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Abstract: The management of the irrigation is fundamental for success of leaves vegetables production. The work was carried out
aiming to evaluate the production response of the arugula (Eruca sativa Mill.) under different irrigation levels at 25, 31, 37 and 43
days after sowing. The treatments were distributed in randomized blocks design with four replication, and evaluated in split-plot
scheme of 4 x 4, with the plots constituted by four irrigation levels equivalent to reference evapotranspiration (ET0) at 50%, 75%,
100% and 125% estimated by Penman-Monteith equation; and the split-plot constituted by days after sowing. The arugula planting
was established in November of 2008 with direct sowing in nursery with 0.1 m x 0.2 m per plant, using the cv. “Folha Larga”. After
the germination phase was carried out crop management necessary to the crop production. It was analyzed: plant height (cm), leaf
number, fresh weight (g m?) and dry weight (g m™). The results showed the significant differences at level of 5% of probability for
the Scott-Knott test for all variables analyzed after 37 days of planting. The results permit to infer that the irrigation levels exert
influence under the studied variables with the higher efficiency of water use found for levels of 75% and 100% of the reference
evapotranspiration.
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1. Introduction the amount of water that must be applied to plants [1].

) . o . Studies of water use are extremely important for
In region of Itabaiana city in Sergipe State the crop . .
- ] oo L Northeast region of Brazil due to presence of many
predominance is leafy cultivation. The municipality is L . . .
. . semi-arid and arid regions. The consumption of water
considered a commercial center of the state, and the . .
. . . by plants (ETc) is estimated by the product between
neighbor municipalities and others states with o .
. . . reference evapotranspiration (ET,) and crop coefficient
vegetables supplied to supermarket net in the Sergipe. ) ..
. ) ) (Kc). There are several equations for estimating ET,
However, the maintenance of this production depends i ) ) o
and a comprehensive review on this topic is evaluable

in the literature [2, 3]. It should be noted that the use of
these equations is limited, since they need to be

on sustainable practices to assurance the water
resource.

Water is a limited natural resource and its use in . . . .
. . calibrated for the region under study, in order to avoid
agriculture has taken place with more elevated ) Lo X
o ) ) inaccurate results. Another limiting aspect is the lack
restrictions must be rationally carried out. Hence, any . . .
. . of climate data required by these equations.
proposal for an irrigated crop should be accompanied . )
) The Kc varies according to the stage of crop
by a careful design and management for water . . .
R ] ) o development, soil and climate conditions. The use of
irrigation in order to identify accurately the timing and . )
values obtained from other regions may generate
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consumption is determined by soil water balance,
which is used universally [4-6].

The arugula (Eruca sativa Mill.) is herbaceous
annual vegetable belonging to the family Brassicaceae
[7]. The species is rich in protein, vitamins A and C,
and minerals, especially calcium and iron, besides
being an excellent appetite stimulant, has
anti-inflammatory and detoxifying proprieties. In
Brazil, it is consumed as salad and on pizzas, and in
recent years has increased in popularity and
consumption [8].

The determination of irrigation and the definition of
a rational irrigation management of crops is an
important problem in agriculture, especially when
water is a scarce and limiting factor for the crop
production [9]. The continuous progress in the
technical development of meteorological sensors have
been taken proportional advances in development of
electronic components, much more accurate and less
costly, used in quantifying the various components of
the soil-plant-atmosphere, which is one of the most
important factors in the process of decision making in
irrigated agriculture. One example is the increasing
use of automatic weather stations as an essential tool
for estimating the reference evapotranspiration (ETy)
on a continuous time. This method allows the
development of a weather monitoring system for
irrigation in real time [10-12].

To determine the irrigation of crops the system of
irrigation management by real-time concerns the use of
integrated components of the soil-plant-atmosphere. In
this system, the levels of irrigation to be applied into
the plot level are estimated taking into account the
databases relatives to the soil, climate, plant, the water
system evaluable and the number of irrigants [13].

In this sense it was carried out this work aiming to
study the different levels of irrigation at different
periods and their influence under the productive
features of the development of arugula under the
edaphoclimatic conditions of Itabaiana city, Sergipe

State-Brazil.

2. Methodology
2.1 Characterization of Study Area

The municipality of Itabaiana is sited in
hydrographic basin of Sergipe at latitude of 10°41°11”
and longitude of 37°25°37”, 56 km far from Aracaju
capital, with climate transition between semi-arid and
semi humid, with annual average temperatures of 24.7
°C and average rainfall of 858.5 mm. The city has an
average altitude of 180 m above the sea level, and is
surrounded by Itabaiana Saw. The experiment was
installed in Vida Verde Farm in November of 2008,
with an irrigation system of microaspersion. The
treatments were distributed in randomized blocks
design with four replications, and evaluated in
split-plot scheme of 4 x 4, with the plots constituted
by four irrigation levels of the reference
evapotranspiration (ETy) equivalent to 50%, 75%,
100% and 125% estimated by Penman-Monteith
equation; and the split-plot constituted by days after
sowing.

The climatic monitoring was obtained collecting
daily data of humidity, temperature, speed and
direction of wind, solar radiation and net radiation
necessary to estimate the reference evapotranspiration
(ETp) according to Penman-Monteith, fundamental to
the irrigation of crops in these areas, using the

following equation [14]:

0.408A(R, -G) + }/&U2 (e, —¢e,)
_ T +273
ETo = (
A+y(1+0.34U,)
1)
where:

ET, = reference evapotranspiration (mm day ™)

A = slope of the vapor pressure of saturation (kPa
oc

R, = net of radiation on surface (MJ m? day'l)

G = soil heat (MJ m” day'l)

y = psicrometric constant (kPa °C™")

T = air temperature measure at 2 meters height (°C)

U, = velocity of wind measure at 2 meters height

(ms™)
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es = pressure of saturation of water (kPa)

e, = pressure of actual water (kPa).

The levels of irrigation were defined with aiming of
the automatic agro meteorological station equipped
with a data transmission system via world net
computer [15]. The climatic data feeds software and
sheet of estimative of the ET, (Table 1) for posterior
irrigation management of the crops by methods of
water balance in the soil [16].

2.2 Management of the Planting of Arugula

The planting was executed on December 16th, 2008
in nursery of 0.1 m x 0.2 m using the arugula seeds cv.
“folha larga”, in an area with soil previously prepared.
The fertilization was based on chemical analysis
(Table 2), using 40 g m™ of N, 10 g m™ of P,Os and
20 g m” of K,O. The utile plot was composed by
eight raw of plants.

After the seed germination it was executed the
management and thinning necessary to the crop
leaving three seedlings per planting hole. The soil was
keep under the soil capacity with irrigation of micro
aspersion during the period of 6:30 am to 7:30 am
with emitters spaced every 4.65 m x 4.65 m until the
15" days after sowing. After this period was initiated
the differentiation of the irrigation with levels

Table 1
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referents to ET, (50%, 75%, 100% and 125%) the day
before. The cover fertilization with nitrogen was
supplied with 40 g m™ of urea as source of N.

The beginning of the evaluation occurred the 25"
day after sowing (DAS) followed by evaluations at
31%, 37" and 43" day harvesting the entire plants. The
evaluation included analysis of plant height (cm),
number of leaves, fresh matter (g m~) and dry matter
(g m?). The variance analysis for statistical design
was carried out in randomized blocks in split plot
scheme and the data were analyzed by SISVAR
software [17]. The joint analysis of the variables was
estimated, and the mean values were compared by the
Scott-Knott test at 5% probability.

3. Results and Discussion

Data of reference evapotranspiration obtained from
the automatic weather station collected during the
period of application of irrigation levels are shown in
Fig. 1A. The maximum observed evapotranspiration
was with 5.90 mm day”', the minimum with 0.50 mm
day™, and the average of all measurements performed
was with 4.62 mm day ™.

The accumulated values of levels of irrigation
applied are found in Fig. 1B. There was a lower
differentiation among the irrigation at beginning of the

Weekly average values of maximum, medium, minimum temperature; relative humidity and reference

evapotranspiration (ET,) obtained from December 16", 2008 to February 10™, 2009. Data collected by agro-meteorological

station. Itabaiana-SE, 2009.

Data T. maximum T. average T. minimum Humidity Evapotraspiration (ET)
) ) ) (%) (mm)

December 16-22 of 2008 32.58 26.80 21.03 73.89 522

December 23-29 of 2008 32.52 27.35 22.19 74.07 5.20

January 30-05 of 2009 32.49 26.84 21.19 70.75 5.05

January 06-12 of 2009 31.30 26.88 22.46 76.18 4.32

January 13-19 of 2009 33.15 28.13 23.12 75.17 4.56

January 20-26 of 2009 32.65 27.64 22.64 75.33 3.90

Table 2 Chemical characteristics of the soil in the experimental area. Itabaiana-SE, 20009.

Profundity pH o.M Presin Al H+Al K Ca Mg SB CEC BSI (%)

(cm) (CaCly)) (%) (mgdm™®) s emol/dm’.....cooviniiiic

0-20 7.3 0.94 28.1 ND 0.13 0.43 4.53 6.67 12.7 12.8 99.2

20-40 7.4 1.21 101 ND 0.13 0.32 3.26 4.03 8.41 854 985

O.M: Organic matter, CEC: Cation exchange capacity, SB: Sum of bases, BSI: Basis saturation index.
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Fig. 1 Daily values of evaporation (A) and cumulative irrigation applied (B).

application. This difference was further accentuated in
the course of the experiment, reaching expressive
values at harvesting period (43 days after
transplanting date) with levels of 100, 150, 200 and
250 mm for evapotranspiration at 50%, 75%, 100%
and 125%, respectively. The levels applied at ET,
125% was 2.5 times superior to the level applied at
ETy 50%, which have been evidencing a wide
variation in the water content in the soil for the
development of arugula.

The mean values for the height of plants (HP),
number of leaves (NL), fresh weight (FW) and dry
matter (DM) of arugula growing under different
irrigation levels, assessed for different periods is
displayed on Table 3. There are significant differences
among the treatments (P < 0.05) at 37 and 43 days
after sowing.

The variable differentiation took place at 37 days
after sowing and remained until the harvesting time.
The water depth corresponding to 100% of reference
evapotranspiration (ET,) presented the best results,
followed by treatment at 75% ET,. Both irrigation
levels of irrigation, at 50% and at 125% of Et,,
showed significant differences for the variables
studied. The deficit or excess of water resulted on
damage in arugula development.

The vegetables grown on field conditions are
submitted to a strongly influence in their development
by soil humidity conditions. The deficiency of water is
usually the most limiting factor for achieving high

productivity and good quality for products, but the
excess may also be harmful [18].

One of the first effects of water stress is reflected on
plant growing [19]. The plant growth is the result of
numerous physiological processes strongly integrated,
but that present individual interactions with the
environment. The water restriction reduces the turgor
and consequently the cell expansion, which in fact
reduces the leaf area and productivity.

In according to results presented in Table 3 the
development of the arugula was affected by the
management of irrigation water, and affected all
variables studied, where the results for development at
the early stage of the crop was unaffected by different
irrigation, which is explained by lower demand for
water needed by the crop. But 37 days after sowing
(DAS) the arugula showed the best differentiated
results for irrigation at 75% and 100% of reference
evapotranspiration.

Values above of 100% ET,, which led to decrease
for the variables indicated that the excess of water,
excessive irrigation, reduces plant growth. It was
possible to observe in field the presence of yellowing
leaves early and late growth, which can implicate in a
low commercial value of the arugula.

The decreasing performance on development
caused by irrigation levels below of 75% of ET, can
be explained by leafy vegetables at lower soil water
response negatively on their development, indicating a
probable closure of the stomata in order to avoid water
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Table 3 Mean values of leaves or plant height (PH), number of leaves (NL), fresh matter (FM) and dry matter (DM) of
arugula cv “folha larga” in different periods under different levels of irrigation in Itabaiana city, Sergipe State, 2009.

Lamina of irrigation

Evaluated characteristics

Days after sowing (mm) PH NL M DM
(cm) (n°) (gm?) (gm?)
50% ETo 7.19a 5.56a 487.5a 72.0a
25 75% ETo 7.88 a 6.89 a 670.5 a 96.0 a
100% ETo 7.25a 5.75a 640.5 a 855a
125% ETo 8.16 a 6.13a 724.5 a 87.7a
50% ETo 10.13 a 7.44 a 805.5a 133.5a
1 75% ETo 11.63 a 7.13 a 1,3155a 199.5a
100% ETo 10.25 a 7.69 a 1,204.5 a 148.5a
125% ETo 10.06 a 7.13a 843.0a 1335a
50% ETo 9.38b 6.93b 540.0 b 130.5b
- 75% ETo 16.26 a 1240 a 3,904.5a 385.5a
100% ETo 15.25a 12.50 a 3,912.0a 403.5a
125% ETo 14.25a 12.10 a 34245a 421.5a
50% ETo 10.89d 7.08 ¢ 1,012.5¢ 172.5d
4 75% ETo 20.90 a 1550 a 6,487.5a 616.5b
100% ETo 18.85b 18.00 a 6,702.0 a 733.5a
125% ETo 16.65 ¢ 12.93 b 4,158.0b 456.0 ¢
cvi» 6.49 29.40 40.03 29.80
CV 2 (%) 10.29 22.43 24.30 25.69

Mean values followed by the same letter doesn’t differ by Scott Knott test at 5% of probability.

ET,: reference evapotranspiration.

loss, reducing respiration and therefore less
photosynthesis, contributing to the reduction of cell
expansion and consequently a reduction of
photosynthetic translocation of liquids and nutrients.
This implicates on another survival strategy. Dry
matter accumulated by plants is related to
photosynthetic activity and nutrients absorption that in
those water restriction treatments is reduced [20].

In general the vegetables cultivated under the field
have the

influenced by soil humidity conditions. The water

conditions development intensively
deficiency is a factor limiting for to obtaining the
elevated productivity and products of good quality,
but the excess also can be prejudicial [18].

One of the first effects of water deficiency is the
low growth of the plants [19]. The growth of plants is
result of the innumerous physiological integrated
process, however there is an accentuated individuality
in the environmental interactions. The hydric stress

induces the turgescence redution that reduce the cell

expansion, which in turn reduces the leaf area and
[21-25]. This
particularly damaging in green leafy vegetables.

agricultural productivity effect is

The response functions of variables subjected to
different irrigation levels follows quadratic models
with high significance, according to Fig. 2.

In Figs. 2A and 2B, it is possible to confirm the
performance of plant height and number of leaves of
arugula in function of applied irrigation. It is verified
that both deficit and excess of the irrigation
promoted lower mean value for the corresponding
variables. According to the regression equations, the
maximum yields (maximum point of the equation)
for the variables HP, NF were 20.9 (cm) and 18
leaves on average by the applied irrigation levels of
93.8% and 94.9% of the ET,. For the production of
fresh matter and dry matter most physical
productivity was found with irrigation level at 75%
and 100% of ET,. Similar results were observed with

lettuce [26].
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Fig. 2 Quadratic regression curve related to water depth (ET,) at 50%, 75%, 100% and 125% for 42 days after sowing
(DAS) for variables: plant height (A), number of leaves (B), fresh matter (C) and dry matter (D), 20009.

By polynomial adjusts for fresh and dry matter was
determined a quadratic curve (Figs. 2C and 2D). By
deriving the models, it is possible to find the
maximum point with values of 7,218.0 and 738.1 gm™
for at 93.54% and 94.39% of ET,, respectively. This
estimative indicates a perfect application between the
levels of irrigation at 75% and 100% of ET,. Similar
results were obtained for lettuce, which adjust to
quadratic equation with maximum value of 0.75 of

evaporation from a Class A [21].
4. Conclusions

The adequate irrigation levels for arugula can be
analyzed monitoring the plant height, fresh and dry
matter at 43 days after sowing (DAS), which varies
significantly according to irrigation.

In the conditions of this experiment, it can be state
that the management of irrigation between 75% and
100% reference evapotranspiration provides the best
development and productivity for arugula crop.

Water depths above 100% ET, promote a reduction
in productivity (height of leaves, leaf number, fresh
and dry mass). The water deficit caused by irrigation
levels below to 75% ET, is impractical for the
production of leafy vegetables as arugula.
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