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 Abstract 
 
The monitoring, calibration and maintenance of nutrient solutions are fundamental for the development of hydroponic lettuce. 
This study aimed to monitor temperature, electrical conductivity, hydrogen potential and consumption of nutrient solution, besides 
evaluating the effectiveness of the Microsoft Office Excel SOLVER tool in the calibration of different mineral and organomineral 
nutrient solutions in the NFT hydroponic cultivation of curly lettuce. The experiment was conducted in randomized blocks with 
three replicates and the treatments consisted of four mineral solutions proposed by Furlani, Bernardes, Ueda and Castellane and 
Araújo, besides four organomineral nutrient solutions, proposed in this research, with chemical composition similar to the 
previously cited ones. For 24 days, the nutrient solutions were monitored and the variations of temperature, pH, electrical 
conductivity (EC) and nutrient solution consumption by the crop were measured. Calibrations were made using the Microsoft Excel 
SOLVER tool, using as reference an EC of 1.5 dS m

-1
 and nutrient solution volume of 17 L. During the experiment, regardless of the 

nutrient solution (modified and mineral), temperature showed maximum and minimum values of 28.7 and 21.5 ºC, respectively, 
and pH variation was lower in the modified nutrient solutions. Water consumption was higher with the use of mineral solutions, in 
comparison to the organomineral solutions with the same chemical composition. The SOLVER tool was efficient and easily used in 
the calibration and maintenance of electrical conductivity and volume of the nutrient solutions. 
 
Keywords: Lactuca sativa, L., hydroponics, SOLVER. 
Abbreviations: BM_mineral nutrient solution of Bernardes (1997); FM_mineral nutrient solution of Furlani (1995); CM_mineral 
nutrient solution of Castellane and Araújo (1994); UM_mineral nutrient solution of Ueda (1990); BO_modified nutrient solution of 
Bernardes (1997); FO_modified nutrient solution of Furlani (1995); CO_modified nutrient solution of Castellane and Araújo (1994); 
UO_modified nutrient solution of Ueda (1990); BIO1_biofertilizer used in the modified solution of Ueda (1990); BIO2_biofertilizer 
used in the modified solution of Castellane and Araújo (1994); BIO3_biofertilizer used in the modified solution of Furlani (1995); 
BIO4_biofertilizer used in the modified solution of Bernardes (1997): TH_cultivar Thaís; VA_cultivar Vanda; VE_cultivar Verônica; 
E.V.A_ Ethylene-vinyl acetate. 
 
Introduction 
 
Hydroponics is a technology in which different vegetable 
crops are cultivated in nutrient solution with or without the 
presence of an artificial medium (washed sand, gravel, 
vermiculite, coconut fiber, carbonized rice husk, sawdust, 
among others), which will serve as mechanical support for 
root development (Furtado, 2008). According to Factor 
(2007), the hydroponic system can be classified as open 
(after application, the nutrient solution is not reused) or 
closed (the nutrient solution is recovered, replenished and 
recycled). In the hydroponic cultivation, roots received a 
balanced nutrient solution that contains water and all 
nutrients necessary for plant development (Barbieri et al., 
2010). Compared with the conventional cultivation, the 
hydroponic system has advantages for the consumer, 

producer and environment, generating products with high 
quality, short cycle, higher yield, less use of water, 
agricultural inputs and labor (Paulus et al., 2012; Lopes et al., 
2003). The NFT system is basically composed of a tank of 
nutrient solution, a pumping system, two cultivation 
channels and a system of return to the tank. The nutrient 
solution is pumped to the channels and flows by gravity, 
forming a thin film of solution that irrigates the roots (Santos 
and Minami, 2002). The solution used in hydroponic systems 
must have all nutrients that are essential for plant 
development and there may be variations in the chemical 
composition and concentration, depending on the crop to be 
cultivated. Many studies have already been conducted with 
hydroponic cultivation of lettuce, such as Paulus et al. 
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(2010), Paulus et al. (2012), Alves et al. (2011), Santos et al. 
(2011) and Sarmento et al. (2014). However, all refer to the 
use of mineral nutrient solutions. Regarding the use of 
organic solution, some studies have already been carried 
out, such as Dias et al. (2009), Ribeiro et al. (2007) and 
Monteiro Filho et al. (2017) using biofertilizer as nutrient 
solution. The supply of nutrients at adequate levels reduces 
production losses and increases the quality of hydroponic 
lettuce. Hence, it is essential to adequately control (monitor) 
the nutrient solution. The main factors to be controlled are 
the hydrogen potential (pH), electrical conductivity (EC) and 
temperature. In general, producers in many regions of Brazil 
use pH values close to 6.0, temperature of 27 ºC and EC 
ranging from 0.75 to 2.6 dS m

-1
 (Genúncio et al., 2012; 

Gondim et al., 2010; Barbiere et al., 2010). In hydroponic 
system, the producers face the challenge of maintaining the 
ideal balance between these parameters. Thus, both 
cultivation and calibration of the nutrient solutions must be 
performed with caution. Another parameter to be 
considered in hydroponic systems is the consumption of 
nutrient solution. For leafy vegetables, it is known that 
reductions in consumption are observed with the increment 
in solution salinity, causing decrease in plant osmotic 
potential, absorption of nutrient, evapotranspiration and 
crop development and production (Soares et al., 2010, Silva 
et al., 2012). Hence, periodic maintenance and calibrations 
of the nutrient solutions regarding the concentration are 
necessary. According to Braccini et al. (1999), the 
maintenance and renewal of the nutrient solutions can be 
performed based on the maximum depletion of nutrient, 
electrical conductivity (EC) and nutrient absorption curves, 
constant addition of nutrient solution and flow of ions, 
among others. The EC method is widely used by farmers, 
because of its practicality and cost. However, its calibration 
for desired levels becomes difficult, since the addition of 
nutrients directly influences the concentration of the 
solution. The utilization of EC calibration curves and the 
SOLVER tool of Microsoft Office Excel can be an alternative 
to solve such problem. For being a tool for decision-taking 
and optimization of processes (Monteiro Filho et al., 2014), 
the SOLVER tool calculates the volume of solution that will 
be removed from the tank, the volume of stock solution that 
will be added and, when necessary, the water volume to be 
replaced in the tank to reach the EC level that is adequate 
for the crop. Given the difficulty to maintain adequate levels 
of nutrients in nutrient solutions, the present study aimed to 
calibrate nutrient solutions based on electrical conductivity 
using the Microsoft Office Excel SOLVER tool, besides 
monitoring the variations of temperature, hydrogen 
potential and consumption of nutrient solutions. 
 
Results and discussion 
 
Temperature of the nutrient solutions 
 
The daily recorded values of temperature in all nutrient 
solutions (modified and mineral) were similar, with 
minimum of 21.5 ºC at 17 days and maximum of 28.7 °C at 
19 days (Fig. 1). The variation of only 7.2 ºC that occurred 
along the experiment is probably attributed to the thermal 
isolation of the tanks with EVA. It should be highlighted that 
the temperature readings of the nutrient solutions were 
taken at 14:00 h and that, inside the protected environment 

(greenhouse), the recorded minimum and maximum values 
were 16 °C and 38 °C, respectively (Fig. 2). 

The temperature of the nutrient solutions is an important 
parameter to be monitored in hydroponic cultivation 
because, according to Cometti et al. (2013), nutrient solution 
temperature affects the oxygen content and, in lettuce, high 
temperature can cause root death. According to Sanches et 
al. (2005), the difficulties in producing lettuce plants with 
well-formed heads in the hydroponic system, under adverse 
climate conditions, are due to, among other factors, high 
temperature in the region of the root system. Such high 
temperatures can cause problems of phytosanitary and 
nutritional order in the plants, especially due to the low 
availability of oxygen to the roots. 

Extreme temperatures may be harmful to the metabolic 
processes occurring in plant tissues, such as absorption of 
nutrient, formation of chlorophyll and photosynthesis 
(Wahid et al., 2007; Yang et al., 2009; Al-Hamdani and 
Ghazal, 2009; Mohammed and Tarpley, 2009). In addition, 
the dissolved oxygen in the aqueous medium decreases with 
the increase in solution temperature, and the O2 demand by 
roots also increases under this condition, becoming more 
significant when the crops produce a dense mass of roots 
(Sutton et al., 2006). According to Martinez et al. (1997), O2 
solubility in water at 28 ºC is 7.9 mg L

-1
, whereas at 45 ºC it is 

only 6.1 mg L
-1

. Still according to these authors, when air and 
solution temperatures increase from 18 to 45 ºC and from 
23 to 28 ºC, respectively, the dissolved O2 decreases from 
78% to 66%, i.e., from 6.5 to 5.2 mg L

-1
, even with constant 

air injection.  
 
pH and electrical conductivity of the nutrient solutions 
 
The acidity or alkalinity of nutrient solutions is indicated by 
the measurement of the concentration of hydrogen ions 
(H

+
), being represented by the pH scale. Solutions with pH 

equal to 7.0 are considered as neutral, and values below or 
above neutrality characterize acidity and alkalinity, 
respectively. According to Martinez and Clemente (2011), in 
hydroponic systems the adequate range of this parameter 
for the lettuce crop is between 5.5 and 6.5. However, during 
crop development, alterations in the hydrogen 
concentration occurred due to the consumption of the 
nutrient solution by plants (Fig. 3). 

According to Fig. 3, for the mineral solutions (Fig. 3B), 
there was a higher buffering power of the modified nutrient 
solutions (Fig. 3A), whose variation along the experiment 
was from 8.3 to 4.3, against 7.9 to 3.3 of the mineral 
solution. However, pH values lower than 5.0 were recorded 
only with the utilization of the nutrient solution of Castellane 
and Araújo (1994) at 12 and 13 days after transplanting. The 
same behavior was not observed using the mineral 
solutions, which showed pH values above 5.0 during almost 
all the evaluation period. It is true that humic and fulvic 
substances have a buffering effect on soil pH (Dobbss et al., 
2008). Regarding the nutrient solutions used in hydroponic 
system, Monteiro Filho et al. (2014) also found similar 
results, evaluating the use of modified nutrient solutions 
optimized with the SOLVER tool. 

The results obtained in the present study are promising, 
considering that pH maintenance is one of the most 
laborious operations in experiments on nutrient solutions 
because, since they do not exhibit buffering power, their 



574 
 

acidity or alkalinity needs to be daily adjusted to an 
adequate pH range, through the addition of a basic or acid 
solution, respectively (Braccini et al., 1999). According to 
Fonseca et al. (2005), the utilization of buffering agents is 
important for both research and farmers, since it perfects 
the operations of pH correction of the nutrient solutions. In 
addition, pH causes indirect effect on the solubility of 
nutrients; at high values, there may be formation of 
precipitates of some elements, such as calcium, phosphorus, 
iron and manganese, which are no longer available to plants 
(Gomes et al., 2011). 

Still according to Figs. 3A and 3B, there were pH variations 
in the solutions with values below neutrality, at 11, 22 and 
13 days and above neutrality, at 7, 8 and from 14 days on, 
with the utilization of the modified solutions FO, BO and UO. 
For mineral solutions, there was acidification in almost the 
entire evaluation period. This result may be associated with 
the imbalance in the absorption of cations and anions 
because, as it is known, anionic absorptions, such as the 
nitrate ion (NO3

-
), lead to increase of solution pH through 

the release of bicarbonates (HCO3
-
) or hydroxyls (OH

-
) by the 

roots, and the opposite occurs for cations, such as the 
ammonium ion (H

+
) (Braccini et al., 1999). Another factor 

that justifies the trend of acidification of the mineral 
solutions is that the pH of the stock solutions was acidic, 
decreasing the pH of the solution, even after addition of the 
NaOH base, because it does not neutralize H

+
 ions 

completely. 
Oscillations in the electric conductivity (EC) are related to 

the consumption of water and nutrients by plants and to the 
evaporation of the nutrient solutions occurred during the 
experiment. According to Figs. 3C and 3D, there was a 
variation of EC above and below the adjustment value (1.5 
dS m

-1
), indicating dilution and increase in the concentration 

of the nutrients, respectively. This last condition may be 
associated with the temperature recorded inside the 
protected environment, because at high temperatures 
plants absorb more water than nutrients, due to the high 
transpiration rate. As a final result, the solution becomes 
more concentrated and, therefore, with higher EC. The 
highest reductions in the EC value were only observed on 
the 15

th
 day after transplanting, since from this period on 

there is a greater dry matter accumulation in the plant, 
resulting from the higher absorption of nutrients and, 
consequently, reduction in the nutrient solution EC (Beninni 
et al., 2005). 

Based on Figs. 3C and 3D, it is noted that the EC calibration 
was successfully performed because the EC was adjusted to 
1.5 dS m

-1
, regardless of the utilized solution, using the 

SOLVER tool. The oscillations observed in the present study 
occurred in an interval of 24 h and the lowest and highest 
values were 1.05 and 1.85 dS m

-1
, respectively, for the 

utilization of the mineral solutions of Bernardes (1997) and 
Castellane and Araújo (1994). Some authors diverge on the 
ideal EC range to be used in lettuce hydroponic cultivation, 
which may vary according to the cultivar and climatic 
conditions (Helbel Júnior et al., 2007). However, Barbieri et 
al. (2010) lettuce planting in hydroponic system, in hot 
climate, must be performed using nutrient solutions with EC 
between 0.75 and 1.5 dS m

-1
. 

 

Nutrient solution consumption by lettuce plants 
 
According to the analysis of variance (Table 1), it is noted 
that the nutrient solution consumption by curly lettuce, in all 
treatments, was significant (p < 0.01), and the means fitted 
to quadratic polynomial regression models for the nutrient 
solutions FM, UM, BM, CM, FO and CO. For the nutrient 
solutions UO and BO, the linear regression model showed 
the best fit (Table 1). 

In the first days after transplanting (DAT), there were no 
major variations in the consumption of the modified nutrient 
solutions FO and CO; however, from 10 DAT on, the 
consumption by curly lettuce plants increased. With the 
utilization of the nutrient solutions UO and BO, the 
absorption of solution was increasing along the entire 
evaluation period, whose unit increase, per day, was 0.0094 
and 0.003 L, respectively (Fig. 4A). For the mineral solutions, 
water consumption also showed no major variations in the 
first days after transplanting. However, from 8 DAT on, there 
was a significant increase in the consumption, characterizing 
well the difference between the tested solutions, whose 
highest means were recorded in the last evaluation period 
(Fig. 4B). 

The mean consumption (L plant
-1

 day
-1

) of each nutrient 
solution, in the period of 24 DAT, occurred in the following 
decreasing order: BM (0.143), FM (0.127), UO (0.119), CM 
(0.107), FO (0.106), UM (0.101), CO (0.097) and BO (0.074) 
(Table 1). Variations in consumption due to different lettuce 
cultivars have also been reported in the literature. Sanchez 
(2007), using the solution of Furlani (1995) and EC of 1.7 dS 
m

-1 
in NFT hydroponic system, observed water consumption 

of 0.327, 0.242, 0.215, 0.165 and 0.149 (L plant
-1

 day
-1

) at 28 
DAT, for the cultivars ‘Crespona gigante’, ‘Verônica’, 
‘Locarno’, ‘Pira Vermelha’ and ‘Pira Roxa’, respectively. 

Still regarding the mean water consumption (Table 1), the 
lowest values recorded in the utilization of the modified 
solutions, compared with the mineral solutions of same 
chemical composition, may be associated with the 
phytomass production, which showed mean values (g) of 
223.50 (BM), 190.20 (FM), 145.80 (CM), 108.31 (UM), 88.83 
(FO), 77.75 (BO), 69.48 (CO) and 40.21 (UO). According to 
Paulus et al. (2012), the increment in water consumption by 
lettuce plants indicates an increase in transpiration, resulting 
from an increase in the photosynthetic rate and a greater 
phytomass production. 
 
Maintenance of the nutrient solutions 
 
Tables 2 and 3 describe the removed volumes of solution 
that supplied the hydroponic gutters and the additions of 
tank water and stock solution calculated using the SOLVER 
tool.  

The monitoring and calibration of the solutions started at 
2 DAT, with the record of the evapotranspired volume, as 
well as the adjustment of all nutrient solutions evaluated in 
the present study. In certain evaluation periods, such as 11 
and 12 DAT, with the utilization of the mineral solution of 
Furlani (1995) (Table 2), it was necessary to remove 0.77 and 
0.22 L of solution, respectively, from the tank that supplied 
the  gutter.  Every  time  this  operation  was  performed, the  
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Table 1. Analysis of variance for nutrient solution consumption by curly lettuce as a function of the mineral solutions of Furlani 
(1995) (FM), Ueda (1990) (UM), Bernardes (1997) (BM) and Castellane and Araújo (1990) (CM) and modified solutions of Furlani 
(1995) (FO), Ueda (1990) (UO), Bernardes (1997) (BO), and Castellane and Araújo (1994) (CO). 

Source of variation DF 
Mean square 

FM UM BM CM FO UO BO CO 

Water consumption 23 0.024
**

 0.012
**

 0.027
**

 0.014
**

 0.014
**

 0.016
**

 0.003
**

 0.010
**

 

Linear 1 0.459
**

 0.212
**

 0.518
**

 0.252
**

 0.233
**

 0.304
**

 0.0338
**

 0.174
**

 
Quadratic 1 0.025

**
 0.026

**
 0.029

**
 0.015

**
 0.017

**
 0.001

ns
 0.0003

ns
 0.008

**
 

Deviation 21 0.003
**

 0.002
**

 0.003
**

 0.002
**

 0.003
**

 0.003
ns

 0.0015
**

 0.002
**

 

Block 2 0.01
**

 0.005
**

 0.001
ns

 0.0005
ns

 0.0004
ns

 0.009
**

 0.0014
*
 0.002

*
 

Residual 46 0.001 0.0009 0.0009 0.0008 0.0008 0.002 0.0003 0.0006 

CV (%) 28.81 26.72 21.37 26.71 28.26 35.11 25.56 25.13 

Overall mean 
(L plant

-1 
day

-1)
) 

0.127 0.101 0.143 0.107 0.106 0.119 0.074 0.097 

DF
Degrees of freedom, 

**
significant (p < 0.01), 

*
significant (p < 0.05), 

ns
not significant (p > 0.05). 

 

 
Fig 1. Variation of temperature for the modified nutrient solutions (A) of Furlani (1995) (FO), Bernardes (1997) (BO), Ueda (1990) 
(UO), and Castellane and Araújo (1994) (CO), and mineral solutions (B) of Furlani (1995) (FM), Bernardes (1997) (BM), Ueda (1990) 
(UM), and Castellane and Araújo (1994) (CM) during the experiment. 
 
 

 
Fig 2. Data of maximum temperature (Tmax), minimum temperature (Tmin), mean temperature (Tm) and temperature recorded at 
06:00 a.m. (T6h) during the experiment. 
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Fig 3. Variation of hydrogen potential (A and B) and electrical conductivity (C and D) of the modified nutrient solutions of Furlani ( 
1995) (FO), Bernardes (1997) (BO), Ueda (1990)  (UO), and Castellane and Araújo (1994) (CO), and mineral nutrient solutions of 
Furlani (1995) (FM), Bernardes (1997) (BM), Ueda (1990) (UM), and Castellane and Araújo (1994) (CM). 
 
 
 

 
Fig 4. Nutrient solution consumption by curly lettuce along the experiment as a function of the modified nutrient solutions (A) of 
Furlani (1995) (FO), Bernardes (1997) (BO), Ueda (1990) (UO), and Castellane and Araújo (1994) (CO) and mineral solutions (B) of 
Furlani (1995) (FM), Bernardes (1997) (BM), Ueda (1990) (UM), and Castellane and Araújo (1994) (CM). 
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Table 2. Maintenance of electrical conductivity (EC) measuring the evapotranspired volume of the nutrient solutions (V.EVA) and calculating, through the SOLVER tool, the removed volume of solution 
(V.REM) and additions of water (V.W) and stock solution (V.S.S) in the tanks, in order to maintain 17 L of mineral nutrient solution and EC of 1.5 dS m

-1
. 

Evaluation, days 
 

Furlani (1995) - mineral Bernardes (1997) - mineral Ueda (1990) - mineral Castellane and Araújo (1994) - mineral 

V.EVA V.REM V.W V.S.S V.EVA V.REM V.W V.S.S V.EVA V.REM V.W V.S.S V.EVA V.REM V.W V.S.S 

---------------------------------------------------------------------------L-------------------------------------------------------------------------------- 

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.91 0.00 0.73 0.18 1.01 0.00 0.75 0.26 1.01 0.00 0.58 0.43 0.81 0.00 0.61 0.20 
3 0.91 0.00 0.69 0.22 0.91 0.00 0.72 0.20 0.91 0.00 0.59 0.32 0.81 0.00 0.59 0.22 
4 0.91 0.12 0.85 0.19 0.91 0.00 0.61 0.30 1.01 0.00 0.74 0.29 0.81 0.04 0.73 0.13 
5 0.99 0.10 0.75 0.34 2.14 0.00 0.13 0.29 1.84 0.90 2.30 0.44 1.72 0.00 1.14 0.57 
6 0.61 0.03 0.22 0.42 1.32 0.00 0.69 0.63 1.26 0.00 1.03 0.22 1.29 0.00 0.92 0.38 
7 0.85 0.07 0.78 0.14 1.21 0.00 0.80 0.40 1.03 0.05 0.40 0.68 1.11 0.00 0.88 0.22 
8 1.32 0.00 0.87 0.44 1.42 0.00 0.90 0.51 0.81 0.00 0.54 0.27 1.11 0.00 0.77 0.34 
9 2.53 0.00 1.89 0.63 2.53 0.00 0.91 1.62 1.94 0.00 1.46 0.48 2.23 0.00 1.60 0.61 
10 2.33 0.00 1.82 0.51 2.02 0.00 1.30 0.72 1.42 0.29 1.58 0.11 1.82 0.00 1.55 0.35 
11 1.01 0.56 0.68 0.89 1.54 0.74 0.25 2.02 0.95 0.56 0.60 0.91 0.81 0.43 0.21 1.02 
12 1.17 0.00 0.33 0.84 1.44 0.33 1.50 0.26 0.87 0.00 0.75 0.12 0.91 0.19 0.21 0.89 
13 2.57 0.00 1.95 0.62 3.04 0.00 2.40 0.63 2.08 0.00 1.80 0.28 2.53 0.13 2.45 0.21 
14 3.04 0.00 1.66 1.38 3.54 0.00 1.70 1.84 2.23 0.00 1.54 0.69 2.53 0.00 1.60 0.93 
15 2.37 0.00 1.11 1.25 2.73 0.00 1.33 1.40 1.76 0.00 1.14 0.62 1.84 0.00 1.23 0.61 
16 2.59 0.00 1.98 0.61 2.69 0.00 1.41 1.21 1.66 0.00 1.43 0.23 2.02 0.00 1.37 0.65 
17 3.34 0.07 2.86 0.54 3.76 0.00 2.96 0.79 2.47 0.13 2.58 0.01 2.55 0.60 3.15 0.00 
18 2.29 0.00 0.59 1.69 2.43 0.00 0.58 2.65 1.42 0.00 0.64 0.78 1.48 0.00 0.47 1.01 
19 5.00 0.00 2.16 2.83 4.65 0.00 2.32 2.33 3.34 0.10 2.24 1.20 3.64 0.00 2.44 1.20 
20 4.86 0.00 2.13 2.72 5.97 0.00 2.82 3.14 3.54 0.00 1.83 1.71 3.44 0.00 1.53 1.90 
21 4.09 0.00 1.85 2.23 4.80 0.00 1.89 2.90 3.78 0.00 2.14 1.64 4.75 0.00 2.39 2.36 
22 6.43 0.00 3.82 2.61 6.56 1.50 2.17 5.89 3.84 0.00 2.83 1.02 4.25 0.00 2.85 1.40 
23 5.06 1.10 0.00 6.36 5.26 0.00 1.23 4.02 5.26 0.00 3.56 1.70 4.55 1.43 0.12 5.85 
24 5.81 0.00 3.51 2.28 6.88 0.00 4.31 2.56 4.15 0.00 2.83 1.33 4.45 0.00 2.99 1.46 

Total water 
consumption 
 L plant

-1
 

3.04 3.43 2.42 2.57 
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Table 3. Maintenance of electrical conductivity (EC) measuring the evapotranspired volume of the modified solutions (V.EVA) and calculating, through the SOLVER tool, the removed volume of 
solution (V.REM) and additions of water (V.W) and stock solution (V.S.S) in the tanks, in order to maintain 17 L of modified nutrient solution (organomineral) and EC of 1.5 dS m

-1
. 

Evaluation, 
days 

Furlani (1995) - modified 
(organomineral) 

Bernardes (1997) - modified 
(organomineral) 

Ueda (1990) - modified 
 (organomineral) 

Castellane and Araújo (1994) - modified  
(organomineral) 

V.EVA V.REM V.W V.S.S V.EVA V.REM V.W V.S.S V.EVA V.REM V.W V.S.S V.EVA V.REM V.W V.S.S 

------------------------------------------------------------------------------L---------------------------------------------------------------------------- 

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.91 0.00 0.70 0.21 0.91 0.00 0.69 0.22 1.01 0.00 0.55 0.46 1.01 0.00 0.78 0.23 
3 1.21 0.00 0.89 0.32 0.91 0.00 0.71 0.20 0.81 0.00 0.50 0.31 0.91 0.00 0.60 0.31 
4 1.21 0.00 0.81 0.40 0.91 0.00 0.74 0.17 0.81 0.08 0.39 0.50 0.91 0.00 0.74 0.18 
5 1.92 0.00 1.28 0.63 1.60 0.00 1.15 0.44 1.48 0.00 0.90 0.57 1.60 0.00 1.18 0.42 
6 0.71 0.00 0.18 0.41 1.07 0.00 0.69 0.37 0.95 0.24 0.32 0.87 1.21 0.12 0.97 0.36 
7 0.51 0.00 0.14 0.18 1.09 0.00 1.16 0.26 0.61 0.47 0.07 1.00 0.73 0.00 0.59 0.13 
8 1.11 0.00 0.81 0.40 0.91 0.19 1.00 0.10 1.11 0.00 0.11 1.00 1.19 0.00 0.97 0.22 
9 1.62 0.00 0.89 0.72 2.21 0.00 1.58 0.63 1.82 0.00 1.37 0.45 1.52 0.00 1.28 0.24 
10 1.98 0.00 1.00 0.98 1.38 0.00 0.93 0.44 2.43 0.00 0.33 2.09 1.74 0.00 0.92 0.81 
11 1.25 0.77 1.96 0.07 0.65 0.24 0.80 0.09 2.23 0.28 0.31 2.19 0.91 0.39 1.06 0.24 
12 0.67 0.22 0.26 0.63 0.87 0.00 0.42 0.45 1.48 9.56 0.43 10.62 1.09 0.00 0.33 0.76 
13 2.39 0.00 1.63 0.75 1.21 0.00 0.96 0.25 2.99 0.00 0.81 2.18 1.52 0.00 0.97 0.54 
14 2.63 0.00 1.51 1.12 2.53 0.00 1.96 0.57 3.60 0.00 0.92 2.68 2.43 0.00 1.49 0.93 
15 1.84 0.00 1.05 0.79 1.23 0.00 0.64 0.32 2.63 0.16 0.00 2.79 1.78 0.00 1.10 0.67 
16 1.48 0.00 1.23 0.25 1.52 0.00 1.14 0.38 1.66 0.00 0.92 0.74 1.70 0.00 1.22 0.48 
17 3.36 0.00 2.25 1.11 2.10 0.01 1.61 0.49 3.30 2.93 0.00 6.23 3.36 0.00 2.34 1.01 
18 1.42 0.00 0.28 1.14 1.50 0.00 0.86 0.64 1.86 0.00 0.70 1.16 1.72 0.00 0.53 1.19 
19 4.35 0.00 2.72 1.63 1.94 0.12 1.97 0.09 4.39 0.00 0.84 3.53 3.97 0.00 2.68 1.29 
20 3.95 0.00 2.27 1.67 2.23 0.00 1.52 0.69 4.69 0.00 3.27 1.42 2.79 0.00 1.92 0.86 
21 3.10 0.00 1.80 1.30 1.66 0.00 1.28 0.37 3.88 13.12 0.12 16.88 3.14 0.00 2.12 1.01 
22 4.49 0.00 1.62 2.87 2.02 0.00 0.77 1.25 4.25 9.79 0.00 14.04 3.93 0.00 1.64 2.28 
23 4.69 0.25 1.88 3.06 2.33 0.00 0.91 1.41 5.16 3.28 3.30 6.23 4.25 0.00 1.70 2.54 
24 4.25 0.00 3.03 1.22 1.92 0.00 1.37 0.55 4.15 0.00 3.16 0.98 3.34 0.00 2.67 0.67 

Total water 
consumption 
 L plant

-1
 

2.55 1.77 2.86 2.33 



579 
 

 
Fig 5. Flowchart of the calibration process of the nutrient solutions through the SOLVER tool. Solution of the tank that supplied the 
system (A) and stock solution (B). 
 
 
nutrient solutions had EC higher than 1.5 dS m

-1
. Thus, the 

removal aimed to reduce the concentration of the nutrient 
solution by adding public-supply water. 

Still according to Tables 2 and 3, the sum of the added 
volumes of tank water and stock solution corresponds to the 
evapotranspired volume, which led, at the end of each 
adjustment, to solutions with EC of 1.5 dS m

-1
 and volume of 

17 L. It is important to highlight that the EC, despite being 
correlated with the concentration, does not provide any 
estimate about the ionic balance of the solution. Thus, 
depending on cultivation purpose (commercial or scientific), 
crop to be planted and volume of the tank, the replacement 
of 100% of the nutrient solution becomes indispensable. In 
the present study, the replacements were made at intervals 
of 7 days. According to Braccini et al. (1999), the success of 
cultivation in NFT hydroponic system is achieved when the 
concentration, balance between cations and anions and pH 
of the nutrient solution exhibit few variations along the crop 
cycle. 

In hydroponic systems, it is fundamental to manage the 
nutrient solution so that there are no major alterations in its 
composition, since it is constantly required by the crop. 
Unlike the soil, hydroponic systems do not have buffering 
capacity against the changes of concentrations in the root 
zone, which is a risk to be considered in a hydroponic 
production system. In the present study, there were 
alterations above and below the adjustment value of EC (1.5 
dS m

-1
) in all nutrient solutions (Fig. 3), indicating 

concentration and dilution of nutrients in the solutions, 
respectively. The use of SOLVER as a helping tool in the daily 
calibration of the solutions was essential in their 
management, for reducing the time of calibration (it was not 
performed by trial and error), waste of solution and 
preventing possible nutritional disorders caused by 
significant alterations in the electrical conductivity. 

It should be pointed out that the nutrient solutions 
represent a cost of production. Therefore, once used in 
hydroponic system, their concentration must be frequently 
monitored. According to Backes et al. (2004), the constant 
addition of nutrient solution with complete renewal of the 
solution has, as disadvantages, the waste of water and 
nutrients, and the polluting effect on the environment 
(especially nitrates and phosphates). Still according to the 
authors, the renewal of the solutions through the periodic 

addition of stock solutions reduces production costs without 
affecting production. 
 
Materials and methods 
 
Experiment location and conduction 
 
The experiment was carried out in a hydroponic system 
adopting the nutrient film technique (NFT), in protected 
environment (greenhouse), at the Center of Agricultural and 
Environmental Sciences (CCAA) of the State University of 
Paraíba (UEPB), situated in the city of Lagoa Seca, Paraíba, at 
the following geographic coordinates: 7° 10′ 15″ S, 35° 51′ 
14″ W. According to the climatic classification of Köppen-
Geiger (Brasil, 1971), the climate of the municipality is 
characterized as humid tropical (As’), with mean annual 
temperature around 22 ºC, minimum of 18 ºC and maximum 
of 33 ºC. The climatic data recorded during the experiment 
are presented in Fig. 2. 

The experiment was conducted in randomized blocks with 
three replicates. The treatments consisted of eight nutrient 
solutions, four with chemical compositions proposed by 
Bernardes (1997), Castellane and Araújo (1994), Furlani 
(1995) and Ueda (1990), which were respectively referred to 
as BM, CM, FM and UM, and four solutions with chemical 
compositions similar to those of the previously cited ones, 
modified in the present research using biofertilizer in the 
composition, which led to four organomineral nutrient 
solutions, referred to as modified nutrient solutions of 
Bernardes (1997) (BO), Castellane and Araújo (1994) (CO), 
Furlani (1995) (FO) and Ueda (1990) (UO).. Each plot had two 
gutters spaced by 0.30 m and each gutter contained 10 
plants of curly lettuce, spaced by 0.30 m. Lettuce seedlings 
were produced in phenolic foam, by planting one pelleted 
seed per hole. After seedling emergence (SE), the tank water 
used in irrigation was gradually substituted by the nutrient 
solutions (33.33, 66.66 and 100% every four days). After 16 
days of SE, the seedlings were transplanted to the definitive 
profiles. 
 
Preparation of the nutrient solutions 
 
The mineral nutrient solutions were prepared according to 
the methodology proposed by Ueda (1990), Castellane and 
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Araújo (1994), Furlani (1995) and Bernardes (1997). The 
organomineral solutions were formulated using the SOLVER 
tool. For that, an electronic spreadsheet was created in 
Microsoft Office Excel containing the chemical composition 
of organic ingredients (bovine manure, bovine milk and 
poultry blood from the poultry slaughterhouse of the 
Agroindustrial complex of the CCAA/UEPB, and molasses 
purchased in the market of Campina Grande, Paraíba), 
inorganic ingredients (calcium nitrate, potassium nitrate, 
potassium phosphate, monoammonium phosphate, 
potassium chloride, magnesium sulfate and, in the form of 
sulfate, the micronutrients copper, zinc, manganese and 
iron) and the chemical composition of the nutrient solution 
to be formulated according to the treatments. 

After formulation, the modified solutions underwent 
aerobic maturation for 30 days. Aeration was performed 
using an air compressor, at 15-min intervals, which 
guaranteed a dissolved oxygen concentration close to 2.0 
mg L

-1
 and, consequently, the action of aerobic 

microorganisms. During the experiment, the solutions that 
supplied the hydroponic cultivation profiles were calibrated 
through daily readings of electrical conductivity (EC) and pH. 
The EC was maintained at 1.5 dS cm

-1
 and the pH between 

6.0 and 7.0. Regardless of the treatments, the nutrient 
solutions were replaced in equidistant periods of 7 days. The 
nutrient solution that supplied the cultivation gutters was 
stored in plastic buckets with capacity for 20 L; however, to 
avoid waste of solution due to overflowing in the bucket, a 
volume of 17 L was used. To maintain the nutrient solution 
within the temperature limits recommended for hydroponic 
cultivation, the buckets containing the solution were coated 
with a 5-mm-thick ethylene-vinyl acetate (EVA) foam. 
 
Optimization model structure 

 
The structure of the mathematical optimization model used 
in the present research is linear programming, implemented 
in Excel, using the SOLVER tool. This tool is available in the 
Microsoft Office Excel and, to activate it, just click Add-ins on 
the Tools menu and mark the Solver check box. Click OK and 
Excel will install the Solver tool. After installation, the Solver 
tool will be available on the Tools menu. The study on linear 
programming allows the efficient distribution of limited 
resources existing in many competitive activities whose 
objective is to obtain a maximization and/or minimization of 
a dependent variable, which is a linear function of various 
independent variables, called objective function, subject to a 
series of linear equations (or inequations), called 
restrictions. According to Corrar and Garcia (2001), the 
minimization model can be represented by Equation 1: 
 
Min. Z = C1X1 + 
C2X2+...........CnXn                                                            (1) 
 
Subject to a series of restrictions: 
A11X1 + A12X2 +............... A1nXn ≤ or = or ≥ b1 (Restriction 1) 
A21X1 + A22X2 +............... A2nXn ≤ or = or ≥ b2 (Restriction 2) 
Am1X1 + Am2X2 +............... AmnXn ≤ or = or ≥ bm (Restriction n) 
 
Where;  
xi ≥ 0 and bi≥ 0, for i=1,2,...n and j=1,2,...m; 
Z: function to be minimized, respecting the set of 
restrictions; 

xi: decision variables that represent the quantities or 
resources to be determined to optimize the global result; 
ci: cost of each variable; 
bj: limit to be achieved; and, 
aij: quantity of resources that each decision variable 
provides. 
 
Objective function 

 
In the present study, the objective function was the 
optimization of the process of calibration and maintenance 
of the electrical conductivity and daily volume of the 
different nutrient solutions. 
 
Monitoring and calibration of the nutrient solutions 
 
Monitoring was daily performed, at 24-h interval, with 
readings of electrical conductivity (EC), hydrogen potential 
(pH), temperature (14:00 h) and volume of the solutions that 
supplied the system, using a pH/EC/TDS/ºC meter, model HI 
9811-5. The volume of the solution that supplied the system 
was estimated by subtracting the volume recorded after 24 
h from the initial volume of solution (17 L). 

The solutions were maintained considering the variation in 
their nutritional concentration, through the estimate of EC 
using the SOLVER tool, and the mathematical model was the 
same previously described in the preparation of the 
solutions. An electronic spreadsheet was created and 
received the data referring to electrical conductivity (EC) of 
the nutrient solutions that supplied the system (A), tank 
water used to prepare the solutions (A) and concentrated 
stock solution (B), as well as the volume of nutrient solution 
(A). These data were daily collected. In this case, the 
objective value of the optimization was the minimization, 
having as requirements solutions with EC of 1.5 dS m

-1
 and 

volume of 17 L. For that, restrictions of equality were used 
and, in a simplified way, the process of calibration of the 
solutions occurred according to the flowchart presented in 
Fig. 5. After calibration, the pH of the solutions was adjusted 
to be maintained close to neutrality, using a solution of 
NaOH or H2SO4 (1 mol L

-1
). The graph of pH variation was 

created considering the mean molar concentration of the H
+
 

ions, using the expression pH = -log[H
+
]. 

 
Nutrient solution consumption by lettuce plants 
 
The volume evapotranspired by the plants (VETc), as a 
function of the nutrient solutions, was daily quantified by 
replenishing the tank volume until the level of 17 L, using a 
cylinder graduated in millimeters, according to Equation 2. 
The VETc was considered as quantitative variable to establish 
a polynomial regression analysis.  
 

nΔΔ

Vi
VETc


                                                                                       

(2)                                                                                                                    
 
Where: 
VETc – evapotranspired volume, in L plant

-1
 day

-1
; 

Vi – solution volume consumed in the time interval of 24 h; 
ΔT – time interval between the readings, days; and, 
n – number of plants in the profile in the time interval, ΔT. 
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Statistical analysis 
 
For the data of hydrogen potential (pH), electrical 
conductivity (EC) and temperature, dispersion graphs were 
constructed and, for water consumption, analysis of variance 
(ANOVA) was performed by F test. When there was 
significant effect, polynomial regression was applied, 
according to the treatments, using the statistical program 
SISVAR (Ferreira, 2014). 
 
Conclusion 
 
The temperature of the nutrient solutions, both mineral and 
organomineral, exhibited acceptable variations for lettuce 
cultivation. The pH variation was lower in the modified 
nutrient solutions. However, after each replacement, it was 
necessary to correct the pH to values close to 7.0, before 
being used in the hydroponic system. The lettuce crop 
consumed greater volumes of mineral solution, in 
comparison to organomineral solutions of same chemical 
composition. The SOLVER tool was efficient and of easy 
utilization in the process of calibration and maintenance of 
electrical conductivity and volume of the nutrient solutions, 
requiring data that are frequently measured in hydroponic 
systems. 
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