


Economic Performance and Investment Recovery of Conventional, Container Gardening, Kratky, and Nutrient Film Technique Systems for Lettuce 
(Lactuca sativa L. cv. Olmetie RZ 1000 Batavia) 
Production Under Tropical Conditions



Abstract

This study evaluated the economic performance and investment recovery of four lettuce (Lactuca sativa L. cv. Olmetie RZ 1000 Batavia) production systems—conventional open-field farming, container gardening, Kratky hydroponics, and Nutrient Film Technique (NFT)—under tropical conditions. A randomized complete block design with four treatments and three replications was used, with a 28-day production cycle. Fresh biomass, measured water use, electricity requirement, production cost, gross income, first-cycle net income, ROI, and investment recovery were evaluated. NFT produced the highest fresh biomass (133.04 g plant⁻¹), followed by container gardening (74.77 g plant⁻¹), Kratky (58.17 g plant⁻¹), and conventional farming (31.60 g plant⁻¹). The two soil-based systems used 56.00 L plant⁻¹, compared with 2.00 L for Kratky and 2.08 L for NFT. NFT electricity cost was approximately ₱2.99 plant⁻¹. At a selling price of ₱350 kg⁻¹, gross income ranged from ₱11.06 plant⁻¹ in conventional production to ₱46.56 plant⁻¹ in NFT. All systems had negative first-cycle net income because the complete unit cost basis was charged against the first harvest. Using the study-specific gross-revenue capital-recovery indicator, investment recovery ranged from 1.14 cycles for container gardening to 5.87 cycles for NFT. The results demonstrate that higher biomass and water efficiency can coexist with substantially higher capital requirements, making economic evaluation essential when selecting lettuce production technologies.
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1. Introduction
	Lettuce (Lactuca sativa L.) is a high-value leafy vegetable with a short production cycle and strong demand in households, restaurants, hotels, and institutional food services. However, lettuce is sensitive to high temperatures, and hot tropical conditions can reduce growth and marketable quality. Studies of tropical-adapted lettuce production show that temperature management is an important determinant of crop performance under warm conditions, while recent reviews emphasize the role of soilless systems in production environments affected by climate variability, land constraints, and urbanization (Kumsong et al., 2023; Lakhiar et al., 2025). These constraints make production technologies that improve control of water, nutrients, and the crop root environment increasingly relevant.
	Conventional open-field production remains relatively simple and requires less specialized infrastructure, but crop performance depends on soil condition, water availability, drainage, and nutrient distribution. Container gardening provides greater control over the immediate root environment by allowing the grower to select the growing medium and manage water and drainage. Soilless systems extend this control by delivering water and nutrients directly to the root zone (Chowdhury et al., 2024; Gruda, 2019; Savvas & Gruda, 2018). Comparative lettuce studies have also shown that substrate-based and hydroponic configurations can differ substantially in water productivity and crop response, indicating that system design is an important component of production performance (Shtaya & Qubbaj, 2022; Yang et al., 2024).
	Hydroponic systems differ in their level of technical and energy requirements. The Kratky method is a passive, non-circulating system in which the nutrient solution remains in a reservoir while the solution level declines as the crop takes up water and nutrients. The resulting air space supplies oxygen to the roots without continuous pumping (Kratky, 2005). Recent work on low-cost non-circulating hydroponics likewise demonstrates the potential of passive systems for small-scale lettuce production where access to electricity or capital is limited (Gumisiriza et al., 2022). In contrast, the Nutrient Film Technique (NFT) is an active recirculating system that uses a pump to move nutrient solution through growing channels. Hydroponics can reduce water requirements, but active systems can require additional energy and infrastructure (Barbosa et al., 2015; Niu & Masabni, 2022; Resh, 2013; Sharma et al., 2018).
	Economic performance is especially important when comparing technologies with very different capital requirements. A system that produces more biomass may also require substantially more infrastructure and operating costs. Maestre-Valero et al. (2018) demonstrated this trade-off in lettuce production by comparing soil-based and NFT systems, while Sace and Natividad (2015) showed that hydroponic lettuce production can be evaluated using investment, operating cost, income, and payback indicators. More recent comparative research likewise reports that hydroponic systems can have higher initial investment and operating costs while producing higher yield, water productivity, or revenue under some production conditions (Wang et al., 2023). Capital-budgeting studies of small-scale hydroponic lettuce production further show the value of considering payback, profitability, and sensitivity to price and production assumptions (Gumisiriza et al., 2022; Afriyanti et al., 2024). Thus, yield alone is not sufficient for evaluating a production system intended for commercial or small-scale investment.
	The present study addresses this need by comparing conventional open-field farming, container gardening, Kratky hydroponics, and NFT hydroponics in a shared tropical production setting. The study focuses on fresh biomass yield, measured water use, electricity requirement, production cost, gross income, first-cycle net income, ROI, and a clearly defined investment recovery period. For the soil-based treatments, the fermented bamboo shoot and Japanese snail liquid fertilizer previously evaluated by Carabio et al. (2021) was used as part of the production protocol. Philippine studies have also examined non-circulating hydroponic lettuce and profitability, providing a useful local context for evaluating hydroponic nutrient management under Philippine production conditions (Ramos et al., 2024).
	The study aimed to evaluate the economic performance and investment recovery of four lettuce production systems under tropical conditions. Specifically, it compared their production yield, measured water requirement, electricity cost, production-cost basis, gross income, first-cycle net income, ROI, and investment recovery period.






2. Materials and Methods
	2.1 Research design
	The study used an experimental design arranged as a Randomized Complete Block Design (RCBD) with four treatments and three replications. The same lettuce cultivar, seedling age, and 28-day production period were used across the treatments to reduce variation associated with crop genotype and crop age. The four systems were: T1, conventional open-field farming; T2, container gardening using soft plastic pots; T3, static Kratky hydroponics; and T4, Nutrient Film Technique (NFT) hydroponics.
	2.2 Study area
	The experiment was conducted at Cebu Technological University–Barili Campus in Cagay, Barili, Cebu, Philippines (approximately 10°06′N, 123°30′E). The experimental site experienced tropical conditions, with ambient temperatures generally ranging from 27 to 30 °C and relative humidity of approximately 75% to 85% during the experimental period.
	2.3 Plant material and treatments
	The lettuce cultivar used was Lactuca sativa L. cv. ‘Olmetie RZ 1000 Batavia’. Seedlings were raised in trays and transplanted at 15 days after sowing when they had approximately two to three true leaves. Treatments T1, T2, and T3 each contained 45 plants across three replications, or 15 plants per experimental unit. The NFT structure contained 192 planting positions distributed among eight channels.
2.4 Conventional farming system
	Treatment 1 was established in an outdoor area of approximately 15 m². The soil was prepared and divided into three independent 1 m × 1 m plots, with 15 plants per plot. Plants were spaced approximately 25 cm within rows and 35 cm between rows. Microbial compost was applied as a basal nutrient source, and the crop was supplemented with a liquid fertilizer derived from fermented extracts of Japanese snail (Achatina fulica) and bamboo shoot (Bambusa spinosa).
2.5 Container gardening system
	Treatment 2 was established in a protective greenhouse using 45 soft plastic pots distributed among three replications. Each pot had an approximate upper diameter of 18 cm, height of 14 cm, and bottom diameter of 13 cm. Each pot contained approximately 1.5 kg of growing medium composed of microbial compost, carbonized rice hull, and garden soil mixed at a 1:1:2 ratio, with one plant per container.
2.6 Kratky hydroponic system
	Treatment 3 used the passive Kratky method. Three 30-L insulated plastic tuna boxes served as nutrient-solution reservoirs, with one reservoir assigned to each replication. Each tuna box lid contained 15 planting holes, corresponding to 15 lettuce plants per replication. The nutrient solution was prepared by adding 2 mL of Solution A and 2 mL of Solution B to 1 L of water. Accordingly, a 30-L volume of nutrient solution required 60 mL of Solution A and 60 mL of Solution B. The system operated without mechanical circulation or forced aeration. Approximately 2 L of nutrient solution per plant was provided at the beginning of the 28-day production cycle, with no routine replenishment during the growing period.
2.7 Nutrient Film Technique system
	Treatment 4 was an active recirculating NFT system established in a separate greenhouse. The system consisted of eight white PVC growing channels, each measuring approximately 3 in × 4 in in cross-section, assembled into channels approximately 16 ft long. Planting sites were spaced approximately 25 cm apart. Nutrient solution was held in a 200-L reservoir and continuously recirculated using a submersible pump. Electricity used for pumping and monitoring was included in the economic evaluation.
2.8 Nutrient and fertilizer management
	For T1 and T2, microbial compost served as the basal nutrient source. In T1, 500 g of microbial compost was applied to each plot before planting. The fermented Japanese snail and bamboo shoot extracts were combined at a 1:1 ratio and diluted at 10 mL L⁻¹ of water. The solution was applied using a manual trigger sprayer at 5-day intervals beginning 5 days after transplanting, following Carabio et al. (2021). For T3 and T4, commercial NutSol A and NutSol B were each diluted to 2 mL L⁻¹ before being combined in the nutrient solution. Nutrient-solution pH and electrical conductivity were monitored using digital instruments.
2.9 Water and utility measurement
	Water application was recorded throughout the 28-day crop cycle. T1 and T2 were manually irrigated twice daily according to the predetermined schedule. T3 received approximately 2 L plant⁻¹ of nutrient solution at the start of the cycle and no routine top-up. For T4, water losses from the 200-L recirculating reservoir were compensated during the experiment, and the documented replenishment volume was used as the measured water-use indicator. NFT electricity use was based on the operation of the pump and monitoring equipment and was valued at ₱13.00 kWh⁻¹.
2.10 Harvest and yield measurement
	All treatments were harvested 28 days after transplanting. Above-ground fresh weight was measured per sampled plant and expressed in grams per plant. The mean fresh weight was converted to kilograms per plant for income calculations.
2.11 Economic evaluation
	The economic analysis was standardized on a per-plant basis. The reference selling price was ₱350.00 kg⁻¹ of fresh lettuce. The production-cost basis was ₱32.03 plant⁻¹ for T1, ₱29.75 for T2, ₱59.92 for T3, and ₱273.31 for T4.
	2.11.1 Gross income
	Gross income (GI) was calculated as: GI = Y × P, where Y is marketable fresh yield (kg plant⁻¹) and P is the selling price (₱ kg⁻¹).
	2.11.2 First-cycle net income
	First-cycle net income (NI) was calculated as NI = GI − TCP, where TCP is the total production cost per plant.
	2.11.3 Return on investment
	First-cycle ROI was calculated as: ROI (%) = (NI / TCP) × 100.
	2.11.4 Investment recovery period
	The investment recovery period (IRP) was defined for this study as the number of 28-day cropping cycles required for cumulative gross crop revenue to equal the initial unit cost basis: IRP = ICI / GI. ICI is the initial unit cost or capital cost basis per plant, and GI is gross income per plant per cropping cycle. This is a study-specific gross revenue capital recovery indicator. It differs from conventional payback calculations, which generally use cumulative net cash flow or net returns after operating costs (Gumisiriza et al., 2022; Afriyanti et al., 2024). The distinction is maintained throughout the Results and Discussion sections to avoid interpreting the reported IRP values as guaranteed net cash-flow payback periods.
2.12 Statistical analysis
	Yield and other measured response variables were analyzed using analysis of variance (ANOVA) in the Statistical Tool for Agricultural Research (STAR). Treatment means were compared using Tukey's Honest Significant Difference test at the 5% significance level (α = .05) when the ANOVA indicated a significant treatment effect. Statistical significance was declared at P < .05.
3. Results and Discussion
	3.1 Fresh Biomass Yield
	Above-ground fresh weight differed significantly among the four lettuce production systems (Figure 1). The NFT system (T4) produced the highest fresh weight at 133.04 g plant⁻¹, followed by container gardening (T2) at 74.77 g plant⁻¹, Kratky hydroponics (T3) at 58.17 g plant⁻¹, and conventional production (T1) at 31.60 g plant⁻¹. Based on Tukey’s HSD test at α = 0.05, NFT (T4) was significantly different from all other treatments, while container gardening (T2) and Kratky (T3) did not differ significantly from each other. Conventional production (T1) had significantly lower fresh biomass than the other three systems.
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Figure 1. Effects of four production systems on the above-ground fresh weight of lettuce (Lactuca sativa L. cv. Olmetie RZ 1000 Batavia) at final harvest. Bars represent mean fresh weight per plant, and different lowercase letters indicate significant differences among treatments according to Tukey’s HSD test (α = 0.05).

	The higher biomass observed under NFT may be associated with the continuous recirculation of the nutrient solution through the root zone, providing relatively consistent access to water and dissolved nutrients throughout crop development. In contrast, the Kratky system relies on a non-circulating nutrient solution, while conventional production depends on soil-based water and nutrient availability. Previous studies have similarly reported differences in lettuce growth and productivity among hydroponic configurations, with system design, nutrient management, and environmental conditions influencing crop performance (Kratky, 2005; Sharma et al., 2018; Wang et al., 2023; Yang et al., 2024).

	The fresh-weight advantage of NFT was substantial. Relative to conventional production, NFT produced approximately 4.21 times as much fresh biomass per plant, while container and Kratky systems produced approximately 2.37 and 1.84 times as much, respectively. This result demonstrates that greater biomass production was achievable through the controlled root-zone environment of the soilless systems used in the study. However, the production advantage of NFT must be weighed against its substantially higher infrastructure and production costs, which are examined in the subsequent economic analysis. Similar comparisons of soil-based and hydroponic lettuce production have emphasized that increased productivity may be accompanied by higher capital and operating requirements (Barbosa et al., 2015; Maestre-Valero et al., 2018; Wang et al., 2023).

3.2 Water Use and Resource Efficiency
	The two soil-based systems each used 56.00 L plant⁻¹ over the 28-day cycle. Kratky used 2.00 L plant⁻¹, and NFT used 2.08 L plant⁻¹ of measured water or replenishment volume. Relative to the soil-based systems, these values correspond to reductions of approximately 96% in measured water use. The large difference is directionally consistent with published comparisons showing substantially higher water-use efficiency in soilless and hydroponic lettuce systems than in conventional production, although the magnitude of savings depends on how water inputs and system boundaries are defined (Barbosa et al., 2015; Jarrar et al., 2022; Shtaya & Qubbaj, 2022). Recent NFT research also emphasizes that water-use efficiency is influenced by flow rate and nutrient management strategy rather than by system type alone (El-Demerdash et al., 2026).
3.3 Electricity Requirement and Utility Cost
	Electricity was required continuously in NFT because the nutrient solution was recirculated by an electric pump. The resulting electricity cost was approximately ₱2.99 plant⁻¹. Kratky required no continuous electrical pumping. This difference illustrates an important distinction between passive and active hydroponic systems: passive systems can reduce dependence on electrical equipment, whereas recirculating systems require pumping and associated infrastructure. Published comparisons of hydroponic and soil-based lettuce production similarly identify energy and infrastructure as important components of system-level resource requirements (Barbosa et al., 2015; Niu & Masabni, 2022).
3.4 Production Cost and Gross Income
	Table 1 summarizes the yield and economic indicators. NFT generated the highest gross income at ₱46.56 plant⁻¹, due to its higher fresh weight. Container gardening generated ₱26.17 plant⁻¹, Kratky ₱20.36 plant⁻¹, and conventional farming ₱11.06 plant⁻¹. The corresponding production-cost bases were ₱273.31, ₱29.75, ₱59.92, and ₱32.03 plant⁻¹, respectively. The pattern illustrates the central economic trade-off observed in other lettuce comparisons: higher-output hydroponic systems can also involve greater infrastructure and operating requirements (Maestre-Valero et al., 2018; Wang et al., 2023). Recent economic studies of hydroponic lettuce likewise demonstrate that ROI and payback depend strongly on the relationship between initial investment, recurring costs, production volume, and selling price (Afriyanti et al., 2024).
	Indicator
	T1 Conventional
	T2 Container
	T3
Kratky
	T4
NFT
	Unit

	Fresh weight
	31.60
	74.77
	58.17
	133.04
	g plant⁻¹

	Gross income
	11.06
	26.17
	20.36
	46.56
	₱ plant⁻¹

	Production-cost basis
	32.03
	29.75
	59.92
	273.31
	₱ plant⁻¹

	First-cycle net income
	−20.97
	−3.58
	−39.56
	−226.75
	₱ plant⁻¹

	First-cycle ROI
	−65.47
	−12.03
	−66.02
	−82.96
	%

	Investment recovery period
	2.90
	1.14
	2.94
	5.87
	cycles

	Approximate recovery time
	81
	32
	82
	164
	days


Table 1. Production, economic, and investment-recovery indicators on a per-plant basis.

3.5 First-cycle net income and ROI
	When the complete unit cost basis was charged against the first 28-day harvest, all four systems produced negative first-cycle net income. The values were −₱20.97 plant⁻¹ for conventional farming, −₱3.58 for container gardening, −₱39.56 for Kratky, and −₱226.75 for NFT. The corresponding first-cycle ROI values were −65.47%, −12.03%, −66.02%, and −82.96%, respectively. These first-cycle results should be distinguished from longer-horizon investment feasibility, because capital-intensive production systems generally require multiple production cycles to distribute initial costs across subsequent harvests. Studies of hydroponic lettuce enterprises have therefore used multi-cycle or multi-year financial indicators such as payback period, NPV, IRR, and profitability indices to assess longer-term investment performance (Gumisiriza et al., 2022; Afriyanti et al., 2024).
3.6 Investment Recovery Period
	Using the study's gross-revenue capital-recovery definition, container gardening reached the recovery threshold at 1.14 cycles, conventional farming at 2.90 cycles, Kratky at 2.94 cycles, and NFT at 5.87 cycles. These correspond to approximately 32, 81, 82, and 164 days, respectively, when multiplied by the 28-day production cycle. The pattern is consistent with the general principle that higher initial capital requirements delay the time at which cumulative revenue equals the initial investment. However, conventional payback analyses normally use net cash flow rather than gross crop revenue; published hydroponic investment studies commonly calculate payback from investment cost relative to net cash flow or longer-term profitability measures (Gumisiriza et al., 2022; Afriyanti et al., 2024). Therefore, the recovery values reported here are intentionally retained as a gross-revenue capital-recovery indicator and should not be interpreted as conventional net-cash-flow payback periods.
3.7 Economic Trade-offs Among Production Systems
	The results show why production yield should not be considered in isolation when comparing technologies. NFT produced the highest biomass and gross income and used very little measured water, but its large initial cost basis resulted in the longest calculated recovery period. Container gardening required a much smaller cost basis and therefore reached the recovery threshold more quickly under the study assumptions. Kratky combined low measured water use with passive operation, while conventional farming required substantially more measured irrigation water. These trade-offs are consistent with broader literature showing that soilless systems can improve resource-use efficiency but may require greater infrastructure, technical management, or capital investment (Lakhiar et al., 2025; Wang et al., 2023). Recent research also shows that hydroponic profitability and resource efficiency are sensitive to system configuration, operating conditions, and nutrient or flow management (El-Demerdash et al., 2026).















4. Conclusion
	The four lettuce production systems differed in yield, measured water use, production cost, first-cycle economic return, and calculated investment recovery. NFT produced the highest fresh biomass at 133.04 g plant⁻¹ and the highest gross income at ₱46.56 plant⁻¹, but it also had the highest production-cost basis at ₱273.31 plant⁻¹ and the longest calculated recovery period at 5.87 cycles.
	Container gardening had the lowest production-cost basis at ₱29.75 plant⁻¹ and the shortest calculated recovery period at 1.14 cycles. Kratky and NFT reduced measured water use by approximately 96% compared with the soil-based systems, although NFT required continuous electrical pumping and incurred an estimated electricity cost of ₱2.99 plant⁻¹.
	All four systems produced negative first-cycle net income and ROI when the full unit cost basis was charged against the first harvest. Therefore, the reported recovery periods should be interpreted specifically as gross-revenue capital-recovery indicators rather than conventional net-profit or net-cash-flow payback periods. Actual economic performance over multiple cycles would depend on future yields, selling prices, labor, input costs, electricity, maintenance, and other operating conditions.

5. Recommendations
	Evaluate the four systems over several consecutive cropping cycles so that cumulative net income and actual capital recovery can be measured after initial establishment costs have been absorbed.	 Conduct sensitivity analyses using alternative lettuce selling prices, yields, labor rates, fertilizer and nutrient costs, electricity tariffs, and equipment costs. For NFT systems, evaluate energy-efficient or well-designed solar-powered pumping options and determine their impact on operating costs and investment recovery. Repeat the comparison across additional seasons and production environments to determine how tropical temperature, rainfall, and greenhouse conditions affect system performance.
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Figure 5. Effects of different production systems on the above-ground fresh weight of
Lettuce (Lactuca sativa L.) at final harvest. Different superscript letters indicate
significant differences (Tukey HSD, a = 0.05).




