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Table 1. Nutrients concentration for lettuce hydroponic culture
in different treatments
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Fig. 1. The effect of nutrient solution treatments on leaf growth of two lettuce cultivars
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Fig. 2. The effect of nutrient solution treatments on root growth of two lettuce cultivars (left to right: N3V2, N3V1, N2V1, N2V2)
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Abstract

A greenhouse research study was conducted at Golestan Agricultural Science and Natural Resources
Research Center, Gorgan, in autumn and winter 2021, to investigate the effects of three different nutrient
solutions on the yield and growth parameters of two local lettuce cultivars grown in solid growing media of
hydroponic system. Two local lettuce cultivars (Varl and Var2) were subjected to different nutrient
solutions. Three nutrient solutions were different in nitrogen (N), potassium (K) and calcium (Ca)
concentrations. The control nutrient solution consisted of concentrations 180, 210 and 190 mg L' for N, K
and Ca. Corresponding concentrations were 140, 150 and 140 mg L™, and 220, 270 and 220 mg L' for N2
and N3 nutrient solutions, respectively. The experiment was conducted as a factorial in completely
randomized design with 3 replications and two factors of cultivar type (Varl and Var2) and nutrient solution
(control, N2 and N3). Based on the results, the fresh and dry weights were not significantly different between
the two cultivars, but significant differences were observed for other traits. Among the nutrient solution
treatments, the highest fresh weight was obtained in N3 nutrient solution (17.1 and 12.5% greater than N2
and control, respectively). Using N3 nutrient solution increased leaf dry weight (by 17.6 and 7.5%), leaf
number (by 12.7 and 17.0%), leaf width (by 9.1 and 1.5%), leaf length [by 4.8 and —1.5% (not significant)],
root fresh weight (by 85.4 and 58.9%), and root volume (by 264.7 and 186.5%) compared to N2 and control,
respectively. Therefore, the N3 nutrient solution increased the shoot and root growth and can be suggested
for maximum lettuce production in hydroponic culture.

Keywords: Yield, Nutrition, Nitrogen, Soilless culture.

Background and Objective: Lettuce (Lactuca sativa L.) is a green leafy vegetable belonging to the
Asteraceae family (3). It is a cool-season vegetable which thrives in temperatures ranging from 7 to 24 °C
and is commonly consumed in salad mixes (1). Easy control of nutrient composition, lack of soil
contamination, faster plant growth, shorter crop cycles, high product quality and good consumer acceptance
have made hydroponics an important alternative plant production technique (2). The objective of this study
was to determine the best N, K and Ca concentrations in nutrient solution in hydroponic lettuce production
with solid growing media.

Methods: Two lettuce cultivars, Golestan and Romain, were named Varl and Var2. Three nutrient solutions
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were different in nitrogen (N), potassium (K) and calcium (Ca) concentrations. Two cultivars were subjected
to one of three different nutrient concentrations of N, K and Ca at 180, 210 and 190 mg L' (control), 140,
150 and 140 mg L' (N2) and 220, 270 and 220 mg L' (N3), respectively. The experiment was conducted as
a factorial in completely randomized design in 3 replications with two factors of cultivar type (two cultivars
Varl and Var2) and nutrient solution (at three levels: control, N2 and N3). Each treatment consisted of
twelve seedlings of each lettuce cultivar. The morphological characteristics of lettuce in each treatment were
recorded from all 12 samples. Six random samples of each experimental unit were used to measure root
traits. The data were subjected to analysis of variance using R software V4.2.1. Mean comparison was
performed using the least significance difference (LSD) test at p < 5%.

Results: Two cultivars were not significantly different in fresh weight (as lettuce yield index), however
some significant differences were observed for other morphological traits. The effect of nutrient solution on
all evaluated traits except root length was statistically significant. The interaction effect of cultivar and
nutrient solution treatments was also significant for all traits except root length. The plants grown in N3
solution produced more leaves than the control and N2 treatments. Among the nutrient solution treatments,
the highest fresh weight was observed in N3 nutrient solution which had the highest concentrations of N, K
and Ca elements. The highest fresh weight was obtained in the combination of cultivar Var2 and N3 (108.52
g per plant) and then in the combination of cultivar Varl and the same nutrient solution (105.18 g per plant).
There was no significant difference between the control and N3 nutrient solutions in terms of leaf length and
width but N2 treatment produced the shortest leaf length. Mean comparisons of the main effects of the
treatments showed that the highest stem weight was observed in the combination of cultivar Varl and N3.
The root fresh weight, root dry weight and root volume was affected by nutrient solution treatments. The
highest amount of all three traits were obtained in the N3 nutrient treatment, and the control and N2 nutrient
solutions did not result in significant differences for these root traits. The N3 treatment proved significantly
more productive than the other nutrient treatments in both cultivars. It is suggested to do mixed cultivation of
lettuce in hydroponic greenhouses. In this way, up to two generations of out-of-season lettuce can be
produced before the foliage of the main crop such as tomatoes grows, thus increase the economic efficiency
of the greenhouse.

Conclusions: It is suggested to use N3 nutrient solution (N=220 mg L', K= 270 mg L, Ca= 220 mg L) for
the lettuce production in hydroponic system to achieve the maximum yield. This nutrient solution produced
maximum growth characteristics for both cultivars. Further studies are suggested to investigate the separate
effect of the elements N, K and Ca, as well as to evaluate the quality traits in hydroponic cultivation
conditions.
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