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Table 1. Concentration of elements contained in nutrient solution of lettuce used in this experiment.

N P K Ca Mg S Fe Zn Mn B Cu Mo
(mgkg")  (mgkg)  (mgkg) (mgkg) (mgke") (mgkg) (mgkg) (mgkg') (mgkg")  (mgkg')  (mgkg") (mgkg)
125 31 215 84 24 35 0.94 0.13 0.14 0.16 0.03 0.03
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Fig. 1. Mean comparisons of the effect of different levels of silicon on lettuce weight loss and quality; Columns with the same letters
are not significantly different based on LSD test at 0.05 probability level.
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Fig. 2. Mean comparisons of the effect of different levels of silicon on lettuce fresh weight and percentage of edible fraction;
Columns with the same letters are not significantly different based on LSD test at 0.05 probability level.
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Fig. 3. Mean comparisons of the effect of different levels of silicon on lettuce aerial, root and total dry weight; Columns with the

same letters are not significantly different based on LSD test at 0.05 probability level
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Fig. 4. Mean comparisons of the effect of different levels of silicon on lettuce transpiration, stomatal conductance and non-
photochemical quenching; Columns with the same letters are not significantly different based on LSD test at 0.05 probability level.
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Fig. 5. Mean comparisons of the effect of different levels of silicon on lettuce antioxidants, phenol and flavonoids; Columns with the
same letters are not significantly different based on LSD test at 0.05 probability level.
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Fig. 6. Mean comparison of the effect of different levels of silicon on the silicon and nitrate concentrations in lettuce leaves;
Columns with the same letters are not significantly different based on LSD test at 0.05 probability level.
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Abstract

Nutrient solutions used in the production of lettuce in soilless culture do not contain silicon (Si) as a
beneficial element. Therefore, this experiment aimed to evaluate the role of Si in lettuce growing
hydroponically. Results showed that the highest fresh weight, dry weight and total dry weight of lettuce were
obtained in the control. The highest percentage of the edible part to root was observed in 0.5 mM silicon
treatment. In the shelf life aspect, the lowest percentage of lettuce weight loss was recorded in 0.5 and 1.25
mM silicon concentrations and the best food quality was obtained in the treatment of 0.75 mM silicon. The
highest stomatal conductance and transpiration rate were observed at the Si concentration of 0.25 mM and
the highest antioxidant activity was observed at a concentration of 0.5 mM. The highest phenol and
flavonoids were recorded in the treatments of 1.75 and 2 mM silicon, respectively. The highest leaf silicon
concentration was found in the treatment of 1.75 mM silicon and the lowest amount of nitrate in lettuce was
obtained in the concentrations of 0.25 and 0.5 mM silicon.

Keywords: Postharvest, Beneficial element, Monosilicic acid, Hydroponic.

Background and Objective: Although the unique role of silicon (Si) in reducing biotic and abiotic stresses
has been widely proven (1, 2), no comprehensive research has been done on this element’s positive and
possibly negative role in hydroponic lettuce cultivation under non-stress conditions. It is reported that Si can
increase chlorophyll, rubisco enzyme and leaf surface resulting in more carbohydrate synthesis and a
stronger physiological source (3). In addition to the effect of Si on the quality and quantity of lettuce, the
current study also examines its storage life due to its commercial importance and short shelf life.

Methods: This experiment was conducted in a completely randomized design with nine treatments
(including levels of 0, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75 and 2 mM Si from a monosilicic acid source) with
three replications and two sub-samples. The evaluated traits included biomass related traits, storage traits
(weight loss percentage and dietary quality), biochemical traits (leaf nitrate, leaf silicon concentration, total
antioxidants, phenol and flavonoids), and photosynthetic parameters.
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Results: The highest fresh weight of lettuce head (121.6 g plant') was recorded in control and a decreasing
trend was observed aligning with the rising Si concentration. Similar to the fresh weight of the head, the head
dry weight was shown to be the highest in control and Si treatments caused a decrease in this parameter. The
highest head-to-root ratio was obtained in the plants treated with 0.5 mM of Si, which was not significantly
different from control and 0.75 mM of Si. Although the highest yield and biomass were recorded in the
control, the low concentrations of Si in nutrient solution showed some benefits, including better shelf life
traits and dietary values (i.e., higher antioxidants and lower nitrate). Total antioxidant activity, as an essential
criterion for dietary value evaluation, was significantly higher in the treatment of 0.5 mM Si when compared
with control and all other treatments except Si at 0.25 and 0.75 mM concentrations. Moreover, the addition
of Si in nutrient solution at low rates (i.e., 0.25 and 0.5 mM Si) could significantly decrease the nitrate
accumulation in lettuce leaves. In addition, low concentrations of Si positively affected some photosynthesis
parameters like stomatal conductance and transpiration rate which were recorded at the significantly highest
level in plants treated with 0.25 mM Si.

Conclusions: On the whole, Si could not positively influence the yield and yield component of lettuce and
even had adverse impacts, specifically in high Si concentrations. These results do not contradict the released
positive effects of Si under stressful conditions because the current study was carried out in normal
conditions. On the other hand, the positive effects of Si in the post-harvest period, such as lower nitrate
accumulation and higher antioxidant activity, should not be overlooked.
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