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CROP PHYSIOLOGY

Stomatal behavior in fruits and leaves of the purple passion fruit
(Passiflora edulis Sims) and fruits and cladodes of the yellow pitaya
[Hylocereus megalanthus (K. Schum. ex Vaupel) Ralf Bauer]

Comportamiento estomatico en frutos y hojas de gulupa (Passiflora edulis Sims) y en frutos
y cladodios de pitahaya amarilla [Hylocereus megalanthus (K. Schum. ex Vaupel) Ralf Bauer]

Camilo Sanchez', Gerhard Fischer', and Danny Wilson Sanjuanelo?

ABSTRACT

Plants as C3 and CAM react photosynthetically different but
both can grow in the same agroecological zone in the tropics.
Therefore we studied the behavior of stomatal opening in fruits
and leaves of the purple passion fruit and fruits and cladodes
of the yellow pitaya was studied under natural growing condi-
tions in Granada and Fusagasuga, Cundinamarca (Colombia).
Imprints were made on the surface of leaves, fruits and cladodes
using cosmetic enamel impressions. Three cycles were carried
out, each cycle took 72 hours, obtaining three different samples
every 3 hours; then the impressions were observed by micro-
scope and the opened and closed stomata were counted in each
species. In each sampling, data of solar radiation, temperature
and relative humidity (RH) were measured. The purple passion
fruit had the typical behavior of a C, plant in the leaves as well
as the fruits, and a positive correlation between the stomatal
aperture and radiation and temperature was found, along with
anegative correlation between stomatal aperture and RH. The
pitaya showed the typical behavior of a CAM plant with a nega-
tive correlation between the stomatal opening and radiation and
temperature, as well as a positive correlation between stomatal
opening and RH. Radiation, temperature and RH affected the
stomatal opening in the fruits and cladodes. Stomatal densities
differed greatly between the species and plant organs. In the
purple passion fruit, 106.53 stomata per mm? leaf surface were
found, but only 12.64 stomata per mm?® fruit surface; whereas
in the pitaya, 11.28 and 1.43 stomata per mm® were found on
the cladodes and fruits, respectively.

Key words: tropical fruits, C3 plants, CAM plants, stomata,
stomatal movement.

Las plantas C3 y CAM reaccionan fotosintéticamente dife-
rentes, sin embargo, ambas pueden crecer en la misma zona
agroecoldgica en los tropicos. Por esta razdn se evalu6 el com-
portamiento de estomas en frutos y hojas de gulupay en frutos
y cladodios de pitahaya amarilla bajo condiciones naturales
en los municipios de Granada y Fusagasugd, departamento
de Cundinamarca (Colombia). Se hicieron improntas sobre
la superficie de las hojas, frutos y cladodios. Se realizaron tres
lecturas, cada una dur6 72 horas, haciendo impresiones cada
3 horas sobre tres muestras diferentes para luego observarlas
en microscopio, haciendo un conteo de estomas abiertos y cer-
rados en cada especie. En cada muestreo se obtuvieron datos
de radiacion solar, temperatura y humedad relativa (HR). En
gulupa se encontré un comportamiento tipico de una planta
C, tanto para las hojas como para los frutos, ademas de encon-
trar una correlacion positiva entre la apertura estomatica y la
radiacion y temperatura, asi como una correlacion negativa
entre la apertura estomatica y la HR. En pitahaya se encontrd
un comportamiento tipico de una planta CAM, observando
una correlacién negativa entre la apertura estomatica y la
radiacién y temperatura, asi como una correlacion positiva
entre apertura estomatica y HR. La radiacién, la temperatura
yla HR afectaron la apertura estomatico en frutos y cladodios.
Las densidades estomadticas contrastaron altamente entre las
especies ylos érganos de la planta. En gulupa fueron encontra-
dos 106,53 estomas/mm” en la superficie de las hojas, pero solo
12,64 estomas/mm?” en la del fruto; mientras que en pitahaya
fueron encontrados 11,28 y 1,43 estomas/mm” en cladodios y
frutos, respectivamente.

Palabras clave: frutas tropicales, plantas C3, plantas CAM,
estomas, movimiento estomatico.

Introduction

The purple passion fruit (Passiflora edulis Sims) is a vigor-
ous woody perennial vine which belongs to the Passiflora-
ceae family, which includes 550 species and is represented
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by more flowering species than probably any other plant
family (Menzel and Simpson, 1994). It is an exotic fruit
from the region between the Brazilian Amazon, the north
of Argentina and Paraguay (Morton, 1987). In Colombia,
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the production area of the purple passion fruit was esti-
mated by Agronet (2012) for 2011 at 520 ha, principally in
the departments of Antioquia, Boyaca, Cundinamarca,
Huila, Quindio and Santander. These areas are located
at altitudes between 1,800 and 2,400 m, with a medium
temperature range of 15-20°C (Jiménez et al., 2012) and
1,500-2,200 mm of rainfall per year (Fischer et al., 2009).

The pitaya or dragonfruit [Hylocereus megalanthus (K.
Schum. ex Vaupel) Ralf Bauer], from the tropical Americas,
was introduced to Colombia in the mid 1980s due to the
interest of Japanese experts and the Federaciéon Nacional
de Cafeteros de Colombia. Production in Colombia is con-
centrated in the departments of Boyaca, Huila, Santander,
Valle del Cauca, Cundinamarca, Tolima, Caldas, Bolivar,
and Quindio, reaching an area in 2011 of 691 ha (Agronet,
2012). The best cultivating areas are located at altitudes
between 1,500 and 1,850 m, with a medium temperature
range of 18-21°C and 1,500-2,000 mm of rainfall per year
(Corredor, 2012).

Stomata are formed in the epidermis of all plant organs,
except the roots (Kramer, 1989), preferentially on the leaves.
Stomata are small pores or valves that control the entry of
carbon dioxide assimilated in photosynthesis and optimize
water use efficiency, essential for plant survive and perfor-
mance (Bergmann and Sack, 2007). Adjusting the number
or movements (opening and closing) of stomata is essential
for regulating the water use of crop plants (Pritchard and
Amthor, 2005). As specialized structures in the epidermis,
they are formed by two elongated guard cells enclosing a
pore between them, across which plants absorb CO, and
liberate O, to the environment (Hetherington and Wood-
ward, 2003). Each stoma is surrounded by two guard (oc-
clusive) cells, which change their shape to open and close
the pores (Evert and Eichhorn, 2012). The apertures are so
small that at most 3% of the total leaf surface is occupied
by the pores (Opik and Rolfe, 2005).

The stoma opens due to water absorption by the guard
cells (Assmann, 1993; Wang et al., 1998), which in turn is
caused by an increase in the solute; potassium ions moving
towards the occlusive cells as the stoma opens (Salisbury
and Ross, 1992). This behavior is the result of interac-
tions between physiological factors and environmental
conditions (Assmann and Wang, 2001; Hetherington and
Woodward, 2003).

Environmental factors that affect stomatal movement
include light, temperature and CO, concentration (Evert
and Eichhorn, 2012). Also, the stomatal response plays a

key role in the economy of water in plants, since more than
90% of plant water is lost through leaf stomata (Hess, 2004).
When stomata are closed, the main pathway for water loss
is through cuticles (Fageria et al., 2006).

Wong et al. (1978) described three mechanisms which
cause stomatal response to light. First, the guard cells seem
to possess receptive pigments of light that directly detect
changes in light intensity and change the stomatal conduc-
tance accordingly. Second, the guard cells can indirectly
feel a change in the intensity of light through a change in
the partial pressure of intercellular CO, (Ci) that is caused
by a change in the photosynthetic rate of the mesophyll
tissue. Third, the guard cells can indirectly respond to
changes in the rate of photosynthesis by a chemical trans-
missible signal that is transported from the mesophyll cells
to the guard cells. In many species, stomata show a diurnal
rhythm, opening by day and closing by night, with light
stimulating stomatal opening, with blue wavelengths being
most effective (Opik and Rolfe, 2005).

Within normal ranges (10-25°C), changes in temperature
have little effect on stomatal behavior (Evert and Eichhorn,
2012), but temperatures higher than 30 to 35°C can lead to
stomatal closure which can be due to an indirect response
from the water stress or from an increase in the respira-
tory rate that induces an increase in the CO, inside the leaf
(Salisbury and Ross, 1992).

Stomata regulate water loss (Pospilova and Dodd, 2005),
and stomatal closure responds to the decrease of the mois-
ture in the environment (Kearns and Assmann, 1993). Mott
and Parkhurst (1991) suggested that a stomatal closing in
response to increasing water stress involves a diminished
availability of water for the guard cells and thus the turgor
decreases. The apoplastic abscisic acid (ABA) concentration
around the guard cells is crucial in determining stomatal
responses; when roots are stressed through water deficit,
ABA travels by the xylem to the leaves, signaling stomata
closure (Pospilova and Dodd, 2005).

In almost all plants, low concentrations of CO, cause the
opening of stomata, even in darkness (Kramer, 1989); if
CO, circulates freely through the leaves, they will open
more. On the contrary, a high concentration of CO, in
the leaves can provoke stomatal closing, in the presence of
light or darkness (Salisbury and Ross, 1992; Kearns and
Assmann, 1993).

The number of stomata varies greatly (Kramer, 1989).
Lake et al. (2001) determined that stomatal density (or
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frequency) is influenced by an environmental signal per-
ceived in mature leaves and transmitted to young leaves.
The stomatal frequency is affected by gaseous exchange,
transpiration and stomatal conductance (Woodward and
Bazzaz, 1988). Usually, the stomatal frequency per mm®
of leaf surface ranges from 10 to 2,000 (Opik and Rolfe,
2005). In fruits, the number of stomata is determined in
anthesis and remains constant during development (Hieke
et al., 2002); nevertheless, with the expansion of the fruit,
the stomata are diluted on the surface, causing a decrease
in stomatal density (Blanke, 1992). After anthesis, fruit
stomata appear as regulatory as in the respective leaf, but
some stomata may lose their regulatory ability towards
maturation (Blanke, 1990).

CAM (crassulacean acid metabolism) plants are different
from C3 or C4 plants, in which the stomata typically open
at night (when temperatures are lower and humidity higher)
and close by day, an adaptive strategy of succulent plants
to conserve water in the heat of the day (Hess, 2004; Taiz
and Zeiger, 2006). Each of these plant types develops in
different climates, and each one represents an adaptation
to the respective climate (Salisbury and Ross, 1992).

The purpose of this research was, therefore, to improve
knowledge on the behavior of stomatal opening in the fruits
and leaves of the purple passion fruit, a C3 plant, and in
the fruits and cladodes of the yellow pitaya, a CAM plant,
under natural growing conditions in order to better under-
stand their adaptation to their environments and analyze
the reaction of stomata to different environmental factors.

Materials and methods

Location: The study was developed in the Cundinamarca
department of Colombia, in the municipalities of Granada
and Fusagasuga, on the farms: “Chinchiri” and “El Jardin”,
respectively. The purple passion fruit farm “Chinchiri” is
located on the Granada-Silvania road, El Ramal district,
at an altitude of 2,150 m with an average temperature of
18°C. The yellow pitaya farm “El Jardin” is located on the
Fusagasuga-Silvania road, Jordan Alto district, at 1,200
m from Fusagasuga, at an altitude of 1,700 m, with 20°C
medium temperature.

Plant material: The plant species were purple passion fruit
(Passiflora edulis Sims) planted in December 2003 at a dis-
tance of 8 x 2 m and yellow pitaya [Hylocereus megalanthus
(K. Schum. ex Vaupel) Ralf Bauer] planted in December
2005at1x3.2m.

|4O

Experiment design: The experiment was developed in a
spatial arrangement of unique plots for each of the species.
The experimental unit constituted all of the plants planted
on each farm, 450 plants of the purple passion fruit and
1,980 plants of the yellow pitaya.

Stomatal behavior: The evaluation of the closing and open-
ing of the stomata was carried out by making impressions
on the surface of the leaves and cladodes (flattened stems
of pitaya) and green fruits. In the purple passion fruit, the
chosen leaf was located around the middle-third of the
plant and the fruits were completely developed green fruits.
In the yellow pitaya, the fruits were completely developed
green fruits. The impressions were obtained during cycles
of 72 h, gathering samplings every 3 h and repeating the
cycle three times every 8 d. In the purple passion fruit, the
experiment started at 0:00 AM (midnight) and in the yellow
pitaya at 12:00 M (midday).

The technique of enamel imprints (nail polish) (Brewer,
1992) was used, applying enamel on the central part of the
abaxial (lower) leaf surface, beside the principal vein, and
on the surface of the cladodes and the fruits, allowing it
to dry for 10 min. The enamel was applied on the leaf and
the cladode nearest to the target fruit.

A completely developed leaf and a cladode were taken from
the external part of the plant, and three different plants
were sampled following a random systemic sampling. The
already dry enamel was removed with an adhesive double
sided tape, and the imprints were placed on glass plates.

The identification of the opening and closing states of
the stomata was done with the visual scale established
by Laurin et al. (2006). Opened stomata were grouped by
completely opened (100-90%) and partially opened (89-
40%), and closed ones by partially closed (39-10%) and
completely closed (9-0%).

Environmental variables: The environmental variables like
solar radiation, temperature and relative humidity (RH)
were recorded at the moment of gathering each impres-
sion. Solar radiation was measured using a LI-COR LQA
1319 quantic bar connected to a LI-COR L1-189 digital
radiometer. Temperature and RH were measured with a
COLE-PARMER higrotermograph.

Stomatal density: The stomatal density (number of stomata
per mm®) in the leaves, fruits and cladodes was recorded by
observing the imprints under a microscope and counting
the stomata in a 1 cm? area.

Agron. Colomb. 31(1) 2013



Statistical analysis: The SAS® v. 8.0 analytical program
was used and an analysis of variance (ANAVA) following
the normal GLM procedure and Duncan’s test was realized
to show the differences between the variables of the study.

Results and discussion

Stomatal behavior on fruits and leaves

of the purple passion fruit

Stomata on the fruits and leaves of the purple passion
fruit had a very similar behavior (Fig. 1), opening stomata
from very early in the morning, reaching maximum ope-
ning about noon and initiating closing during the entire
afternoon (Salisbury and Ross, 1992; Willmer and Fricker,
1996), the same behavior reported Guaqueta (2007) in the
leaves and fruits of banana, starfruit, guava, lime, cala-
mondin and grapefruit.

With respect to solar radiation, the opening of the stomata,
both in fruits and leaves, responded positively to the change
of radiation (Fig. 2), so as the radiation increased, the
number of opened stomata also increased (Guaqueta et al.,
2007). Light has an important effect on stomata, possibly
acting on the cells of the mesophyll which send a message
to the occlusive cells that lead to opening (Salisbury y Ross,
1992; Taiz y Zeiger, 2006). Also, Sharkey and Ogawa (1987)
demonstrated that cloroplast is the major recipient of blue
light, which stimulates stomatal opening. Nevertheless,
Willmer and Fricker (1996) reported that stomata can
open and close in response to an endogenous rhythm, the
so-called circadian rhythm (Brinker et al., 2001).

100,

90 {
80 1
70
60 |
501
40 |
301
201
10

Opened stomata (%)

00:00 am

FIGURE 1. Opened stomata in fruits and leaves of the purple passion
fruit over 72 h.

Light not only regulates stomata movements on the purple
passion fruit plant, but, in general, passion fruit species
are very exigent in light conditions, only flowering with
full light, producing the highest yield, whereas leaf area
growth and floral bud production are stimulated by >60%
of fulllight; and for net CO, assimilation, >25% is necessary
(Menzel and Simpson, 1994).

The stomata of leaves and fruits responded to temperature
just as with radiation, i.e. they opened with increasing tem-
peratures (Fig. 3), a result which is confirmed by Hall (2001),
who described that over a certain range of temperatures
(which probably varies from crop to crop), temperature
increases cause stomata to open, increasing conductance.

Zeiger et al. (1987) reported that foliar temperatures lower
than 30°C lead to stomatal opening, and temperatures
higher than 30°C almost always lead to stomatal closing
(Brewer, 1992). Also, a positive correlation (R* 0.78840) was
observed between radiation and temperature, suggesting
that each variable depends on the other (Tabs. 1 and 2).

It was observed that when there were more open stomata,
the percentage of RH was the lower (Fig. 4), as confirmed
by Kearns and Assmann (1993). Salisbury and Ross (1992)
attributed this to the fact that when the gradient between
the content of the air water vapor and that of the intercel-
lular spaces is high, stomatal closing is induced; but when
the CO, content in the leaves is exhausted, in turn causes
the opening of the stoma. Closed stomata during dry air
conditions at noon reduce photosynthesis of fruit plants

|-m-Radiation -~ Fruit -o- Leaf |
3,500 100

3,000

281)

% 2,500

Radiation (umol m
- ~
w o
s 8
Opened stomata (%)

00:00 Am
00:00 Am
00:00 Am
00:00 am

FIGURE 2. Opened stomata in fruits and leaves of the purple passion fruit
over 72 h, as related to solar radiation.
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FIGURE 3. Opened stomata in fruits and leaves of the purple passion  FIGURE 4. Opened stomata in fruits and leaves of the purple passion fruit
fruit over 72 h, as related to temperature. over 72 h, as related to relative humidity (RH).

TABLE 1. Pearson correlation coefficients for fruits of the purple passion fruit.

Radiation Temperature RH Opened stomata  Closed stomata Stomata/ mm? Time
078840 2085376 014880 2021898 ~0.03855 0.06863
Radiati .
adiation 1.00000 <0.0001 <0.0001 0.0256 0.0009 0.5651 0.3054
rommorature 0.78840 00000 ~0.86755 041173 ~0.37490 0.07456 0.33620
p <0.0001 ' <0.0001 200001 <0.0001 02654 20,0001
o ~0.85376 ~0.86755 20.29251 0.35986 002040 2016227
Relative humidity <0.0001 <0.0001 1.00000 <0.0001 <0.0001 0.7609 0.0148
014880 041173 20.29251 2029710 066239 0.30875
Opened stomata 0.0256 <0.0001 20,0001 1.00000 00001 <0.0001 20,0001
2021898 ~0.37490 0.35986 2029710 051853 2032176
Closed stomata 0.0009 20,0001 20,0001 <0.0001 1.00000 <0.0001 20,0001
2003855 007456 0.02040 066239 051853 002403
2 e
Stomata/ mm 05651 0.2654 07609 20,0001 00001 1.00000 07199
i 006863 0.33620 2016227 0.30875 2032176 0.02403 00000
0.3054 20,0001 0.0148 20,0001 00001 0.7199 :

TABLE 2. Pearson correlation coefficients for leaves of the purple passion fruit.

Radiation Temperature RH Opened stomata  Closed stomata Stomata/ mm? Time

. 0.78840 -0.85376 0.38434 -0.34447 0.00297 0.06863
Radiation 1.00000
<0.0001 <0.0001 <0.0001 <0.0001 0.9647 0.3054
0.78840 -0.86755 0.57620 -0.54830 -0.06717 0.33620
Temperature ————— 1.00000
<.00001 <0.0001 <0.0001 <0.0001 0.3159 <0.0001
i o -0.85376 -0.86755 -0.52124 0.48086 0.02674 -0.16227
Relative humidity 1.00000
<0.0001 <0.0001 <0.0001 <0.0001 0.6900 0.0148
0.38434 0.57620 -0.52124 -0.89552 0.00941 0.46015
Opened stomata 1.00000
<0.0001 <0.0001 <0.0001 <0.0001 0.8883 <0.0001
-0.34447 -0.54830 0.48086 -0.89552 0.43657 -0.47317
Closed stomata 1.00000
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
0.00297 -0.06717 0.02674 0.00941 0.43657 -0.13297
Stomata/mm? 1.00000 -
0.9647 0.3159 0.6900 0.8883 <.0001 0.0463
. 0.06863 0.33620 -0.16227 0.46015 -0.47317 -0.13297
Time 1.00000
0.3054 <0.0001 0.0148 <0.0001 <0.0001 0.0463
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(Fischer and Orduz-Rodriguez, 2012). At noon, mild water
stress prevails, which causes stomatal closure to reduce
water loss, simultaneously decreasing the CO, influx and
limiting photosynthesis (Pospisilova and Dodd, 2005).

In the fruits, a negative small interrelation was found
between the RH and stomatal opening (R* -0.29251 for
opened stomata and 0.35986 for closed stomata), which
can suggest a low influence of RH on the opening and clos-
ing mechanism of stomata in this organ. With the leaves,
the correlation (R?) between opened stomata and RH was
-0.52124 and 0.48086 for closed stomata (Tabs. 1 and 2).

Variance analysis shows for the radiation variable P 0.0001
and P 0.0005 indicating that the stomatal opening of fruits
of the purple passion fruit depends on radiation and tem-
perature (Evert and Eichhorn, 2012).shows that for the
radiation variable, P>F is less than 0.0001 and 0.0005 for
temperature,

Variance analysis shows for the radiation variable,
P<0.0001land P<0.0005 for temperature, indicating that
the stomatal opening of fruits of the purple passion fruit
depends on radiation and temperature (Evert and Eich-
horn, 2012). Also in the leaves, with P<0.0001 for radiation,
P<0.0005 for RH, and P<0.05 for temperature, showing
that the variables radiation and relative humidity have a
significant effect on the stomatal opening of this species.

Stomatal behavior on the fruits and

cladodes of the yellow pitaya

In the case of the cladodes, a typical behavior of a CAM
plant was observed (Fig. 5), in which stomata were opened

1004 [ -a-Fruit o~ Cladode |
90
80
70
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50
40
30
20
10

0,

Opened stomata (%)

00:00 Am
00:00 Am
12:00m @

FIGURE 5. Opened stomata in fruits and cladodes of the pitaya over 72 h.

at night and completely closed in the day (Wilkins, 1959,
1962; Salisbury and Ross, 1992). In the fruits, the behavior
was not so clear but an increase of stomatal opening was ob-
served at night and a small decrease of pore closing during
the day, although the closing never appeared to be total.

In leaves of the orchid Arachnis cv. Maggie Oei (CAM
plant), Goh et al. (1977) observed that the stomata started
opening at about 14 h, with a maximum opening at 18 and
20 h; but the stomata of Aranda cv. Deborah started open-
ing at 20 h, reaching the maximum opening between 21
and 24 h and closing at 4 h; and in Cattleya, the stomata
started opening at 21 h, reaching the maximum opening at
3 h. In this case, the behavior was the same as in Cattleya,
where the stomata opening started at 21 h, reaching the
maximum opening at 3 h and closing at 6 h.

With respect to solar radiation, the opening of the stomata,
both in fruits and leaves, responded negatively to the
change of the radiation (Fig. 6), R* -0.47694 for cladodes
and R*-0.27155 for fruits (Tabs. 3 and 4) where the stomata
stayed closed in the presence of light and began opening
in the absence of light, as reported Taiz and Zeiger (2006).

Radiation had a very high positive correlation (R* 0.80790)
with the temperature, a value that indicates that the one de-
pends on the other, therefore, temperature is going to have
a similar effect on the stomata as radiation. Temperature
had a negative correlation (R*-0.67165 for cladodes and R?
-0.17615 for fruits) (Tab. 3 and 4) with the aperture, which
is shown in Fig. 7, where the stomatal aperture began when
the temperature decreased.

3,000 | [ Radation —- Fruit - Cladode | 100
90
2,500 80
2222,000— . <
E 60 *g
£ 1,500 5 2
E “0F
5 1,000 30 &
&
500] "
N ol 0
=
8

FIGURE 6. Opened stomata in fruits and cladodes of the yellow pitaya
over 72 h, as related to solar radiation.
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TABLE 3. Pearson correlation coefficients for fruits of the yellow pitaya.

Radiation Temperature RH Opened stomata  Closed stomata Stomata/ mm? Time
0.80790 071824 20.27155 0.25068 ~0.00906 0.04260
Radiati .
adiation 1.00000 20,0001 20,0001 <0.0001 0.0001 0.8925 0.5250
Tomporature 0.80790 00000 2071944 2017615 014181 2002778 0.34362
g 20.0001 ' 20,0001 0.0081 0.0335 06785 20.0001
071824 ~0.71944 018535 ~018938 ~0.01306 2018472
Relative humidit .
elative humidity 20.0001 20,0001 1.00000 0.0053 0.0044 0.8455 0.0054
~0.27155 2017615 0.18535 2052859 044873 0.07375
t t .
Opened stomata <0.0001 0.0081 0.0053 100000 20,0001 20,0001 0.2706
0.25068 0.14181 ~018938 2052859 0.52141 2002232
| t t .
Closed stomata 0.0001 00335 0.0044 20,0001 100000 20,0001 07391
-0.00906 -0.02778 -0.01306 0.44873 0.52141 0.05064
Stomata/ mm? 1.00000 e
0.8925 0.6785 0.8455 <0.0001 <0.0001 0.4498
_ 0.04260 0.34362 -018472 0.07375 2002232 0.05064
Time 1.00000
0.5250 <0.0001 0.0054 0.2706 0.7391 0.4498

TABLE 4. Pearson correlation coefficients for cladodes of the yellow pitaya.

Radiation Temperature RH Opened stomata  Closed stomata Stomata/ mm? Time
- 0.80790 -0.71824 -0.47694 0.36916 0.08468 0.04260
Radiation 1.00000
<0.0001 <0.0001 <0.0001 <0.0001 0.2057 0.5250
Tomporature 0.80790 00000 ~0.71944 2067165 054322 015415 0.34362
P <0.0001 ‘ <0.0001 <0.0001 <0.0001 0.0207 <0.0001
2071824 2071944 0.45065 2026229 0.04934 2018472
Relative humidit 1
elative humicity <0.0001 20,0001 00000 <0.0001 20,0001 0.4615 0.0054
2047694 2067165 0.45065 2074931 2014060 2055519
Opened stomat 1.
pened siomala 20,0001 20,0001 20,0001 00000 20,0001 0.0351 20,0001
0.36916 054322 2026229 2074931 076100 0.39707
| .
Closed stomata <0.0001 <0.0001 <0001 20,0001 1.00000 20,0001 <0.0001
0.08468 015415 0.04934 ~0.14060 0.76100 0.04975
tomata/ mm? . L TR
Stomata/ mm 0.2057 0.0207 04615 0.0351 20,0001 1.00000 04578
e 0.04260 0.34362 ~018472 ~0.55519 0.39707 0.04975 00000
0.5250 20.0001 0.0054 20,0001 20.0001 04578 '
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FIGURE 7. Opened stomata in fruits and cladodes of the yellow pitaya  FIGURE 8. Opened stomata in fruits and cladodes of the pitaya over 72
over 72 h, as related to temperature. h, as related to relative humidity (RH).
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RH had little variation over time during the experiment,
but a positive correlation (R*0.45065 for cladodes and R?
0.18535 for fruits) (Tab. 3 and 4) with the stomatal aperture
was found, which indicates that stomata respond positively
to a RH increase (Fig. 8) as confirmed by Salisbury and
Ross (1992), a different situation from that found in the
purple passion fruit.

According to variance analysis, the P was less than or equal
0.0001 in all the factors, which indicates that significant
differences exist between the variables, therefore the three
measured environmental factors have an effect on stomatal
aperture in yellow pitaya fruits.

The analysis for cladodes showed a P<0.0001 for the three
environmental variables, which indicates that radiation,
as well as temperature and RH, had an effect on stomatal
aperture in pitaya cladodes.

Comparison of stomatal behavior between the

purple passion fruit and the yellow pitaya

Stomatal behavior, both of yellow pitaya and purple passion
fruit fruits, is shown in Fig. 9, where we can see the behavior
of a C; and a CAM plant, showing that while the stomata
of purple passion fruit fruits are opening, the stomata of
pitaya fruits are closing, therefore the purple passion fruit
behavior is totally opposite to the pitaya behavior (Salisbury
y Ross, 1992). We suppose that the certain percentage of
opened stomata in the day of the pitaya fruit (Fig. 9) signi-
fies that the fruit (Fig. 10) has a higher ability of fixing CO,,
in contrast to the cladode, via the Calvin cycle, especially
at the end of the day; and this behavior is encouraged by
the wet conditions (Taiz and Zeiger, 2006) in which the
studied pitaya plants were grown.

100, [ —Purple passionfruit —- Pitaya |
90

80
70
60
50
40
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20
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00:00 A |
1200 |
00:00 AM |
12:00 |
00:00 AM |

Time

FIGURE 9. Stomata behavior in fruits of the purple passion fruit and the
yellow pitaya over 72 h.

The stomatal behavior of purple passion fruit leaves as
compared to pitaya cladodes is illustrated in Fig. 10, where
the behaviors are a lot more contrasting then in fruits,
where the behaviors are exclusively, totally inverse, while
the stomata of pitaya cladodes are closed, the stomata of
purple passion fruit leaves are opened and vice versa (Os-
mond, 1978; Salisbury y Ross, 1992; Winter y Smith, 1996).

Stomatal densities in studied C3 and CAM species

In the two species, stomatal density was much lower in
fruits than in leaves, however, these are two different CO,-
fixing plant types, a similar fruit/leaf stomata frequency
rate was observed (Tab. 5). Our results coincide with Blanke
(1990), that the stomatal frequency is 5-10 fold lower in
subtropical fruits than in the abaxial epidermis of their
respective leaves. A similar rate (8.57) was observed by
Moreshet and Green (1980) in ‘Shamouti’ oranges with 70
stomata/mm? in fruits and 600 in leaves, whereas Blanke
(1990) reported 60 and 730 stomata per mm? in fruit and
leaves of the avocado (rate: 12.17), respectively.

TABLE 5. Average stomatal densities (per mm?) in abaxial leaf, cladode
and fruit surface of the purple passion fruit and the yellow pitaya.

Leaf (cladode)/fruit

Species Leaf  Cladode Fruit stomata density rate
Purple passion fruit ~ 106.53 12.64 8.43
Yellow pitaya 11.28 1.43 7.89

According to the analysis, the cv of the stomatal density of
the fruits and leaves in the purple passion fruit were very
low (Tab. 6), which indicates a low variation between the
data found. A similar situation with the fruits and cladodes
of the pitaya was found (Tab. 7). The standard deviation,
both of the purple passion fruit and the pitaya, was very

100 [ o= Purple passionfruit - Pitaya |
90|
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FIGURE 10. Stomata behavior in leaves of the purple passion fruit and
cladodes of the yellow pitaya over 72 h.
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low too, indicating a very large similarity between the data
and a high correlation between them.

TABLE 6. Standard deviation, mean and coefficient of variation of stoma-
tal density (number/mm2) in fruit and leaves of the purple passion fruit.

Standard deviation Coefficient of

Organ (SD) Mean (X) variation (cv)
Fruit 3.28 1264 0.29
Leaf 1478 106.53 014

TABLE 7. Standard deviation, mean and coefficient of variation of sto-
matal density (number/mm?) in fruit and cladodes of the yellow pitaya.

Standard deviation Coefficient of

Organ Mean (X) variation (cv)
Fruit 0.30 1.43 0.21
Cladode 2.05 11.28 0.19

The stomatal density in purple passion fruit leaves (106.53)
was similar to those commonly found in plant leaves (100),
as reported Salisbury and Ross (1992). Also in pitaya clad-
odes, the stomata frequency agrees with those of other
CAM plants. Goh et al. (1977) observed, in orchids Arachnis
cv. Maggie Oei, Aranda cv. Deborah, Cattleya howringi-
ana, Arundina graminifolia, Bromheadia finlaysoniana and
Spathoglottis plicata, densities of 4, 3, 11, 18, 18 and 14 sto-
mata/mm?, respectively. These low stomatal densities (and
water conserving big vacuoles) allow these plants to achieve
higher water-use efficiency than C3 or C4 plants (Evert and
Eichhorn, 2012) and to inhabit arid environments with
seasonal water availability (Taiz and Zeiger, 2006).

In studies of this kind, it should be taken into account that
stomatal densities can be influenced by a lot of factors such
as: genetic (variety) and environmental, including CO,
concentration, irradiancy and humidity (Royer, 2001).
Generally, few studies about plant photosynthesis have
included stomata on fruit surfaces although they are very
important in the initial stages of fruit development where
gas exchange can compensate for the respiration loss of this
organ through photosynthesis (Blanke and Lenz, 1989).

Conclusions

Stomata behave in a similar way between the same species,
with a rhythm of stomatal closing and opening almost
coordinated between their organs.

A high correlation between radiation and temperature with
stomatal aperture was found, suggesting the influence of
these on stomata, but was not found with RH.

The pitaya stomata show a typical behavior ofa CAM plant,
in which they open their stomata at night and close them
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during the day as a adaptation mechanism to environmen-
tal conditions.

The stomatal density in the leaves and cladodes was almost
10 times higher than in fruits in each species, which shows
the functional differentiation of these organs in plants.

Changes in the stomatal aperture grade reflect the cumu-
lative effect of many physiological responses by a leaf or a
fruit to the environment, meaning that knowledge of the
stomatal response increases the understanding of the rates
of carbon dioxide assimilation and transpiration, as well
as the nature of the ecophysiological adaptations of plants
to their environment.
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