:125:125 kg NPK ha⁻¹ + 25 t FYM ha⁻¹).Thus, for optimizing lettuce production under protected conditions, a combination of 45×22.5 cm spacing with 125% RDF (S1F3)  is recommended  ???? to achieve the best balance between high productivity, superior quality, and maximum profitability. Future research could further explore the role of integrated nutrient management with organic sources to enhance sustainability in protected cultivation systems.
[bookmark: _GoBack]Considering yield per ha, and cost benefit analysis,   S1F1 will be economical and to be recommended






Table 2: Effect of spacing and nutrition on yield parameters of lettuce
	Treatment
	Head girth (cm)
	Yield per plant (g)
	Yield per hectare
(q ha-1)

	Spacing (S)

	S1    45×22.5cm 
	11.12
	298.40
	304.38 (significantly the highest)

	S2     45x30 cm 
	12.20
	367.82
	272.31

	S3   45×45 cm
	12.93
	407.02
	210.43

	F-test
	*
	*
	*

	S.Em±
	0.19
	11.11
	11.56

	CD (5%)
	0.58
	33.32
	34.66

	Nutrition (F)

	F1
	12.16
	345.33
	276.73

	F2
	11.30
	324.31
	229.76

	F3
	12.80
	388.45
	280.63 
(F1 and F3 are at par with each other)

	F-test
	*
	*
	*

	S.Em±
	0.19
	11.11
	11.56

	CD (5%)
	0.58
	33.32
	34.66

	Interaction (S×F)

	S1F1
	11.27
	294.80
	320.50

	S1F2
	10.03
	258.27
	254.77

	S1F3
	12.07
	342.13
	337.87

	S2F1
	12.33
	378.45
	280.03

	S2F2
	11.39
	330.67
	244.91

	S2F3
	12.87
	394.20
	291.98

	S3F1
	12.87
	407.45
	229.67

	S3F2
	12.47
	384.00
	189.60

	S3F3
	13.47
	429.47
	212.03

	F-test
	NS
	NS
	NS   X (all treatments are significant considering the CD value  )

	S.Em±
	0.33
	19.25
	0.46

	CD (5%)
	1.00
	57.71
	1.37
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Fig. 1: Effect of spacing and nutrition on yield per plant in lettuce  
Fig. 2: Effect of spacing and nutrition on yield per hectare in lettuce
Table 3: Effect of spacing and nutrition on economics benefits in lettuce

	

Treatment
	Economic Benefits

	
	Head Yield (q ha-1)
	Gross Income (Rs. ha-1)
	Total cost of cultivation (Rs. ha-1)
	Net Income (Rs. ha-1)
	B:C
ratio

	S1F1
	320.50
	1442250
	480881
	961369
	2.99

	S1F2
	254.77
	1146465
	472267
	674198
	2.42

	S1F3
	337.87
	1520415
	493980
	1026435
	3.07

	S2F1
	280.03
	1260135
	480817
	779318
	2.62

	S2F2
	244.91
	1102095
	472203
	629892
	2.33

	S2F3
	291.98
	1313910
	494108
	819202
	2.65

	S3F1
	229.67
	1033515
	480753
	552762
	2.14

	S3F2
	189.60
	853200
	472139
	381061
	1.80

	S3F3
	212.03
	954135
	494044
	460091
	1.93

	Lettuce head price – Rs q-1 = 4500 BC ratio of S1F1  and  S1F3   do not differ much



Note: S1- 45 cm × 22.5 cm	F1- 150:100:100 kg NPK ha-1 
           S2- 45 cm × 30 cm	F2- 112.5:75:75 kg NPK ha-1
              S3-45 cm × 45 cm     F3- 187.5:125:125 kg NPK ha-1
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