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ABSTRACT: Characteristics of food quality can affect the health of consumers and are influenced by several 
factors including the system of production.  Lettuce has the highest sales volume of any leafy vegetable sold in Brazil and 
is considered a good source of vitamins, minerals and other compounds. This study aimed to determine the influence of the 
type of production system (conventional, organic and hydroponic) on the physical and chemical characteristics of two 
lettuce cultivars. Experiments were conducted simultaneously for each production system using a completely randomized 
design with three repetitions and two lettuce cultivars (Rubra and Crystal). Subsequently, a joint analysis of the three 
experiments was performed and averages compared by a Tukey test at 5%.  The following characteristics were evaluated: 
number of leaves, plant height, plant diameter, stem diameter, the fresh weight and dry weight of roots and plants, 
instrumental color, pH, titratable acidity, total soluble solids, the ratio of soluble solids to titratable acidity and moisture 
content. It was concluded that the type of production system does affect attributes of lettuce quality with distinctions 
between cultivars. The most intense distinctions were found under the hydroponic system. 
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INTRODUCTION 

 
Food quality is an aspect of nutrition and 

food safety that is related not only to food 
production and availability, but also to promoting 
the health of consumers (Silva et al., 2011). For 
food to be considered safe it must be free from any 
chemical compounds or products that may be 
harmful to humans (OLIVEIRA; HOFFMANN, 
2015). 

In last years, organic farming has grown in 
its potential to provide healthful foods and to reduce 
damage to the environment caused by conventional 
agricultural practices (HERENCIA, 2011). The 
motivation to buy organic products has increased 
due to concerns over health, the environment and 
most significantly, food safety (OZGUVEN, 2012). 

Organic farming requires growers to 
eliminate the use of pesticides and highly 
concentrated and highly soluble fertilizers 
(BRASIL, 2015).  Because organic systems promote 
conservation, they not only reduce damage to the 
environment but also yield high-quality products 
(SOUZA; RESENDE, 2006).Consumers are looking 
for foods such as fruits and vegetables with 
functional characteristics (MATTOS et al., 2009). 

Non-organic production systems use high 
levels of pesticides and chemical fertilizers in order 
to control pests and pathogens and to improve the 
yield and appearance of harvested products. The 
viability of these systems has been widely 
questioned given the harm they cause to the 
environment and consumers (BARRIERE et al., 
2015). 

Therefore, it is necessary to study the effects 
of different production systems on the nutritional 
and productive aspects of vegetables, such as 
lettuce, since the different features of conventional, 
organic and hydroponic systems may influence the 
quality and the properties of these vegetables 
(MIYAZAWA et al., 2001). 

Lettuce (Lactuca sativa L.) is important due 
to its impact on human health and nutrition, which 
arises from its significance as a source of vitamins 
and minerals, its worldwide popularity 
(MONTEIRO NETO et al., 2014), and because of 
its contribution to the creation of jobs and income 
(HEREDIA ZÁRETE et al., 2010).  

Thus, this study aimed to evaluate the 
influence of different systems on the physical and 
chemical characteristics of two lettuce cultivars. 
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MATERIAL AND METHODS 
 

The experiment was carried out from May 
to June of 2015 at Quintas da Fazendinha (19ᵒ30’ 
37,9” S, 44ᵒ 05’ 31,9” W) located in the 
municipality of Matozinhos, within the central 
region of Minas Gerais, Brazil. The average altitude 
of this region is 808 meters above sea level. The soil 
is a Red-Yellow Latosol (Oxisol) with the following 
initial chemical properties: pH (CaCl2) = 6.5, OM = 
47.3 g/dm3, P (resin) = 193.3 mg dm3, K = 5.84 
mmolc/dm3, Ca = 162.2 mmolc/dm3, Mg= 19.0 
mmolc/dm3 and V = 93.50%. 

Three experiments were conducted 
simultaneously in three distinct environments 
(production systems): organic, conventional and 
hydroponic. The experimental design was 
completely randomized for these three systems with 
two types of lettuce and three repetitions. The 
lettuce consisted of a purple colored experimental 
genotype from the loose-leaf lettuce group called 
Rubra and a curly green cultivar called Crystal. 
Afterwards, a joint analysis of the three experiments 
was performed. 

The organic and conventional plots 
contained 16 plants grown in four rows and spaced 
0.30 m x 0.30 m for a total area of 1.44 m2 (1.20 m x 
1.20 m). Only the 4 centermost plants from each 
plot were evaluated in the physical and chemical 
analysis. The conventional plots were fertilized 
according to the results of the soil analysis and the 
recommendations of Ribeiro et al. (1999). 

The organic plots were fertilized with a top-
dressing of 25 kilograms of humus and 10 kilograms 
of compost made from poultry manure (poultry 
bedding), cow manure, sugarcane, chopped elephant 
grass and rock dust (Araxa rock phosphate and 
verdigris). 

The hydroponic system consisted of 100 
mm grow cups spaced 25 cm apart. The plots 
consisted of 12 plants arranged in three repetitions 
per cultivar.  

The seedlings used in the conventional and 
organic systems were produced in disposable 128 
cell Nutriplan trays that had been sanitized with 
chlorinated water and filled with a commercial 
substrate (Carolina – CSC). The seedlings for the 
hydroponic system were produced in phenolic foam 
cells measuring 2 x 2 x 2 cm. The seedlings in the 
conventional and organic systems were transplanted 
with four true leaves, 30 days after sowing.  

In the hydroponic system, seeds were sown 
in foam cells and maintained in nursery trays. After 
7 days, the foam cells were transplanted into the 

hydroponic growth channels where they remained 
until the evaluation.  

The nutrient solution for the hydroponic 
system was prepared according to Furlani et al. 
(1999). From 6am to 6pm, this solution was 
circulated in the system for 15 minute periods with 
15 minute intervals. From 6pm to 6am, the solution 
was circulated for 15 minute periods with 4 hour 
intervals. The irrigation system was triggered by a 
timer and powered by an electric pump. The nutrient 
solution had an electric conductivity of 1.8 mS / cm 
as recommended by Furlani et al. (1999).  

All cultural and phytosanitary treatments 
were performed according to the recommendations 
of Souza; Resende (2006). Plants were irrigated by 
spraying and fertilized by a manually applied top-
dressing (conventional system).  

The plants were stored in coolers 
immediately after harvesting and then transported in 
refrigerated containers to the Food Conservation 
Laboratory at the Federal University of São Joao del 
Rei (UFSJ) –Sete Lagoas Campus in Sete Lagoas, 
MG, Brazil where they were prepared and evaluated 
(chemical and physical characteristics).   

Plant height was measured (in mm) from the 
base of the stem (leaf insertion point) to the apex of 
the tallest leaf. Plant and stem diameters were 
determined, respectively, using a digital caliper 
(hardened stainless steel) and a ruler. Leaf number 
was determined by counting all leaves larger than 
five centimeters.  

In order to determine the fresh and dry 
weights of the roots and shoots, the roots were first 
separated from the shoots and then both the roots 
and shoots were washed, weighed (precision scale), 
placed in paper bags and then dried for 
approximately seven days in a forced air oven at 65 
ᵒC until reaching a constant weight.   

Colorimetric parameters were measured 
with a Konica Minolta CR410 colorimeter using 
three randomly selected leaves from the middle 
third of the plant. The colorimetric value for a leaf 
was obtained from the average of three readings 
taken at equidistant points on the leaf. These results 
were expressed using the CIELAB system (L, a *), 
where the L parameter refers to brightness (0 to 
100) and the a* parameter refers to chromaticity (- a 
* green to + a * red).  

Total soluble solids (TSS) were determined 
by first macerating a representative leaf sample, 
filtering and then placing the consequent extract on 
the prism of a digital refractometer (Reichert R2 
Mini). The results were expressed in °Brix (AOAC, 
2012). 
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Total acidity and pH and were determined by 
first macerating and filtering a 5-gram sample of 
lettuce leaves.  Afterwards, pH was determined via 
potentiometry by immersing the electrode of a 
pHmetro digital Tekna T-1000 directly into the 
sample (AOAC, 2012). This same sample was then 
diluted with 50 mL of distilled water and titrated 
with standard 0.01 N NaOH solution and a 
phenolphthalein indicator as recommended by 
AOAC (2012). The results were calculated using 
Equation (1) and expressed as mg citric acid / 100g 
of fresh sample.  

(1) 

Where: 
V= Volume of NaOH used in titration,  
F= Correction factor of the NaOH solution,  
N= Normality of the NaOH solution,  
MW= Molecular weight of citric acid, 
W= Sample weight (g), 
NH= Number of ionizable hydrogens. 
 
Moisture levels of the lettuce leaves were 

determined from five gram samples weighed on an 
analytical balance. The leaves were dried by placing 
them in porcelain crucibles and drying in a 
sterilization drying oven at 105 °C until reaching a 
constant weight. Percent moisture was obtained 

from the difference between the initial and final 
sample weight (AOAC, 2012). The maturation rate 
was determined as the ratio of total soluble solids to 
total titratable acidity (TSS/TTA).  

The data were submitted to analysis of variance 
and the means were compared by a Tukey test at 5% 
using the SISVAR statistical program (Ferreira, 
2008). 
 
RESULTS AND DISCUSSION 

 
Plant diameter is an important characteristic 

when selecting and selling vegetables at farmers’ 
markets or grocery stores (SANTOS et al., 2009). 
Joint analysis showed a significant interaction 
between production systems and cultivars for this 
parameter. In the present study, the Rubra cultivar 
had a larger mean plant diameter than did the 
Crystal cultivar under the organic and conventional 
systems (p < 0.5). However, this same difference 
was not observed in the hydroponic system (Table 
1). The plant diameter of the Crystal cultivar did not 
differ significantly under the conventional, 
hydroponic and organic production systems. 
Moreover, the Rubra cultivar had a significantly 
smaller mean diameter under the hydroponic system 
than under the conventional and organic systems. 

 
Table 1. Plant diameter (cm) of the cultivars in function of different production systems 

Cultivars Production Systems 
Conventional Hydroponic Organic 

Rubra 40.05aA 35.72aB 39.44aA 
Crystal 31.94bA 35.05aA 33.16bA 
CV (%) 3.80 
General Average 35.89 

Means followed by the same lower –case letters in columns and upper –case letters in rows do not fifer according to the Tukey test at 
5%. 

 
Probably, in addition to the influence of the 

production systems of results, there is also an 
influence of the genotypes. 

Significant interactions were not observed 
between cultivar and production system for Stem 
Diameter and Dry Root Weight. However, both 
cultivars and production systems responded 
significantly. The hydroponic environment favored 
larger stem diameters and greater dry root mass for 
the Crystal cultivar (Table 2). This greater root 
mass was probably due to the ease at which roots 
could expand in the hydroponic system without the 
obstacles encountered in soil. 

Plant height differed significantly between 
the Crystal and Rubra cultivars regardless of 

production system (Table 3) and without any 
significant interactions. The lowest stem heights for 
both cultivars were found in the hydroponic 
system. These results are probably due to the 
different genotypes constituting the different 
cultivars.  

Characteristics related to plant size, such as 
diameter and height, are of paramount importance 
in packing and shipping. Larger plants can be 
damaged during shipping, resulting in lower 
commercial quality (SALA; COSTA, 2012). The 
number of leaves did not differ significantly by 
production system or cultivar type (Table 3). 
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Table 2 .Stem Diameter (cm) and Dry Root Weight (g) as a function of production system. 
Cultivars Characteristics 

Stem Diameter (cm) Dry Root Weight (g) 
Crystal 1.70a 7.16ª 
Rubra 1.20b 3.3b 
Production Systems 
Hydroponic 1.86a 11.36ª 
Organic 1.33b 5.86b 
Conventional 1.16b 4.27c 
CV (%) 12.79 9.70 
General Average 1.75 5.23 

Means followed by the same letters do not differ according to the Tukey test at 5%. 
 
 

Table 3. Plant Height (cm) and Number of Leaves as a function of production system 
Production Systems Characteristics 

Plant Height (cm) Number of Leaves 
Hydroponic 18.02b 19.33a 
Conventional 19.99a 16.94a 
Organic 20.00a 20.77a 
CV (%)  5.38 12.09 
General Average 19.34 19.01 

Means followed by the same letters do not differ according to the Tukey test at 5%. 
 

According to Diamante et al. (2013), the 
number of leaves is important because it indicates 
how well the genetic material is adapted to the 
environment and indicates potential for commercial 
success. Greater numbers of leaves also indicate 
greater leaf area, increased fresh weight and 
consequently greater productivity (ARAÚJO et al., 
2011). According to Santos et al. (2009), the 
number of leaves may be influenced by the 
environment such that the combination of 
environment and genetics produces physiological 

and morphological changes in vegetation. 
Nevertheless, the same was not observed in the 
present study indicating the non-influence of the 
environments in the different genotypes for the 
assessed characteristic. 

There was significant interaction between 
the two cultivars and the production systems 
regarding plant fresh weight and plant dry weight. 
Moreover, the Crystal cultivar was superior to the 
Rubra cultivar regardless of production system and 
this result is likely due to the genotype (Table 4).  

 
Table 4. Plant Fresh Weight (g) and Plant Dry Weight (g) as a function of the production system. 

Cultivars Characteristics 
Plant Fresh Weight (g Dry Plant Weight (g) 

   
Crystal 418.16a 15.73a 
Rubra 185.47b 8.63b 

CV (%) 10.84 14.80 
General Average 301.91 12.18 

Means followed by the same letters do not differ according to the Tukey test at 5%. 
 

According to Luz et al. (2010), productivity 
increases are related to plants with greater shoot 
diameter and weight.  Significant differences were 
found in the dry weight of intercropped lettuce and 
arugula plants grown under organic and 
conventional production systems (OLIVEIRA et 
al.,2010). These findings are in agreement with 
those of the present study.  

It occurred significant interaction between 
the fresh root weight of both cultivars and the three 
production systems. Dry root weight was highest 
under the hydroponic system, regardless of cultivar 
(Table 5). In the hydroponic system NFT the  roots 
develop freely within the crop channels without the 
impediments naturally observed in the soil. .  
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Table 5. Root Fresh Weight (g) as a function of cultivar and production system 
Cultivars Production Systems 

Conventional Organic Hydroponic 
Crystal 13.80aB 19.85aB 57.07aA 
Rubra   6.90bB   8.25bB 36.86bA 
CV (%) 12.61    
General Average 23.79    

Means followed by the same lower-case letters in columns and upper-case letters in rows do not differ according to the Tukey test at 
5%. 
 

The statistical difference found between the 
Rubra and Crystal cultivars regarding dry and fresh 
root weight is probably due to genetic variations 
between the cultivars. In general, genotype can 
interact with environmental factors such as fertility, 
temperature, humidity and light intensity, which 
may directly influence crop performance (BLIND; 
SILVA FILHO, 2015). 

The importance of vegetable color as a 
commercial characteristic is due mainly to consumer 
preference for specific external colors (MOTA, et 
al., 2000).The Crystal cultivar showed greater 
luminosity than did the Rubra cultivar (p< 0.5). 

Nevertheless, there were no significant differences 
between the plants grown under the organic and 
conventional systems (Table 6). Probably this result 
is due to the plastic cover used in the hydroponic 
system and also to the genotype of the two cultivars.  

The chromaticity parameter a* was 
statistically higher for the leaves of the Rubra 
cultivar, which tended towards red (+a*), than for 
the Crystal cultivar which tended towards green (-
a*). The leaves of the plants grown under the 
hydroponic, organic and conventional systems did 
not differ significantly (Table 6). 

 
Table 6.Colorimetric parameters L (luminosity) and a* (- a* green to + a* red) of the leaves of the Rubra and 

Crystal cultivars as a function of production system. 

Variables 
Characteristics 

L a* 
Cultivars   

Crystal 52.88a -20.79b 
Rubra 23.20b 4.77a 

Production Systems 
Hydroponic 39.42ª 12.52a 
Organic 37.77b 12.98a 
Conventional 36.91b 13.00a 
CV (%) 1.58 9.70 
General Average 38.04 12.84 

Means followed by the same letters do not differ according to the Tukey test at 5%. 
 

Abiotic and biotic factors influence 
indicators of quality such as color, flavor and 
texture (SIMONNE et al.,2002). The color of fruits 
and vegetables is due to groups of natural pigments 
that include chlorophylls and anthocyanins. 
Chlorophylls are green and anthocyanins range from 
blue to red (KIDMOSE et al., 2002). These 
compounds are particularly important to lettuce 
quality (HODGES et al., 2000). According to Ryder 
(1999), the presence and distribution of anthocyanin 
and chlorophyll in lettuce can be influenced by 
genetic factors. 

Acidity from organic acids determines the 
acid or tart flavor of fruits and vegetables 

(AROUCHAET al., 2005). In general, vegetables 
have low acidity and are thus quite susceptible to 
bacterial spoilage (PASCHOALINO, 1997). 

Significant interaction between cultivars and 
production systems was observed. However, the 
Rubra cultivar had significantly higher total 
titratable acidity than did the Crystal cultivar in the 
three production systems, without significant 
differences among the systems. This means that the 
type of production system did not affect acidity 
levels of the Rubra cultivar (Table 7). Conversely, 
the conventional system did significantly interfere 
with the total titratable acidity of the Crystal 
cultivar. 
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Table 7.Total Titratable Acidity (mg citric acid/ 100 g of fresh sample) as a function of the cultivars and 
production systems. 

Cultivars Production Systems 
Conventional Hydroponic Organic 

Rubra 57.04aA 45.70aA 50.79aA 
Crystal 26.05bB  42.36bA 39.15bAB 
CV%12.61    
General Average 23.79    

Means followed by the same lower-case letters in columns and upper-case letters in rows do not differ according to the Tukey test at 
5%. 
 

According to Brecht et al. (2010), organic 
acid levels in foods may depend on variety and 
production conditions. Regarding pH, there was a 
significant interaction between the cultivars and the 
production systems. The pH values of the Crystal 

cultivar remained statistically equal and thus did not 
undergo significant interference from the systems 
(Table 8). The Rubra cultivar, however, showed 
lower pH values in the hydroponic system and 
higher pH in the conventional system (Table 8). 

 
Table 8. pH as a function of cultivars and production systems 

Cultivars Production Systems 

Conventional Hydroponic Organic 
Crystal 6.31aA 6.26aA 6.18aA 
Rubra 6.50aA 5.70bC 6.01aB 
CV (%) 1.80    
General Average 6.19    

Means followed by the same lower-case letters in columns and upper-case letters in rows do not differ according to the Tukey test at 
5%. 

 
According to Davies ; Hobson (1981), pH 

can be influenced by variety, food ripening stage, 
planting location, physical damage and season. 
Araújo et al. (2014) did not find significant 
differences in the pH and acidity of lettuce cultivars 
grown under organic and conventional systems. The 
nutritional value of food is determined by the levels 
of proteins, lipids, sugars and other total solids that 
are inversely proportional to moisture content 
(FAGUNDES et al.,2005). 

In the present study, the moisture levels of 
the Rubra and Crystal cultivars did not differ 
significantly. The plants grown under the 
conventional system showed similar moisture 
percentages to those of plants grown under the 
organic and hydroponic systems with values ranging 
from 95.2 to 96.45%.  

According to Bourn; Prescott (2002), the 
moisture levels of plants grown under an organic 
system are lower than those grown under a 
conventional system. Favaro-Trindade et al. (2007) 
evaluated the influence of organic, conventional and 
hydroponic production systems on the quality of the 
Luisa cultivar of loose-leaf lettuce and found that 
plants grown in the organic system had similar 
moisture levels to those of the conventional system 
and higher than those of the hydroponic system. 

These results do not corroborate those of the current 
study. 

No significant interactions between cultivars 
and production systems and influence of the systems 
on the cultivars were observed for total soluble 
solids (TSS). However, the oBRIX value for the 
Rubra cultivar (3.34) was significantly higher than 
that of the Crystal cultivar (2.79). This difference is 
probably due to inherent differences in these 
genotypes.  

According to Andriolo et al. (2005), the 
level of total soluble solids is strongly influenced by 
environmental factors such as temperature, 
fertilization, light and plant density. Silva et 
al.(2011) evaluated the effect of organic, 
conventional and hydroponic systems on total 
soluble solids in the Vera cultivar and did not find 
any differences between the organic and 
conventional systems, which produced TSS values 
greater than that produced under the hydroponic 
system.  

The maturation ratio between total soluble 
solids and total titratable acidity (TSS/TTA) is 
considered to be the best way to evaluate flavor 
(CHITARRA; CHITARRA, 2005). A higher ratio 
shows a better balance between sweetness and 
acidity and a more pleasing flavor (AMORIM et al., 
2010). This ratio differed significantly between the 
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Crystal cultivar (26.59) and the Rubra cultivar 
(22.17). Nevertheless, both ratios were above the 
threshold of 10.0 for high quality vegetables 
(MENCARELLI; SALTVEIT, 1988). 

Both total soluble solids and acidity can be 
influenced by environmental and genetic factors, 
resulting in variations in the ratio. Environmental 
variations can actively cause changes in crop 
morphology and productivity (BLIND; SILVA 
FILHO, 2015), which can restrict vegetable 
development (SANTOS et al., 2010). 

 
CONCLUSIONS 

 
In general, the organic and conventional 

production systems did not influence the physical 

and chemical characteristics of the plants evaluated 
in the current study.  

Genotype may have produced the 
differences found in the physical and chemical 
characteristics that did differ between the organic 
and conventional systems. 
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RESUMO: Características de qualidade de alimentos são atributos que estão relacionados com a saúde dos 

consumidores os quais podem ser influenciados por diversos fatores, dentre eles, os sistemas de produção. A alface é a 
hortaliça folhosa mais comercializada no Brasil e considerada fonte de vitaminas, sais minerais e outros compostos. O 
objetivo do presente trabalho foi estudar a influência de sistemas de produção (orgânico, convencional e hidropônico) nas 
características físicas e químicas de duas cultivares de alface. Foram conduzidos simultaneamente três experimentos, um 
em cada sistema de produção em delineamento experimental inteiramente ao acaso com três repetições e duas cultivares de 
alface (Rubra e Cristal). Posteriormente, uma análise conjunta dos três experimentos foi realizada e as médias submetidas 
ao teste de Tukey com 5% de probabilidade. As seguintes características foram avaliadas: número de folhas, altura de 
plantas, diâmetro de planta e de caule, peso fresco e massa seca de raízes e plantas, cor instrumental, pH, acidez titulável, 
sólidos solúveis totais, ratio e umidade. Concluiu-se que há influência dos sistemas de produção em atributos de qualidade 
da alface de maneira distinta entre as cultivares com maior intensidade do sistema de produção hidropônico. 

 
PALAVRAS-CHAVE: Lactuca sativa L. Sistemas de produção. Orgânico. 
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