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Abstract

Introduction: Recycle and reuse nutrient solutions of closed hydroponic systems can reduce environmental problems
and economic costs. It not onIyOPrevents groundwater pollution but also decreases water consumption during the
growing season. Most ‘producers iscard the nutrient solution every week and use the new solution and do not have a
proper strategy for replacing the used nutrient solution. Some vegetable producers analyze nutrient concentration, pH
and electrical conductivity ?EC) of nutrient solutions with sensors. But the use of sensors has decreased due to high
costs and disruptions in operation. Adjusting the EC of nutrient solution is one of the nutrient management methods
under hydroponic conditions. In this method, mineral nutrient absorbed by the plant from nutrient solution is replaced
b¥ adding mineral nutrients and the EC of the solution must be kept constant. We tested and compared the new method
of nutrient replacement according to plant demand with two previews methods.

Material and methods: This experiment aimed to compare the effect of three nutrient replacement methods
(complete replacement, EC based replacement, plant demand-based replacement) on a floating hydroponic system on
three lettuce cultivars (Chinese lettuce, red lettuce, and Kazeroon lettuce) in a factorial experiment based on completely
randomized design, in 3 replicates. Under complete nutrient solution replacement treatment, nutrient solution was
replaced every 4 days. Under partial replacement according to EC, nutrient solution EC was adjusted at 2.3 ds m* by
adding predetermined amounts of potassium sulfate, calcium nitrate, magnesium sulfate, potassium dihydrogen
phosphate every 48 hours. Microelements were applied to the nutrient solution every 10 days, while under treatment
of partial replacement according to plant requirements, the concentration of potassium nitrate was used as a standard
solution but the concentrations of calcium nitrate, magnesium sulfate, potassium dihydrogen phosphate concentration
in nutrient solution were decreased to half strength. The concentrations of K were measured by a flame photometer
(Jenway, model PFP7, UK). Analyses of Ca, Fe, Zn, Mn, and Cu were carried out with an atomic absorption
spectrophotometer (GBC Avanta, Australia) and phosphorus concentration was determined using a spectrophotometer.
otal nitrogen concentration was measured according to the Kjeldahl method and expressed as a percent of DW.

Results and discussion: The results showed that nutrient solution consumption was more than 60% lower in plant
nutrition according to plant demand and EC of the nutrient solution compared to the complete replacement method.
The concentration of nitrogen, potassium, and calcium in Chinese lettuce decreased under the EC control method. Leaf
magnesium concentration increased in all cultivars nourished according to EC control and plant nutrient demand
compared to the complete nutrient replacement method. The highest concentrations of micronutrients such as iron, zinc,
and manganese were observed in the complete nutrient replacement method in all three lettuce cultivars. The results
also showed that the amount of Fe and Mn in the leaf of red lettuce cultivar and zinc concentration in the leaf of Chinese
Idettuce éind Kazeroon decreased significantly under nutrient replacement according to the EC control and plant nutrient
emand.

Conclusions:
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Fig 1-The effect of nutrient solution replacement method on the root dry weight of three lettuce cultivars in
floating culture system.
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Fig 2- The effect of nutrient solution replacement method on the shoot dry weight in three lettuce cultivars in
floating culture system.
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Table 2- The effect of nutrient solution replacement methods (NSRM) on the concentration of macronutrients in
three lettuce cultivars in floating culture system

Sources of variation

Maen squares

df N K Ca Mg
NSRM(N) 2 7.04" 0.27" 0.07"" 0.03"
Variety (V) 2 071" 0.64"" 0.12"" 2337
NxV 4 0.42" 0.08™ 0.02" 0.01m™
Error 18 0.052 0.05 0.004 0.01
C.V.(%) 494 6.10 401 5.27

ns, ** and * means no significant differences, significant at the 1 and 5 % probadility level, respectively.
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Fig 1- The effect of nutrient solution replacement method on the leaf nitrogen concentration of three lettuce

cultivars
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Fig 2- The effect of nutrient solution replacement method on the concentration of potassium in lettuce leaf
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Fig 3- The concentration of potassium of three lettuce cultivars in floating culture system
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2.5 A

a
I . |
0 l

b
Chinese Red Kazeroon

N
1

Mg (mg/g DM)
-

o
ol
1

Lettuce cultivars

}Q\S(..S)MJ:S,,’V.:F;.BJ&—'\JS.Z
Fig 6- The concentration of magnesium in the leaf of three lettuce cultivars

29U S s 53 S o) e Sy e oS ol Clile o0 e 3Kl L, STY gl

Table 3. The effect of nutrient solution replacement methods (NSRM) on the concentration of micronutrients in
three lettuce cultivars in floating culture system

i Mean squares
Sources of variation q

df Fe Mn Zn Cu B
NSRM (N) 2 1777 154" 84.3" 1.62"M 0.15™
Variety (V) 2 922" 203" 70.37" 0.30™ 0.02"
NxV 4 54.7 16.4° 15.04" 3.15™ 3.15m™
Error 18 1.82 10.2 3.11 0.77 0.77
CV.(h 11.78 6.31 5.06 5.50 10.71

ns, ** and * means no significant differences, significant at the 1 and 5 % probadility level, respectively.
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Fig 7- The effect of nutrient solution replacement method on the leaf iron concentration of three lettuce cultivars
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Fig 9- The effect of nutrient solution replacement method on the concentration of manganese of three lettuce
cultivars in floating culture system
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