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Abstract
The aim of the study was to evaluate the growth and the concentration of nitrate in five lettuce cultivars in hydroponics under different environment of
cultivation and harvest time in the Amazon region. Two experiments were conducted in the cities of Altamira and Belém, State of Pará, Brazil. In both
locations the experimental design was completely randomized, with five treatments corresponding to cultivars of lettuce (Babá de Verão; Itapuã 401;
Amanda; Hansom; and Mimosa Roxa) and five replicates. For the evaluation of nitrate concentration was used a factorial scheme 5 x 2, corresponding
to the same five cultivars and two harvest periods, afternoon (17:00 h) and the morning (7:00 h the next day). The evaluations were performed at 55 days
after planting, in which measured the following agronomic variables: mass of fresh matter (FM), mass of dry matter (DM), plant height (PH), number of
leaves (NL), stem diameter (SD) and stem length (SL). The best performances for lettuce productivity were obtained by Babá de Verão and Amanda
cultivars grown in the Amazon region, Brazil. The crisp lettuce Itapuã 401 cultivar, showed the highest plant height, while the Babá de Verão cultivar
obtained a greater number of leaves and stem diameter. The Mimosa Roxa cultivar presented with the greatest potential to accumulate nitrate, independent
the experimental site. The concentration of nitrate found in the cultivars showed no risk for human consumption, in both times of harvest in tropical
conditions in the Amazon region, Brazil.

Key words: Soilless culture, mineral nutrition, nutritive solution.

Introduction
The lettuce (Lactuca sativa) is the most widely grown vegetable
in Brazil, in which its leaves are consumed in natura  as concluded
by Cometti et al. 1. Despite being admittedly a typical temperate
plant, currently, it has been developed parameters for varieties of
choices that have better performance at higher temperatures,
allowing its cultivation in tropical conditions as reported by
Suinaga et al. 2. The growing in hydroponic system has allowed
large increase in vegetable production and adding value to the
product, reflecting lower environmental impacts.

Following a worldwide trend, the Brazilian consumers have
increased the demand on the quality of vegetables, showing interest
for non-sensory quality attributes, such as nitrate (NO

3
-). According

to Lopes et al. 3, the leafy vegetables have high capacity to
accumulate nitrate in the leaves and petioles, but the accumulation
of this ion causes damage to human health. The hydroponic
product has been one of the important aspects that interest
researchers in cultivating this system, especially the leafy
vegetables.

Cometti et al. 4 found that the nitrate concentrations in lettuce
grown in hydroponics obtained values 7.2 times greater than in
the organic system. Silva et al. 5 found values 4.9 times higher of

nitrate in lettuce hydroponic compared to the organic system.
The nitrate is considered as a possible precursor of N-

nitrosamines, which is related to cancer as observed by Cometti
and Furlani 6. The nitrate accumulation in plants occurs when
there is imbalance between the absorption and assimilation of
ion, promoted for various reasons, such as nitrogen fertilization,
genetic trait, light intensity, harvest time, molybdenum
availability, cultivation system, growing season, temperature,
relative humidity of air and soil as concluded by Mantovani et
al. 7 and between species and cultivars.

The aim of the study was to evaluate the growth and the
concentration of nitrate in five lettuce cultivars in hydroponics
under different environment of cultivation and harvest time in
the Amazon region.

Materials and Methods
Experimental site: Two experiments were conducted in
hydroponic system in the cities of Altamira and Belém, State of
Pará, Brazil, in the period of January to March 2008.

Altamira city (geographic coordinates: 03° 13' 00" S and 52° 13'
00" W): The experiment was conducted in a private farm, belonging
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to a producer in the region. The city’s climate is equatorial Am and
Av, according to the Köppen classification, with an average annual
temperature of 27°C and average rainfall of 1700 mm year-1, and
relative humidity above 80%.

Belém city (geographic coordinates: 01° 26' 00" S and 48° 26'
00" W): The experiment was installed in Sector of Vegetable Crops,
belonging to the Universidade Federal Rural da Amazônia (UFRA).
The climate of the locality according to Köppen classification is
the Af

2
 type, typical of rainy equatorial regions, hot and humid,

with average annual precipitation 2800 mm year-1 and the annual
average temperature is 29°C.

The climatic data occurring during the period of experiments
are presented in Table 1, climate information has been obtained
from the data collected by Instituto Nacional de Meteorologia
(INMET).

Conducting the experiment: The experiments were placed and
conducted in protected cultivation with convective ceiling, made
of wood.

Altamira city: The model adopted of greenhouse was the chapel
or two waters, with convective ceiling and open sides, with a
ceiling height of 3.0 m coverage made with plastic films of 150 µm
and shade in the presence of hoods therein and use of small
polypropylene profiles, for the nursery phase, and medium for the
growth phase, suitable for cultivation, placed on benches of 15 m
long and with slopes around 4% to return to the reservoir of the
solution, with capacity of 5000 L of water. The planting was
conducted in phenolic foam 2 x 2 x 2, previously placed in the sun
and washed with water, placing three seeds per cell at a depth of
0.5 cm. The phenolic foam boards were kept in a greenhouse
(maternity phase), being irrigated twice a day, always keeping
moist. After the emergency was done thinning, leaving one plant
per cell, the more vigorous. The seedlings were transplanted 12
days after planting, for the hydroponic channels in spaced 5 cm x
5 cm (nursery phase). In the 25 days after planting, when the
plants were approximately 3-5 cm and 4-5 leaves, the seedlings
were transplanted into the channels of growth (final phase), with
a spacing of 25 cm x 25 cm between plants, using 15 lettuce plants
per plot, remaining until harvest.

 Belém city: The model of greenhouse was arched, with
convective ceiling and open sides, with a ceiling height of 3.0 m
and cover made with plastic film of 100 µm and without the use of
shade and hoods. The channels were transplanted 10 lettuce
plants per plot, arranged in benches of 10 m de long, with about
3% of slope for the return of the solution to the reservoir, with a

capacity of 1000 L of water. For the production of seedlings as
substrate decomposed açaí pit was used, it was placed on
polystyrene trays of 128 cells remaining in the sub-surface irrigation
system, irrigation with a nutritive solution at 50% of the
recommended concentration by Furlani et al. 8, until the seedlings
showed sufficient height to be transplanted directly into the
medium profiles which were fitted with PVC pipe with a spacing of
20 cm x 25 cm between plants, in this case, there wasn’t nursery
phase. The planting followed the same cultural practices used in
the experiment in Altamira city.

The nutritional formulation adopted in the experiments (Altamira
and Belém) was recommended by Furlani et al. 8, at a concentration
of 80% of the original nutrient solution. The nutrient solution
circulated from 15 to 15 min during the day, and with intervals of
3:00 h to 4:00 h during the night. The system adopted was the
nutrient film tecnique (NFT), for the crop management was used
organic products, based on Trichoderma spp. for effective control
of Pythium sp.

The electrical conductivity was maintained in the range of 1.2
to 1.4 mS cm-3, by the addition of nutrient stock solution. The pH
of the nutrient solution was maintained between 5.5 and 6.6 by
adding 1 N NaOH, because the acid character of the water used in
both studies, with pH around 4.6.

The lettuce crops in both experiments were harvested 55 days
after planting, when plants showed the point for marketing  as
concluded by Cruz et al. 9.

Experimental design: The experimental design was conducted
in completely randomized, with five treatments: Babá de verão
(losse-leaf), Amanda (crisp-head), Itapuã 401 (crisp-head), Hansom
(American), and Mimosa roxa (mimosa), with five replicates. For
the evaluation of nitrate concentration was used a factorial scheme
5 x 2, corresponding to the same five cultivars (Babá de verão,
Amanda, Itapuã 401, Hansom, and Mimosa roxa), and two harvest
periods, afternoon (17:00 h) and the morning (7:00 h the next day).

Determination of growth and production parameters: The
behavior of lettuce cultivars were evaluated in the rainy season
in the Amazon region, corresponding to the months of December
to April. The lettuce plants were harvested 30 days after
transplanting to the growth of channels, which were evaluated in
the following agronomic characteristics:

 Mass of fresh matter (FM): Determined after harvest lettuce,
between 7:00 to 8:00 h, performing, immediately, weighing in
digital scales, the complete lettuce plant (leaves, stems and
roots), evaluating three plants per replicate as reported by Paulus
et al. 10 and Azevedo et al.  11;

Mass of dry matter (DM): Determined after the plants were dried
in a forced air circulation oven at a temperature of 65°C until
constant weight, using for this purpose a digital high precision
balance as concluded by Azevedo et al. 11 and Fallovo et al. 12;

Number of leaves per plant (NL): Obtained by counting all the
leaves in the lettuce plant  13, 14;

Stem diameter (SD): Determined by using digital calipers placed
below the older leaves of the lettuce plant as observed by Santana
et al. 15;

Stem length (SL): Measured with a ruler, from the beginning to
the end of the neck of the stem of the plant as concluded by
Santana et al. 15;

Table 1. Average monthly air temperature (T), relative
humidity (RH), sunshine (S), wind speed (WS), and
rainfall (R), during the period of the experiment
(January to March) in the cities of Altamira and Belém.

Month 
T RH S WS R 

 (%) (hs) (mps) (mm) 

Altamira city 

January 26.1 84 108.7 1.0 218.7 

February 26. 3 82 136.8 1.1 333.2 

March 25.9 85 110.5 1.0 528.9 

 

January 25.5 92 108.9 1.1 532.2 

February 25.7 90 120.7 1.0 450.8 

March 25.9 89 111.9 1.0 457.4 
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Plant height (PH): Measured with a ruler, from the plant lap to
the apex of lettuce leaves as reported by Chiconato et al. 16.

Laboratory analysis of plant material: The nitrate concentration
in the leaves was performed 55 days after planting, using the
methodology described by Cataldo et al. 17, which was performed
at the Laboratory of Plant Physiology of Universidade Federal
Rural da Amazônia. For this determination, collected three plants
of each replicates, lettuce harvest were performed in two
periods, at 17:00 h and 7:00 h the next day.

Statistical analysis: The experiments were evaluated separately,
in which the experimental data were initially submitted to the
Shapiro-Wilks and Levene test (p > 0.01) for verification the
normality and residual homoscedasticity, respectively. In
sequence, the basic assumptions attended, conducted the analysis
of variance, and the treatment means compared by Duncan test
at 5% probability, using the SAS statistical software 18.

Results and Discussion
Vegetative development: The results showed significant effects
for the cultivars in both experiments for biometric and
productivity characteristics. Table 2 shows higher productivity in
Altamira compared to Belém, in which Babá de Verão and Amanda
showed promising cultivars under tropical conditions in the
Amazon region. In percentage, productivity was higher in Altamira
city about 30.35, 48.27, 42.41, 50.03 and 47.50% for Mimosa roxa,
Itapuã 401, Babá de verão, Hansom, and Amanda, compared to
the experiment conducted in Belém city, respectively.

    Grangeiro et al. 19 studying different cultivars (Verônica, Babá
de verão, and Tainá), observed the increased production of dry
matter with the Babá de verão  of 8.9 g plant-1 in soil classified as
Ultisol, corroborating the results obtained in this study. Rosa et
al. 20 observed results of fresh matter for Mimosa Roxa in
hydroponics system of 139.1 g plant-1, approximately to that
obtained in an experiment conducted in Altamira city which was
133.34 g plant-1.

The improved performance observed in the cultivation in
Altamira city occurred due to the more controlled cultivation
environment in relation to the temperature of the greenhouse and
the nutrient solution, using methods to reduce the temperature,
such as coverage of the reservoir with straw, use joint for better

oxygenation of the solution, fill the pipes and the use of hoods
and shade structure, improving internal temperature conditions.
Sales et al. 21 studying agricultural nets as undercover in
hydroponic lettuce cultivation, found that the use of agricultural
nets provided lower heat build-up during the experimental period,
improving the production of lettuce performance, characterized
by an increase in the number of larger leaves than 10 cm and the
increase the leaf area index.

The Babá de verão and Amanda cultivars showed superiority
in the conditions of Belém city, presenting great production
according to commercial standards for the local market.
Demonstrating that even among cultivars adapted for cultivation
at higher temperatures, the effects of environment interferes
significantly with the genotype expression. Thus, the genotype
x environment interaction is a factor to be considered when
choosing the cultivar for use in a region.

The lower performance for mass characteristics of the fresh
matter and dry matter of plants in the experiment in Belém city
(Table 2), probably, occurred due to difference in culture conditions
and the installations of lettuce, in which promoted a greater stress
of the plants, in warmer periods of the day, determining different
responses and reduction in the development and production of
lettuce.

The Itapuã 401 cultivar showed a greater plant height (Table 2)
differing significantly from other cultivars. The values for this
characteristic varied from 28.00 to 43.08 cm in both
experimental sites and between the cultivars (Table 2), higher
than the values found by Monteiro Filho et al. 22. The greater
height didn´t result in higher yield by Itapuã 401 cultivar,
indicating that the height isn´t a reliable variable to represent
the production lettuce, because developing tall plants promoted
by etiolating due to higher demand for light cultivating or by the
early bolting.

In the experiment conducted in Altamira city the cultivars tended
to have higher stem length, probably, due to use of shading
structure and the higher plant development assuming that showed
a light competition among plants (for further plant development),
since the spacing in this case was higher than that used in Belém
city.

Babá de verão cultivar provided a greater number of leaves and
stem diameter, in both experiments, differing significantly from the
other cultivars (Table 2). These results agree with those obtained
by Santi et al. 23,  that Elisa and Babá de verão cultivars produced
the highest number of leaves per plant, compared to other cultivars,
and fresh matter of plant produced 34.96 and 31.01 g plant-1 of
lettuce, respectively.

The number of leaves per lettuce plant is a desirable
characteristic for the producer, since the purchase by the consumer
is performed per unit and not by weight of the product. This is
important in the current situation of commercialization of
hydroponic lettuce, since many producers have offered the semi-
processed product, in the form of separate leaves, washed and
packaged in trays. Thus, production of the “head” of the lettuce
loses agronomic interest, since the interesting is the amount and
volume of leaves per plant produced, because the packages are
standardized by mass.

For the characteristic stem diameter Babá de verão and Mimosa
Roxa cultivars obtained the best and worst results, respectively,
regardless of the experimental sites (Table 2), it presented to the

Table 2. Evaluation of mass of fresh matter (FM), dry matter (DM),
and stem length (SL) of lettuce plants.

* Means followed by the same letter in the column, do not differ by Duncan test (p<0.05).

Cultivars 
FM DM PH NL SL SD 

------ g plant-1 ------ cm number plant-1 ------- cm ------- 

Altamira city 

 267.34a* 18.59a 32.96b 34.40a 16.68b 1.68a 

Amanda 265.30a 18.15a 28.72c 19.20b 13.94b 1.28b 

 236.48b 14.59b 40.16a 18.40b 24.58a 1.21b 

Hansom 220.16b 14.42b 29.32c 17.20b 6.56c 1.28b 

Mimosa roxa 133.34c 9.19c 29.80c 18.00b 5.14c 0.98c 

CV (%) 7.28 8.27 4.51 12.39 10.88 9.04 

 

 153.98a 10.09a 32.08b 27.90a 13.24b 1.66a 

Amanda 139.26b 9.40a 28.00b 14.80b 10.22b 1.06c 

 122.32c 7.87b 43.08a 13.00c 21.96a 0.96c 

Hansom 110.10d 7.73b 30.74b 13.00c 5.96c 1.20b 

Mimosa roxa 92.88e 6.36c 31.08b 17.00b 5.68c 0.78d 

CV (%) 7.23 10.66 10.26 8.17 18.79 8.80 
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characteristic mass of the fresh matter, suggesting a possible
relationship between these two characteristics. However, there was
no  relationship between the characteristics diameter and stem length.
Monteiro Filho et al. 22, studying lettuce cultivars in nutrient
solutions, found results lower than those observed in the present
study.

Nitrate concentration on plant: For nitrate concentration there
were  significant differences between cultivars and no interaction
between factors (cultivar x harvest time), regardless of the
experimental site. The nitrate concentrations in the leaves of lettuce
cultivars in this study (Table 3) are lower than those observed by
Lopes et al. 3, probably, because of the conditions under which
the research was conducted, as high light intensity, temperature
and harvest time and the flow of nutrient solution time at night
period, cultivation system are factors that contribute to reduce
the accumulation of nitrate by plants as concluded by Krohn et
al. 24.

The nitrate concentrations observed for the five cultivars
showed the maximum value of 363.66 mg kg-1 of fresh matter. This
value was obtained by cultivating Mimosa roxa in the experiment
conducted in Altamira city (Table 3), which corresponds to 10%
of the maximum limits of 3000 to 4000 mg kg-1 of NO

3
- tolerated in

Europe as concluded by Benoit and Ceustermans 25. The Mimosa
roxa accumulated 5.50, 5.74, 27.65 and 40.44% more nitrate in relation
to Babá de verão, Hansom, Itapuã 401, and Amanda cultivars,
respectively, are significant and expressive values if these cultivars
are grown in more favorable conditions for the accumulation of
nitrate and/or without control of nutrient solution available to the
plant. There wasn´t direct relationship between nitrate
concentrations with agronomic characteristics evaluated, since the
cultivar that showed the greatest accumulation of nitrate, Mimosa
roxa cultivar, didn´t present the highest productivity. The same
response was observed with the Amanda cultivar, in which
obtained one of the highest productivity, however, it was cultivar
with lower potential to accumulate nitrate, together with Itapuã
401 cultivar.

The highest nitrate concentrations didn´t promote higher
productivity, differing from the observations described by Cometti
et al. 1, that the lowest concentration of nitrate in the solution
caused reduction in dry matter productivity in lettuce. It is known
that the nitrate concentration declines with age and the plant
cultivars were analyzed at 55 days after planting, suggesting that

cultivars that have longer cycle (losse-leaf and American) showed
higher concentrations of nitrate when harvested at the same time
than those with shorter cycle, as occurred in the present study, in
which the Babá de verão and Hansom resulted in higher
concentration of nitrate, except to Mimosa roxa cultivar.

In the experiment conducted in Altamira when the harvest was
conducted  in the afternoon there was an increase of 10.10% in
the concentration of nitrate, while in Belém city this value had an
increase of only 1.75% for the same harvest time, compared to
harvest conducted in the morning (Table 3). However, in Altamira
city the concentration of nitrate was 15.7% higher in the afternoon
in relation to Belém city, while harvesting conducted in the morning
decreased this value to only 1.41%. Probably, the difference was
due to the facility infrastructure, because in Altamira city
experiment had shading structure, while in Belém city didn´t have,
as well as the position of the greenhouse that influenced the
distribution of light, evidenced by competition for light of plants
grown in the experiment in Altamira city.

Even the highest nitrate concentrations obtained for the Mimosa
roxa and Hansom in leaves are below the levels tolerated by the
European Union. The values obtained for nitrate concentration
showed no health risk for both sites studied, corroborating
Milhomens et al. 26, Pôrto et al. 27, Lopes et al. 3 and Cavarianni et
al. 28 evaluating lettuce cultivars, found values (mg kg-1 of NO

3
-)

of 1545 to 1963 mg kg-1 for the losse-leaf; 1242 to 1536 mg kg-1 for
crisp-head; and 1030 to 1965 mg kg-1 for the American group.
Thus, lettuce group of losse-leaf has a tendency to accumulate
higher concentrations of nitrate in relation to crisp-head, as also
evidenced in this study, with the exception of Mimosa roxa cultivar,
that Babá de verão and Hansom are those that obtained the
highest nitrate concentrations in the plant.

Cometti et al. 1 found that nitrate accumulation in plant tissues
occurs due to the low light availability.  Due to the morphology of
Hansom cultivar, the leaves receive different amounts of radiation,
thus, the younger leaves are involved by mature leaves and newly
mature which prevent the same receive direct sunlight as observed
by Krohn et al. 24. However, in the conditions of Altamira city, this
is a factor of little relevance when cultivated American type, due
to the high temperatures preventing the “formation of the head”
of such cultivars 29. A similar situation occurred with Hansom
cultivar, showing no well-defined head, however, it didn´t interfere
with the largest accumulation of nitrate, since the leaves were
exposed to solar radiation.

Ramos et al. 30, evaluating the lettuce cultivars behavior in
various farming systems, found higher concentrations of nitrate
with Mimosa cultivar (720.10 mg kg-1) from hydroponic system,
similar to those obtained in this study. Thus, an alternative to
reduce the concentration of nitrate in foods is the use of cultivars
that have the lowest genetic potential for accumulation. Lopes et
al. 3 found higher levels of nitrate in the stem, compared with
different vegetative parts of lettuce, in hydroponic system, an
important observation, since the leaves are the most important
compartment; the vegetative part will be consumed.

The difference in response of the cultivars to the treatments
shows the influence of genetic factors on nitrate accumulation.
Corroborating with Reinink and Groenwold 31 who obtained a range
of 1.3 to 4.1 g kg-1 of NO

3
- in the fresh matter of 156 lettuce

genotypes. The environmental factor, genetic factor, type of
management and culture of installation should be considered with

Table 3. Evaluation of nitrate concentration in the fresh matter
of lettuce plants harvested at different times of the
day.

* Means followed by the same letter in the column, do not differ by Duncan test (p<0.05).

Cultivars Nitrate concentration 

 Altamira city  

 ------------------------ mg kg-1 ----------------------- 

 332.78a* 313.51a 

Amanda 252.68b 200.50c 

 204.93c 239.82b 

Hansom 321.32a 320.28a 

Mimosa roxa 344.06a 336.69a 

Harvest time Altamira city  

 ------------------------ mg kg-1 ----------------------- 

17:00h 275.70b 279.66a 

  7:00h (next day) 306.61a 284.66a 

CV (%) 7.87 6.61 
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regard to the accumulation of nitrate as reported by Korndörfer et
al. 32. Corradi et al. 33 observed that the nitrate concentration
increases in hydroponic systems, decreases with increased
spacing, demonstrating the importance of the genetic factors and
the effect of the spacing between plants, because with the
increased spacing between plants the leaves receive more light,
thus, avoiding the effects of shading between plants.

For the harvest times at 7:00 h in the morning period lower
nitrate concentration was found in relation to the harvest times
carried out at 17:00 h, regardless of the experimental site. The
highest nitrate concentrations presented in the harvest in the
afternoon are related to weather conditions on the day of harvest.
The overcast day provided cloudiness, which  is one of the main
factors contributing to increase the concentration of nitrate34.
Similar results were found by Cavarianni et al. 35 that at the harvest
time carried out at 7:00 h the nitrate concentrations were lower
than those obtained in the harvest time of 12:00 h and 17:00 h.

Another factor contributing to the highest concentration of
nitrate at harvest time carried out at the afternoon period was
the increased number of circulating the nutrient solution during
the day, promoting an increase in the absorption of nitrogen in
relation to the night period between 19:00 h and 7:00 h (the
next day), in which the intermittently circulated solution, 2 to 3
times per 15 min. Cavarianni et al. 36 obtained lower results of
nitrate in harvest time at 8:00 h (2868.99 mg kg-1 of NO

3
- in fresh

matter) compared to the harvests to 12:00h (3490.90 mg kg-1 of NO
3
-

in fresh matter) and 17:00h (3318.62 mg kg-1 of NO
3

- in the fresh
matter), confirming the results obtained in this study. However,
Lopes et al. 3 did not find consistent effect of harvest time in the
concentration of nitrate in different vegetative parts of lettuce.

Conclusions
The Babá de verão, Amanda, Itapuã 401, Hansom, and Mimosa
roxa cultivars showed different responses to the productivity
and the accumulation of nitrate in lettuce plants in the
experiments conducted in the cities of Altamira and Belém, in
which Babá de verão and Amanda cultivars were the most
promising for the production in the Amazon region, while Mimosa
roxa cultivar showed greater potential to accumulate nitrate,
without compromising consumer health, regardless of harvest time
have occurred in the afternoon (17:00 h) or morning period (7:00 h
the next day).
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