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IRRIGATION WATER QUALITY IN SMOOTH LETTUCE CULTIVATION
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ABSTRACT - Qualitative characteristics of surface and groundwater resources have been poorly verified by agricultural
producers, who often irrigate their crops with contaminated water. This work aimed to analyze the quality parameters of two
water sources (cistern and Brejdo Lagoon) used by vegetable producers around the Brejdo Lagoon in Sete Lagoas (MG) and to
evaluate the influence of water quality on the growth of butterhead lettuce. Physico-chemical and microbiological analyses of
the water sources used for irrigation were carried out, in addition to evaluating the height of the plants. The results of the
physical-chemical analyses showed that the water studied is contaminated with fecal coliforms, 16.0 NMP (most likely
number) in both samples, but at levels acceptable for Conama. For the electrical conductance, the water from the Brejédo
Lagoon presented a value of 119.7 mg L™ what is about 6 x greater than that observed in the water from the cistern, which
presented a value of 18.89 mg L. The quality of the irrigation water did not influence the growth of butterhead lettuce. The
pH of the two irrigation water sources used, fit in the values established by Conama. The vegetables’ irrigation sources are
contaminated with microorganisms of fecal origin, but that contamination is still within the levels acceptable by Conama.
Leafy vegetables can be used as a vehicle of infection for producers and consumers. According to the value determined for the
electrical conductivity by Cetesb, the water from the Brejdo Lagoon is not within the determined standards.
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QUALIDADE DA AGUA DE IRRIGACAO NO CULTIVO DE ALFACE LISA

RESUMO - Caracteristicas qualitativas dos recursos hidricos superficiais e subterraneos, tém sido pouco verificadas pelos
produtores agricolas, que frequentemente irrigam suas culturas com dgua contaminada. O presente trabalho teve por objetivo,
analisar os parametros de qualidade de duas fontes de &gua (cisterna e Lagoa do Brejao) utilizadas por produtores de hortalicas
do entorno da Lagoa do Brejao, em Sete Lagoas (MG) e avaliar a influéncia da qualidade da agua no crescimento de alface
lisa. Foram realizadas analises fisico-quimicas e microbioldgicas das fontes de &4gua utilizadas para irrigacdo, além de avaliar a
altura de plantas. Os resultados das analises fisico-quimicas mostraram que as aguas estudadas, possuem contaminagdo por
coliformes fecais, 16,0 NMP (nimero mais provavel) em ambas amostras, porém, a niveis aceitaveis pelo Conama. Para a
condutancia elétrica a 4gua proveniente da Lagoa do Brejdo, apresentou um valor de 119,7 mg L™ representando cerca de 6 x
maior que aquele observado para a 4gua proveniente da cisterna, que apresentou valor de 18,89 mg L™. A qualidade da 4gua de
irrigacdo ndo exerceu influéncia sobre o crescimento da alface lisa. O pH das duas aguas de irrigacao utilizadas, se enquadram
nos valores estabelecidos pelo Conama. As fontes de irrigacdo de hortalicas encontram-se contaminadas com microrganismos
de origem fecal, porém ainda estdo dentro dos niveis aceitaveis pelo Conama. As hortalicas folhosas podem servir de veiculo
de infecgdo para os produtores e consumidores. Conforme o valor determinado para a condutividade elétrica pela Cetesb, a
agua proveniente da Lagoa do Brejdo, ndo esta dentro dos padrdes determinados.

Palavras-chave: Lactuca sativa sp., hortaliga folhosa, fontes de captacdo, analise fisico-quimica.

INTRODUCTION

Surface and groundwater resources are the main
sources of irrigation in Brazilian agriculture, consuming a
significant portion of this natural resource. Given the
degradation scenario of these resources, physical, chemical
and microbiological analyses are essential for monitoring
the quality of irrigation water in order to obtain a better
response from the crop and therefore increase the gains of
the final product in production and quality (PAZ et al.,
2000).

The quality of the water used for irrigation is
extremely important since it can influence the availability
and absorption of nutrients and act directly on the
production and quality of the product. In Brazil, studies
related to the qualitative characteristics of lake and cistern
water used for irrigation in urban centers, mainly by
agricultural producers, are of major importance (HERMES
et al., 2009).

Falavigna et al. (2005), Fravet (2006), Aquino e
Assis (2007) e Hermes et al. (2009) have reported the
reality of small vegetable producers located in urban
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centers, who often irrigate their crops with water
containing high levels of contamination. The scarcity of
quality water resources directly affects this agronomic
sector, which faces a high level of contamination by
pathogens that are mainly propagated through hardwoods
that are usually consumed fresh.

Due to the fact that they are consumed fresh,
vegetables fit into agricultural crops that need to be
irrigated with water from appropriate use categories, as
stablished in proper legislation. The classes are determined
by conditions and standards regarding their main use.
Thus, for the irrigation of vegetables, the Conama
Resolution 357/2005 (CONAMA, 2005) determines that
irrigation water should fall under the classification of fresh
water Class | or brackish water Class | for vegetables
consumed in their raw state and Class Il fresh water for
other vegetables.

Quality water affected by physical, chemical or
biological attributes influences the dissemination of
diseases to consumers and directly interferes with plant
development, causing damage to agricultural production
(GALBIATTI et al., 2007). The smooth lettuce (Lactuca
sativa) cv. belongs to the Asteraceae family and is present
in the diet of a considerable amount of the Brazilian
population. It has calming properties, is a source of the
vitamins A, B1, B2, B5 and C, and is a source of minerals
such as Ca, Fe, Mg, P, K and Na (RESENDE et al., 2007;
HENZ and SUINAGA, 2009).

Considering this scenario, and the need to
evaluate the influence of the quality of irrigation water
sources on the lettuce growth (GALBIATTI et al., 2007),
it is hypothesized that these water sources are not suitable
to be used for irrigation. Therefore, this study was
designed to evaluate the physical-chemical and
microbiological parameters and the development of the
plants, using the water from the Brejdo Lagoon and the
underground source (cistern) used by the producers.

MATERIAL AND METHODS

The study was carried out at Sete Lagoas
Municipal Technical School (ETMSL), under the
geographical coordinates: 19°27°28.2” S, 44°12°39.3” W
and 758 m of altitude, from September to December/2016.
The climate of the region is Cwa, according to Képpen
climate classification, temperate humid climate with dry
winters and hot summers. The collection of the water from
the lagoon and the cistern was carried out in the farm 19,
under the following  geographical  coordinates:
19°28°30.41” S and 44°12°2.35” O.

The experiment was set up in half drums in an
entirely randomized design, with two treatments
containing 15 smooth lettuce seedlings in each half drum,
ata 10 x 12 cm spacing. The Treatment | was made up of
irrigation exclusive from the lake water and in the
Treatment Il the plants were irrigated exclusively with
cistern water. The irrigation was performed manually,
where each seedling bed received 1.0 L of water daily,
except on Saturdays and Sundays, where there was no type
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of irrigation. The water for irrigation was stored in gallons
of 5.0 L. A total of 20.0 L of water from the cistern and
20.0 L of water from the Brejao Lagoon were collected.

The containers (half drums) were made using a
plastic drum, cut in half, making two containers of
51.0cmx 40.0 cm x 19.0 cm (length, width, height),
previously cleaned and identified. Holes were made in the
lower part of the containers to allow the draining of
irrigation water. Holes were made in the lower part of the
containers in order to allow the draining of the irrigation
water. Soil collected in the ETMSL was used as substrate.
No fertilizers were used. The soil collected was
homogenized and placed up to 6.0 cm from the edge of
each half drum.

After 21 days of transplanting the seedlings, their
growth in height was evaluated. For that, a graduated ruler
was used. The collection and storage of water used for
physical-chemical analysis occurred in September 2016,
according to NBR 9898/1987. The analyses were
performed at the Environmental Analysis Laboratory of
the Sete Lagoas Municipal Technical School. The
determinations were made in triplicate, according to the
methodology suggested by Passari et al. (2011). The
following parameters were quantified: color, turbidity,
conductivity, pH, total acidity, bicarbonate alkalinity, total
hardness, calcium hardness, sulfates, fluorides, total iron,
nitrite, ammonia and total dissolved solids (mg L™). For
the evaluation of the presence of total coliforms and fecal
coliforms in both water sources, the methodology of
multiple tubes was used, as suggested by Funasa
(FUNASA, 2013), in which the presumptive phase made it
possible to estimate the most likely number (MPN) of
microorganisms.

The statistical analyses were made using the R
software version 3.5.0 R Core team (2018). For the
analysis of variance, the hypotheses of the autocorrelation
in residuals (Durbin-Watson Test), the normality in
residuals (Shapiro-Wilk Test) and the homogeneity of
variances (Barlett Test) were tested. For the comparisons
of the means we used the Tukey test at 5% significance
level. The height data were also distributed in frequency
and class intervals. Furthermore, physical-chemical and
microbiological analyses of the water sources were
performed, which allowed us to verify the degree of water
quality of the Brejao lagoon and the cistern’s.

RESULTS AND DISCUSSION

Fecal coliforms constitute a group of
microorganisms that are used to indicate a possible
contamination of water sources by domestic effluents since
they are present in large quantities of human feces. The
confirmation of this group of bacteria in a water source
may indicate the presence of pathogenic enterobacteria
that make it possible to use water for irrigation of leafy
vegetables. The physical-mechanical and microbiological
results of both irrigation waters (from the cistern and from
the Brejdo Lagoon) used in this study are presented in
Table 1.
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TABLE 1 - Total coliforms (TC), fecal coliforms (FC), physical and chemical characteristics.

Parameters analyzed Water from the cistern Water from the Brejdo Lagoon
Color (HU) 1.00 1.00
Turbidity (FNU) 0.82 1.42
Conductivity (uS cm™) 40.51 385.40
pH 6.03 7.26
Total acidity (mg L™) 26.22 20.52
Bicarbonate alkalinity (mg L™) 12.72 90.10
Total hardness (mg L™) 12.05 68.27
Calcium hardness (mg L™) 10.04 62.25
Sulfates (mg L™) 0.00 0.00
Fluorides (mg L™) 0.01 ND
Total iron (mg L™) 0.01 ND
Nitrite (mg L™) 0.01 0.01
Ammonia (mg L) 0.21 1.51
Total dissolved solids (mg L™) 18.89 119.70
Total coliforms (MLN)* >16.00 > 16.00
Fecal coliforms (MLN)* 16.00 16.00

HU = hazen units, FNU = formazin nephelometric units, ND = not defined, MLN = most likely number of fecal and total
coliforms quantified.

The pH values in both irrigation sources are in according to Conama resolution 357/2005. This parameter
conformity with Conama Resolution 357/2005, which is very important when using localized irrigation such as
establishes values between 6.0 and 9.0 for water used for drip and micro-sprinkler irrigation. It is noticeable that
the irrigation of vegetables that are consumed raw. high concentrations of solid particles in the water can
However, the high pH value of the Brejdo Lagoon is an obstruct the water distribution holes and compromise the
indication of the decomposition of organic matter and irrigation system (SILVA et al., 2011).
microbiological activity that results in the release of CO, The electrical conductivity allows us to infer
(MARTINS et al., 2015). about the modifications in the composition of water,

Based on the physical-chemical and especially about its mineral concentration. However, this
microbiological analysis and Resolution Conama variable does not provide any indication of the values
357/2005, the irrigation of leafy vegetables with water relating to the various components. It is known that as
from the Brejdo Lagoon is restricted by the categorization dissolved solids are added to water, the conductivity
of water Class 3. The irrigation with water from the Brejdo increases and that high values for the electrical
Lagoon and from the cistern make the vegetables conductivity of water can be an indication of corrosive
susceptible to contamination by fecal coliforms, but the characteristics. In general, levels above 100 puS cm™ are an
values found for coliforms are at acceptable levels. The indication of corrosive  characteristics  impacted
Conama resolution states the water for irrigation of environments (CETESB, 2005). The results obtained in
vegetables must not be contaminated by feces. However, this study for electrical conductivity show that for the
the same resolution allows a certain level of water collected from the cistern, the conductivity found for
contamination, and the limit is 200 MLN (most likely the water collected in the Brejdo Lagoon is above
number) 100 mL™ of thermotolerant (fecal) coliforms, in 100 uS cm™. That highlights the impact suffered by
water for irrigation of freshly consumed vegetables. receiving significant amounts of waste and dissolved

The sanitation control of water sources for later solids. Performing a simple comparison of the data from
use in the irrigation of vegetables is an important dissolved solids found in the irrigation sources, it is
procedure for the farmers, as it is able to ensure the health possible to observe that the water collected in the cistern
of workers and consumers mainly when it comes to leafy presents values of 18,89 mg L™, which is approximately 6
vegetables, which grow close to the soil. Vegetables such times smaller than those found for water that correspond to
as lettuce have lots of imbricated leaves that promote the 119,7mg L™
retention and survival of micro-organisms and serve as a For water turbidity, values of 0.82 FNU and
vehicle for the transmission of diseases to the consumer. 1.42 FNU were found for water collected in the cistern and
Thus, the quality of irrigation water can influence the in the Brejdo Lagoon, respectively. Resolution Conama
degree of contamination on vegetables (BONILHA e 357/2005 determines that water from Class 1 to 40 FNU.
FALCAO, 1994). Thus, the waters collected in both locations are in

Both sites presented values of dissolved solids conformity with the values determined by Conama.
concentration in water in accordance with irrigation use The results considering the absolute frequency of
patterns (Table 1), which should be less than 500 mg L™, lettuce plant’s height show the highest relative frequency
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in Class 1, which is equals to 30%, followed by Classes 2,
4, 3 and 5, with 27%, 27%, 10% and 7%, respectively.
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Therefore, one can infer a possible normality of data
(Table 2).

TABLE 2 - Class and frequency distribution of height data of smooth lettuce plants grown at ETMSL.

Frequencies

Classes Absolute Relative Relative (%)
1 9 0.30 30%
2 8 0.27 27%
3 3 0.10 10%
4 8 0.27 27%
5 2 0.07 7%
Total 30 1.00 100%

The heights were submitted to variance analysis
(Table 3). According the analysis of variance table, there
are no significant differences between the heights obtained
using the two sources of water for irrigation for test F at
5% significance level. The coefficient of variation found in
the experiment was 10.19%, what demonstrate the good
precision of the experiment. The absence of difference

between the two treatments tested only, demonstrates the
significant importance of a deeper analysis of the
physicochemical characteristics used for irrigation
purposes. Since the presence of certain substances. This is
because the presence if certain substances and pathogens
harmful to man may not influence the development of
smooth lettuce.

TABLE 3 - Analysis of variance of the height variable of smooth lettuce seedlings.

Quadro da analise de variancia

FV GL SQ QM Fc Pr>Fc
Tratamento 1 1.408 14.083 0.90849 0.34867™
Residuo 28 43.405 15.502
Total 29 44.814
CV(%) 10.19

In forthcoming studies, analyses of stem diameter REFERENCES

parameters, total dry matter and total fresh matter may be
included. Furthermore, echophysiological studies such as
chlorophyll percentage, fluorescence and photochemical
system activity can also be made, since they may provide
more concise data on the influence of water quality on
vegetable development (GALBIATTI et al., 2007).

CONCLUSIONS

The quality of the irrigation water had no
influence on the growth of smooth lettuce.

The pH of the irrigation water fit in the values
established by Conama.

The sources of irrigation of vegetables are
contaminated with microorganisms from fecal origin, but
are still within the levels acceptable by Conama.

Vegetables can be an infection vehicle for
producers and consumers.

According to the value determined for the
electrical conductivity by CETESB, the water from the
Brejdo Lagoon is not within the determined standards.
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