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ABSTRACT

Three field experiments were carried out in a tropical environment in Brazil in order to evaluate the effect of planting
date on crop evapotranspiration (ET), crop coefficient (K) and water use efficiency (WUE) of three lettuce (Lactuca
sativa L.) cultivars grown in different seasons (autumn, winter and summer) under tropical climate. ET_ values were
obtained through the soil water balance method and reference evapotranspiration (ET,) through the Penman-Monteith
method, using data collected in an automatic weather station located close to the experimental area. The results of
the research showed that the mean values of ET. and K_ for lettuce were 3.5 mm day" and 0.82, respectively. The curly
cultivar showed the highest yield (40.8 kg ha') during the autumn transplanting date. Results also showed that the
three lettuce varieties have different responses to the climatic conditions. The greatest WUE was observed for the three
lettuce varieties when they were grown during the autumn growing season, and the lowest values occurred during the
winter growing season.

Keywords: Lactuca sativa L; Soil water moisture; Water balance.

RESUMO

Trés experimentos de campo foram conduzidos em ambiente tropical no Brasil com o objetivo de avaliar os efeitos da
data de plantio sobre a evapotranspiragao (ET,), o coeficiente de cultivo (K)) e eficiéncia de uso da agua (EUA) de trés
variedades de alface (Lactuca sativa L.). A cultura foi cultivada em diferentes épocas do ano (outono, inverno e verao)
sob clima tropical. Os valores de ET_ foram obtidos através do método do balango hidrico do solo e a evapotranspiragao
de referéncia (ET,) pelo método de Penman-Monteith, utilizando dados coletados em uma estagdo meteoroldgica
automatica localizada proxima a area experimental. Os resultados da pesquisa mostraram que os valores médios de
ET. e K_ do alface foram 3,5 mm dia? e 0,82, respectivamente. A variedade crespa apresentou a maior produtividade
(40,8 kg ha) durante o plantio de outono. Os resultados também evidenciaram que as trés variedades de alface tém
respostas diferentes as condigdes climaticas da regido. A maior EUA das trés variedades de alface ocorreram quando
elas foram cultivadas durante a estagao o outono e os valores mais baixos ocorreram durante o cultivo de inverno.

Palavras-chave: Lactuca sativa L; Humidade do solo; Balango hidrico.
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INTRODUCTION

Climatic variability affects quantity and quality of
water resources, especially in regions with low rain-
fall. The great challenge for the next decades will be
to increase food production with less water, in order
to guarantee the food supply worldwide. The need
for quantifying water consumption of agricultural
crops for the dimensioning of irrigated agriculture
has stimulated various studies in many parts of the
world (Azevedo et al., 2003; Allen et al., 2005; Silva
et al., 2009, 2013; Ghiberto et al., 2011; Fernandez-
Pacheco et al., 2014; Pereira et al., 2015). The knowl-
edge on the precise values of the crop coefficient
(K)) is particularly important for the determination
of the water requirements of the crops, in terms
of both irrigation water management and plan-
ning of hydro-agricultural systems. Therefore, it
is essential to determine the water consumption of
various types of crops under the edaphoclimatic
conditions of their cultivation areas, with sustain-
able use of the water resources (Azevedo et al., 2003;
Silva et al., 2009, 2013; Bezerra Neto et al., 2012).

Lettuce is the most cultivated vegetable in Brazil
(Cometti et al., 2011) and the most important crop
in the group of leafy vegetables (Kristkova et al.,
2008). This crop also is the leafy vegetable most
consumed in Brazil, making up approximately
40% of the total volume traded in fresh produce
supply companies (Sala and Costa, 2012) with the
cultivar iceberg as the most widely consumed in
the country (Oliveira et al., 2010). Diverse landraces
and local varieties are cultivated in different
regions with a broad spectrum of landraces
(Ktistkova et al., 2008). However, lettuce cultiva-
tion under high temperatures becomes suscep-
tible to the incidence of diseases and occurrence
of nutritional imbalance in the plants, especially in
the Brazilian summer, characterized by rainy days
with high temperatures (Ceuppens etal., 2014).
Curly and looseleaf lettuce varieties are the most
known and consumed in Brazil. They were geneti-
cally improved for summer cultivation or adapted
to tropical regions, with high temperatures and
rainfall; however, in the last years, cultivars with
a purple color and jagged leaves also appeared. So,
the present study aims to determine evapotranspi-
ration, crop coefficients and water use efficiency
of three lettuce cultivars along their production
cycles in a tropical region.

MATERIAL AND METHODS

Field experiments were carried out over three
successive seasons in 2013 and 2014 at the
Vegetable Production Unit, belonging to the
company Hortalicas Vida Verde, in partnership
with the Federal University of Sergipe (UES),
Brazil (10°41'06” S; 37°25'31” W; 188 m). The vege-
table cultivation area belonging to this enterprise
comprehends approximately 6.5 hectares. The
climate is characterized as tropical, with mean
annual temperature of 24.5 °C, annual evaporation
of 1,850 mm, mean relative humidity of 60% and
mean rainfall of 839 mm. The rainy period occurs
between May and July (Silva, 2004).

The soil in the experimental area is classified as
Red Yellow Argisol, with sandy loam texture, as
sand at 0-15 cm depth and as loam at 15-30 cm.
The soil chemical composition indicated mean
contents of potassium, calcium and magnesium of
87.3 mg/dm3, 50 mg/dm? and 2.9 cmol/dm?, respec-
tively (Table 1). The daily meteorological data for
determining ET, were obtained from the automatic
weather station located 600 m from the experi-
mental area.

The studied crop was lettuce (Lactuca sativa L.),
planted atspacing of 0.40 m betweenrowsand 0.40m
between plants, totaling 80 plants per experi-
mental plot for each cultivar. The lettuce crop was
initially sown on polyethylene trays, maintained
in protected cultivation and irrigated through
micro-sprinklers. The plots were subdivided into
three rows (beds) corresponding to each lettuce
cultivar: Looseleaf (Saia Véia), Curly (Isabela) and

Table 1 - Physical and chemical characteristics of the soil in
the experimental area

Physical characteristics

Soil depth (cm) Soil granulometry (%) Soil Texture
Sand Silt Loan
0-15 80.0 13.0 7.0 Sand
15-30 26.0 36.0 38.0 Loan
Chemical characteristics
pH (H,0) 77 Mg (cmol/dm?3) 29
MO (dag/cm?) 0.6 Al (cmol/dm?) 0.0
P (mg/dm3) 873 H+A1 (emol/dm?) 0.7
K (mg/dm3) 50 CTN (cmol/dm3) 56

Ca (mg/dm?) 1.9 V (%) 87.8
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Red (Rouge). The planting density in the experi-
mental area was 125,000 plants/ha. The study
was conducted with three replicates in different
periods of the year: winter, summer and autumn.
A micro-sprinkler irrigation system was used and
the flow rate of the irrigation pipe was equal to
60 L h'. Irrigations were performed twice a day,
according to the ET,. For each experimental plot
of 15.0 m x 0.7 m, 5 access tubes were installed to
measure soil water content in three replicates for
each lettuce cultivar (Figure 1). The field experi-
ments were performed in different periods; the first,
second and third campaigns were conducted in the
winter, summer and autumn seasons, respectively.

Figure 1- Field plot layout showing experimental design
with 5 access tubes.

Soil water content was measured using a portable
soil moisture monitoring system (Diviner 2000,
Sentek Pty. Ltd. Australia) previously calibrated
for the soil of the experimental area with the gravi-
metric sampling technique, according to Groves
and Rose (2004). The Diviner 2000 is a portable
soil moisture monitoring instrument that consists
of a probe and hand-held data logger (Zhou et al.,
2008). Five access tubes were installed in the plot
(Figure 1). The measurements of mean volumetric
soil water content were performed at daily inter-
vals after each irrigation or rainfall at every 10 cm
of depth from the surface down to 50 cm depth.
Irrigation management was performed using the
crop coefficient established in the FAO-56 Bulletin
(Allen et al., 1998).
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Crop evapotranspiration (ET) was determined
through the soil water balance method, as follows:

ET. =P+I+A-D—-AW R

where P —rainfall; I —irrigation depth; A — capil-
lary rise; D — deep drainage; AW — variation of
water depth available in the soil and R - surface
runoff. All the components of Eq. (1) are expressed
in mm. Rainfall was monitored using a pluviom-
eter, installed in the experimental area, and AW
was determined based on the soil moisture profile.
The control volume considered for the water
balance corresponds to the soil layer between the
surface and the effective root system depth (0.4 m).
Since the water table in the studied area is more
than 1 m deep, the term capillary rise was consid-
ered as null. Soil water drainage was obtained
based on the procedures established by Azevedo
et al. (2006).

Surface runoff (R) was not considered because
the topography of the terrain is flat. The values in
ET were determined using the air temperature, net
radiation, wind speed and relative humidity data
and the FAO Penman-Monteith equation (Allen
et al,, 1998). The crop coefficient was determined
through the ratio between ET, and ET, defined
by meteorological data. On other hand, WUE
was obtained as the ratio between grain weight
or biomass yield and crop evapotranspiration
expressed in units of kilograms per hectare per
millimeter of water (Zhang et al., 2004).

RESULTS AND DISCUSSION

Thetotalrainfallduringthefirstexperimental period
was higher compared with the others, 197.2 mm;
however, the summer showed the lowest total rain-
fall, representing only 24% of the total in the winter.
The highest values of insolation and evaporation
occurred in the summer, but the total insolation in
the winter represented 74% of that in the summer
and 90% of that in the autumn. Temperatures did
not vary much between the seasons and the mean
values in the summer and autumn were virtually
equal, around 27 °C, representing only 10% of the
mean temperature of the first experiment, during
the winter.



Relative humidity also varied substantially
between the summer and autumn seasons in the
studied area. Summer transplanting date was
the warmest, followed by the autumn and winter
seasons and insolation was quite high during all
seasons. The highest insolation and Class A pan
evaporation values were recorded during the
summer season. Temperatures did not vary much
between the seasons and the mean values of
summer and autumn were virtually equal, around
27 °C, representing only 10% of the mean temper-
ature of the first experimental campaign, during
the winter. Mean annual relative humidity varied
significantly between the seasons, from 39+5.4%
in the spring growing season to 56+12.5% in the
autumn season.

The highest values of lettuce yield occurs during
autumn growing season, ranged from 22.1 to 40.7
T hat (Table 2). A similar result was obtained by
Candido et al. (2011) when analyzing lettuce yield
response under field and greenhouse conditions
in Southern Italy. They found lettuce yield ranging
from 33.6 T ha' to 43.2 T ha', according to treatment
type. Earlier, Hanson efal. (1997) also reported
lettuce yield ranging from 30.6 T ha' to 40.9 T ha'
on a farm in the Salinas Valley of California.

The curly cultivar showed the highest yield during
the growing season for the autumn transplanting
date with highest maximum temperature and inso-
lation quite high. When analyzing the dynamicrela-
tionships between field temperatures and Romaine
lettuce yield in South Carolina, USA, Dufault et al.
(2009) observed a linear increase in some varieties of
lettuce when temperature increased. On the other
hand, the lowest value of lettuce yield was found in
the summer growing season with the red cultivar,

Table 2 - Yield of the three lettuce varieties during the
winter, summer and autumn seasons in Brazil

Yield (T ha?)
Variety
Winter Summer Autumn
Looseleaf 11.6 bB 18.5aA 22.1bA
Curly 19.7 aB 13.4 aC 40.7 aA
Red 8.0 bB 7.5bB 27.1 bA

Means followed by the same letters, uppercase in rows and lowercase in
columns, do not differ by the Tukey’s test (p < 0.05).

followed by the looseleaf cultivar. Some studies
have indicated high temperatures as limiting factor
for lettuce production with accelerated inflores-
cence formation and shortened vegetative period
in the plants (Ryder, 1986; Sala and Costa, 2012).

There were significant differences between varie-
ties and growing seasons, ranging from minimum
value of 7.5 T ha' for red/summer to 40.7 T ha?
for curly/autumn. A reduction in the yield of the
curly cultivar grown during autumn was found
to be 32.9% compared with that in the summer
growing season, in part due to high values of
both air temperature and insolation. The three
lettuce varieties showed similar yield during the
winter and autumn growing seasons; however, the
yield values of the three lettuce varieties during
summer growing season are statistically different
by Tukey’s test (p < 0.05). On the other hand, the
looseleaf cultivar showed higher yield in the
summer, also statistically different from the others.
The red cultivar reached the lowest values of leaf
fresh weight production and, during the autumn
season, its yield was not statistically different from
that of the looseleaf cultivar. The results of the
current study also indicate that the autumn culti-
vation lead significant increase in lettuce yield.

All analyzed growth variables of the lettuce crop
showed higher development in the autumn period,
although it was not the rainiest period in the studied
area. The total rainfall in the autumn was 38.5% of
that recorded in the winter. This result is partially
contrary to that obtained by Serna et al. (2012),
who observed high yield caused by an increase in
lettuce weight (which causes diameter and length
increases) caused by an increment of water absorp-
tion. On the other hand, Galieni et al. (2015) analyzed
the effects of nutrient deficiency and abiotic envi-
ronmental stresses on lettuce yield and found high
values of yield, leaf number and leaf length in
unstressed plants. The results of the present study
clearly demonstrate the decrease in the yield of the
red cultivar during the winter growing season.

There were no significant differences in mean daily
ET. between the three lettuce varieties (Table 3).
Otherwise, there were significant differences
for ET, values between growing seasons. In this
aspect, the lettuce crop shows higher evapotran-
spiration in the summer, followed by the periods
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Table 3 - Analysis of variance of the mean values of
evapotranspiration for the three lettuce varieties
during the three experimental campaigns (winter,
summer and autumn)

Evapotranspiration (mm/day)

Variety

Looseleaf Curly Red
Winter 2.74 bA 2.67 bA 2.69 bA
Summer 455 aA 453 aA 478 aA
Autumn 3.07 abA 3.10 abA 3.05 bA

Means followed by the same letters, uppercase in rows and lowercase in
columns, do not differ by the Tukey’s test (p < 0.05)

of autumn and winter. For each growing season,
no significant differences in evapotranspiration
values were found between varieties. Therefore,
since the ET. did not show significant statistical
differences between the varieties, this figure was
made based on the mean values of ET, of the three
varieties.

In the first experimental campaign (Figure 2A),
during the winter, when there were higher rain-
falls (total of 197.2 mm), the mean evapotranspi-
ration was 1.75 mm, reaching maximum value of
429 mm at 21 DAT. In the second experimental
campaign (Figure 2B), for being the summer
growing season, with total rainfall of 48.0 mm and
irrigation prevailed, with maximum values at 14
and 21 DAT of 39.5 mm. These results confirm that
the plant responded to the increase in soil mois-
ture, because the maximum value of ET_ of 6.30 mm
occurred at 21 DAT and minimum of 4.02 mm at
28 DAT. In the third experimental campaign,
during autumn, the highest cumulative values
of rainfall occurred at the beginning and end
of the lettuce cycle, with 51.7 mm (7 DAT) and
56.2 mm (42 DAT), respectively, with maximum
peak of ET, of 4.92 mm at 21 DAT, and minimum of
1.02 mm at 42 DAT.

Crop water requirements are higher in the summer
period, reaching 208.08 mm (Table 4). In winter,
since the atmospheric demand was lower, the
ET_was 66% lower than thatin the summer growing
season. As a result, the values of crop coefficients
for winter, summer and autumn growing seasons
were 0.71, 1.04 and 0.72, respectively.
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Figure 2 - Main daily evapotranspiration (ETc), rainfall and
irrigation during: a) first experimental campaign
(winter); B) second experimental campaign (sum-
mer); C) third experimental campaign (autumn).

Table 4 - Cumulativevaluesoflettucecropevapotranspiration
(ET,), reference evapotranspiration (ET ) and water

use efficiency (WUE)
Growing E\lzap?otransplratlon WUE (kg/ha mm)
seasons (Cumu ative ET, ET,(mm) Looseleaf Curly Red
mm)

Winter 124.82 2.70 9.3 15.8 6.4
Summer 208.08 4.62 8.9 6.4 3.6
Autumn 142.65 3.07 15.5 28.5 19.0
Mean 158.52 3.46 11.2 16.9 9.7




Crop evapotranspiration was reduced by 59.9%
from summer to winter growing season and by
68.5% from summer to autumn growing season.
Similar reduction was observed in ET,. These
changes resulted in lowest WUE during the
summer growing season, which ranged from
3.6 kg/ha mm for the red cultivar to 8.9 kg/ha mm
for the loose leaf cultivar. The lowest WUE occurred
in the summer growing season for the three varie-
ties because of the inherent highest values of crop
evapotranspiration. The highest WUE was found
during the autumn growing season for the curly
cultivar (285.9 kg ha' mm), while the lowest WUE
rates were obtained during the winter and summer
growing seasons for the red cultivar. A decrease
in the yield and WUE of the three lettuce varieties
was observed during the summer growing season
as a result of both high air temperature and insola-
tion and low rainfall. Abreu et al. (2014) also found
a decrease in the yield of different lettuce varieties
when grown in the summer season.

Lettuce crop coefficient can be determined with
good precision (r2 = 0.95) as a function of the
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Figure 3 - Crop coefficient curve of lettuce throughout
development cycle under the climatic conditions of
tropical region.

number of days after transplanting (DAT), through
the relationship: K. = 0.3521 + 0.0594 DAT - 0.0013
DAT? (Figure 3). Therefore, the observed temporal
variation in K_is assumed to be a function of the
DAP, with highly significant correlation coefficient.
These results suggest that the equation reasonably
describes the relationship between the crop coeffi-
cient and DAP.

The mean crop coefficient for lettuce growth in trop-
ical region was 0.82, while for the initial, middle
and final stages are 0.80, 1.07 and 0.70, respectively.
These K, values were in a good agreement with
the K values given by Allen etal. (1998) during
the initial, development and late growth stages of
lettuce. On the other hand, studies conducted by
Fernandez-Pacheco et al. (2014) in Southeast Spain
obtained K, values of 0.61, 1.03 and 0.98 in the
initial, middle and final stages, respectively. The
three lettuce varieties have different responses to
the climatic conditions. The lowest yields were
observed in the summer season, with values of 8.8,
7.3 and 27.1 kg ha, respectively for the looseleaf,
curly and red lettuce varieties.

CONCLUSIONS

The mean crop coefficient of lettuce is 0.82 along
the entire lettuce cycle, while in the initial, middle
and final stages, the values were 0.80, 1.07 and 0.70,
respectively. ET. values ranged from minimum of
2.74 mm/day with loose leaf cultivar to maximum
value of 4.78 mm/day with red cultivar. The lettuce
crop shows higher water demand in the summer
period and the highest WUE was obtained during
the autumn growing season with the curly cultivar
(2859 kg ha' mm), while the lowest values were
obtained during the winter and summer growing
seasons with the red cultivar. The curly cultivar
shows the highest yield, cultivated in the autumn
growing season. The highest values in yield and
WUE of lettuce during the autumn growing season
were due to the favorable climatic conditions for
crop development in tropical climate.
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