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Abstract

The efficient use of water and energy is fundamental to a sustainable agricultural practice. Deficit irrigations
can contribute to saving water and energetic resources. This work aimed at analyzing the influence of water
reposition in the water and energy efficiency use for growing fomato cocktail type tomato. The experiment was
conducted in vegetation house, and the randomized design was adopted with five levels of water reposition
(25, 50, 75, 100 and 125% of evapotranspiration in culture (ETc)) and six repetitions. The morphological contents
were evaluated (number of bunches, number of abortfions, fresh mass of aerial part, stem diameter and height),
SPAD index (Soil Plant Analysis Development), water demand, productivity, energy use and energy productivity.
Data were analyzed through variance analysis, average comparison, regression analysis and correlation. Water
deficit affects growth, development and productivity of cocktail type tomato. The morphological development
and the production yield show high correlation with water availability. The water replacement of 75% of ETc has

shown better efficiency in water and electricity use in growing cocktail type tomato.
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Infroduction

The agricultural sector has been largely
questioned regarding the use of natural resources, more
specifically water and energy; water management of
crops must be based on technical criteria in search of
the maximum efficiency (D’ambrosio et al., 2018). When
the irrigation is based on technical criteria, it enables a
raise in the agricultural production and optimizes the use
of water and electricity, raising the efficiency in the use of
these resources (Wu et al., 2021).

It is estimated that until 2050 an amount of 9.060
km® of water will be needed to supply the agricultural
demands (Zheng et al., 2018). The raise in the efficiency
in the use of this water and the necessary electricity to
move this resource until the necessary place is extremely
important fo the sustainability of the agricultural activity.
Methods such as dripping irrigation and regulated water

deficit promote a water and energy economy, improving

the energetic productivity and the efficiency in water use
(Scardigno, 2020).

The determination of evapotranspiration in the
culture (ETc), which quantifies the plant’s perspiratfion
and soil evaporation, is a fundamental aspect to water
management (Sales et al., 2017), enabling the adoption
of irigation with regulated water deficit (Martin ef al.,
2012; Hayashi & Dogliotti, 2021). With the use of regulated
water deficit there is a significant water economy and
fime reduction in the function of pumping, without
drastically changing the productive levels of culfure
(Hayashi & Dogliofti, 2021; Rguez et al., 2018; Wu et al.,
2021).

Tomato crop is one of the most produced in the
world, and in the year of 2019, it has shown a worldwide
production of around 181 million tons in 5 million of
hectares. Brazil stands out with a production of 3.92
million tons in 54.5 thousand hectares, getting average
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productivity 71.8 t.ha’', higher than the world average
productivity of 35.9 t.ha' (FAO, 2019).

According to Silva et al. (2020a), to produce
one kg of fresh tomato it is necessary 133.67 L of water.
Considering the elevated production in national and
international scope, the adoption of regulated water
deficit along with dripping irrigation, it reduces the use
of millions of liters of water and also reduce the energy
use, providing economic and environmental benefits. This
wayy, this work aimed at analyzing the influence of water
reposition in the efficiency of water and energy use in
growing cocktail type tomato.

Materials and Methods

The experiment was conducted in a vegetation
house from lIrrigation Technic Center (CTI) at Maringd
State University (UEM), in the municipality of Maringd-PR
(23°25” S, 51° 57" O and 542 m altitude). The climate is
type Cfa wet mesothermal according to Koppen, with
annual average precipitation of 1500 mm and average
temperature between 21.1 °C and 22 °C (Wenneck et al.,
2021). The culfivation was accomplished between the
months of March and July with average temperature of
21.8 °C and relative humidity of 66%.

A fully randomized outline was adopted with five
water reposition conditions (25 50, 75, 100 and 125% of
evapotranspiration of culture (ETc)) and six repetitions.
The treatment which had 100% of ETc water reposition was
considered the confrol freatment. The evapotranspiration
of culture was determined daily through constant water
table lysimeter. The differentiation in water reposition was
initiated 14 days after seedlings transplant.

Cultivation was accomplished in greenhouse with
aroof built in the shape of an arc and having 30 m length,
5.7 m width and 2.5 m height. The sides are covered with
anti-aphid screen and the roof covered with 150 micron
of thick low-density polyethylene plastic film, with anti-Uv
freatment.

Tomato  seeds, hybrid Tucaneiro,  with
indeterminate growth, cocktail-type fruits of bright
red color, weighing between 35 and 50 g and a cycle
of 90 days were used. The seedlings were produced in
polyethylene frays of 128 cells, being kept in greenhouse
unftil fransplant, which has occurred 32 days after sowing.

Cultivation was done with one seedling per
plastic vase (10 dm?) filled with sol classified as distroferric
red Nitisol (Santos et al., 2018), with great clay texture.
Fertilizing was held based in nutrient contents from soil
and according to recommendations fo culture (Pauletti
etal., 2017).

The soil used contained 69% clay, 12% of silt

and 19% of sand. The chemical analysis demonstrated
1.40% of organic material, pH in CaCl, from 5.20, CTC
in 9.28 cmol_dm®, total sum of bases of 5.25 cmol_dm
3, V% of 56.57. The calcium, magnesium and potassium
confents demonstrated was 3.99; 1.00; and 0.26 cmol_
dm? respectively. The phosphorous content presented
was 3.08 mg.dm=.

The water reposition was performed through
a dripping irigation system, and the fertigation was
performed every two weeks. The irrigation system was
composed by a motfor pump set powered 0.5 cv, disc
filters, drawer registers, manometers and connections,
main line of PVC pipes size 50 mm, derivation line PVC 32
mm, side lines of flexible pipes of polyethylene 16 mm, and
drippers. The self-compensating drippers have operated
with a nominal flow of 1.8 L.h"' and service pressure of 4
m.c.q.

During the conduction of culture, plants were
submitted to sprout, tutoring, besides applications of
insecticides and fungicides. Two applications were
performed (35 and 55 days after transplant) of neem
oil (fitoneem 85%) in dose of 3 mL per liter. Along the
insecticide application it was also applied cupro dimy
in dose of 15 mL per liter. 90 days after fransplant (DAT)
the morphological components were assessed. The SPAD
index (Soil Plant Analysis Development) was determined
in leaves from superior third, with equipment SPAD-
502 Plus® (Minolta). It was quantified the number of
bunches, plant’s high, number of abortions considering
the formation of sepals without fruits, base diameter and
average third of stem, plant’s fresh mass and productivity
based on fresh mass of fruits.

The water footprint represents the ratio between
necessary water consumption to produce 1 kg of the
product. This relationship considers different sources of
water which is deposited during the crop culfivation,
such as the green water which comes from the rain, blue
water coming from sources of fresh water, and gray water
necessary to absorb pollution caused by the activity
(Bleninger & Kotsuka, 2015).
calculated considering only the blue water due to the
fact that the water deposited in the crop was exclusively
through irrigation, and the pollution caused was the same
for all treatments for the quantity of fertilizers was the
same for all freatments.

To analyze the energy yield and energy use, data
were extrapolated to the area of a hectare, considering
density of 12.000 plants by hectare, with the productivity
being expressed Ha . For the electricity
consumption, it was considered the consumpfion of

The water footprint was

in ton.
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a pump bomb of 5 cv (21.6 mé.h' flow and electricity
consumption of 3.68 kWh). The energy yield and the
energy use were calculated according fo equation 1
and 2, respectively according to Sepat et al. (2013).

PE = PROD
CEE
PE — Energy yield (kg. kWh')
PROD - Productivity (kg. ha')
EC - Electricity Consumption (kWh. ha)

UE=_CEE
PROD

UE - Energy use (kWh.ton)

CEE - Electricity Consumption (kWh. ha)

PROD - Productivity (kg. ha')

Data have undergone the analysis of variance
and average comparison by Tukey fest (p<0.05). It was
done a Pearson’s correlation side analysis. The regression
analysis was done between productivity and water
consumption aiming at finding a model to estimate
the productivity according to water consumption. The
statistical analysis was performed through software R (R
Foundation, Viena - Austria).

Results and Discussion

Indicator  features of development and
productivity in the tomato crop are shown In Table 1.
Considering the treatment with reposition of 100% from
ETc as control, the productivity was reduced by imposition
of water deficit, with fall in productivity of 75.40; 50.63 and
14.89% for water reposition of 25, 50 and 75% from ETc,
respectively.

The fall in productivity is linked to changes in
physiological process of plant. The water stress causes cell
responses with the aim of helping plant to survive during
this unfavorable period. Photosynthesis is one of the most

affected processes with the lack of water, since the plant

closes its stomas to reduce the franspiration and keep the
water balance. However, this also reduces the fixation of
CO, and consequently the photosynthetic rate, enabling
the plant to produce less photo-assimilated and reducing
its growing and productivity (Reissig, 2018).

The youngest the plant is the most sensitive to
water deficit. Loyola et al. (2012) demonstrated that
fomato plants with 6 weeks undergone water stress
during only 12 days have shown reduction in water
relative content in leaf in 50%, reflecting in conductance
stomatal conduction and the photosynthesis.

Water deficiency negatively affects cellular
responses, whereas increased water availability affects
cellular responses positively, favoring the maintenance
of water balance and photosynthesis. Excess water
replacement (125% of ETc) showed an increase of 17.04%
in productivity. Ullah ef al. (2020), demonstrated that
tomato plants at 71 DAT that received excess of water
(125% and 150% ETc) had higher photosynthetic rates
and stomatal conductance compared to control plants
(100% ETc), positively influencing yield.

The other morphological characteristics such as
shoot fresh mass, diameter of the base and middle third
of the stem, height and number of bunches per plant
showed no significant difference between the 100% and
125% ETc depths (Table 1). The addition of 25% in the
water supply increased the fruit mass and did not change
morphological characteristics.

The water deficit has affected the morphological
characteristics. The diameter of the middle third of the
stem decreased with the imposition of water deficit,
but there was no significant difference between the
replacement of 25, 50 and 75% of ETc, with the smallest
diameters observed (Table 1).

The plant fresh mass (MF) and the stem base
diameter (DB) showed respectively 69.04 and 50.11%
lower values for the 25% water depth when compared
to the conftrol freatment (100% of ETc). The treatments of

Table 1. Indicators of water development, productivity and consumption in cocktail type tomato crop grown in

different conditions of water reposition

Water PROD
Reposition (g per BU AB (L.Pk:") MF (9) DB (mm) DM (mm) ALT (cm) SPAD
(% ETc) plant)
25 427.00 e 6.00 b 2.00 ns 42.97 ns 207.00 c 6.33¢C 7.44b 99.00 b 63.34 ns
50 856.75d 7.00 a 2.00 42.81 400.00 b 8.44b 7.74b 124.75a 63.65
75 1477.00 ¢ 7.00a 2.00 36.81 526.50 b 9.92b 8.92 ab 138.00 63.38
100 1735.50 b 7.00a 3.00 41.71 668.50 a 12.69 a 10.48 a 130.00 62.04
125 2031.25a 7.00a 2.00 44.63 712.00 a 13.55a 9.81a 141.50 a 61.28
P-Value <0.001 <0.001 0.8434 0.1549 <0.001 <0.001 <0.001 <0.001 0.8965

PROD = Productivity; BU = number of bunches per plant; AB = number of abortions per plant; PH = Water Footprint; MF = fresh mass; DB = base diameter in
stem; DM = diameter of average third in stem; ALT = Height; SPAD = SPAD index. Average followed by the same letters in column do not differ significantly
by the Tukey test 5% of significance.
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50% and 75% of ETc showed an intfermediate reduction for
both variables, not differing between them, but differing
from the treatments 100% and 125%, which showed the
highest values for plant fresh mass and the base diameter
of the stem.

The primary and secondary growth can be
affected by water availability (Pacheco, 2017). Under
stress conditions, plants change their growth rates in a
coordinated way, acting on different processes such
as cell wall synthesis, cell division and protein synthesis.
Negatively affecting growth that can be observed
through variables such as stem diameter, plant height
and fresh mass (Taiz et al., 2017).

The water footprint did not show a significant
difference, and this occurred because the productivity
reduced in proportion to the reduction in the volume of
the water used. The number of abortions per plant and the
SPAD index also showed no significant difference (p>0.05)
between the water replacement levels evaluated.

The number of bunches was lower only for the
25% ETc depth (Table 1). This characteristic is directly
linked to the height of the plants, with a significant positive
correlation of 0.54 (Table 2). With lower growth (height),
the plant emits fewer leaves and bunches, as obtfained
by Guedes et al. (2015), who when subjecting tomato
plants to saline stress obtained lower height and number
of bunches per plant.

Table 2. Correlation between growth and development
indicators of cocktail tomato grown under different water
replacement conditions

DH PROD  BUNCHES MF DB DM ALT
DH 1.00
PROD 0.98 1.00 -
BUNCHES 0.62 0.65 1.00 -
MF 0.94 0.93 0.67 1.00 -
DB 0.95 0.93 0.57 0.92 1.00
DM 0.76 0.72 0.67 0.78 077 1.00
ALT 0.76 0.80 0.54 078 075 0.55 1.00

DH = Water availability; PROD = Productivity; BUNCHES = number of bunches per plant;
MF = fresh matter; DB = stem base diameter; MD = diameter of the middle third of the
stem; ALT = Height of the plant.

Fresh plant mass and stem base diameter
showed a positive correlation with the yield (Table 2),
demonstrating a relatfionship between morphological
development and yield. Silva et al. (2020b) obtained
similar results for the correlation between variables
indicative of vegetative development and productivity
for industrial tomato cultivar BRS Sena.

Water availability showed a high correlation
with productivity (0.98), plant fresh mass (0.94) and stem
base diameter (0.95), demonstrating that the absence
of water stress allows for adequate plant growth and

development of the plants.

Table 3 shows the significance for the regression
models, with mathematical equations being determined
to predict yield (Y) as a function of water replacement
depth (x), according to equations 3, 4 and 5 with
coefficient of determination (R?) of 0.9746 for linear
equation; 0.9911 for quadratic equation and 0.9945 for
quartic equation.

Table 3. Regression analysis of yield and irrigation depth in
cocktail tomato cultivation

FV GL SQ QM FCALC  FTAB
TREATAMENT 4 6.8567  1.71416  190.00 3.06
REG LINEAR 1 6.6822  6.68225  740.67 * 4.54
REG SQUARED 1 0.1133  0.11331 12.56 * 4.54
REG CUBICAL 1 0.0094  0.00939  1.04ns 4.54
REG QUARTIC 1 0.0517  0.05171 5.73* 4.54

RESIDUE 15 0.1353  0.00902

TOTAL 19 6.99
Y =0.01635x + 0.07932 (3)

Y =0.02714x + 0.00007197x2 - 0.2355767 (4)
Y =-0.0114x + 0.003256x2 - 0.00003126x® + 0.0000001015x* + 1,691  (5)

Biological effects are better explained by linear
and nonlinear models of order 2. Analyzing the coefficient
of determination, it is possible to verify that the quartic
equation was not able to add a greater significant
explanation of the data in relafion to the quadratic
equation. Therefore, the quadratic model (Figure 1) was
chosen in order to determine the irrigation depth related
to the maximum point of the model (188% of ETc).

Using equation 4, the maximum point was
obtained with replacement of 188% of ETc, with an
estimated productivity of 2.33 kg per plant. Even the
value extrapolating the largest water replacement of the

2.50

=-7E-05x2 + 0.0271x- 0.2355

2.00 R2=0.9911

Productivity (kg per plant)

0 20 40 40 80 100 120 140
Water replacement (% Etc)

Figure 1. Quadratic model representing the relationship between
yield and replacement water in cocktail tomato cultivation.
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study (125%), the virtual water replacement (188% of the
ETc) was analyzed with the other conditions observed
during the experiment in order to determine the changes
in energy productivity and energy use and better
understand the need for further studies with slides above
100% ETc (Table 4).

Table 4. Evaluation of energy productivity and energy use in

relation to water availability in cocktail tomato cultivation
Water replacement (% ETc)

188 125 100 75 50 25
Volume

(m?®. ha') 1631.31 1084.65 867.72 650.79 433.86 216.93
Energy

Consumption 277.93 18479  147.83 110.88 7392 36.96
(Kwh.ha)

Productivity

(fon. ha') 27.96 24.38 20.83 1772 1028 5.12
Energetic_

productivity 100.60 131.90  140.87 159.86 139.09 138.64
(kg.kWh')

Energy use

(Kwh.ton) 9.94 7.58 710 626 719 7.21

Table 4 shows the values of energy productivity
and energy use for each water replacement condition
used and the calculated virtual replacement. These two
variables can indicate whether the change in the water
regime will influence energy consumption to obtain
a certain productivity, and in the end, it can diagnose
whether the water replacement in question can improve
the efficiency of water and energy use or not.

Using the confrol treatment (100% ETc) as a
reference, it is possible to verify that the treatment with
a 75% ETc water replacement showed an increase in
energy productivity by 13.47% and a reduction in energy
use of 11.87%.

This demonstrates that in addition to reducing the
water deficit by 25% of the volume of water needed, it
also reduces the consumption of electricity, presenting
a greater cost-benefit rafio in terms of productivity and
energy consumption. This fact can be explained by the
fact that the reduction in production did not occur in a
linear fashion, with the 25% reduction in the total volume
of water impacting a 14.93% reduction in productivity.

Certain deficient water replacement, even with
loss of productivity, increase efficiency in the use of water
and electricity. This result is similar to that found by Sinha
et al. (2017) who also demonstrated increased energy
productivity and reduced energy use when working with
80% ETc water replacement in sunflower.

This fact does not happen for the 50 and 25%
ETc water replacement, energy productivity and energy
use are similar to the confrol freatment (100%), thus not

presenting gains in the reduction of electric energy
consumption. This is due to the great impact that these
freatments have on productivity, with linear reductions in
final production per hectare of 50.65 and 75.42% for the
50 and 25% ETc water replacement, respectively.

When supplying a volume of water greater than
100% of the ETc, energy productivity tends to decrease
and consequently increase energy use. The ETc depth
of 125% presents a 17% increase in productivity, which
is disproportionate to the increase in the volume of
water supplied. This fact causes a reduction in energy
productivity of 6.37% and an increase in energy use of
6.78%.

The calculated virtual water replacement (188%
of ETc) representing the point of maximum productivity
follows the same trend as the 125% water replacement.
Water consumption increases by 88% for productivity
to increase by 34.23%. This impact can also be seen in
energy productivity, which decreases by 28.60% and
energy use increases by 40%. This demonstrates that
excess replacement do increase productivity, but not in
a way that can bring better efficiency in the use of water
and energy.

Conclusions
Considering which  this

experiment was accomplished, it can be observed that

the conditions in

the imposition of water deficit causes, in the development
and productivity of cocktail type fomato.

The morphological development and productive
yield of cocktail tomato are highly correlated with water
availability.

The evaluation of the change in the water
regime in relation to energy productivity and energy
use demonstrates that the ETc 75% water level has
better efficiency in the use of water and electricity in
the culfivation of tomato cocktail type in a protected
environment.

Through the second-degree equation, obtained
tfo determine the productivity as a function of the
water replacement used, it is concluded that the water
replacement of 188% can present the highest productivity,
however, it is the least efficient freatment in relation to the
use of electric energy and use of Water.

Further studies depths
between 100 and 200% ETc should be considered in order
to better understand the impact of this excess water on

working with water

cocktail-type tomato productivity.
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