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Abstract

Studies on production factors of the irrigated organic cherry tomato in the Brazilian semi-arid region are just at the beginning
phase. It mainly focuses on adequate irrigation management. Therefore, the aim of the present study was the technical and
economic evaluation of some production factors like water and ground cover on cherry tomato. The climate of the region is of the
BSw'h type, hot and semi-arid, with irregular rains distributed from February to May. The ground has fairly flat relief. The soil
presents a sandy loam texture, well-drained, without risk of salinity and sodicity problems. The experimental design was of
randomised blocks with three replications and subdivided plots, comprising five primary treatments in the plots and three
secondary treatments arranged in the subplots. The primary treatments consisted of five levels of irrigation with 50, 75, 100, 125
and 150% of crop evapotranspiration, and three secondary treatments were assigned with ground covers of carnauba straw (CS),
elephant grass (EG), plus a control treatment with no ground cover. The crop was irrigated by a system of drip irrigation. The results
showed estimated slides equivalent to 454 mm (107% ETc loc), 461 mm (109% ETc loc) and 592 mm (140% ETc loc) can contribute
to the highest commercial yield, corresponding to 11401, 10466 and 7802 kg ha™ of cherry tomatoes for carnauba straw, elephant
grass and uncovered soil, respectively. Carnauba straw presented potential as a vegetative cover, being economically feasible as it
allowed a reduction in water consumption and yield of cereal tomato under poor irrigation strategy.
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Introduction (CEARA, 2017). The Pereira de Miranda reservoir, the main
reservoir of the basin, is at 1.72% capacity, and since 2013,
In recent years, there is increasing concern about the the release of water to supply the Curu Pentecoste and Curu
environmental impact of conventional farming practices. Paraipaba Irrigated Perimeters for use in irrigated
This has been coupled with increased consumer demand for agriculture has been suspended.
sustainable agricultural products, pushing producers to take Irrigation farmers have had to resort the alternative sources
up more organic farming (Prince et al., 2016). of water, such as that from shallow or deep wells, and to
Organic farming in Brazil is growing at a rate of 30% per choose between reducing the irrigated area and allocating
year, gaining more and more ground in the agricultural enough water to meet the need of the crop, or using
chain, around BRL 2.5 billion in 2015. Between 2014 and deficient irrigation and irrigating a larger area, and/or
2015, the number of production units and the number of investing in a localised irrigation system.
producers were increased by 32 and 52% respectively, In this scenario, reducing water loss from evaporation is also
(MAPA, 2016). a basic activity in irrigation management. Within this
Among the organic products being grown, the cherry tomato context, the use of mulch is a suitable technique for semi-
(S. lycopersicum var. Cerasiforme) has become an option for arid regions, presenting several advantages, such as greater
farmers, since it has good rusticity, high market value and water retention in the soil, control of invasive plants (Aradjo
greater productivity. It is also well accepted by consumers et al., 2012), less variation in soil temperature and moisture,
(Maia et al., 2013). and the formation of an environment favourable to plant
However, excessive or deficient irrigation can negatively development (Ferreira et al., 2013, Carvalho et al., 2011).
affect the quality of the tomato (Santana et al.,, 2010), Considering the above mentioned factors, studies on
making irrigation at the optimal level vital to increasing production of the irrigated organic cherry tomato in the
production and water use efficiency (Martin et al., 2012; Brazilian semi-arid region are just at the beginning phase,
Costa et al., 2011). regarding adequate irrigation management, i.e. the best
The water situation is very critical in the Curu River Basin, time to irrigate and the amount of water to apply. This is
located in the north-central part of the State of Ceara. In relevant as the rainfall has been below the historical average

September 2017, it was at 11.66% of its storage capacity
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in recent years and the depletion of water reserves has
caused water crisis.

Accordingly, the aim of the present research was the
technical and economic evaluation of the effect of the
production factors such as water and ground cover on
productivity of cherry tomato.

Results and Discussion
Air temperature

We found that the mean and maximum temperatures were
above the range considered optimal for development and
fruiting of the crop, which is between 18.5 and 26.52C
(Keillor, 2008), despite the statement by Alvarenga (2013),
that the tomato can tolerate temperature variations in the
range of 10 to 342C. When the temperature departs from
the optimum, it causes stress to the plant, resulting in flower
abortion and commercial yield losses (Candian et al., 2017).

Water slides associated with replacement rates

During the crop cycle, the accumulated irrigation depths
were 211, 316.5, 422, 527.5 and 633.0 mm, corresponding
to a recovery rate of 50, 75, 100, 125 and 150% of ETc,
respectively. These values correspond to the total water
applied after starting the different irrigation levels. A total
irrigation of 24.1mm was applied before this differentiation.

Productivity

Fig. 1 shows the factors of irrigation depth and the soil
cover, in addition to their respective interaction. It can be
observed that the data related to crop productivity were
adjusted to a quadratic regression model for irrigation level
with significance of 1%. Also they are shown like equations
for the adjustment of the product that show very strong
correlations, which is translated to the coefficient of
determination higher to 0.8.

Santana et al. (2010) obtained the same quadratic
behaviour, when studying the effect of the rate of soil water
recovery on productivity of tomato.

Although the curves adjust to a quadratic model, similar
behaviour can be seen for the curves associated with the
ground cover, with higher yields for the treatment including
ground cover based on carnauba straw, either under water
deficit or water excess conditions.

The factor-product relationship estimated that irrigation
depths equal to 454 mm (107% ETc), 461 mm (109% ETc)
and 592 mm (140% ETc) gave the greatest commercial
yields, corresponding to 11,401, 10,466 and 7,802 kg ha™ of
cherry tomatoes for the ground covers carnauba straw,
elephant grass and control (with no cover), respectively.
Albuquerque Neto and Peil (2012) obtained a value for
commercial productivity greater than that found in this
study when evaluating the yield of genotypes of the mini-
tomato group Red cherry, Yubi Cherry and Flavour Top
under hydroponic cultivation, with yields of 14,900, 30,500
and 15,900 kg ha'l, respectively.
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The occurrence of temperatures above the optimal range for
crop development was observed during the experiment. It
may have had a negative influence on the productivity of the
cherry tomato.

Cultivation in soil covered with carnauba straw or elephant
grass gave increases of 3,599 and 2,664 kg ha™ of cherry
tomatoes in relation to the crop grown with no ground
cover. Similar results have been obtained by several authors
analysing productivity in the papaya, tomato, lettuce and
cabbage grown in soil with and without ground cover (Sousa
et al., 2017; Campagnol et al., 2014; Ferreira et al., 2013;
Carvalho et al., 2011).

To obtain such results, several factors must have come
together, among which, less variation and greater retention
of soil moisture; the formation of an environment
favourable to plant development; and less heating of the soil
with a smaller thermal range (Ferreira et al., 2013; Carvalho
et al., 2011; Marouelli, et al., 2010).

Similarly, Mukherjee et al. (2010) point out that ground
cover reduces the weed population, causing a reduction in
competition for water and nutrients. Orrillo et al. (2016)
pointed out that ground cover creates a physical barrier,
reducing water loss from the soil to the atmosphere and
promoting thermal changes in the soil (Rossi et al., 2013).
According to the adjusted regression equation, maximum
productivity for the tomato grown in the soil with no ground
cover was obtained with an irrigation depth of 592 mm. The
same productivity was also obtained in soils covered with
straw or elephant grass corresponded to irrigation depths of
252 and 297 mm, respectively, resulting in a water saving of
57.4 and 49.8%, respectively.

A similar response was reported by Oliveira Neto et al.
(2011), growing beetroot in soil covered with Uganda grass
or gliricidia, who obtained a reduction of 53% in
evapotranspiration compared to crops with no ground
cover.

The optimal irrigation depths from an economic point of
view were calculated by equating the expression for the
Marginal Physical Product (MPP) of Water (Figure 2) to the
relationship between the price of the variable factor water
(Pw) and the production of cherry tomato.

It can be seen that the MPP is initially positive and decreases
with increased water depth, when the value for MPP
reaches zero, corresponding to water depths of 454, 461 and
592 mm, in soil covered with straw or elephant grass, or
with no cover. It shows that the applied depths resulted in
maximum physical productivity. From the point where the
MPP takes on a negative value, a decrease in productivity
can be seen for an increase in water depth, showing the
further application of water to be uneconomic.

The optimal irrigation depth for soil covered with straw was
453 mm (107% of ETc), generating a productivity of 11,400
kg ha™. For the soil covered with elephant grass, the depth
was 460 mm (92.3% of ETc), resulting in a productivity of
10,465 kg ha™, whereas for the soil with no cover, the depth
was 589 mm (140% of ETc), generating a productivity of
7,801 kg ha™.

Comparing the optimal economic irrigation depth with the
maximum physical irrigation depth, very close production
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Fig 1. Productivity of cherry red tomato grown in soil covered with straw and elephant grass and in the soil with no ground cover,
submitted to different levels of irrigation. Pentecost, CE. UFC, 2017.
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Fig 2. Marginal physical product of water (MPP) for different applied irrigation depths in soils covered with Carnatba straw and
elephant grass, and with no ground cover. Pentecost, CE. UFC, 2017.
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Fig 3. Production costs and value of the cherry tomato for irrigation depth, in January 2017. Pentecoste, CE. UFC, 2017.
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Fig 4. Water use efficiency in the cherry tomato for different water levels and ground cover. Pentecoste, CE. UFC, 2017.
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values are seen, and it can be said that the depth which
maximizes production is the same that provides the
maximum economic return. Therefore, when applying the
water depth that maximizes physical production, it may be
sufficient to achieve economically viable production,
showing that irrigation management should be handled in a
way that guarantees the water needs of the crop under
optimal conditions (Oliveira et al., 2011).

Similar behaviour was seen by several authors, who analysed
the production function when cultivating roses, eggplants,
Japanese cucumbers and beans (Oliveira et al., 2016; Bilibio
et al., 2010; Santana et al., 2009).

The proximity of the optimal economic irrigation depth and
the maximum physical irrigation depth was influenced by
the high economic value of the crop, the low cost of the
water, and the efficiency of the local irrigation system.

Using the optimal economic depth, the profit for each crop
was obtained as per equation 7, considering the price of
tomatoes per kg (Py) to be USD 1.59, the costs of the fixed
and variable factors in the experiment (C) to be USD
11,763.38, 10,871.54 and 9,699.05 ha'l, respectively for a
ground cover of straw or elephant grass and with no cover,
and the price of water (Pw) to be USD 0.258 mm™ (Fig. 3).
The differences between total production costs are in
descending order of CS > EG > NC, this result being
influenced by increases in the ground cover inputs of
carnauba straw and elephant grass used in growing the
cherry tomato. Another interesting factor is the small
variation in the total cost curve for increases in applied
water depth. This is due to the price of water being much
lower when compared to the other production costs.

The production profits for the different crops, estimated as a
function of the optimal economic irrigation depth for
January 2017, were USD 6,214.79; 5,620.70 and 2,531,29 ha
! for the soil covered with straw, elephant grass and no
cover (control), respectively.

Productivity of culture water (PA)

The analysis of variance shows that for the variable, water
use efficiency of the cherry tomato, and the factors irrigation
depth and ground cover, in addition to the interaction of
these factors, significant results were obtained at 1%
probability. Furthermore, the factor irrigation depth showed
a significant fit to the quadratic regression model at 1%
probability.

Water use efficiency as a function of the different totals for
applied water depth fitted the second degree polynomial
regression. It can be seen that the soil with carnauba straw
gave the best results, corresponding to 3.06 kg m™ for a
water depth of 205 mm, followed by the elephant grass and
no cover, corresponding to 2.66 and 1.8 kg m? for water
depths of 380 and 200 mm, respectively (Fig. 4).

The results demonstrate that crops with a ground cover of
straw and elephant grass were 41 and 32% more efficient in
their use of water in relation to those with no cover, giving
higher fruit productivity for less applied water, in agreement
with a report by Marouelli et al. (2006), who studied the
effect of the use of water on the production of processed
tomatoes in the soils covered with sorghum and with no
cover.
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Tedfilo et al. (2012) reported that PA is the relationship
between production and water consumption. It can be
improved by procedures, such as an improvement in
cropping practices, fertiliser management and especially the
adoption of efficient irrigation systems. Thses practices may
minimise water loss using the techniques that favour the
storage and infiltration of water in the soil reducing the rate
of evaporation. This was discernable in the present work,
where higher PA values can be seen for those treatments
where the soil was covered with carnauba straw and
elephant grass.

The ground cover reduces water loss through evaporation,
which promotes an increase in water use efficiency in the
crops (Tedfilo et al., 2012).

An economic water or irrigation usually means a water
depth that maximises productivity of tomato. In this study
the costs were 25.16, 22.75 and 13.24 Brazilian Rials (BRL)
per m™ under carnauba straw, elephant grass and with no
cover, respectively. It can be seen that growing the crop with
carnauba straw and elephant grass showed 47% and 42%
increase in economic water productivity (EWP) for the
cherry tomato, compared to no ground cover.

Researchers working with banana and watermelon crops
obtained lower values of BRL 2.65 and 11.48 m> for
economic water productivity than those of this study,
(Barbosa et al., 2016; Oliveira et al., 2012).

Faced with a water crisis, these results demonstrate that the
tomato proved to be efficient in economic water
productivity, confirming it as a crop of high added value.

Materials and Methods
Characterization of the experimental area

The research was carried out from July 2016 to January 2017
in an area belonging to Prece (Cooperative Cell Educational
Program), located in the town of Pentecoste, CE. According
to the Koppen classification, the climate in the region is
BSw'h' type, characterised as hot semi-arid, with irregular
rainfall distributed from February to May. The average air
temperature during the experiment varied between 23.52C
and 38.49C.

The physical and chemical attributes of the soil in the 0-0.20
m layer had the following values: pH in water 5.9; 6 mg kg’1
assimilable phosphorus; 0.29 cmol. kg'1 potassium; 3.00
cmol, kg'1 calcium; 1.50 cmol, kg'1 magnesium; 0.05 cmol. kg’
' sodium; 0.15 cmol, kg'1 aluminum; 9.62 g kg'1 organic
matter; electrical conductivity 0.16 dS m'l; bulk density 1490
kg m?; particle density 2770 kg m™; available water 4.1 g
100g’1; with a sandy-loam texture.

Experimental design and characterization of treatments

The experimental design was randomised blocks, in a
scheme of subdivided plots, comprising five primary
treatments in the plots and three secondary treatments
arranged in the subplots. The primary treatments consisted
of five irrigation levels with 50, 75, 100, 125 and 150% of
crop evapotranspiration and two secondary treatments
comprising two types of ground cover (carnauba straw - CS
and elephant grass - EG) and a control treatment, with no
ground cover. Each plot comprised an area of 28.0 m? (1.0m



x 28.00 m) and each subplot of 7.0 m? (1.0 m x 7.0 m),
composed of 12 plants, with the three central plants
considered as working plants. Spacing was 0.5 m between
plants and 1.0 m between rows.

Setting up and conduction of the experiment

Preparation of the area consisted of cleaning followed by the
distribution of 20 kg of cattle manure per m2. The secondary
treatments of crushed elephant grass and carnauba straw
were then applied in the amounts of 19,000 and 27,000 kg
ha'l, respectively, to guarantee a ground cover of
approximately 0.03 m in thickness.

Seedlings of cherry red tomatoes were produced in
polyethylene trays with 162 cells, filled with a substrate
containing 90% humus and 10% vermiculite. Transplanting
was carried out 27 days after sowing (DAS) when the
seedlings presented between four and six true leaves.

The plants were grown in a system of vertical training using
polyethylene ribbon. Top dressing was applied 20, 40 and 60
days after transplanting, with doses of 500 g plant™ organic
compound with a pH of 6.9, containing 314.7 mg dm?
assimilable phosphorus, 1690 mg dm? potassium, 14.00
cmol, dm? calcium, 9.2 cmol, kg'1 magnesium, base
saturation 97%, 0.0 cmol, kg'1 aluminum, 14.3 dag kg'1
organic matter, 26.9 mg dm” iron, 0.4 mg dm” copper, 20.4
mg dm’ zinc, and 100.3 mg dm? manganese.

The tomatoes were thinned weekly and all lateral shoots
were removed, leaving two main stems. Apical pruning was
carried out from the eighth cluster on each stem.

Irrigation system and water supply to the crop

The water used for irrigation came from a shallow well
located on the left bank of the Canindé River in the town of
Pentecoste, and was classified as C3S; with an EC of 1.46
dsm™. A drip irrigation system was used, with self-
compensating button emitters spaced 0.50 m apart, at a
flow rate of 3.8 Lh™ and operating at a working pressure of
2 kgf cm™. Water was applied twice a day. The data used to
estimate the reference evapotranspiration (ETo) were
collected daily from a Class A tank located five metres from
the experimental area. The reference evapotranspiration
(ETo) was estimated from the product of the evaporation
measured in the tank (ECA) and the tank coefficient (Kt). The
value for crop evapotranspiration (ETc) was obtained from
the product of the ETo value and the crop coefficient (Kc) of
the tomato for the initial, vegetative, flowering, fruiting and
maturation stages, whose reference values were 0.5, 0.8,
1.25, 0.9, 0.65, respectively (Doorenbos and Kassan, 1994).
In the first 11 days after transplanting, all treatments
received the same irrigation at 100% of the daily ETc in order
to guarantee uniform plant development. After defining
treatments, irrigation was carried out daily according to the
ETc of the previous day and adjusted for the respective
treatment. The crop productivity was based on the fresh
weight of the cherry tomatoes measured on a commercial
scale and related to the area of the subplot. The harvesting
was carried out when the fruits were showing a light-green
colouration.
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Production function

To obtain the production function a regression analysis was
fitted to a polynomial model. It was used between crop
productivity and the applied levels of water.

The net income or production profit was obtained from the
difference between the total monetary value of production
and the costs of water application and the fixed cost of the
production system, including the irrigation system and types
of ground cover (Frizzone, 2007).

The product price (Py) was the average price obtained by the
rural producers of Serra da lbiapaba CE, from November
2016 to January 2017. Considering that application costs are
included in the costs of crop production, the cost of
irrigation was considered equal to the value of the electricity
tariff, and estimated according to equation 1 (Frizzone et al.,
1994).

EC =0.7457 x Pot x To x Pkwh (1)

Where:

EC - cost of electricity during the crop cycle, in Brazilian Rials
(BRL); 0.7457 - conversion factor from hp to kw;

Pot - engine power, in hp;

To - system operating time required to restore the ETc, in
hours, considering an irrigated area of 1.0 ha;

Pkwh - price per kwh, in Brazilian Rials (BRL).

The price per kwh was obtained from Enel (Energy Company
of Ceara), considering that the system operated during peak
hours. The price for one millimetre of applied water (Pw)
(BRL.mm’l) was obtained by dividing the cost of the
electricity in Brazilain Rials (BRL) by the water depth applied
during the period (mm) and adding the price of the K, water
tariff (practised in the Lower Acarau Irrigation Perimeter in
2016).

The marginal physical productivity (MPP) of a variable factor
comprises the increase in the physical product resulting from
the use of an additional unit of the variable factor, and is
expressed by the first derivative of the Y response function.

Efficiency in water use

Water use efficiency was evaluated from crop water
productivity (WP), estimated by the relationship between
the total value for productivity (kg ha’l) and the respective
amounts of water applied in each treatment. Economic
water productivity (EWP) was estimated by the relationship
between the monetary values for total production (BRL) and
the respective amounts of water applied (m3?) in each
treatment. To determine production values (Yysps), the unit
price of the product was obtained from the wholesale price
history at the Centre for Supply (Ceasa) in Maracanau for
2016.

Statistical analysis

Once the results were obtained, statistical analysis was
carried out employing analysis of variance using the Sisvar
software (Ferreira, 2010). When the values were significant
by F-test, the Scott Knot test was applied to compare the
mean values for the treatments with the types of ground



cover, and regression analysis for the treatments and levels
of irrigation, both at a significance level of 5%.

Conclusion

The maximum productivity of the cherry tomato was
11,401.00 kg ha® obtained with an ideal water depth of 454
mm. The carnauba straw presented potential as a vegetative
cover, being economically feasible, as it allowed a reduction
in water consumption and increase in the yield of cherry
tomato under a poor irrigation strategy.
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