Preface
We would like to present, with great pleasure, the inaugural volume-5, Issue-6, June 2019, of a scholarly
journal, International Journal of Environmental & Agriculture Research. This journal is part of the AD
Publications series in the field of Environmental & Agriculture Research Development, and is devoted to
the gamut of Environmental & Agriculture issues, from theoretical aspects to application-dependent studies
and the validation of emerging technologies.
This journal was envisioned and founded to represent the growing needs of Environmental & Agriculture as
an emerging and increasingly vital field, now widely recognized as an integral part of scientific and
technical investigations. Its mission is to become a voice of the Environmental & Agriculture community,
addressing researchers and practitioners in below areas
Environmental Research:
Environmental science and regulation, Ecotoxicology, Environmental health issues, Atmosphere and
climate, Terrestric ecosystems, Aquatic ecosystems, Energy and environment, Marine research,
Biodiversity, Pharmaceuticals in the environment, Genetically modified organisms, Biotechnology, Risk
assessment, Environment society, Agricultural engineering, Animal science, Agronomy, including plant
science, theoretical production ecology, horticulture, plant, breeding, plant fertilization, soil science and
all field related to Environmental Research.
Agriculture Research:
Agriculture, Biological engineering, including genetic engineering, microbiology, Environmental impacts
of agriculture, forestry, Food science, Husbandry, Irrigation and water management, Land use, Waste
management and all fields related to Agriculture.
Each article in this issue provides an example of a concrete industrial application or a case study of the
presented methodology to amplify the impact of the contribution. We are very thankful to everybody within
that community who supported the idea of creating a new Research with IJOEAR. We are certain that this
issue will be followed by many others, reporting new developments in the Environment and Agriculture
Research Science field. This issue would not have been possible without the great support of the Reviewer,
Editorial Board members and also with our Advisory Board Members, and we would like to express our
sincere thanks to all of them. We would also like to express our gratitude to the editorial staff of AD
Publications, who supported us at every stage of the project. It is our hope that this fine collection of articles
will be a valuable resource for IJOEAR readers and will stimulate further research into the vibrant area of
Environmental & Agriculture Research.

Mukesh Arora
(Editor-in Chief)

Dr. Bhagawan Bharali
(Managing Editor)
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Management of Noorda blitealis Wlk. on Moringa oleifera Lam.
using biorationals in the home gardens of Jaffna district,
Sri Lanka
K.Sharjana1, G. Mikunthan2
Department of Agricultural Biology, Faculty of Agriculture, University of Jaffna, Sri Lanka

Abstract— Moringa oleifera Lam. (Moringaceae) is one of the main crops grown for pods and leaves in Jaffna home
gardens in Sri Lanka. After the introduction of Periyakulam 1 (PKM 1) Moringa, a leaf eating caterpillar (Noorda blitealis
Wlk.) turned out to be a serious pest causing damage to the leaves. Considering the severity of the damage, this study was
carried out to find out the suitable biorationals to manage the pest in an eco-friendly method. Using the leaf disc dipping
method biorationals such as 1% neem oil, 3% neem seed kernel extract and 2.5g/L neem leaf extract were used to determine
the larval mortality. Consumption of the treated leaf area was measured to determine the larval antifeedant activity for 1%
neem oil, 3% neem seed kernel extract, (2.5g/L) neem leaf extract, 15% (g/mL) garlic extract and 75% fermented cow urine
and ash solution. Distilled water was used as control in both experiments. The experiments were carried out at a temperature
of 28.9 ± 1.13°C and 73% relative humidity in complete randomized design. On the 6th day after treatment larval mortality in
1% neem oil, 3% neem seed kernel extract and 2.5g/L neem leaf extract were 85%, 83.33% and 70% respectively. After 24
hours larvae fed with 1% neem oil, 3% neem seed kernel extract, (2.5g/L) neem leaf extract, 15% (g/mL) garlic extract and
75% fermented cow urine and ash solution showed a larval antifeedant activity of 85.51%, 84.84%, 74.18%, 76.13% and
48.16% respectively.
Keywords— Moringa oleifera, Noorda blitealis, Biorationals, Home garden.

I.

INTRODUCTION

The multipurpose Moringa oleifera Lam. belongs to the Family Moringaceae which is a well-known tree grown in the home
gardens in Northern Province of Sri Lanka. Leaves, pods, flowers, roots, seeds, bark and wood of the tree have nutritional,
medicinal and industrial benefits [1]. Families in Jaffna districts consume the pods and leaves for their daily nutritional
requirements. As the demand for the organic Moringa leaves has increased in local and foreign markets, many farmers have
started to show interest in cultivating Moringa. An annual bush type, Periyakulam 1 (PKM 1) Moringa which was introduced
from India is widely cultivated in resettled home gardens in the Jaffna district.
In recent years, PKM 1 Moringa crops were severely attacked by a seasonal pest Noorda blitealis Wlk. It is a leaf eating
caterpillar which belongs to the Family Pyralidae. The larvae is creamy and sometimes ranges from pale green to cream or
pink in colour, feeds on the Moringa leaves and in severe conditions they completely defoliate the plant. The affected leaves
are skeletonized and appear as translucent sheets and finally dry up. In some conditions especially when the tree is pruned the
larvae begin to feed on the stem pith and bark of the tree. In this condition they feed either on the corky content inside the
stem heart or on the fleshy bark under the skin [2].
Since there is limited information regarding the pest, there were no effective management practices followed by farmers.
Considering the economic status and the health issues of the resettled families and other Moringa growers in Jaffna district,
this study was carried out to identify suitable techniques to manage the pest with low cost and easily available eco friendly
biorationals.

II.

MATERIAL AND METHOD

Experiments were conducted in the laboratory at the Faculty of Agriculture, University of Jaffna during February to April
2015. Preliminary tests were done for each experiment to choose the best suitable biorationals for the experiment. The larvae
of N.blitealis were collected from the leaves, shoots and stems of Moringa oleifera in Jaffna district. They were reared in
plastic rearing chambers at 28.9 ± 1.13°C and 73% relative humidity. Larvae were fed with fresh PKM 1 Moringa leaves for
every 6 hours. At the final stage of larvae, they were transferred to another container of 1.5cm thickness of sterilized sandy
soil for pupation. When the adults emerged, they were provided with 10% honey on cotton wool and PKM 1 annual Moringa
leaves as oviposition site and as feed. After the eggs were laid, they were allowed to hatch.
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Efficacy of biorationals on mortality of N.blitealis

The experiment was carried out with four treatments including the control. The concentration of each bio-rational used is
shown in Table 1.

TABLE 1
BIORATIONALS AND THEIR CONCENTRATIONS USED FOR MORTALITY TEST
Treatment number

Name of the treatment

Concentration

T1

Neem (Azadirachta indica) oil

1 % (v/v)

T2

Neem seed kernel extract

3% (w/v)

T3

Neem leaf extract

2.5g/L

T4

Control (Distilled water)

The concentrations suggested were based on the literature of corresponding botanical results against N.blitealis according to
the literature and preliminary tests done in the laboratory [2,3]. For each treatment 20 larvae were used with three replicates.
Fresh PKM 1 even aged Moringa leaf discs were dipped into respective biorationals and were allowed to dry at the room
temperature for 30 minutes. Larvae were starved previously for three days and were allowed in rearing chambers. Treated
leaf discs were placed in rearing chambers. The number of dead larvae was counted at 1 st, 2nd, 3rd, 4th, 5th and 6th days after
treatment.
2.2

Antifeedant activity of N.blitealis against biorationals

The antifeedant activity of N.blitealis larvae on five biorationals were determined by using leaf dipping method with 24
replicates. The biorationals used for this experiment is shown below in Table 2.

TABLE 2
BIORATIONALS AND THEIR CONCENTRATIONS USED FOR ANTIFEEDANT ACTIVITY TEST
Treatment number

Name of the treatment

Concentration

T1

Neem leaf extract

2.5g/L

T2

Neem oil

1% (v/v)

T3

Neem seed kernel extract

3% (w/v)

T4

Garlic extract

15%(g/mL)

T5

Three days fermented cow urine and ash solution

75%(v/v)

T6

Control (Distilled water)

Larvae were fed with treated leaf discs in the container. After 24 hours the consumption of the leaf area by the larvae was
measured by using grid method. The antifeedant activity was calculated using the following equation (1):
Percentage of antifeedant activity =

C−T
C+T

× 100

(1)

Where,
C - Leaf area consumed in the control
T - Leaf area consumed in the treatment
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TABLE 3
CLASSIFICATION OF ANTIFEEDANT ACTIVITY

2.3

Activity level

Percentage

Strong activity

>80%

Moderate activity

61-80%

Weak activity

40-60%

Little activity

<40%

Statistical analysis

All experiments were designed according to complete randomization design (CRD) and the data were statistically analyzed
using SPSS and SAS packages.

III.
3.1

RESULTS AND DISCUSSION

Efficacy of biorationals on mortality of N.blitealis

The percentage of mortality of the three biorationals are shown in Table 4. The mortality percentage increased with time
period. The percentage of mortality of all biorationals were significantly different from the control in all time periods. The
highest mortality of 85% was observed in 1% (v/v) neem oil on the 6 th day. Larval mortality percentages in 6th day of 3%
(w/v) neem seed kernel extract and 2.5g/L neem leaf extract were 83.33% and 70% respectively. Similar results were
reported by studies conducted in India [2], [3].

TABLE 4
EFFECT OF BIORATIONALS ON MORTALITY PERCENTAGE OF N.blitealis LARVA IN DIFFERENT INTERVAL
Mortality percentage *
Treatment number

Treatment

T1

1st day

2nd day

3rd day

4th day

5th day

6th day

Neem oil
1% (v/v)

3.33a

15.00a

38.33a

51.66a

80.00a

85.00a

T2

Neem seed kernel
extract
3% (w/v)

1.66a

15.00a

35.00a

50.00a

76.66a

83.33a

T3

Neem leaf extract
2.5g/L

1.66a

6.66ab

15.00b

40.00b

68.33a

70.00a

T4

Control

0.00b

0.00b

0.00c

0.00c

0.00b

0.00b

* All the values with the means of three replicates. Figures having same letters in a column indicate that the values are
not significantly different at 0.05 α
3.2

Antifeedant activity of N.blitealis against biorationals

The antifeedant activity of the larvae on five biorationals was significantly different from the control (Table 5). Strong
antifeedant activity was observed on 1% (v/v) neem oil and 3% (w/v) neem seed kernel extract with an antifeedant activity of
85.51% and 84.84%. Larvae provided with 15% (v/v) garlic extract and 2.5g/L neem extract showed moderate antifeedant
activity of 74.18% and 76.13% respectively. However larvae showed weak antifeedant activity of 48.16% on fermented cow
urine and ash treated leaves.
Neem is the source of tetranortriterpenoid azadirachtin and other extractives which have potential value in insect control. It is
responsible for both antifeedant and toxic effects in insect [4, 5, 6]. Thus the strong antifeedant activity of N.blitealis on 1%
(v/v) neem oil and 3% (w/v) neem seed kernel extract is due to the Azadirachtin present in the neem. In this study garlic
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extract showed a moderate antifeedant activity against N.blitealis larvae. According to Amonkar and Banerji, major
compounds such as diallyl di-sulphide, diallyl tri-sulphide and diallyl sulfide in garlic are antagonistic to pests [7]. In
Ethiopia farmers use fermented cow urine in the indigenous pest management; Banana fly Drosophila melanogaster and
cowpea aphid Aphis craccivora were controlled by fermented cow urine[8].

TABLE 5
ANTIFEEDANT ACTIVITY (AA %) OF N.blitealis LARVA
Treatment
number

Treatment

Mean

Antifeedant activity
%

Antifeedant activity
class

T1

Neem leaf extract 2.5g/L

1.37c

76.13

Moderate activity

T2

Neem oil 1% (v/v)

0.79c

85.51

Strong activity

T3

Neem seed kernel extract
3% (w/v)

0.83c

84.84

Strong activity

T4

Garlic extract15% (g/mL)

1.50c

74.18

Moderate activity

T5

Fermented cow urine and ash solution
75%(v/v)

3.54b

48.16

Weak activity

T6

Control

10.12a

Figures having same letters in a column indicate that the values are not significantly different at 0.05 α

IV.

CONCLUSION

Larvae fed with 1% neem oil, 3% neem seed kernel extract showed higher mortality percentages and strong antifeedant
activity. In Jaffna home gardens compared to the chemical pesticides, neem based products are easily available and economic
to suppress the pest population build-up. The demand of organic Moringa leaves in export sector has increased in recent
years; therefore there is a need for good quality organic leaves in the market. Neem products such as 1% neem oil, 3% neem
seed kernel extract and 2.5g/L neem leaf extract can be sprayed on the leaf surface to prevent leave damage by the larvae.
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Abstract— The method that humanity has adopted to hydrate and thus give life to the plants, imitating the model that was
most visible, is the rain. However, the great secret to the contribution of nutrients to the vegetables, the irrigation itself, is on
earth, in the groundwater layers and aquifers that hoard and administer the water, keeping every drop of rain and
distributing the water through the basins, underground rivers, watering indirectly from the mountain to the sea. The key is in
the different circulation velocities of the groundwater because of the nature of the substrates. However, agriculture has taken
irrigation from above as we know it and has focused especially on drainage capacity. From this point of view, saline water is
not beneficial for irrigated agriculture, but may be the only source of irrigation water in large arid regions, especially in
developing countries, where the extreme scarcity of freshwater and the rapidly growing population require more water.
When considering the possibility of watering with seawater without desalinating, always by means of capillarity systems, it is
essential to take into consideration the different strata of soils, the distance to the groundwater, the composition of seawater,
the capacity of drainage, chemical reactions of the soil with salts, etc. The modification of any of these parameters can
produce effects of salinization, loss of humidity or desertification among others.
This study presents the accumulated experience through the joint collaboration between the Centre for Research in Security
and food Control of the Polytechnic University of Catalonia (CRESCA) and the Aqua Maris Foundation in capillary
irrigation and it proposes a system and device that allows the controlled development of different vegetal species using
brackish and seawater.
Keywords— desertification, desalination, reuse, underground stream seawater.

I.

INTRODUCTION

The United Nations, within the framework of its sustainable development programme called Agenda 21, establishes that
desertification is the degradation of land in arid, semi-arid and dry sub-humid areas resulting from various factors, including
variations climatic and human activities.
Desertification affects about one-sixth of the world's population, 70 percent of all drylands, which represent 3.6 billion
hectares, and a quarter of the world's total land surface.
The most obvious impact of desertification, in addition to widespread poverty, is the degradation of 3.3 billion hectares of the
total grassland area, constituting 73% of grasslands with a low potential for human and animal load capacity; Decrease in soil
fertility and structure in approximately 47 percent of dry areas that are rainfed, marginal farmland; and degradation of
irrigated farmland (United Nations 1992).
The main causes of desertification are climate, erosion, ecological factors-the type of soil and ecosystem-and human action.
Erosion is the prelude to desertification, because when the air and water drag the surface particles of the soil, it loses the
fertile layer, and remains unprotected, being increasingly slow regeneration of the vegetation cover. Difficult-to-drain terrain,
torrential rains or drought are other phenomena responsible for desertification.
But the most damaging factor, together with climate change, is human activity. Fires, indiscriminate logging,
overexploitation of aquifers, intensive crops, with massive use of chemicals, and some forestry practices (forest or mountain
cultivation) are some of the examples of human intervention. In the world there are more than a hundred countries with arid
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and semi-arid conditions. Africa is the continent most damaged by desertification; He is followed by Asia, Latin America
and the Caribbean. Also, southern Europe and Spain (FAO 2000).
In counterpart, about 70% of the entire planet is covered by liquid water, being the most abundant resource in the surface
layer of the earth. However, its distribution is very variable: in some regions it is very abundant, while in others it is scarce.
However, the total amount of water on the planet does not change (Aparicio 1987) and moreover, about 97,5 % of this 70%
of liquid water is saltwater.
Water exists in solid (ICE), liquid and gaseous (water vapor) form that can be observed in oceans, rivers, clouds, rain and
other forms of precipitation in frequent changes of state. Thus, surface water evaporates water from clouds precipitate, rain
seeps into ground and runs to the sea. The whole of processes involved in the circulation and conservation of water on the
planet is called hydrological cycle or, more precisely, geohydrologic cycle (Pidwirny 2006).
Fresh water is a renewable resource, but it is also finite. Around the world there are many signs that human use of water
exceeds sustainable levels. The depletion of groundwater, the low flow of rivers and the worsening of pollution levels are
among the most obvious indicators of water stress (Postel 2000). Thus, for example, global demand for water has tripled
approximately since the mid-twentieth century (McCully 1996).
The World Health Organization (WHO) considers that the adequate amount of water for human consumption (drinking,
cooking, personal hygiene, and household cleaning) is 50 L/HAB-day. The necessary contribution to agriculture, industry
and, of course, to the conservation of aquatic, fluvial and, in general, freshwater-dependent ecosystems must be added to
these quantities. Considering these parameters, it is considered a minimum amount of 100 L/HAB-day. (Howard & Bartram
2003)
The destination applied to fresh water consumed varies greatly from one region to another on the planet, even within the
same country. Generally, the high consumption of drinking water is given in rich countries and, within these, urban
consumptions double to rural consumptions. At the global level, some 3,600 km3 of freshwater for human consumption are
currently being extracted, that is, 1,600 liters/HAB-day, of which, approximately the half is not consumed (it evaporates,
infiltrates to the soil or returns to some channel) and, of the other half, it is estimated that 65% is destined to agriculture, 25%
to industry and only 10% to domestic consumption.
According to WHO, in 2010, 87% of the world's population, i.e. 5.9 billion people, had sources of potable water supply. On
the contrary, almost 39% of the world's population, or more than 2.6 billion people, lacked improved sanitation services.
Currently, more than 1.2 billion people consume water without health guarantees, which causes between 20,000 and 30,000
daily deaths and a large number of diseases (WHO & UNICEF 2017).
Water management aims to improve the quantity and quality of the water available. The ways to achieve this are: to regulate
the use of surface water and groundwater, to develop alternative water sources, to rationalize their consumption, to control
the supply of pollutants and to recover the initial conditions by means of purification processes. The objective of a good
water state should be pursued in each watershed, so that the measures relating to surface water and groundwater belonging to
the same ecological, hydrological and hydrogeological system are coordinated (Directive 2000/60/EC).
From this perspective, the reuse of purified water is an essential element of the natural water cycle and, in fact, it is envisaged
as a measure to solve the problems of water scarcity.
Reuse is very valuable for agriculture, since it guarantees the resource continuously. Its application is a common practice in
many areas, especially in the arid and semiarid regions. In this respect, in Spain, in December 2007 the Royal Decree
1620/2007 was promulgated, which established the permitted uses and the criteria of quality, of minimum frequency of
sampling, of reference point for the analytical methods and of conformity (BOE December 8th 2007).
On the other hand, seawater is a concentrated solution of inorganic salts that serves as a habitat for countless living beings,
with plankton being the most important volume of biomass, consisting mainly of algae (phytoplankton) and microscopic
animals (zooplankton). The waters located on the continental shelf are generally greenish due to the presence of chlorophyll
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and other fito-pigments, and by some substances contributed by the soluble humus of terrestrial origin. It is by far the area of
greatest richness and diversity in marine species (Custodio & Llamas 1983).
The composition of the sea water varies according to its origin or marine characteristics, being of higher concentration of
salts in warm places with little renovation as in the Mediterranean, and smaller in semi-enclosed places with abundant
continental contributions like the Baltic Sea (Grasshoff et al. 1999).
Given the high rates of pollution of rivers, reservoirs and groundwater, an important option is presented: desalination of
seawater to obtain consumable water (Lechuga et al., 2007).
As far as the demand for desalinated seawater is concerned, its demand has increased considerably in recent years. This is
due, above all, to the serious shortage of water resources that is being suffered in various parts of the world. The three most
important processes in the desalination of brackish or marine water are: Reverse Osmosis (RO), Multi-Effect distillation
(MED) and instantaneous multi-stage Distillation (MSF) (Veza 2002).
In recent years, the idea that water management should be understood as an instrument in the service of an explicit territorial
policy has been reinforced and that it is also supported by the growing demand for integration between water management
and Sectoral policies (Del Moral 2009). From this perspective, this study proposes the direct use of seawater, without going
through a process of previous desalination, as a fluid to be used in the irrigation of various types of cultivation. To this end, a
set of experiences jointly carried out by CRESCA and the AquaMaris Foundation, aimed at demonstrating its viability in
both outdoor and greenhouse crops, is collected.

II.

MATERIAL AND METHODS

All the experiences that are related in this study have in common that seawater was circulated underground. In this way, by
capillarity, seawater was dispersed through the corresponding solid substrate and roots of the selected plant species had
access to the moisture and nutrients contained in this fluid as it can be seen in the explanatory diagram of Figure 1.

FIGURE 1. Supply of moisture and nutrients to the solid substrate by means of an underground stream of
seawater
2.1

Background

In the facilities of the AquaMaris Foundation, a first experience was made to determine the correlation between the distance
between the groundwater flow of brackish or marine water and the roots of the selected plant species (radish, lettuce, parsley,
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cabbage, chard, arugula, basil, endive or tomatoes, as well as an ornamental plant). To this end, a small garden of three levels
was built. At the lower level, the different plant species were 40 cm from seawater; In the intermediate level at 80 cm and in
the upper to 110 cm. Figure 2 shows schematically the construction work done to develop this experience.

FIGURE2. a) Scheme of the operation of the experimental garden of three levels (40/80/110cm regarding the
seawater level b) Actual structure enabled in the AquaMaris Foundation
The type of terrain used in this experiment was a clay composition, with a high capacity for moisture retention and
capillarity, but little drainage. In addition, a substrate was incorporated as a filter, consisting of a mixture of materials with
very specific physicochemical characteristics, which allowed the passage of water to the upper layers and, simultaneously,
was able to significantly reduce the conductivity of the water. This was intended to recover the soil in an easy way, without
having to replace it.
Although this experience was subject to the rainfall regime of the Mediterranean basin, the viability of the use of seawater
was demonstrated. What's more, a similar experience was designed and developed in the Atacama Desert, with satisfactory
results (Gutierrez 2017).
The viability of the use of seawater as an underground supply of moisture and nutrients, in a second phase, was determined to
delimit the conditions in which certain crops could be viable. For this purpose, four containers were enabled as shown in
Figure 3.

FIGURE 3. Form and measurements of the containers used
At the bottom of these containers a 3 cm thick air chamber was prepared which was subsequently used for the circulation of
seawater. These four vessels were separated into two groups. The first of them was left to the mercy of the influence of the
rain. On the contrary, the second was kept in guard.
In the two vessels of the first group, two types of substrates were used, one consisting of a mixture of sandstone enriched
with compost (A) and the other based on clayey soil of low organic matter content (B).
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Each container was subdivided into three zones. In each zone a layer of sandstone was deposited as a filter between the
seawater and the corresponding substrate. The different thickness of this sandstone layer was 14 (A1, B1); 27.5 (A2, B2) and
41 (A3, B3) cm. The second layer was a mixture of sandstone and compost at 50%(v/v)and its thickness was adjusted to that
of the sandstone layer, so that its thickness was limited leaving a space of 10 cm to the edge of the container. The selected
vegetables were: chard, dandelions and tomato cherry and during the first two weeks were irrigated with freshwater (public
network) to ensure their roots in the field.
Schematically, the distribution of the selected vegetables in each of these two containers is shown in Figure 4.

FIGURE 4. Distribution of tomatoes, dandelions and chards in containers
On the other hand, the other two containers were protected from the influence of the rain, so that the selected vegetables
could only receive water either through the environmental humidity, or from the seawater deposited in the bottom of the
vessel renewed periodically, except during the first two weeks, as in the previous case, were irrigated with fresh water, to
ensure their roots in the ground.
On this occasion, the selected vegetables were lettuce and tomato cherry and the sandstone layer presented two levels, 25 and
75% of the useful height of the vessel, i.e 15.5 and 46.5 cm, respectively. The second layer, as in the previous experience,
was the same mixture of sandstone and plant compost at 50% and its thickness reached up to 10 cm from the rim of the
container. The two groups of recipients were allowed to evolve over a three-month period.
On both occasions, a control vessel was used to grow the selected plants with water from the public network. The
composition of the land was compost plant 100%.During the growth period of the selected vegetables, the soil moisture and
conductivity were monitored.
For the monitoring of the soil moisture, with the help of a spatula, a hole of about 20 cm of depth was made on the surface of
the terrain. Once the hole was made, a sample of approximately 10 grams was taken. Later, with the help of a scale, an
accurately known amount was weighed in a Petri dish and was introduced in a stove at 110 º C for a period of 24 hours. Then
it was introduced into a desiccator to room temperature and weighed again. The percentage of soil moisture was determined
from the weight loss.
In containers subject to the influence of rainfall, each time the soil moisture was determined, a sample should be taken in
each of the three zones in which each vessel was divided (see Figure 4) and another, corresponding to the control vessel. In
the second experience, it was only necessary to take two samples of each container and another one, corresponding to the
control vessel.

The soil moisture and the conductivity were determined. To do so, the dry specimen from the previous test was
introduced inside a bottle with a screw cap. Immediately, 80 mL of distilled water was added, and mechanical agitation was
proceeding, with the help of a magnetic stirrer, for a period of 30 minutes. It was then left to rest for a period of 24 hours and
the contents of the vial were filtered. The filtrate was used to determine conductivity by conductivity Jeulin JLC20.
In the containers to which the access to rain was restricted, a control was made of the evolution of the plants through the
moisture content in the plant freshly harvested; The content of organic matter, obtained by calcinations and the pH of the
Ashes.
The humidity was determined as the loss of weight of the newly harvested vegetable at a temperature of 110 ºC over a period
of 24 hours. The organic matter content was determined as the weight loss of the dried vegetable at 110 ºC after being
calcined at 470ºC for 4 hours.
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The pH was determined in the fraction of soluble ashes, from previous calcination, by means of a Phmetry Thermo Scientic
Orion 2 Star.
It was systematically preceded as follows: From each sample, two thirds of the ashes were treated with 100 mL of distilled
water in a beaker of 200 mL and kept boiling for a period of 10 minutes. As they were allowed to cool, the sample was kept
in agitation with the help of a magnetic stirrer. Once ambient temperature was reached, the contents of the beaker were
filtered through a filter paper that had previously been thermally treated at 110 ºC until constant weight. The filtrate was
collected and flushed in a 250 mL volumetric flask.
The viability of the growth achieved in this experiment induced to optimize the behaviour of the material layer in contact
with the seawater, in order to regulate the migration of salts from the seawater to the substrate.
2.2

Optimization of the material in contact with seawater

The initial objective was to determine the height that, by capillary, would reach seawater in presence of different types of
land. For this purpose, specimens made with plastic tubes, of constant diameter (57 ± 5 mm), were prepared and filled with
the tested substrates. These tubes were introduced into containers where water height was predetermined, as shown in Figure
5.

FIGURE 5. Behaviour of specimens with sandstone after four days in contact with seawater
The materials initially selected were: Sandstone of different particle size (coarse, medium and fine), beach sand and compost
plant.
Table 1 shows the particle size of sandstone and beach sand, which had previously been dried at 110 ºC, until a constant
weight was obtained.

TABLE 1
GRANULOMETRIC ANALYSIS OF SANDSTONE AND BEACH SAND
Size

% Thick sandstone

% Medium sandstone

% Thin sandstone

% Beach sand

>2mm

82,5

20,4

2,6

4,3

1-2mm

12,0

31,7

32,3

42,0

<1mm

5,5

34,4

65,6

51,1

In addition to determining the height at which the seawater reached the inside of the specimens, the value of the electrical
conductivity was determined at different levels, once it was considered that the water had reached its maximum height. To
this end, samples were taken of the substrate contained inside the specimen at different levels and dried at 110 ºC for 24
hours. From the dry material, aliquots of 10 grams were taken and each aliquot was introduced inside a container with a
Hermetic seal where 100 mL of distilled water were added. Then, mechanical agitation was proceeded with the help of a
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magnetic stirrer for a period of 30 minutes. It was then left to rest for a period of 24 hours and the contents of the vial were
filtered. The filtrate was used to determine conductivity by a conductivity Jeulin JLC20.
2.3

Tlaloc Device design

From the results obtained in the preceding section, the design of a container suitable for use in a greenhouse was proceeded.
Under the name of Tlaloc (Aztec god of Rain and Earth), the device, shaped like a pot, was designed to optimize the function
it should develop: to allow the use of seawater as a vehicle for the transport of moisture and nutrients, by capillarity, towards
the substrate where the selected plant species are cultivated.
Figure 6 shows the external aspect as well as the various components. The Tlaloc device is composed of three plastic pieces,
these are; The flowerpot, the lid and the ventilation system. A PVC curly vinyl grille is also required.

(a)

(b)

FIGURE 6. a) External appearance of the Tláloc device b) Complementary components
Figure 7 shows an outline of how the Tlaloc device works. Conceived and designed to be used in a greenhouse, the lower
supports are bored in order to allow the circulation of seawater that will contact the substrate selected for each type of crop.
On the upper part is the cover that incorporates the condensation and ventilation system. In its central part it has a hole where
the cylinder is inserted with the plant to be cultivated.

FIGURE 7. Diagram of the Tláloc device
2.4

Experiences with the Tlaloc device

The cultivation of Chard was followed (Beta vulgaris var. Cycle) inside a greenhouse. The plant, of 160 plants, was bought
to the company Semilleros Rovira S.C. P located in Cabrera de Mar. Different experimental series were set up in which
different experimental conditions were compared, especially the thickness and composition of the different substrates
contained inside the 28x18 cm Tlaloc device. Sandstone was used (with a particle size greater than 2 mm), beach sand (with
a particle size between 1-2 mm) and Floradur vegetal compost, with an electrical conductivity between 25-50 mS/cm and a
pH between 5.5-7. This substrate contains an NPK fertilizer in proportions 18-10-20.
Four different treatments were used plus control. The variation of the treatments was the filter used and the height of this.
The filters used were beach sand (A) and sandstone (S) and the filter heights were 6 cm (A1/S1) and 20 cm (A2/S2). The
treatment used as a control (C) had only compost.
For each treatment 32 devices were used Tlaloc arranged in 4 trays and in rows of 8 devices per tray.
After 43 days it was collected and the analysis of the product was carried out, preserving a part to make the study of the
conservation. To carry out the study of conservation were taken all the chard of the same treatment, were mixed and
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elaborated 15 trays of porexpan per treatment, of approximately 100g of weight, closed with paper film and were kept in
refrigeration for 12 Days at 4 ± 1 ºC. The parameters evaluated were moisture, mineral matter, ascorbic acid, content in Na+,
K+, Ca2+ and Mg2+, colour and various plant measures such as weight, height and leaf amplitude.
The results showed that the conservation of the chard was similar between those irrigated with red water and those irrigated
with seawater. In the case of chard irrigated with seawater, it was determined that the height of the filter (6 or 20 cm) was of
greater importance than its composition (sand or sandstone) in parameters such as humidity and ascorbic acid.
Figure 8 shows a general view of the interior of the greenhouse after planting the whole chard and after 23 days.

FIGURE 8. General view of the greenhouse a) freshly planted chard b) the same chard after 23 days.

The fresh weight was determined by weighing the whole of the chard collected in each test with an accuracy of ± 0, 1g. The
result was expressed in g.
The humidity was determined by the Gravimetric method AOAC 931.04, weighing 50 ± 0,01g of fresh and cut sample,
keeping it at 60 ºC, up to constant weight (48 h approximately) in a vacuum stove. The moisture content was calculated by
weight difference and expressed as a percentage of water (%). The humidity was determined at the time of collection (day 0)
and during the conservation process on days 2, 6, 8 and 12.
The colour of the chard leaves was determined using a KONICA MINOLTA CR-400 colorimeter with aperture size of 8mm
and Illuminate D65. The different colour parameters that were determined from the coordinates in the CIELAB space were:
L *: luminosity, Degree of clarity where 0 = black and 100 = white.
A *: chromaticity, Green (-a) and red (+ a).
b *: Chromaticity, Blue (-b) and yellow (+ b).
From these parameters the corresponding colour index (IC) was determined, according to:
IC = b * x 1000/a * x L *
The ascorbic acid was determined by the method AOAC 967.21, based on the redox volumetry which has as reagent titrating
the DCPI (2.6-diclorofenolindoenol). Before the volumetry, a standardization of the DCPI was performed with a solution of
ascorbic acid of known concentration (0.1 g/L). The results were expressed in mg of ascorbic acid/100 g of fresh specimen.
The AOAC 971.33 method was followed for the determination of the mineral matter. Starting from the dry matter, 1.5 ± 0
were weighed, 0001g in an analytical balance Scaltex SBC 33 and calcined at 470 ºC during 4h until obtaining white ashes.
The residue obtained was weighed to obtain the% of mineral matter (M.M.) and the% of organic matter (M.O.).
Subsequently, the ashes were dissolved in 15 mL of hot 3M nitric acid. Once cooled, the insoluble residue by filtering was
separated by a filter without Ashes. The filtrate was carried to a volume of 50 mL. From this acid extract, calcium and
magnesium were determined by atomic absorption spectroscopy and sodium and potassium by flame photometry.

III.
3.1

RESULTS

Background

The first experimental test, consisting of a structure of 3 levels of height with an artificial groundwater layer of seawater,
presented as main objective to have a soil with a drainage capacity related to the depth to the groundwater.
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The first plant species used was chard (Beta vulgaris var. Cycle). It was observed that the growth of this species varied
considerably from one level to another. But it not only changed the size of the plant (something acceptable because of
overexposure to sea water at the lower levels) but also its flavour.
By checking that the chard was growing in all three levels, other species such as arugula, tomato, cabbage, pepper, basil or
lettuce were started to be tested.
3.2
3.2.1

Container construction
Evolution of the land

Figure 9 shows the development of chard, dandelion and cherry tomatoes in containers that were exposed to rain. Obviously,
the growth was more pronounced in the container with substrate with high content of organic matter.

(a)

(b)

FIGURE 9. Influence of the chemical composition of the substrate on the growth of plants after 23 days of
planting a) high organic content b) low organic matter content.
The follow-up of the experimental parameters gave the following results:
Soil moisture
The percentage of humidity obtained was higher in the control vessel, which had been irrigated with network water. As far as
the humidity determined in the two containers subjected to irrigation with seawater by capillarity is concerned, the container
A, with high content in organic matter, presented a higher percentage compared with the container B, with little content in
organic matter, especially in the initial rainy period (April), as it can be seen in Figure 10.
As the rain was waning and the ambient temperature was increasing, the difference between the two vessels was lower, with
a tendency to equalize to values less than 10%.
In containers that were not subject to the influence of rain, it was found that the humidity of the control vessel was only
slightly higher than that of the vessels that received water supply by capillarity. This behaviour, initially not expected, was
attributed to different factors, highlighting the composition of the substrate and the fact of not having the influence of the
weather.
However, during the development of this experiment, periodically, both the irrigation with fresh water in the control vessel
and the seawater in the containers subjected to capillary irrigation with seawater were limited. In this way, the ability to
recover moisture depending on the composition of the substrate was revealed.

%Humidity

Trend substrate % moisture: average
values
40.0
30.0
20.0
10.0
0.0

A
B
0

2

4

6

8

Control

Temporal evolution April-June

FIGURE 10. Temporal evolution of humidity percentage: A) container with vegetable compost B) container
without vegetable compost. Control) control container.
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As it can be seen in Figure 11, the value of the moisture percentage experienced a decrease in the three containers. The
control vessel and the vessel with a sandstone layer of 25% of the useful height of the vessel presented to each other a much
more synchronized behaviour than the vessel with a sandstone layer of 75% of the useful height of the vessel. After an initial
period with different alternatives, both substrates ended up converging towards the end of the experience towards values of
30% of humidity. It should be noted that these percentages trebled those obtained in the experiences exposed to the weather.

Trend substrate % moisture: average values
60

% Humidity
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R75
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Temporal evolution April-June

FIGURE 11. Temporal evolution of the humidity percentage: R25) container with a sandstone layer of 25%
of the useful height. R75) container with a sandstone layer of 75% of the useful height. Control) control
vessel.
3.2.1.1 Conductivity of substrates
In the substrates that had the influence of the weather, the results obtained in the percentage of humidity were complemented
by those of the conductivity, since the values obtained in the container B were, systematically, higher than those obtained in
container A, as shown in Figure 12.

Substrate conductivity: average values trend
1.40

Conctivity mS/cm

1.20
1.00
0.80
A

0.60

B

0.40

Control

0.20
0.00
0
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4

5

6

7

Temporal evolution April-June

FIGURE 12. Temporal evolution of the substrate conductivity: A) container with vegetable compost. B)
Container without vegetable compost. Control) control container.
This behaviour was attributed to the contribution in inorganic compounds of the selected substrate. Only in the case of strong
rainfall, greater than 5 L/m2, this parameter provided anomalous results, as a result of the leaching effect of the fallen water
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on the ground. As far as the control vessel is concerned, freshwater irrigation caused the value of the conductivity to show a
tendency lower than that of the selected substrates.
On the other hand, in the substrates those were not subjected to the inclement weather, the values of the conductivity showed
a significantly lower dispersion (Figure 13). On the contrary, the experimental values of the control vessel were lower, and,
in addition, they experienced a greater dispersion, attributable to manual irrigation with fresh water.

Conductivity mS/cm

Substrate conductivity: average values trend
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FIGURE 13. Temporal evolution of the conductivity of the: R25) container with a layer of sandstone of 25%
of the useful height. R75) container with a layer of sandstone of 75% of the useful height. Control) control
vessel.
3.2.2

Evolution of vegetables

First of all, the samples were prepared. In the case of lettuce, samples were taken from the aerial part of the plant and from
the roots. Table 2 shows the results of moisture and content in organic matter.
As far as the percentage of humidity is concerned, the lettuce leaf developed in the control vessel showed a slightly higher
value than the lettuce leaves developed in vessels with capillary irrigation. This result was consistent with the percentage of
humidity determined at 20 cm depth in the different containers.

TABLE 2
MOISTURE PERCENTAGE IN FRESHLY PICKED LETTUCE AND PERCENTAGE OF ORGANIC MATTER AND
AVERAGE PH VALUES IN ASHES
Code
Leaf L75
Leaf L25
Leaf LC
Roots L75
Roots L25
Roots LC

% Humidity
% Organic material
89,96 ± 1,95
72,60 ± 0,50
89.93 ± 0,75
64,86 ± 0,65
94,23 ± 1,15
67,78 ± 0,45
67,65 ± 0,88
65,28 ± 1,10
80.97 ± 1,05
75,29 ± 1,25
82,97 ± 0,95
84,98 ± 0,95
L75: lettuce developed in the bowl with 75% useful height of sandstone
L25: lettuce developed in the bowl with 25% useful height of sandstone
LC: lettuce developed in the control container

pH
10,3
9,6
10,3
7,9
9,9
10,9

The percentage of humidity determined in the roots of the plant, the control vessel showed a slightly higher value than the
plant developed in the vessel with a layer of sandstone coinciding with 25% of the vessel's useful height. On the contrary, the
roots that were developed in the vessel with a layer of sandstone coinciding with the 75% of the vessel's useful height
showed a significantly lower value.
On the other hand, the percentage of organic matter determined in lettuce leaves showed a central value corresponding to the
plant developed in the control vessel. Paradoxically, the value corresponding to the plant developed in the vessel with a
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useful height of 75% of sandstone showed the highest percentage. However, when the results were considered for the roots,
the control value exceeded by far the other two values.
All the ashes, after being treated with distilled water for 10 minutes, showed alkaline pH values. If the specimen block
corresponding to the leaves is considered, these values oscillated between 9.6 and 10.3 pH units. When the block
corresponding to the samples for the roots was considered, a greater dispersion was observed, between 7.9 and 10.9 pH units,
corresponding to the value of 7.9 to the sample developed in the vessel with a 75% of useful height of sandstone and that of
10.9 to the control vessel.
Table 3 shows the results corresponding to the sherry tomato. Results were obtained from roots, stems, leaves, and fruits. The
lower percentage of humidity was determined in roots, being the control vessel where the lowest of the values were
determined, whereas in the containers subjected to the capillarity regime with seawater, practically identical values were
obtained.
The other three parts considered (stem, leaf and fruit) showed values of the same degree of magnitude, significantly higher
than those determined in the roots.
When the values of organic matter were determined, the higher percentages were determined in the roots and, unlike the
experience with the values of the humidity, the percentages in organic matter were not of the same order of magnitude in the
stems, leaves and fruits.
The lower percentages of organic matter were determined in the stem. While the lesser of them was the one corresponding to
the tomato developed in the container with a 25% useful height of sandstone, the other two values were, practically,
equivalent.
This situation was repeated with the results determined in the leaves. However, on this occasion the other two results were
very different from each other, presenting the highest value the control vessel.
Finally, the values determined in the fruit were very scattered among themselves, presenting the least of them in the control
vessel.
As in the experience made with lettuce, all the ashes, after being treated with distilled water to boiling for 10 minutes,
presented alkaline pH values. The vast majority of the values determined exceeded the 10 pH units.

TABLE 3
HUMIDITY PERCENTAGE IN FRESHLY HARVESTED TOMATO SHERRY AND PERCENTAGE OF ORGANIC MATTER
AND AVERAGE PH VALUES IN ASHES
Code
Roots T75
Roots T25
Roots TC
Stem T75
Stem T25
Stem TC
Leaf T75
Leaf T 25
Leaf TC
Fruit T75
Fruit T25
Fruit TC

3.3

% Humidity
% Organic material
71,16± 1,75
86,03±0,95
71,99± 1,30
85,00±1,15
67,65± 1,55
85,74± 1,05
87,45± 0,85
66,92± 0,60
89,17± 0,75
54,54± 0,60
91,96± 0,70
65,83± 0,65
85,53± 1,15
77,91± 0,70
86,14± 1,25
68,37± 0,55
82,92± 1,20
84,75± 0,60
88,83± 1,85
76,04± 0,50
87,10± 1,90
68,80± 0,40
89,28± 1,85
53,33± 0,55
T75: Tomato developed in the container with a 75% useful height of sandstone
T25: Tomato developed in the container with a 25% useful height of sandstone
TC: Tomato developed in the control container

pH
9,7
10,3
10,8
10,6
9,9
10,1
8,6
9,1
10,5
10,0
10,9
10,6

Optimization of the material in contact with seawater

From the selected materials (sandstone, beach sand and compost), the different combinations included in Table 4 were
initially tested.
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TABLE 4
SELECTED SOIL COMPOSITIONS
Composition
Thick sandstone 100%
Medium sandstone 100%
Thin sandstone 100%
Vegetable compost 100%
Sand beach 100%
90% Thick sandstone 10% Vegetable compost
90% Medium sandstone 10% Vegetable compost
90% Thin sandstone 10% Vegetable compost
90% Sand beach 10% Vegetable compost
50% Thick sandstone 50% Vegetable compost
50% Medium sandstone 50% Vegetable compost
50% Thin sandstone 50% Vegetable compost
50% Sand beach 50% Vegetable compost

1
2
3
4
5
6
7
8
9
10
11
12
13

The incorporation of compost originated instability in each mixture introduced inside the specimen, so that, with the passage
of days the height of all the mixtures decreased significantly. This behaviour was attributed to the high humidity of the
compost compared to sandstone and beach sand. Table 5 shows the percentage of humidity determined by weight loss at 110
ºC.
In a second experience it was decided to use the previously desiccated compost at 110 ºC until constant weight, analogous to
how it had been done with the sandstone and beach sand. Even so, the experimentation with the compost was definitely left
aside because, as much as it reduced its degree of humidity, the difficulties when compacting it in the tubes were very large
due to the large amount of air that it contained and did not present the GA Warranties enough to obtain reproducible results.

TABLE 5
WEIGHT LOSS BY DRYING UP TO CONSTANT WEIGHT AT 110ºC
Material
Thick sandstone
Medium sandstone
Thin sandstone
Sand beach
Vegetable compost

Percentage
1,86%
2,76%
2,58%
Inappreciable
62,18%

Finally, coarse sandstone and beach sand were chosen as substrates to be used to systematically determine the height at
which sea water rose and the variation of electrical conductivity attributable to this ascent.
Two series of 4 tubes were set, all of them, of the same diameter (57 ± 5 mm) and height (68 cm). In order to establish the
influence of water’s height contained in the containers, an experience was programmed in which half of the tubes were
immersed 2 cm in the water and the other half 3cm,for a period of five days. This experience was made with coarse
sandstone and beach sand. Table 6 shows the results obtained with coarse sandstone after the first 5 days, in the 68 cm high
specimens.

TABLE 6
HEIGHT OF SEAWATER INSIDE THE SPECIMENS OF 68 CM IN FIVE DAYS
Day
3
4
5

Initial level of water (cm)
2
3
2
3
2
3

Gross height (cm)
15,9
16,6
16,6
17,8
17,9
18,9

Net height (cm)
13,9
13,7
14,6
14,9
15,9
16,0

Ascent speed (cm/day)
4,6
4,6
3,7
3,7
3,2
3,2

After these 5 days, only in the container in which the specimens were submerged 2 cm in seawater, the same initial volume
of seawater was added.
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Table 7 shows the results obtained with coarse sandstone from the fifth day in the 68 cm high specimens.

TABLE 7
EIGHT OF THE SEAWATER INSIDE SANDSTONE’S SPECIMENS OF 68 CM FROM THE FIFTH DAY
Day
5
7
10
12
17
20

Initial level of water (cm)
3,4
1
3,4
1
3,4
1
3,4
1
3,4
1
3,4
1

Gross height (cm)
18,3
18,6
20,3
20,3
22,6
22,5
24,0
23,8
25,7
25,7
28,6
28,1

Net height (cm)
------2
1,7
4,3
3,9
5,7
5,2
7,4
7,1
10,3
9,5

Ascent speed (cm/day)
--------1
0,8
0,9
0,8
0,8
0,7
0,6
0,6
0,7
0,6

The results obtained in this experience showed the null influence of the different level of sea water inside the container.
The tested levels were 3 and 4 cm in the experiment made with 28 cm high specimens. The experimental results obtained for
five days are shown in table 8.

TABLE 8
HEIGHT REACHED BY THE MARINE WATER INSIDE THE TEST PIECES OF 28 CM
Day
3
4
5

Initial level of water (cm)
3
4
3
4
3
4

Gross height (cm)
18,1
18,6
19,2
19,7
20,5
20,9

Net height (cm)
15,3
14,6
16,3
15,7
17,6
16,8

Ascent speed (cm/day)
5,1
4,8
4,1
3,9
3,5
3,4

On this occasion, the net values of the height reached by the seawater inside the test tube were slightly higher than those of
the experience carried out with 68 cm high specimens (see table 6). However, when the average velocity values were
considered, a convergence was found in this parameter on the fifth day.
Five days later, in one container the specimens were submerged 3cm in seawater, the same volume with which the
experience began, while in the other container no volume of seawater was added.
When the control of seawater height reached inside the specimens was retaken, the reference values were 20.4 and 21.0 cm,
respectively. Table 9 shows the results obtained with coarse sandstone from the fifth day in the 68 cm high specimens.

TABLE 9
HEIGHT OF SEAWATER INSIDE THE TEST PIECES OF 28 CM FROM THE FIFTH DAY
Day
5
7
10
12
17
20

Initial level of water (cm)
3,4
1
3,4
1
3,4
1
3,4
1
3,4
1
3,4
1

Gross height (cm)
20,4
21,0
22,8
23,1
25,7
25,6
26,9
26,6
25,7
25,7
29,5
28,4

Net height (cm)
------2,4
2,9
5,3
5,6
6,5
5,6
7,4
7,1
9,1
7,4

Ascent speed (cm/day)
--------1,2
1,4
1,1
1,1
0,9
0,8
0,6
0,6
0,6
0,5
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Both experiences showed a convergence in the values of the average velocity of ascension of seawater by the inside of the
specimens, regardless of their height, towards values of the order of 0.6 (cm/day), as it can be seen in Figure 14.

Upward speed (cm/day)

6
5
4
3
tube test 68
2

tube test 28

1
0
0

5

10

15

20

25

Days

FIGURE 14. Temporal evolution of the ascending velocity of seawater inside the specimens
When the experience with beach sand was repeated, the ascent of the seawater inside the specimens was much smaller,
compared to the results obtained with the sand stone. Such is the case that in 35 days the ascent observed in both types of
specimens was 9.3 cm which is equivalent to an upward velocity of 0.26 cm/day.
This difference between the values of the ascending velocity was justified by the different particle size of both substrates.
Thus, in the coarse sandstone used, the particles of more than 2 mm diameter predominate, while in the sand of the beach the
predominant particle diameter was less than 1 mm (see table 1). This difference in the predominant size of the particles
caused the degree of compaction to be significantly higher in the beach sand, so that the capillary capacity of this substrate
decreased.
On the other hand, samples were taken from inside the specimens at different levels. Experimentally, it was necessary to
gradually empty each specimen from the upper part and take the corresponding aliquots at the previously determined heights.
As a reference point, the maximum height delimited by seawater was considered within the container where the specimens
were inserted. From that height, the different levels were set. Table 10 shows the experimental values that were considered
for the specimens of 68 and 28 cm of height, as well as the corresponding values of the conductivity.
The values of the conductivity were decreased as the aliquots were taken at a higher height than the sea water level in the
vessel, with convergent values starting at 17 cm height.

TABLE 10
CONDUCTIVITY VALUES VS HEIGHT REACHED BY SEAWATER INSIDE THE TEST TUBE
Test tube 68 cm height
Height above seawater level
Conductivity (mS/cm)
(cm)
3,6
1,49
8,1
0,94
12,6
0,76
17,1
0,61
3.4

Test tube 28 cm height
Height above seawater level
Conductivity (mS/cm)
(cm)
0,7
1,99
6,7
1,18
12,7
0,82
18,7
0,63

Experiences with the Tlaloc device

In order to determine how the different variables that were contemplated in the experiment affected: irrigation water,
substrate and filter height, and to obtain a first approximation of the useful life of the product, the study was focused from
two slopes.
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First, it was determined how it affects the irrigation with seawater on the different quality parameters of the chard as they are:
moisture, mineral matter, Ca2+, Mg2+, Na+ and K+ content, ascorbic acid, colour, weight, height and leaf width. Secondly, it
was determined how some of these quality parameters evolve over 12 days in the product preserved at 4 ± 1 ºC.
3.4.1

Characteristics of the irrigation water used.

Table 10 shows the characteristics of the two types of water used, the control (water network) and seawater, both obtained in
the locality of Badalona.
As expected, seawater presented a very high mineral content, which resulted in that its value of conductivity was of the order
of 40 times higher than that of the net water, being the predominant anions chlorides and sulphates while the cations
Majoritarian were sodium and magnesium. As far as the pH values are concerned, they were very similar around the neutral
pH.

TABLE 10
CHARACTERISTICS OF IRRIGATION WATERS USED IN THE CULTIVATION OF SWISS CHARD
Badalona seawater

3.4.2

pH: 7,03
Conductivity: 39,8 mS/cm
Ions (mg/L)
NH4+
< 10

K+
260

pH: 7,31
Conductivity: 985 μS/cm
Ions (mg/L)
NH4+
<1

K+
13

Na+
Ca2+
Mg2+
10060
435
1280
Badalona fresh water
Na+
99

Ca2+
87

Mg2+
23

Cl15882

SO422305

NO2< 10

NO360

Cl139

SO4288

NO2<1

NO37

Effect of seawater on different quality parameters

3.4.2.1 Effect of filter height (6 or 20 cm) on moisture content and mineral matter
With regard to the effects of the height of the filter used, it was observed that those samples with less filter height (6cm),
regardless of the material used (sand beach or sandstone), showed a tendency to retain more moisture.
This behaviour was attributed to the largest amount of compost contained in the TLALOC device. In this sense, he
highlighted the control device (consisting exclusively of vegetable compost) as the sample of chard with higher moisture
content (see table 11). On the contrary, this trend was reversed when the percentage was considered in mineral matter, the
sample of control being the one that presented the least of the experimental values. In fact, all samples irrigated with seawater
show a mineral content between 4 and 12% higher than the control sample, depending on the treatment.

TABLE 11
PERCENTAGE OF MOISTURE AND MINERAL MATTER ON THE DAY OF HARVEST (D.0) AND EVOLUTION OF
HUMIDITY DURING A PERIOD OF 12 DAYS.
Treatments

Initial
humidity (%)

Mineral
matter (%)

Humidity
day 2

Humidity
day 6

Humidity
day 8

Humidity
day 12

A1 (6 cm)

91,05 ± 2,05

35,59 ± 0,55

92,10 ±1,85

92,21 ± 1,60

91,9 ± 1,35

91,67 ± 1,20

S1 (6 cm)

90,82 ± 1,95

39,09 ± 0,65

91,78 ± 1,95

90,42 ± 1,50

90,83 ± 1,55

91,16 ± 1,10

A2(20 cm)

89,22 ± 1,70

43,53 ± 0,45

88,48 ± 1,50

88,04 ± 1,75

88,09 ± 1,50

88,27 ± 1,25

S2(20 cm)

89,99 ± 1,75

39,31 ±0,55

89,05 ± 1,80

89,65 ± 1,65

88,78 ± 1,40

88,39 ± 1,30

Control

94,37 ± 2,15

31,28 ± 0,60

93,13 ± 1,90

93,91 ± 1,45

93,89 ± 1,50

93,83 ± 1,15

A1/S1 Containers with a 6 cm high sand and sand beach filter, respectively
A2/S2 Containers with a 20 cm high sand and sand beach filter, respectively
When the samples of chard kept inside a refrigerator were treated at 4 ± 1 ºC up to a maximum of 12 days, the humidity of
the control sample showed higher values than the rest of the samples considered (see Figure 15).
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FIGURE 15. Temporal evolution of humidity in chard samples preserved in the fridge
The samples with less filter height (6cm) maintained the tendency to present a higher moisture percentage to the samples
with higher filter height (20 cm), regardless of the type of filter considered (sandstone or beach sand). The samples with a 6
cm filter converged, at the end of this time period, towards humidity values of 91% and the samples with a filter of 20 cm did
it towards values of 88%, while the control sample presented a value of 94%. This showed the influence of the filter height
used: At higher altitude, lower moisture content.
As far as the concentration of alkaline and alkaline metals is concerned, it stands out the low magnesium content in all the
treatments. However, when the values obtained with different filter heights (A1/A2) and (S1/S2) are compared, a tendency is
observed to obtain higher concentrations with the 20 cm filters.

TABLE 12
CONCENTRATIONS OF ALKALINE AND ALKALINE EARTH METALS IN THE FRESHLY COLLECTED SAMPLES,
AFTER BEING DRIED AND CALCINED

Treatment
A1 (6 cm)
S1 (6 cm)
A2(20 cm)
S2(20 cm)
Control

Na+
K+
Ca2+
(g/Kg DS)
(g/Kg DS)
(g/Kg DS)
21,24 ± 0,25
30,41 ± 0,30
13,73 ± 0,15
37,87 ± 0,20
42,03 ± 0,35
26,50 ± 0,25
48,90 ± 0,30
41,86 ± 0,30
26,46 ± 0,20
55,78 ± 0,25
37,05 ± 0,25
30,91 ± 0,20
29,16 ± 0,20
50,82 ± 0,30
21,93 ± 0,25
A1/S1 Containers with a 6 cm high sand and sand beach filter, respectively
A2/S2 Containers with a 20 cm high sand and sand beach filter, respectively
DS, Dry sample

Mg2+
(g/Kg DS)
0,33 ± 0,07
0,77 ± 0,05
0,76 ± 0,04
0,84 ± 0,06
0,71 ± 0,08

When the values obtained in the control vessel were considered, a very high value was observed in the case of potassium, a
fact that was attributed to the composition of the compost plant (NPK 18-10-20).
3.4.2.2 Effect of filter height (6 or 20 cm) on ascorbic acid content
The ascorbic acid content in the samples of freshly collected chard showed a different behaviour depending on the height of
the filter, regardless of whether it was sandstone or beach sand. Thus, samples from vessels with less filter height (6cm)
showed a lower ascorbic acid content than those from a higher-height filter (20 cm). After an irregular evolution during the
first 6 days, with the exception of the samples from the containers with a filter of 6 cm of beach sand, the whole of the
samples presented convergent values towards 11 mg of ascorbic acid/100 grams Initials of Chard at 12 days. Figure 16 shows
this behaviour graphically.
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FIGURE 16. Temporal evolution of ascorbic acid during 12 days
3.4.2.3 Effect of filter height (6 or 20 cm) on the weight, height and width of the chard
Samples from vessels with less filter height (6cm) showed a significantly higher weight than the samples coming with a
higher filter height (20 cm). Among them, the ones from a sandstone filter presented more weight than those coming from a
beach sand filter.
Table 13 shows the relation of weight, height and width of the chard according to the treatment to which they had been
subjected.

TABLE 13
AVERAGE VALUES OF WEIGHT, HEIGHT AND WIDTH OF THE FRESHLY HARVESTED SWISS CHARD
Treatment
A1 (6 cm)
S1 (6 cm)
A2(20 cm)
S2(20 cm)
Control

n
Weight (g)
Height (cm)
32
93,08 ± 18,72
16,86 ± 2,11
32
113,03 ± 10,95
17,73 ± 1,71
32
56,38 ± 8,86
14,48 ± 1,79
32
41,77 ± 12,75
12,30 ± 2,99
32
99,47 ± 47,14
17,00 ± 3,10
A1/S1 Containers with a 6 cm high sand and sand beach filter, respectively
A2/S2 Containers with a 20 cm high sand and sand beach filter, respectively

Width (cm)
11,78 ± 1,99
12,13 ± 2,31
9,58 ± 2,20
8,56 ± 2,26
10,25 ± 1,91

3.4.2.4 Effect of filter height (6 or 20 cm) on the colour
From the experimental values of the parameters determined with the colorimeter KONICA MINOLTA CR-400,it was
proceeded to calculate the corresponding colour index (I.C.).
The results obtained are shown in table 14. The values of IC obtained allowed cataloguing the chards with a bluish-green
colour. Samples from vessels with less filter height (6cm) were closest to the colour of the control sample, especially after
being collected and after 6 days.

TABLE 14
EVOLUTION OF THE COLOUR INDEX (I.C.) OF CHARD FOR A PERIOD OF 12 DAYS
Treatment
A1 (6 cm)
S1 (6 cm)
A2(20 cm)
S2(20 cm)
Control

Initial IC
6th day IC
-36,93 ± 2,25
-36,08 ± 0,85
-37,21 ± 3,54
-36,75 ± 2,76
-35,97 ± 4,62
-36,97 ± 2,54
-35,33 ± 4,66
-38,23 ± 3,46
-38,30 ± 1,29
-35,36 ± 1,84
A1/S1 Containers with a 6 cm high sand and sand beach filter, respectively
A2/S2 Containers with a 20 cm high sand and sand beach filter, respectively

12th day IC
-34,29 ± 3,88
-34,11 ± 3,93
-36,73 ± 3,08
-34,68 ± 2,99
-36,35 ± 1,33
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DISCUSSION

Current patterns of development and production are unsustainable because they lead to overexploitation of aquifers and
rivers, environmental degradation and loss of coastal and indoor wetlands (Marcellesi 2012). In the last fifty years the world
irrigated area has doubled and water withdrawals for agriculture have increased (Siebert et al 2010).
Life in rural areas is in fact facing very serious problems in practically all countries. The scarcity of good quality water
resources is becoming an important issue in arid and semiarid areas. For this reason, the availability of water resources of
marginal quality, such as drainage water, saline groundwater and treated wastewater, has become an increasingly considered
option (Martínez 1999).
Different studies indicate that brackish water can be used successfully for the production of irrigated crops (Al-Karaki 2006;
Niu et al. 2010; Jiang et al. 2012; Malash et al. 2012; Singh & Panda 2012). However, the negative effects on crops may
occur from the use of saline water due to the accumulation of salt in the soil (Rengasamy, 2010; Wan et al. 2010; Huang et
al. 2011; Wang et al. 2015), especially in regions of limited rainfall (400 mm/year). The extension of the salt accumulation in
the different layers of the soil is affected by the specific management of irrigation and local climatic conditions. The
dynamics of water in the soil, the structural stability of soil, the solubility of compounds in relation to pH and the movement
of nutrients and water play a vital role in the selection and development of salinity tolerant plants.
The incorporation of desalinated seawater into irrigated areas is another alternative that has been booming in recent decades.
At the global scale of the main experiences of agricultural irrigation with desalinated water shows that, in many countries
with arid or semiarid climate, and that also have a highly technical agriculture, the desalination of brackish waters It
represents an additional source of water (ANZECC & ARMCANZ, 2000).
The main advantage of desalination of brackish or marine water is its condition as an inexhaustible water resource and not
subject to climatic variations, so strategically it is ideal to systematically increase the availability of water resources for
agricultural irrigation in deficit areas. However, only the most technical crops and with higher economic margins can
withstand the costs of desalinated water (Martínez & Martín 2014). Starting a desalination plant implies an investment and
very high maintenance costs, in addition to a considerable energy consumption that is mainly covered by the use of fossil
fuels, with the environmental damage that this involves.
The effect of soil also plays an important role in those soils affected by salinity. Soils also play an important role, especially
in those affected by salinity. If a soil is saline, but it is not permeable there will not be enough drainage and therefore there
will be a greater accumulation of salts, usually in the area of the roots. For this reason, it is very important to take care of the
drainage and aeration of soils affected by salinity (Maas, 1993).
At the time of irrigation, with the traditional irrigation system, water content in soil is maximum, while the concentration of
soluble salts is minimal. While water is lost by evaporation and by perspiration, the content of salts around the plant
increases. It is for that reason that the more salt content water contains, the more frequent irrigation should be to minimise the
impact of water stress on the crop. However, an excess of watering could cause a lack of air in the soil, particularly with
those very fine particle soils with little porous space (Maas & Hoffman, 1977).
The tolerance of crops to salinity is expressed as the decrease in the yield of a crop in which a saline concentration has been
applied in the root zone, compared to the yield of a crop without the application of a saline solution. (Maas and Hoffman,
1977). This tolerance and the effect that salinity produces on the plant depend on the species and other environmental
conditions. (Shannnon & Grieve, 1999).
Temperature, relative humidity, environmental pollution significantly affects the plant's response to salinity. Most crops
tolerate soil salinity better when there is a cooler, wetter environment. The combination of environmental factors such as
high temperatures (summer temperatures), wind, low humidity (< 50%) Either the drought is more damaging and have a
more negative effect on the plant than the salinity itself (Blankendaal et al. 1972; Maas, 1993).
The first effects of salinity experienced by the plant are those caused by the osmotic effect. Roots are reduced to length and
mass, but not in thickness. The osmotic effect of salinity contributes to reduce the growth rate, changing the colour of the
leaves and slowing the normal growth rate. The ionic effects are usually manifested in leaves and meristems. Thus, large
amounts of Na+ and Cl- accumulate in leaves causing burns.
The symptoms due to lack of nutrients caused by salinity are similar to those suffered by plants irrigated with fresh water, but
with lack of nutrients in the substrate. However, not all effects are negative. In spinach, for example, salinity can have a
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positive effect on disease resistance. On the other hand, the sugar content in the carrot increases with the presence of salts
while the starch content decreases in the potato (Maas & Hoffman, 1977; Shannon & Grieve, 1999).
High salinity in soil’s pores affect plants in several ways. First, the osmotic potential of the soil experiences a descent; This
makes it more difficult for the plant to obtain water from the ground, since the plant should decrease the osmotic potential of
its roots below the osmotic potential of the soil in order to obtain water. Second, the ions from the salt that enter the water
inside the plant can also cause physiological damage because elevated Na+ levels can give high toxicity by the plant(Munns
et al. 2006). This large amount of Na+ in soil’s pores increase competition with the K+ ions, mineral that is essential for the
plant, since the two ions use the same channels to enter inside, giving rise to a lower absorption of K+ and a deficit of this
mine Ral. (De Vos et al. 2016).
On the other hand, there are antecedents in which seawater has been used without desalination as irrigation water for crops.
Already in 1719, there are experiences carried out in the desert of San José de la Isla, where crops were irrigated with
seawater by the Carmelite monks in the area where the convent was located (Esteban-Gómez 1968). Much more recent is the
use of sandy and coastal sea-water belts for growing crops in India (Iyengar 1968).
It also highlights the contribution of Dr. Maynard Murray, who, in the mid-twentieth century, after many years devoted to
medicine, concluded that the biggest cause of health problems came from a shortage of minerals in food, and this deficit
came from the methods used in agriculture. By not having the cultivation of the minerals necessary for its correct growth and
development (trace elements), these nutritional deficits passed both to the cattle and to the people, producing a set of
alterations and imbalances in the organism (Murray 1976).
In the experiments carried out by CRESCA and the Aqua Maris foundation, it has been proven that, in the case of Swiss
chards subjected to the most extreme conditions of the containers isolated from the weather, root growth of the roots has
penetrated the growing medium and the filter zone, reaching the interface with the seawater in the last period of growth of the
plant just before its collection.
To optimize the growth of other plant species, it is necessary to adapt and improve the composition and height of the filter
zone.

V.

CONCLUSIONS

The results obtained experimentally allow affirming that the direct use of brackish or marine water as irrigation fluid, as long
as it is administered groundwater, is viable. However, this necessary condition is not enough. It is necessary to have a
substrate as a filter with certain characteristics (composition and particle size) that allow reducing the saline content and
maintaining the humidity at a sufficient height so that the roots of the cultivated vegetables can absorb enough water and
nutrients without reaching toxicity limits.
In addition, it is necessary to keep in mind the climatic influence (rain, wind, temperature...) As long as this experience is not
carried out inside a greenhouse where the environmental conditions can be regulated.
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Abstract - Given the greater varietal supply of the globe artichoke and evaluating its use for human consumption, it is
important to carry out market positioning work, including the recognition of the newly available cultivars. Sensory analysis
comes up as an important instrument to assess the potential of insertion of artichoke into the market. Within this perspective,
the aim of the present study was to determine the sensorial quality characteristics of three globe artichoke cultivars
produced in the Rosario´s Horticultural Belt and associated with the preference of consumers. The cultivars were Opal,
Madrigal and Romanesco. For sensory evaluation, the method called CATA (Check All That Apply) was used. The results of
the CATA test were analyzed using multivariate statistics, applying the Correspondence Analysis. The most distinguishing
elements between artichokes were the color and aroma. When associating these results with which was the artichoke that
consumers liked the most, it was observed that the Romanesco obtained the best rating. Consumers preferred sweet and
tender artichokes. This information could guide the production strategies of the horticulturists to offer cultivars that meet
these characteristics.
Key words: artichoques, sensory analysis, CATA.

I.

INTRODUCTION

The cultivation of the globe artichoke (Cynara cardunculus var. scolymus L.) in Argentina began at the start of 1900s with
the arrival of Italian and Spanish immigrants. They introduced the first cultivars and adapted their agricultural practices to the
conditions of the local climate and soil. Currently, Argentina is the fourth largest producer of globe artichokes in the world,
after Italy, Egypt and Spain [1].
The Horticultural Belt of Rosario (Argentina) has a long tradition in the production of cultivars destined for fresh
consumption. The edible portion of the plant consists of the flower buds before the flowers come into bloom. The budding
artichoke flower-head is a cluster of many budding small flowers (an inflorescence) together with many bracts, on an edible
basis [2]. Artichokes also have nonfoods as their leaves that they are a source of antioxidant compounds, such as luteolin and
dicaffeoylquinic acids (cynarin) [3], and the roots contain inulin, an oligosaccharide known to have a positive effect on
human intestinal flora, and thus a positive impact on health [4] [5]. It is not only a source of pharmaceutically useful
compounds, but also potentially good energy crop [6][2].
At present, different technologies have been used for the production of the globe artichoke, such as the use of seed
reproductive materials and drip irrigation, which facilitates their production, expanding the varietal spectrum and prolonging
the supply period in the market. The producers have incorporated cultivars with different characteristics in terms of shape,
color, texture and taste [2]. However, such differences are not clearly identified by consumers, who are often unaware of the
species in question and its mode of consumption.
The quality in fruits and vegetables can have different meanings, according to the different parties involved in the
distribution chain. Mainly, it can be divided into product-oriented quality and consumer-oriented quality. When referring to
quality from the point of view of the consumer its measurement becomes less tangible and quantifiable. In this case, sensorial
analysis becomes a very useful tool, since it allows the identification of important value attributes for consumers, which
would otherwise be very difficult to measure [7].
Given the greater varietal supply of the globe artichoke and evaluating its use for human consumption, it is important to carry
out market positioning work, including the recognition of the newly available cultivars. The innovative sensorial Check All
That Apply (CATA) technique has sprung up in search of a direct link with consumers. The CATA methodology consists in
statements used by consumers to mark out as many options as are needed, to express their opinion about the product under
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analysis. Such methodology is descriptive, not lengthy, and flexible. It can be apply on the consumers without the need for
trained appraisers [8].
Techniques involving consumers are apply in knowing the relationship among several factors and help interpret the
perception of food by the human being linked to the pleasure experienced in its consumption [9]. Sensory analysis comes up
as an important instrument to assess the potential of insertion of new product into the market [8].
Within this perspective, the aim of the present study was to determine which sensory characteristics are preferred by
consumers for the globe artichokes. This will allow proposing strategies for their production and commercialization and
increasing the consumption of this functional food.

II.

MATERIAL AND METHOD

The work was carried out with globe artichoke heads harvested during September and October of 2017 in the area of Rosario
(33° 52 18 S, 60° 40 46 W, Argentina). Three cultivars were used: the hybrids Opal and Madrigal were provided by
Nunhems Company, the Romanesco was produced using asexual reproduction. It is also known as French variety and being
the most traditional farming material in the area.
For the sensory evaluation, the method called CATA (Check All That Apply) was used. It consists on the participants
selecting the terms that they consider appropriate for the description of each product from a set of terms provided [9]. For
this purpose, the classification shown in Fig. 1 was used [11]. In order to make the descriptors of the shape of artichokes
more accessible, terms that were more familiar to consumers were used. The circular and long elliptical forms were jointed
under the term "compact", oval and triangular as "ovoid" and the long transverse elliptical form was identified as “flat” (Fig.
1).

Circular

Long elliptical
Compact

Oval

Triangular
Ovoid

long transverse
elliptical
Flat

FIGURE 1. Different forms of globe artichoke head.
For the selection of the proper terms for CATA, five previous sessions were conducted with trained sensorial assessors. As a
result of this preliminary work, the trained assessors selected 21 terms with the score sheet was drawn (Fig. 2). The color of
the bracts was established by differentiating between green and violet. The presence of "hairs or spikes" was explained as
very developed flowers that appear when the heads are overripe. Consumers also had to indicate their preference in a hedonic
verbal scale of 9 points [12].
Fifty people participated in the CATA test [13], aged between 20 and 60 years old. They were the students and teachers of
culinary schools of Rosario, such as the “Asociación de Empresarios Hoteleros Gastronómicos de Rosario” (AEHGAR),
“Instituto Superior“ (ISHYR), “Instituto de María de los Ángeles Soso” (MAS) and students of “Licenciatura en Nutrición de
la Universidad del Centro Educativo Latinoamericano” (UCEL). Participants were selected considering their knowledge of
food, their taste and preference for ingredients, their ability to observe and their vocabulary to describe food.
The heads of the three cultivars were presented raw, in order to evaluate their appearance, and cooked to the point of
tenderness to complete the evaluation of the sensorial characteristics.
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You will receive three samples of artichokes. For each of them, SELECT ALL the following terms that describe it. Rinse your
mouth with water between samples. Finally mark with a cross how much you like this artichoke.
Sample No.: ...........

FIGURE 2. Example of CATA score sheet
The results of the CATA test were analyzed using multivariate statistics, applying the Correspondence Analysis (CA)
methodology by R-project v.3.5.0 [14]. CA is a multidimensional scaling multivariate technique that uses non-metric data in
the crossed design to create percentage maps including all variable categories [15].

III.

RESULTS

Compact

Green Bracts

Violet bracts

Inedible bracts

Edible bracts <10%

Edible bracts <50%

Edible bracts >50%

Bitter

Sweet

Fresh herb flavor

Tomato Flavor

Olive flavor

Herbaceous aroma

Aroma of olive oil

Chlorophyll aroma

Tomato aroma

Tender texture

Fibrous Texture

Presence of hair or
spikes

Romanesco 35

Flat

Ovoid

TABLE 1
DESCRIPTOR SELECTION FREQUENCIES OBTAINED WITH THE CATA QUESTIONNAIRE

4

25

9

47

0

9

25

14

21

15

14

1

9

28

9

3

0

36

14

34

Madrigal

42

3

25

47

11

0

15

24

11

32

8

15

0

8

29

3

8

0

32

23

9

Opal

33

8

12

16

34

2

16

17

12

35

7

16

1

5

25

8

5

1

15

24

35

Table 1 shows the number of times that consumers marked each statement. It was observed that the descriptors inedible
bracts, tomato flavor and aroma were practically not chosen. The most selected terms were “Ovoid”, “Green or Violet
bracts”, “Bitter taste”, “Herbaceous aroma”, “Tender texture” and “Presence of hair or spikes”. In order to better appreciate
the relationship between the CATA terms and the hedonic points, a Correspondence Analysis (CA) was conducted. The
inedible bracts, tomato flavor and aroma were excluded from the statistical analysis so as not to generate distortions.
Fig. 3 shows the Correspondence Analysis factorial map. Its first dimension (Dim 1) explained 73.86% of the differences
found between the globe artichokes. The most distinguishing elements were the color, Aroma of olive oil and Chlorophyll
aroma. Madrigal was associated with Green bracts and Chlorophyll aroma, while the Romanesco and Opal artichokes were
related with the Aroma of olive oil and the violet bracts. The "presence of hairs" was a descriptor close to the Opal
artichokes.
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FIGURE 3. Factorial Map obtained by Correspondence Analysis on the CATA evaluations on Romanesco,
Madrigal and Opal artichokes.
The second dimension (Dim 2) explained the 26.14% of variations. The descriptors of form “flat” and “compact”, the “bitter”
and “sweet” taste, and the “fibrous” and “tender” terms of texture differentiated the samples. Romanesco was described as
the sweetest. The Opal was described as bitter, fibrous and flat.
Fig, 4 shows the Correspondence Analisys map of the artichoke consumers preferences. While Opal was closest of phrases
that express dislike, Madrigal was near to the neutral phrase “Neither like or dislike”, but the phrases related to liking too.
Romanesco is between the phrases “Like extremely” and “Dislike very much”.

FIGURE 4. Correspondence Analysis on the preference of the consumers for the different artichokes
cultivars: Romanesco, Madrigal y Opal.
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In short, the Romanesco had consumers who appreciated it but it also had detractors, Madrigal was more homogenous in
preference, and Opal had the more negative comments. Participants preferred tender and sweet artichokes, characteristics
mainly offered by the Romanesco. Madrigal was accepted because it is not bitter or fibrous either.
Food preferences are related to culture and culinary habits. While in Spain green and small heads were preferred (Blanca de
Tudela), in Italy they opted for the violet and median variety (Romanesco). In Bretagne (France), they preferred green and
large heads (Camus de Bretagne) and in Provence (France), violet and medium heads (Violeta de Provenza) [16]. The color
of the head was the variable that had the most influence on the habits of consumption of each zone [17].
Consumers from Texas (USA) preferred fresh, large and green artichokes compared to small and violet canned cultivars,
since the taste, the freshness and the aspects related to the nutrition were the three main factors that influence in the decisions
of purchase of the artichoke consumers [18].

IV.

CONCLUSION

The CATA technique made it possible to obtain information about the sensorial characteristics of the three globe artichoke
cultivars that were evaluated. It proved to be an important tool for researching consumer market.
The preference of consumers was associated with the differentiator’s sensory attributes. They like sweet and tender
artichokes as Romanesco. This information could guide the production strategies to offer cultivars that meet these
characteristics.
It is necessary to continue this line of work, to deepen the knowledge of the different cultivars in relation to consumers and
the use of artichokes.
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Abstract - Research into the occurrence of microbiological contaminants, including hepatitis A virus (HAV), in river waters
intended for oyster farming is of extreme importance for public health. This study aimed to detect the occurrence of HAV in
the aquatic environment for ostreiculture in northeastern Pará, Brazil, and correlate with microbiological, physico-chemical
and climatological variables. The HAV research was based on the method of water concentration by filtration membrane
adsorption-elution and in the organic flocculation method with skim milk, followed by Nested-PCR. Quantification of
coliforms, Enterococci and heterotrophic bacteria was performed. The physico-chemical variables were measured with
multiparametric probe and spectrophotometry. Positive samples were purified and submitted to sequencing. From March
2017 to December 2018, 203 samples of river water were collected and analyzed in the municipalities of Augusto Corrêa,
Curuçá, Salinópolis and São Caetano de Odivelas. In 10.8% of the analyzed samples the HAV RNA was detected, in all
localities the HAV was classified in genotype IB. There was no significant difference between the concentration methods of
the water samples. The only physicochemical variable that most influenced HAV detection was dissolved oxygen. Regarding
the bacterial indicators, the highest statistical significance occurred with thermotolerant coliforms and Escherichia coli. The
detection of HAV in the four municipalities studied shows that the virus is circulating in the aquatic environment and,
therefore, in the community. In this context, more effective hygienic-sanitary measures are necessary in these communities
dedicated to oyster farming.
Keywords— Hepatitis A Virus, Quality Indicators, Water and Ostreiculture.

I.

INTRODUCTION

The hepatitis A virus (HAV) belongs to the order of Picornavirales, family Picornaviridae, genus Hepatovirus, species
Hepatovirus A [1]. It is an icosahedral symmetry virus, not enveloped, with a diameter of 27 to 32 nanometers. Classified in
six genotypes, according to the phylogenetic analysis of the complete VP1 protein sequence. Genotypes I, II, and III are
found in humans, being subdivided into subgenotypes IA and IB; IIA and IIB; IIIA and IIIB [2].
HAV is transmitted enterally by the ingestion of contaminated food and water, causing Hepatitis A, a self-limiting,
infectious, symptomatic or asymptomatic disease of benign evolution, with the occurrence of fulminant cases. HAV infection
is prevalent throughout the world, but with different epidemiology according to age of exposure and immunization [3].
With increasing pollution of the aquatic system, microorganisms that cause water-borne diseases can occur in oysters due to
contamination by human waste or chemical pollution [4]. The quality of seawater where oysters are grown, as well as the
animal itself, is of extreme importance for public health, since food and / or water contaminated by pathogens are the main
causes of the occurrence of gastrointestinal diseases in Brazil [5]. Due to the various contaminants and forms of
contamination of the aquatic environment, it is necessary to use quality micro-organisms that ensure the absence of other
pathogens. The most commonly used indicators are coliform bacteria, total coliforms, thermotolerant bacteria, and
Escherichia coli. However, depending on the environment studied, heterotrophic bacteria and Enterococci can be used to
evaluate water quality [6].
One of the most widely used methods in environmental virology is based on the adsorption of virus particles to the filter
media by loading interaction and subsequent elution of the virus by a pH adjusted solution [7]. Another method of viral
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concentration is organic flocculation, where an alkaline proteinaceous solution containing glycine with meat extracts or
skimmed milk is used, promoting the recovery of virus particles adsorbed on the flakes [8].
After the concentration processes, molecular tests are carried out by PCR techniques, which has allowed advances in the
detection of enteric viruses. However, the assay is susceptible to inhibitors found in aquatic environments [9]. The higher the
level of water pollution, the lower the detection efficiency of the viral genome, the presence of particulate matter or
suspended solids in water [10].
The investigation of the contamination of water in relation to enteric viruses using molecular techniques may be impaired
due to the large volume of water in the environment in relation to the low concentration of viruses in these environments, and
also by the possible presence of inhibitors of enzymatic reactions that can be found in these samples that compromise the
detection of viral genomes [9].
This study aimed to detect the occurrence of HAV in the aquatic environment for ostreiculture in northeastern Pará, Brazil,
and correlate with microbiological, physico-chemical and climatological variables.

II.
2.1.

MATERIAL AND METHOD

Description of the study

This is a cross-sectional field research that was carried out in a descriptive way, with a quantitative analysis approach
developed from March 2017 to December 2018.
2.2.

Study area

The samples were collected in four different rivers for ostreiculture, in the municipalities of Salinópolis, Augusto Corrêa,
Curuçá and São Caetano de Odivelas. The municipalities belong to the Meso-region of the Northeast of the State of Pará,
Brazil.
2.3.

Sampling

The water samples were collected in three distinct points (mouth, oyster and spring) of a river in each municipality studied.
In São Caetano de Odivelas, an extra point was added due to the occurrence of a point of launch of a rainwater gallery near
the ostrich. A total of 203 water samples were collected: 48 samples in Salinópolis, 45 in Augusto Corrêa, 48 in Curuçá and
62 in São Caetano de Odivelas.
2.4.

Collection and storage of samples

At each collection point the samples were stored in previously sterilized plastic polypropylene bottles and kept at ± 4 ° C
until the time of analysis, which did not exceed 24 hours in any opportunity. Two liters of water were collected for each
method of concentration of the virus particles, one liter for the physico-chemical analyzes and 500 mL for quantification of
the microbiological indicators of water contamination. All methodology complied with the recommendations of ISO 566714, Standard Methods for the Examination of Water and Wastewater [11] and CETESB [12].
2.5.

Chemical physical analysis

The pH, Temperature, Electrical Conductivity (CE), Total Dissolved Solids (STD), Salinity and Dissolved Oxygen (OD)
parameters were analyzed by potentiometry in a previously calibrated Professional Plus YSI® multiparameter probe.
Turbidity was determined by spectrophotometry on the HACH® DR3900 equipment. The analytical methods employed for
the determination of the physicochemical parameters obeyed the procedures and recommendations described in the Standard
Methods for Examination of Water and Wastewater [11] and Procedures Manual HACH-Spectrophotometer DR-2800.
2.6.

Quantification of microbiological indicators

The most probable number (MPN/100mL) of total coliforms, thermotolerant, Escherichia coli, Enterococcus and
heterotrophic bacteria was determined using the COLLILERT 18 / QUANTI-TRAY®, ENTEROLERT / QUANTI-TRAY®
and SimPlate TM for chromogenic substrate method HPC Unit Dose from IDEXX Laboratories, Inc. © from IDEXX
Laboratories, Inc., following the manufacturer's recommendations and the Standard Methods for the Examination of Water
and Wastewater [11].
2.7.
2.7.1

Concentration of viral particles
Method of organic flocculation with skimmed milk
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One liter of the sample was acidified with hydrochloric acid (1N HCl) for pH 3.5 adjustment. 100 mL of 0.01% w / v preflocculated skim milk solution was added to the acidified sample. The samples were kept under stirring for eight hours,
followed by resting for an additional eight hours for sedimentation of the flocculated material. The supernatant was carefully
removed and the final volume containing the pellet centrifuged at 7000 x G for 30 minutes at 12ºC. After removal of the
centrifuged solution supernatant, the pellet was resuspended in 8 mL of 0.2 M phosphate buffer pH 7.5 (1: 2 0.2 M Na2
HPO4 and 0.2 M NaH2 PO4). Once dissolved, phosphate buffer was added to a final volume of 10 mL. The concentrate was
stored at -20 ° C [13].
2.7.2

Adsorption-elution method on filter membranes

Two liters of the samples were acidified with hydrochloric acid (6N HCl) to adjust pH 5, when necessary. Subsequently,
after concentrating on 0.45 μm and 142 mm diameter pore HA membranes (MILLIPORE), after the sample was passed
through the membrane, 350 mL of sulfuric acid (5 mM H2SO4 pH 3.0) was filtered for elimination of cations. Elution was
performed with 15 mL of 1 mM NaOH solution pH 10.5 for 10 minutes over orbital shaking. The eluate was neutralized with
50 ul H2SO4 (50mM) and 50μL TE 100x (pH 8). The concentrate was stored at -20 ° C [14].
2.8.

Ultrafiltration

Ultrafiltration was performed by means of a membrane using a vacuum system. The samples concentrated by the adsorptionelution method were reconcentrated in Amicon Ultra-15 (MILLIPORE) device at 5000 RPM for 15 minutes at 4 ° C,
obtaining a final volume of 2 mL, stored at -20 ° C until extraction of the nucleic acid.
2.9.
2.9.1

Molecular analysis
Viral RNA Extraction

RNA extraction was performed with commercial QIAamp Viral RNA kit (QIAGEN, Valencia, CA, USA), according to the
manufacturer's recommendations.
2.9.2

Preparation of Complementary DNA (cDNA)

After extraction of the nucleic acid, the cDNA was prepared from 9.5 μL of the extracted RNA, with a random primer Pd (N)
6 (Invitrogen) and reverse transcription using Super Script III (Invitrogen), with a cycling of 25 ° C for 5 minutes, 50 ° C for
60 minutes and 70 ° C for minutes.
2.9.3

Nested RT-PCR

For detection of HAV by the Nested RT-PCR technique, after reverse transcription, the VP1/2A junction region of the HAV
genome was amplified (409 bp). The sequences of the external primers used were F6-CTATTCAGATTGCAAATTAYAAT
and F7-AAYTTCATYATTTCATGCTCCT (Y = C or T), and internal primers F8-TATTTGTCTGTYACAGAACAATCAG
and F9-AGGRGGTGGAAGYACTTCATTTGA (R = A or G, Y = C or T) [15].
2.9.4

Sequencing

Sequencing of the positive samples was performed from the 2nd round product of Nested-PCR, purified with the commercial
BigDye XTerminator Purification Kit (Applied Biosystems) according to the manufacturer's instructions. For the reaction,
the BigDye Terminator Cycle Sequencing kit was used. 3.1 (Applied Biosystems) and the 3130xl Genetic Analyzer (Applied
Biosystems) following the manufacturer's recommendations. Briefly, two μL of the purified genetic material was used in the
preparation of the sequencing reactions, which is composed of 250ng of each of the primers (F8 and F9), in separate
reactions, together with the reaction buffer and BigDye, totalizing a volume end of 20 μL. The reactions were subjected to 25
cycles where the steps of denaturation occurred at 96 ° C, hybridization at 50 ° C and extension at 60 ° C. After the cycling
of the sequencing reaction, the DNA was precipitated (125 mM EDTA, ethanol) to remove excess reagents that might
interfere with obtaining the data during electrophoresis.
2.9.5

Sequence analysis and genotyping

The sequences were edited and aligned in the Geneious version 8.1.3 program and compared to prototype sequences of the
HAV genotypes, available from the National Center for Biotechnology Information (NCBI) database. The comparative
analysis was performed with BLAST (BlastN) to compare the nucleotide sequence to be analyzed against available
sequences in the NCBI database. To evaluate the existence of recombination between the sequences, the phi-test of the
program Splits tree version 4.13.1 was applied.
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Phylogenetic analysis

The alignment was manually inspected in the Geneious program version 8.1.3 and corrected insertion and deletion regions
shared by more than one strain. In order to evaluate the genetic distance and the choice of the nucleotide substitution model,
MrModeltest was used to select the best evolutionary model for the phylogenetic tree generation process, where the
Neighbor-Joining method was selected.
The evolutionary distances were calculated using the Tamura-Nei method. The rate variation between the sites was modeled
with a gamma distribution (shape parameter = 1). All ambiguous positions were removed for each pair of sequences. There
were a total of 225 positions in the final dataset. The visualization of the phylogenetic tree was performed in the Mega 6.06
program.
2.10. Statistical analysis
The G test was applied to analyze the correlation of independence of HAV detection with biotic and abiotic variables. For the
analysis of variance between the biological indicators with biotic and abiotic variables, the Kruskal-Willis test was used. The
Pearson test analyzed the correlation between biological indicators and abiotic variables. Fisher's exact test was used to
analyze the relationship between the viral concentration methods used in the study.

III.

RESULTS AND DISCUSSION

Oyster farming in the Northeast of the State of Pará is an income alternative carried out alongside or parallel to traditional
fishing, during periods of detention or low fish production. Oyster farming makes it possible for the fishermen to take part in
family life, serving as a complementary source of income. In the study period, there were no reports of hepatitis A outbreaks
in the communities, however the occurrence of HAV in the study areas demonstrates a possible source of contamination of
the cultivated molluscs, which may have a negative impact on public health, production and commercialization of these
foods.
3.1

Occurrence of HAV

HAV-RNA was detected in 10.8% (22/203) of the analyzed water samples. All positive samples were confirmed by
sequencing. HAV was detected in 11.1% (5/45) of Augusto Corrêa samples, 12.5% (6/48) of Curuçá, 10.4% of (5/48)
Salinópolis and 9.7% (6 / 62) of São Caetano de Odivelas, this difference was not significant (p = 0.688 Test G).
As for the distribution of HAV positive results among the sampling points, a positivity of 30.4% (8/22) was observed among
the samples collected at the source of the rivers, 31.8% (7/22) at the point of oyster culture, 31.8% (7/22) at the mouth and
4.5% (1/22) at the extra point, there being no statistical significance (p = 0.9835 Test G).
As for the concentration of water samples used in this study, HAV was detected in 4.4% (9/203) of the samples concentrated
by the membrane adsorption-elution method and in 7.4% (15/203) of the samples. samples concentrated by organic
flocculation with skim milk, this difference in the data was not statistically significant (p> 0.05 Fischer exact test). In only
two instances were the samples positive by both methods. This fact calls for the use of at least two methods of water
concentration for this type of study in order to obtain better results. In the case of salt water, Moresco (2011) emphasized the
method of concentration by organic flocculation in relation to membrane filtration (adsorption-elution). Rigotto [16] detected
HAV in 8.3% of the samples, using the adsorption-elution method, but using a pre-filter to reduce the presence of debris in
the samples, demonstrating the need for adaptations according to the type of virus or matrix analyzed .
Of the 22 HAV positive samples, 30.4% (7/23) were concentrated by the membrane adsorption-elution method, 56.5%
(13/23) only by the organic flocculation method with skim milk and 8.7 % (2/23) by both methods. The detection of HAV
has also been reported by concentrating seawater samples by the polyethylene glycol (PEG) precipitation method [17]. The
use of PEG may increase the recovery of some viral species, such as Poliovirus, but it may also be a potent inhibitor of PCR
reactions [18].
In fact, the use of molecular biology tools to detect microorganisms in environmental samples may be limited due to the
presence of polymerase chain reaction inhibitors, for example, humic acid may adsorb proteins or enzymes interfering in the
sites of activity of the polymerase or chelate the cofactors of the enzymes, the cations of Ca2 + and Mg2 + [19]. It is also
possible that marine bacterial enzymes can degrade the viral capsid, being a thermolabile biological factor active against
enteric viruses, including HAV [19]. To decrease the action of possible inhibitors of the PCR reaction, the genetic material
can be diluted 1:10, mainly in viral quantification reactions [18]. Rigotto [16] observed that the detection of HAV in six
samples was only possible after dilution of the same. In the present study there was no analysis of diluted samples.
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In two separate studies on seawater in Santa Catarina, Rigotto [16] detected HAV in 16% of the samples using Nested RTPCR and Moresco [18] detected the HAV in 51.5% of seawater samples using the quantitative RT q-PCR method. This
improved detection efficiency corroborates with a study by [15], in which HAV was detected in 23% of water samples by
nested-RT-PCR and 92% by RT-qPCR, demonstrating a lower influence of enzymatic inhibitors on the samples in
quantitative tests and the need for more a method of viral detection. As only the Nested RT-PCR was performed for the
analysis of the samples from this study, it was not possible to compare the qualitative and quantitative results.
From the 22 sequences of hepatitis A virus genome fragments obtained from the positive samples, it was possible to perform
the phylogenetic analysis in 19 sequences, observing a nucleotide similarity of 98.4 to 100.0%. Samples were grouped with
strains M14707 (wild-type), AY323047 (Rio de Janeiro) and AF268396 (Brazil), all genotype IB, with nucleotide identity
varying from 98.2 to 100.0%. Phylogenetic analysis included complete genomic sequences which are available from
GENBANK (Fig. 1).
Mendes [20] analyzed 144 samples from the Rodrigo de Freitas Lagoon, Rio de Janeiro, detected the HAV by RT q-PCR in
21.53% of the samples and only 3.47% by Nested RT-PCR, all of which were genotyped as genotype IB. The genotyped
samples showed a small genetic difference between them, demo nstrating the circulation of different strains. In the State of
Pará there are few studies that report the occurrence of HAV genotype in aquatic matrices, mainly in brackish or salt water.
Santos [21] analyzed freshwater samples in Mosqueiro Island, Pará, and detected three samples of genotype IA and 11 of
genotype IB, similar to IB isolates from Brazil.
In bivalve molluscs, IB and IB subgenotypes are the most commonly found in Brazil, France, China and Japan. Hepatitis A
outbreaks involving IB genotype were associated with oyster ingestion in the Middle East, Egypt and Morocco [22]. In a
study in Tunisia, the occurrence of genotype IA was observed both in clinical samples and in samples of oysters and culture
water [23].

FIGURE. 1 - Neighbor-joining algorithm phyogenetic tree built on sequences of hav genetics studied, compared with
sequences available in the data bank of the national center for biotechnology information (NCBI).
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Climate variables

According to the website of the National Institute of Meteorology (INMET), the highest rainfall rates occurred in the months
of March to July 2017 and from January to July 2018, indicating the rainy season in the study area. Regarding the seasonality
of HAV occurrence, 4.0% (4/100) of the positive samples in the dry period and 17.5% (18/103) in the rainy season were
observed, a highly significant factor (p = 0.0034 Test G). The higher the rainfall the greater the transport of solids to water,
pathogenic organisms can remain attached to particles, using them as a substrate and form of protection and resistance [8].
Of the analyzed samples, 18.2% (37/203) were acidic (pH range between 5.28 and 6.99) and 81.2% (166/203) were basic
(pH variation between 7.01 and 12 , 06). Catuxo et al. [24] observed values different from those obtained in the present
study, relating them to the possible influence by leaching of organic acids to water. In quiescent and organic-rich waters, a
great variation of organic and inorganic acids occurs and, therefore, they are often more acidic [25]. As for the occurrence of
HAV in acidic or basic waters, 18.8% (4/22) occurred in acid medium and 81.2% (18/22) in basic medium, and although the
highest number of HAV positive samples was found in basic water, this fact did not present statistical significance (p> 0.05
Fisher's exact test), as found by Hernandez-Morga et al. [26] who found statistical significance between pH and HAV RNA
detection. HAV is more stable at acidic pH, even at pH close to 1, which would reproduce the pH of the human stomach [27].
The resistance of HAV to a more acidic medium is due to its extremely cohesive capsid [28].
3.3

Physico-chemical variables

Regarding the electrical conductivity, the parameter varied between 1.32 μS / cm and 111.7 μS / cm in the studied
municipalities. A statistically significant difference was observed when EC values were compared between the municipalities
and seasonality, especially in the rainy season (p <0.05 Kruskal-Wallis test). Generally, values above 100 μS / cm may
indicate impacted environments [12], therefore, all the samples of this study would be within the acceptable limit. The
highest values found for electrical conductivity occurred in the rainy season, which corroborates with the values found by
Kiyatake [29], in a study carried out in São Caetano de Odivelas, possibly because of the smaller influence of the ocean
along the estuary in this period.
The turbidity ranged from 1.0 to 247.5 nephelometric units (UNT), with an overall mean of 22.0 NTU. The relation of the
turbidity with the municipality and with the period of highest rainfall index was statistically significant (p <0.05 KruskalWallis test). It was also observed that, in the four studied rivers, the turbidity values were higher in the rainy season, a fact
that can be justified by the loading of inorganic and organic material from the river bed by rainfall.
The analysis of the total dissolved solids data showed statistically significant relation with the municipalities studied and with
respect to the occurrence of rain during the collection period (p <0.05 Kruskal-Wallis test). The STDs are directly related to
rainfall, ie, the higher the rainfall, the higher the solids dilution in the water [30]. In the municipalities of Curuçá and São
Caetano de Odivelas, the highest averages of STD were observed in the rainy season, different from the municipalities of
Augusto Corrêa and Salinópolis. The fact that the rivers studied in Curuçá and São Caetano de Odivelas have less distance
between their margins and lower depth corroborates a higher concentration of STD.
Salinity is used as a parameter for water classification. Salt water has a high concentration of salt, the salinity is equal to or
greater than 30 parts per million (ppm). Brackish water has salinity between 0.5 ppm and 30.5 ppm. Fresh water has a
salinity of less than or equal to 0.5 ppm [31]. The salinity of the samples ranged from 0.09 to 42.08 ppm in the studied
municipalities, 2.9% (6/203) of freshwater samples, 77.3% (157/203) of salt water and 19.8 % (40/203) of salt water.
Statistical analysis showed that, in relation to the sampling point, the rivers of the four municipalities presented the highest
concentration of salinity at the mouth and lower concentration at the source. (p <0.05 Kruskal-Wallis test). The concentration
of salinity was inversely proportional to the values of rainfall, data also found by Kiyatake [29] in a study in waters in the
same rivers, possibly due to the ions being more concentrated in the water. In a study carried out in a river in Santa Maria da
Vitória, Bahia, Loss [32] verified that the farthest point of the mouth had a lower mean salinity due to the dilution of the salt
water with the fresh water of the river, corroborating with the findings of this river study. The concentrations of salinity
found in this study corroborate a study by Mok et al. [33] in water intended for oyster farming in Hansan Geojeman, Korea,
which observed lower levels of salinity in the rainy season, even with the temperature occurring between 8.8 ºC and 25.5 ºC.
Dissolved oxygen (OD) ranged from 0.0 to 14.0 mg / L, with an average of 5.0 mg / L. In this study, 18.2% (37/203) of the
samples were below 5 mg / L O2, limit established for DO by Resolution CONAMA 357/2005 [31], therefore unsuitable for
oyster cultivation. Both the comparison between the municipalities and the collection points are not statistically significant (p
<0.05 Kruskal-Wallis test).
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The statistical analysis of this study demonstrated that the only physicochemical variable that presented statistically
significant results when compared to the occurrence of HAV was OD (p <0.05 test G), different from that found by
Hernandez-Morga et al. [26], who observed that the variable that most possessed statistical significance with HAV detection
was salinity.
3.4

Microbiological indicators of water quality

In the analysis of the occurrence of HAV in the study environment in relation to the bacterial indicators studied, there was
statistical significance between the occurrence of HAV with thermotolerant coliforms and E. coli (p <0.05 test G). The
occurrence of HAV in samples with acceptable levels of microbiological indicators of water quality demonstrates the need to
include virus research in the tests already performed in water quality analysis in order to improve epidemiological and
sanitary surveillance.
In the analysis of variance of the mean concentrations of thermotolerant coliforms (CTT) and E. coli, obtained in the studied
rivers, it was observed that there was no statistically significant difference between them, as well as when the collection
points of the same river (p > 0.05 Kruskal-Wallis test). However, the analysis of concentrations of Total Coliforms (CT) and
Enterococci was significantly positive in the source of the studied rivers (p <0.05 Kruskal-Wallis test), the highest values
were detected in the rivers. In a study carried out in Rio de Santa Maria da Vitória, Bahia, Loss (2012) [32] verified that the
four collection points, including the one closest to residences, presented contamination by fecal residue, containing CT and
Enterococci, probably by the release of debris from the sewage in the river water. In addition to sewage or faeces, organic
plant materials, insects and reptiles may also be sources of Enterococci [34].

IV.

CONCLUSION

The detection of HAV, genotype IB, in the four municipalities studied shows that the virus is circulating in the aquatic
environment and, therefore, in the community. We suggest the use of more than one concentration method with a view to
reducing false-negative results, since even though no significant difference was observed between the concentration methods
of the water samples for HAV detection, in only two the results were concordant.
The results obtained in this research are important to evaluate the occurrence and concentration of microbiological and
physicochemical contaminants in oyster farming areas in the Northeast of Para. In this context, it is necessary to make more
hygienic-sanitary measures in the communities dedicated to the cultivation of this food so that it meets the minimum
standards established in current legislation, aiming at the expansion of oyster farming in the region and greater sanitary
security for consumers.
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