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The Effect of Irrigation Duration and Interval on Morphological Traits and
Nutrient Distribution of Lettuce (Lactuca sativa) in a Vertical Farming System
under Diverse Nutritional Treatments
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Abstract

Vertical farming, as an innovative agricultural method, enables the production of high-quality crops in
limited spaces while using fewer resources. The aim of this study was to investigate the effects of irrigation
duration and frequency, combined with different nutrient treatments, on the morphological traits and nutrient
distribution of lettuce in a vertical farming system. The experiment was conducted in a factorial design with
three replications and three levels for each factor: irrigation durations and frequencies (5 minutes per tier every
hour, 10 minutes per tier every 2 hours, and 20 minutes per tier every 4 hours), and nutrient treatments (high-
nitrogen solution [10-10-30 NPK], high-potassium solution [30-15-15 NPK], and balanced solution [20-20-20
NPK]). PVC tubes were used as columnar growth containers within the vertical farming system in the research
greenhouse of the Faculty of Agriculture, Ferdowsi University of Mashhad, in 2023 (year 1402 in the Iranian
calendar). Results indicated that the treatment combining 20 minutes of irrigation per tier every 4 hours with the
20-20-20 NPK nutrient solution produced the best performance in vertical lettuce cultivation. In this treatment,
the maximum plant height (20.2 cm) was recorded, representing a 43% increase compared to the 5-minute per
tier, hourly irrigation combined with 30-15-15 NPK solution (14.2 cm). Additionally, the highest number of
leaves (15 leaves), leaf length (15.4 cm), and leaf width (6.99 cm) were observed, which were 34.7%, 25.2%,
and 18% higher than the same comparison treatment, respectively. The highest fresh and dry weights of the
plants were 508 g and 50.3 g, respectively, showing 6% and 33% increases over the 5-minute per tier, hourly
irrigation treatment (421 g and 37.9 g). Root length in this treatment reached 18.1 cm, representing a significant
increase compared to the minimum value of 12.1 cm. Regarding nutrient content, the highest concentrations of
nitrogen, phosphorus, potassium, and calcium were observed under the 20-minute per tier, 4-hour interval
irrigation treatments. Overall, the combination of 20 minutes of irrigation per tier every 4 hours with a 20-20-20
NPK nutrient solution is recommended as the optimal treatment for enhancing growth, yield, and nutrient uptake
of lettuce in vertical farming systems.

Keywords: Balanced solution, calcium, leaf width, nutrient distribution, root length.
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