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ABSTRACT

We aimed to determine the response of cidr6 (4loysia triphylla)
submitted to different water replacement levels in summer and winter,
in order to understand and relate the plant physiological performance
under adverse weather conditions. The research was developed in
a protected environment, in the city of Frederico Westphalen, Rio
Grande do Sul State, Brazil. The experimental design was completely
randomized, arranged in a 2x4x2 factorial scheme, two seasons of
the year (summer and winter), four water availability (50, 75, 100,
125% of ETo) and two faces of leaf (abaxial and adaxial), with four
replications. There were evaluated stomatal vapor diffusion resistance
(s/cm), transpiration (pg/cm?/s) and leaf temperature (°C), on both
faces of the leaf from 10 a.m. to 11 a.m., 1 p.m. to 2 p.m. and 4 p.m.
to 5 p.m., 45 days after the beginning of the season. We concluded
that the physiological response of cidro plants was influenced by
water replacement levels, in a different way according to the seasons
of'the year. The summer season was responsible for the highest values
of incident photosynthetically active radiation, leaf temperature,
transpiration and stomatal vapor diffusion resistance. The reduction
in water availability promoted the increase in values for stomatal
resistance to vapor flow, reducing leaf transpiration rate. The incident
photosynthetically active radiation, leaf temperature and transpiration
showed highest values on the abaxial face of the studied species.

Keywords: Aloysia triphylla, weather conditions, stomatal resistance,
leaf temperature, transpiration.

RESUMO

Resposta fisiologica do cidré a diferentes niveis de reposiciao
hidrica em duas estagoes do ano

Com o proposito de compreender e relacionar o desempenho
fisioldgico das plantas as adversidades meteorologicas, objetivou-
-se determinar a resposta fisiologica de plantas de cidrd (4loysia
triphylla) submetidas a diferentes niveis de reposigdo hidrica no verdo
e inverno. O trabalho foi desenvolvido em ambiente protegido, no
municipio de Frederico Westphalen-RS. O delineamento utilizado foi
blocos completos ao acaso em um esquema fatorial 2x4x2, sendo duas
estagdes do ano (vero e inverno), quatro disponibilidades hidricas
(50,75, 100, 125% da ETo) e duas faces da folha (abaxial e adaxial),
com quatro repeti¢des. Avaliou-se a resisténcia a difusdo de vapor
pelos estdmatos (s/cm), transpiragdo (ug/cm?/s) e a temperatura da
folha (°C), em ambas as faces da folha, no periodo compreendido
entre 10 as 11, 13 as 14 ¢ 16 as 17 horas, aos 45 dias apos o inicio
da estagdo. A resposta fisiologica das plantas de cidr6 foi influencia-
da pelo nivel de reposi¢do hidrica, de forma diferenciada entre as
estagdes do ano. A estagdo do verdo foi responsavel pelos maiores
valores de radiacéo fotossinteticamente ativa incidente, temperatura
da folha, transpiracdo e resisténcia a difusdo de vapor pelos estd-
matos. A redugdo na disponibilidade hidrica promoveu o aumento
nos valores de resisténcia estomatica ao fluxo de vapor, reduzindo a
taxa de transpiracao das folhas. A radiagdo fotossinteticamente ativa
incidente, temperatura da folha e transpirag@o apresentaram maiores
valores na face abaxial da espécie estudada.

Palavras-chave: Aloysia triphylla, condi¢des meteoroldgicas,
resisténcia estomatica, temperatura da folha, transpiracao.
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he medicinal species Aloysia

triphylla (Verbenaceae), botanical
synonym Lippia citriodora, popularly
known as “cidr6”, “cidrao”, herb Luisa,
among others, is a native species in South
America. This herb is composed of high
contents of volatile oils that present
astringent and aromatic properties,
also act as mild sedatives (Paulus et
al., 2013). The economic interest in this
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species is mainly due to the commercial
exploitation of the essential oil from
the leaves of the plant, which has a
high market value for its use in several
industrial sectors, with emphasis on
the pharmaceutical and perfumery
industries (Calzada et al., 2010).

The active ingredients (a.i) may vary
due to meteorological conditions, like air
temperature, solar radiation, humidity,

atmospheric vapor pressure deficit and
water availability (Rodrigues-das-Dores
& Casali, 2007), as well as technical
aspects of cultivation, in order to
obtain the highest content of chemical
compounds for each species.

The adaptation of a species to a
certain environmental condition is
related to, among other factors, energy
balance, which is governed by stomatal
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opening and closing (Taiz & Zeiger,
2013). This process is related both to
light intensity and the water content
found in the leaves of the plants.
Thus, the stomatal frequency and
the photosynthetic apparatus directly
influence plant production and biomass
constitution (Costa & Marenco, 2007).

Plant physiological activity may
alter in response to adverse weather
conditions, as is the case of water
and thermal stresses. Water stress,
characterized by reduction or excess of
water, can damage a specific organ or
the entire plant. During a long period of
water deficit, plants close their stomata
reducing the intensity of gas exchange,
reducing dissipation of thermal
energy and, consequently, phytomass
accumulation and leaf expansion rate,
accelerating leaf senescence process
(Taiz & Zeiger, 2013).

Transpiration rate of plants reflects
their need for water. Thus, transpiration
values lower than plant physiological
need cause water deficit, reducing the
growth and development of plants
(Casaroli et al., 2008). Moreover, Caron
et al. (2014) report that the intensity
of incident photosynthetically active
radiation modifies the physiological
behavior (transpiration and stomatal
resistance), which causes variation on
plant metabolic activity.

Some studies have been carried out
aiming to evaluate biomass production
and the oil content of cidro (Brant et
al., 2008, 2010; Paulus et al., 2013),
since this species has aroused economic
interest, considering exploitation of
compounds with therapeutic properties.
Research related to ecophysiology of this
species are scarce. Thus, this work aimed
to determine physiological responses of
cidro plants, submitted to different levels
of water replacement in summer and
winter, in order to understand and relate
the plant physiological performance
under adverse weather conditions.

MATERIAL AND METHODS

The work was carried out in a
protected environment, in the city of
Frederico Westphalen, Rio Grande do
Sul, Brazil (27°23°48”’S; 53°25°45”W,
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altitude 181 m). The soil of the
experimental area was classified as typic
alumino-ferric Red Latossol (Embrapa,
20006), with sand, silt and clay contents,
23.2%; 28.5% and 48.3%, respectively.
Soil chemical composition was obtained
through laboratory analysis, being:
pH in water = 5.7; P(Mehlich)= 5.0
mg/dm?; K= 128.5 mg/dm®; Ca= 12.5
cmol /dm’; Mg=4.8 cmol /dm’; Al=0.0
cmol /dm*; CTC=20.9 cmol /dm’; base
saturation = 84.2% and organic matter
= 3.9%. According to Koppen weather
classification, the local climate is Cfa
type, humid subtropical climate with
average annual temperature of 19.1°C,
ranging from maximum of 38°C and
minimum of 0°C.

An arch-type greenhouse was used,
3.5 m ceiling height and dimensions
of 10 m wide and 20 m long. The
structure was covered with 150 um
thick polyethylene film. Management of
the curtains was carried out daily with
the purpose of favoring the ventilation,
reducing the temperature amplitude in
summer, when temperatures are higher,
and to avoid circulation of strong winds
and the entrance of cold air, as well as
rainwater in winter.

The experimental design was
completely randomized, arranged in a
2x4x2 factorial scheme, two seasons
of the year (summer and winter), four
water availability (50, 75, 100, 125%
of ETo) and two faces of leaf (abaxial
and adaxial), with four replications.
The authors used the Penman-Monteith
method, according to FAO irrigation
and drainage paper No. 56 (Allen
et al., 1998), in order to determine
the four levels of water availability,
50, 75, 100, 125% of ETo reference
evapotranspiration (mm/day) for the
external environment.

Meteorological variables for the
calculation of ETo were temperature
and relative humidity, rainfall, global
radiation and wind speed, obtained daily
at automatic weather station (INMET),
located approximately 300 meters from
the experiment.

Experimental units were composed
of two cidré plants, spacing 0.8 m
between plants and 1 m between
lines, surrounded by two border lines.
Seedlings were produced in tubes with

commercial substrate, from a matrix
located in the medicinal vegetable garden
of Federal University of Santa Maria,
campus Frederico Westphalen, using
cuttings, with stakes of 25 cm length.
The authors applied indole-butyric acid
on the stakes, in the concentration of
1000 ppm, aiming faster rooting. After
rooting, 66 days after cutting, seedlings
were transplanted to the greenhouse,
on November 3, 2011. The water
replacement was carried out through
irrigation with the aid of a sprinkler
and with irrigation shift fixed every two
days. Total levels of water replacement
of each cycle and daily can be observed
in Table 1.

The traits evaluated were diffusive
resistance (DR, s/cm), transpiration (E,
ug/cm?/s) and leaf temperature (T, , °C).
Evaluations related to water vapor
exchange were carried out from 10
to 11 am., from 1 to 2 p.m. and from
4 to 5 p.m., at 92 and 288 days after
transplanting (DAT), using two fully
expanded leaves, located in the upper
third of the main stem, according to the
methodology described by Martinez &
Moreno (1992).

Analyses were carried out with the
aid of a dynamic balance porometer
model LI-COR 1600, being the
readings taken on both faces of the
leaf, abaxial (inferior) and adaxial
(superior), measuring the contribution
of each face of the leaf in plant gas
exchanges. At the same time, the authors
monitored incident photosynthetically
active radiation (PAR, pmol/s/m?),
using a quantum sensor coupled to the
apparatus.

Evaluations were carried out on
the day that marked the half of each
station studied, it means, on February 5,
2012 and August 6, 2012, for summer
and winter, respectively, considered
typical days in agroclimatology. These
days were chosen, among others in the
mentioned seasons, since they show
the celestial vault in conditions of
zero cloudiness, allowing this way, to
obtain the maximum effects of weather
elements on the cultivation environment
and, consequently on evaluated traits,
in order to achieve the objectives of the
work. This same methodology was used
by Caron et al. (2014) when determining
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physiological relations in seedlings of
Bauhinia forficata (pata de vaca).

Data obtained were subjected to
analysis of variance at 5% probability,
using software “Statistical Analysis
System” (SAS, 2003). Significant
variables related to water availability
(quantitative) were evaluated using
polynomial regression, whereas
qualitative variables (face of the leaf
and seasons of the year) were compared
using the Tukey test, at 5% probability.

RESULTS AND DISCUSSION

The authors verified significant
effect for all variables evaluated in
relation to the season of the year
and water availability. On the other
hand, evaluating the face of the leaf,
the authors observed significance
for transpiration and stomatal vapor
diffusion resistance, as well as a triple
interaction among these factors.

The increase of water availability
allowed an increasing transpiration
behavior, whereas leaf temperature
and stomatal vapor diffusion resistance
showed reverse response (Figure 1).
These responses are due to summer
being characterized by the hotter days
(air temperatures), the higher incidence
of solar radiation and lower relative
humidity, presenting higher atmospheric
evaporative demand.

Thus, the authors concludes that the
variables studied showed, in average,
superior values during summer, leaf
temperature 9.8°C, transpiration 4.1 pg/
cm?/s, stomatal vapor diffusion resistance
0.66 s/cm and photosynthetically active
radiation 196.9 umol/s/m?, superior
values than the observed in winter.

In relation to transpiration and
stomatal resistance, the authors
observed inverse relation between
the two variables: lower stomatal
resistance and higher transpiration.
The authors also verified that the plants
that were submitted to water stress
showed lower leaf water potential,
occurring higher stomatal resistance
and, consequently, lower transpiration.
These physiological responses result
indirectly, in soil water conservation,
for maintaining their biochemical and
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structural characteristics, in order to
survive under the conditions mentioned.

Similar results were found by
Ciavatta (2010), studying the effect of
fertigation on eucalyptus genotypes.
These authors observed that plants
grown during summer showed higher
transpiration values. Nogueira et al.
(2000) verified significant increases in
water demand in acerola due to increase
of the transpiration rate in the season
of higher temperature, lower relative
humidity and lower rainfall.

As water availability increases,
leaf temperature decreases, being the
most pronounced response in summer
(Figure 1A). Favorable water conditions
contribute to transpiration process
and, consequently, in latent heat loss,
allowing the plants to control their
temperature (Nascimento ef al., 2011).
Oliveira et al. (2005) analyzing stomatal
conductance in bean crop, concluded

that the leaf temperature in lower water
availability treatments was higher than
the others.

A decrease in water availability
resulted in a decrease of transpiration
rate in winter and in the abaxial face
of the leaf (Figure 1C and 2C), as
observed by Nogueira ef al. (2001) in
acerola, observing reductions in this
physiological variable due to a longer
period of water deficit.

Stomatal vapor diffusion resistance
showed higher values in lower water
availability, in winter and in the abaxial
face of the leaf (Figure 1D and 2D).
During a period of water deficit, the
plants mobilize their large variety of
defense mechanisms, such as closing
their stomata, which rapidly close
as temperature rises. Thereat, plant
physiological performance is affected,
mainly in relation to transpiration rate
and stomatal opening and closing,

Table 1. Total levels of water replacement of each cycle and daily (mm/day), in the respective
water availability during the two seasons of the year. Frederico Westphalen, UFSM, 2012.

Water availability (% ETo)

Season
125 100 75 50
Total 550.32 448.25 346.19 244.13
Summer
e mm/day 756 616 ... 476 .33
i Total 235.80 188.64 141.48 94.32
Winter
mm/day 3.24 2.59 1.94 1.30

Table 2. Unfolding of inter-season interaction, availability of water and face of the leaf,
for physiological variables: transpiration and vapor diffusion resistance in cidro. Frederico

Westphalen, UFSM, 2012.

Water availability (% ETo)

Season  Face

125 100 75 50
Transpiration (ug/cm?s)
Abaxial 13.46 aA 14.03 aA 13.61 aA 11.41 aA
Summer )
Adaxial 9.84 aB 11.34 aB 5.67 aB 7.53 aB
Wint Abaxial 10.31 bA 8.63 bA 6.56 bA 4.94 bA
T Adaxial  8.42bB 652bB  4.78bB 431bA
Vapor diffusion resistance (s/cm)
Abaxial 2.45 aB 3.05aB 3.05 aB 3.57bB
Summer ]
Adaxial 4.07 aA 4.35aA 6.59 aA 5.50 aA
. Abaxial 1.83 bB 2.17 bB 3.47 aB 4.30 aB
Winter .
Adaxial 2.74 bA 3.21 bA 4.53 bA 5.11 aA

Means followed by the same letter in the column (lowercase between season of the year and
uppercase letter between the face of the leaf) differ by Tukey test at 5% error probability.
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Figure 1. Leaf temperature (A), photosynthetic active radiation (B), transpiration (C) and vapor diffusion resistance (D) in plants of cidré
evaluated in the summer and winter related to water availability (%ETo) based on the reference evapotranspiration ETo (mm/day) . Frederico

Westphalen, UFSM, 2012.

producing changes in production and
translocation of assimilates, which
influences the plant growth rate.
According to Silva & Casali (2000), low
water availability can influence several
physiological and metabolic processes
in plant, such as stomatal closing, a
decrease in growth rate, accumulation of
solutes and antioxidant and expression
of stress-related genes.

Oliveira et al. (2005), studying
effects of water deficit on stomatal
behavior and leaf temperature in beans,
concluded that plants under water deficit
conditions show higher values for
stomatal resistance and leaf temperature.
Mendes et al. (2007), evaluating cowpea
cultivars submitted to water deficit in
vegetative and reproductive phases,
found significant reductions in leaf
water potential, stomatal conductance
and leaf transpiration, with an increase
of the leaf temperature.

Transpiration was higher in all levels
of water availability during summer;
the abaxial face was responsible for the
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highest values observed in both seasons,
except for availability of 50%, which
does not show statistical difference
(Table 2). Thus, the abaxial face of
cidré leaves was responsible for 57.8;
55.3; 70.6 and 60.2% of transpiration
in summer and 55; 57; 58 and 53%
of transpiration in winter, in water
availability of 125, 100, 75 and 50% of
ETo, respectively.

Thus, the authors pointed out the
importance of the abaxial face in
physiological activity of cidrd leaves,
probably due to the higher number
of stomata, since it shows the best
contribution to plant transpiration
rate. The higher number of stomata
on the abaxial face can result in water
loss reduction by transpiration, due
to indirect incidence solar radiation,
compared to the adaxial face.

Elli et al. (2013), analyzing the
physiological behavior in pitangueira
seedlings, concluded that the adaxial
face of the leaf tends to show higher
transpiration values, probably due to the

higher stomata number. In this context,
Martins & Floriano (2002), studying
the leaf anatomy of Illicium verum
(Illiciaceae), analyzed that the quantity
of stomata per area (mm?) differed
between adaxial and abaxial surfaces
of the leaf, considering that the inferior
face showed higher number, and that it
could have influenced lower diffusive
resistance and higher transpiration rate.

When comparing transpiration
in the two seasons of the year, the
authors observed a demand in the
order of 5; 13; 13 and 17% superior
in summer in water availability 125,
100, 75 and 50% of ETo, respectively
(Table 2). Transpiration is directly
related to the environmental conditions
where the plant grows. So, the highest
photosynthetically active radiation
(Figure 1B) resulted in rising air and
leaf temperatures and, consequently,
in atmospheric vapor pressure deficit,
causing higher water demand and,
consequently, higher transpiration rate
in summer.

Hortic. bras., v35, n.2, Apr. - Jun. 2017
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Figure 2. Leaf temperature (A), photosynthetic active radiation (B), transpiration (C) and vapor diffusion resistance (D) evaluated on the
abaxial and adaxial face of cidro leaves, related to water availability (%ETo) based on the reference evapotranspiration ETo (mm/day) .

Frederico Westphalen, UFSM, 2012.

Transpiration is controlled by
stomatal resistance to vapor diffusion,
thus, the values that were observed
became the inverse, it means, the
abaxial face responsible for the highest
transpiration showed lowest values for
DR, 25; 17.6; 37 and 21.3% in summer
and 20; 19.3; 13.2 and 8.6% in winter
for water availability 125, 100, 75 and
50% of ETo, respectively.

The soil water availability affects
directly transpiration rate, stomatal
conductance and photosynthesis
(Schippers et al., 2015), since stomatal
opening and closing are controlled by
soil water potential. Absence of water
stress allows internal concentration of
CO, in the leaves due to higher stomatal
conductance, increasing photosynthetic
rate in plants (Van der Sleen et al.,
2014).

Studies have been reporting the
dependence of water demand in relation
to the incidence of solar radiation
in the environment (Dalmago et al.,
20006; Pivetta et al., 2010), since it is
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responsible for environmental heating
processes, biomass accumulation by
photosynthesis, control of stomatal
opening among others. Photosynthesis
is strongly related to the availability of
photosynthetically active radiation, and
a non-linear increase of photosynthesis
in relation to higher radiation availability
is observed (Mercado et al., 2009).
However, even if all the processes that
trigger the gas exchange occur, in the
presence of reduced water availability,
the plant mobilizes mechanisms to
reduce transpiration. In this work,
this process was through an increased
resistance to vapor flow through stomata.

When analyzing transpiration rate on
the faces of the leaf, the authors reported
that, in winter, both abaxial and adaxial
faces show similar behavior and an
increasing response due to the increase
of water replacement levels. The abaxial
face was responsible for the most of leaf
transpiration surpassing the adaxial face
in 0.99 pg/cm?s.

Also in winter, a tendency for

decreasing quadratic response to water
availability, for both faces of the leaf in
relation to vapor diffusion resistance,
was observed (Figure 3). In studies
carried out by Guimarées et al. (2006),
when evaluating stomatal diffusive
resistance of adaxial and abaxial faces
of the leaf of beans, under water deficit
conditions, these authors found similar
values among genotypes, on both faces
of the leaves during winter.

In summer, adaxial face of cidro
leaves showed wide variation in
transpiration and in vapor diffusion
resistance, being more pronounced in
100% of ETo (figure 3B). This result
can be related to gas exchange balance,
whereas transpiration increases, stomatal
resistance decreases with an increase in
water availability. According to Batista
et al. (2010), in summer, incidence solar
radiation is higher on adaxial face of
the leaves providing, this way, higher
variations on this face comparing to the
abaxial one.

The results found in this study allow
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Figure 3. Transpiration and vapor diffusion resistance evaluated on the abaxial (A and B) and adaxial (C and D) faces of cidro leaves related
to water availability (%ETo) based on the reference evapotranspiration ETo (mm/day). Frederico Westphalen, UFSM, 2012.

to conclude that physiological response
of cidr6 plants was influenced by water
replacement levels, in a different way
according to the seasons of the year.
Summer was responsible for the higher
photosynthetically active radiation, leaf
temperature, transpiration and stomatal
vapor diffusion resistance values. The
reduction in water availability promoted
an increase in values of stomatal
resistance to vapor flow, reducing leaf
transpiration rate. Photosynthetically
active radiation, leaf temperature and
transpiration showed higher values on
abaxial face of the studied species.
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