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ABSTRACT

The limited available water is becoming the main phenomenon of drought stress, so the water becomes a
very important factor in the agricultural business. The drought-tolerant plant is very necessary for this
situation. Plants have different adaptability to environmental conditions that occur, including the mechanism
of opening and closing the stomata. One effort that can be done to reduce excessive water loss in conditions
of limited water content is engineering physiology which can be done through the arrangement of the
stomata opening and closing system, by giving silicon as an element that has been known to increase
plant resistance to abiotic stress. This research evaluated the behaviour of stomata in soy under drought
stress with silicon application. The results showed that the treatment of silicon was closely related to the
size of the opening of the stomata, the increasing concentration of silicon, the wider stomata opening
width (R*=0.52 at9 a. m., R?=0.92 at 11 a. m., and R?>= 0.98 at 01.00 p. m.). In terms of concentrations
of 15 ml/1 was able to produce the widest opening stomata compared to concentrations of 0.5 and 10 ml/
1. Silicon also affected the density of stomata, the percentage of open and closed stomata. Applying the
higher silicon increased the density of stomata. However, silicon had a varied influence against the percentage

of stomata abaxial and adaxial.
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INTRODUCTION

Drought stress in plants occurs because water
is available in limited quantities. This drought
occurs due to a decrease in plant water content
from the field capacity to a permanent wilting
point. During drought (wilting plants), the
water vapour pressure in the air is lower than
in leaf tissue so transpiration increases to the
limit of the rate of transmission of ground water
to the root, unable to compensate for the rate
of transpiration (Radwan et al., 2017). Water
is the main limiting factor for plant growth and
production (Chen et al., 2018). Plants have the
ability to adapt to drought conditions that are
different in terms of morphology, physiology
and biochemical and molecular processes
(Haisel et al, 2006; Fariduddin et al., 2009).
Drought for plants will inhibit evapotranspiration,
interfere with growth by influencing several
physiological and biochemical processes such
as leaf respiration, leaf chlorophyll content, gas
exchange, leaf water content, and relative plant
growth rates (Okunlola et al., 2017), such

conditions may result in a significant
production decrease (Lei and Yin, 2006; Farooq
et al.,, 2012). Under drought stress,
photosynthesis rates, stomatal conductance
and transpiration rate of soybean plants
decrease significantly, while the CO,
concentration between cells changes only
slightly at the start of drought stress (Zhang et
al.,, 2016). One mechanism of plant adaptation
to drought stress conditions is the regulation
of stomatal guard cell control system (Sterling,
2004).

Stoma (plural : stomata) is a gap that is flanked
by two epidermal cells which are limited by
special cells called guard cells. Stomata have
an important role as an exit door for water
vapour, oxygen, CO,, pollutant gases, or certain
compounds (Dias et al., 2014; Engineer et al.,
2016). When plants experience drought stress,
one of the initial symptoms is losing water
control through the stomata. The level of
intensity of high drought and increasing
duration causes plants to experience drought,
and results in accumulation of ABA. Potassium
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flows into the body of the plant is disrupted
because ABA blocks the proton pump, which
flows K+ into the guard cell. This condition
affects the regulation system of opening the
stomata because the opening and closing
activities of the stomata are closely related to
the osmotic humidity in the leaves (Shinohara
and Leskovar, 2014).

Drought conditions in soybean will inhibit the
process of opening the stomata (Liu et al., 2014;
Sreenivasulu et al.,, 2014). Drought stress also
limits symbiosis of nitrogen fixation (Quintana
et al., 2013). In order for soybean to be
cultivated on dry land to remain capable of high
production, physiological engineering and soil
manipulation need to be done, namely, by
regulating stomata work. Plants physiologically
respond to light water stress with stomata
closure, which reduces stomatal conductance
during short response times (Spinelli et al.,
2016).

Based on the results of several studies it is
known that silicon can increase plant
resistance to drought stress (Ahmad et al,
1992; Arsenault-Labrecque et al, 2012). In
plants, silicon is thought to be involved in
fortification which affects the oxidation of cell
membranes and causes protection for various
functions of plant organs that experience
drought. Silicon also seems to be part of the
regulation of osmolites in cells under conditions
of drought stress (Janislampi, 2012). Silicon is
known to be able to increase plant biomass and
the concentration of absorbed silicon (Ahmad
et al., 2007), reduce the stress of Zn and Mn
and streamline the translocation system of the
silicon itself (Miyake and Takahashi, 2012;
Mansano Sarto et al., 2014). Silicon can reduce
the influence of various abiotic stresses
including salt stress, metal poisoning, dryness,
radiation damage, nutritional imbalances, high
temperatures and freezing (Ma, 2004), other
researchers also reported that silicon was able
to reduce water stress, salt stress, iron
poisoning (Gonzalo et al., 2013). Transpiration
of the leaves occurs mainly through the stomata
and partly through the cuticle. This study
aimed at evaluating the behaviour of soybean
stomata in drought conditions with silicon
applications.

MATERIALS AND METHODS

This research was carried out in the

Greenhouse. The planting material used was
soybean cultivar Grobogan. The soybean plants
were grown in pots media with drought stress
conditions simulated by the application of Poly
Ethylene Glycol (PEG 600) with a concentration
of 15% which was equivalent to -0.67 Mpa.
Applications of silicon at various concentrations
of 0 ml/1 (control), 5, 10 and 15 ml/1 are given
after the plants are 14 days after planting and
then every seven days. This study aimed at
evaluating the stomatal response to drought
conditions using silicon applications.
Observations on stomata behaviour in plants
aged S0 days after planting with observation
hours at 9 a. m., 11 a. m. and 1 p. m.
Analysis of stomata used the intact
preparations (whole mount) based on the
method of Johansen (1940) that have been
modified. Soybean leaves that have been
opened perfectly washed with distilled water
and immediately sliced across using a sharp
knife. The leaves were paradermally sliced on
the upper (adaxial) and lower (abaxial) surfaces
using a razor blade to form a transparent thin
layer. The leaves of the paradermal incision
were dipped in a 2% sodium hypochlorite
bleach solution for 60 min with the aim of
bleaching. Furthermore, the paradermal
incision was rinsed with distilled water and
stained with 2% safranin for 2 min. The incision
was washed again with distilled water and then
placed on top of the glass object and dripped
with 30% glycerine and then covered with a lid
around the edge of the cover glass glued with
nail polish. Furthermore, the number of
stomata was observed and calculated under a
microscope with a magnification of 40 x 10.
Stomata were calculated by considering the
number of stomata that were closed and open
in the abaxial and adaxial part.

The percentage of stomata :

The number of stomata
x 100%
The overall number of stomata

RESULTS AND DISCUSSION

Correlation analysis between the concentration
of silicon and the size of the stomata openings
showed that the concentration of silicon was
closely related positively to the measurement
at 9.00 (r : 0.72), while the measurements at
11 a. m. and 1 p. m. were closely related (r :
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0.99 and 0.96, respectively). This meant that
the higher the concentration of silicon, the
greater the opening of the stomata, then
through the regression test showed that the
concentration of silicon determined the size of
the stomata bothat9a.m.and 11 a. m. and 1
p. m. (R? each 0.52, 0.92 and 0.98; Fig. 1).
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Fig. 1. Regression between stomatal size (Abaxial)
and concentration of siliconat 9 a. m., 11 a. m.
and 1 p. m.
The increase in the concentration of increased
silicon concentration indicated that silicon was
involved in the regulation of osmolites in leaf
cells (Janislampi, 2012), including the process
of opening and closing stomata, increasing
stomatal conductance, photochemical
effectiveness and gas exchange (Habibi and
Hajiboland, 2013). Furthermore, it was reported
that silicon had an important role in improving
plant defense systems against abiotic stress
(Adrees et al., 2015; Rizwan et al., 2015), and
the positive role of silicon was confirmed to
increase plant resistance to biotic stress
(Fauteux et al., 2006; Fallah, 2012).
Every increase in the concentration of silicon
affected the opening of the stomata, both in
the abaxial or adaxial stomata. Each silicon
concentration treatment showed an opening
size that increased at each observation time.
The highest opening size was shown under
concentrations of 15 ml/Si (3.6 um in abaxial
stomata, and 3.8 um in adaxial stomata) at 1
a. m. (Figs. 2 and 3). The involvement of silicon
on the mechanism of stomatal movement was
thought to have an indirect effect. Etesami and
Jeong (2018) explained that the addition of
silicons to soybean cultivation increased levels
of endogenous GA, reduced levels of abscisic
acid (ABA) and proline, which ABA and proline
are compounds that play a role in stomata hole
movement. In drought stress conditions, ABA
(Chen et al., 2018) and proline (Cha-Um and

Kirdmanee, 2009) will increase.

Soybean under drought stress without being
given silicon (control) showed the size of the
stomata hole was reduced (at 11 a. m. and 1
p. m.). The increasing concentration of silicon
caused the size of abaxial stomata (Fig. 2) and
adaxial (Fig. 3) to be wider. The concentration
of 15 ml/1 resulted in the widest size of the
abaxial stomata, both at 1100 (2.4 um) and at
1300 (3.6 um). While the size of the widest
adaxial stomatal size at the silicon
concentration of 15ml/lat 11a. m. and 1 p. m.
(2.5 and 3.8 um). Xia (1994) suggested that the
drought that occurred in all reproductive
phases caused a decrease in photosynthetic
rate, chlorophyll content, leaf area, stomatal
opening width, biomass and seed yield, but the
stomata frequency and respiration rate
increased (Zhang et al., 2015). The mechanism
of the reaction caused by plants to defend
themselves against drought and water loss
could be minimized, manifested in the form of
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Fig. 2. The size of the stomata open (Adaxial) resulting
from the treatment of silicon at various times
of observations.
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Fig. 3. Measurement of stomata open (Adaxial) as a
result of silicon treatment at various times of
observation.
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the mechanism of opening and closing the
stomata, the cuticle layer, the presence of fine
hair on the leaf surface, etc. all acted as
inhibiting factors for the rate of water loss from
Davies et al. (1981).

Figs. 4 and 5 explain that at each observation
hour, it appeared that the stomata opened
wider as the concentration of silicon was given.
Gas exchange activities were closely related to
the size of the stomata and stomata density,
generally smaller stomata sizes were associated
with high density (Franks and Beerling, 2009;
Giday etal., 2013). Abaxial and adaxial stomata
tended to respond differently to water stress
and stomatal sensitivity differed depending on
plant species (Hsiao, 1973). Stomata closure
was believed to reduce water loss through
transpiration (Torres-Ruiz et al., 2013;
Nemeskeri et al., 2015; Clauw et al., 2015).

Fig. 4. The effect of silicon applications against the
size of the stomatal opening width (Abaxial)
at 9 a. m. observations (I), 11 a. m. (II) and
() 1 p.m. (A:O0ml/1Si,B:5ml/1Si,C: 10
ml/1 Si and D : 15 ml/l Si).

Fig. 5. The effect of silicon applications against the
size of the stomatal opening width (Adaxial)
at 9 a. m. observations (I), 11 a. m. (II) and
() 1 p.m. (A:0ml/1Si,B:5ml/lSi,C: 10
ml/1 Si and D : 15 ml/l Si).

The percentage of abaxial stomata that were
open at each silicon concentration showed an
increase along with the addition of silicon
concentration at 9 a. m., 11 a. m. and 1 p. m.
the same pattern was observed, which was a
decrease in the percentage of the number of
open abaxial stomata, but at a concentration
of 15 ml/l the increase was relatively
insignificant. At 0900 the concentration of 15
ml/1 silicon produced the highest percentage
of abaxial stomata, which were 34.26 and
21.62%, respectively, but at 1 p. m. the highest
percentage of open abaxial stomata was
produced by control without silicon (29.03%;
Fig. 6). The highest percentage of closed abaxial
stomata was generated by treatment without
silicon (control) at 9 a. m. (78.03%) and
concentration of 10 ml/lat 11 a. m. (83.67%),
while at 1 p. m. the highest percentage of closed
stomata was produced by silicon concentration
of 10 ml/1(88.04%; Fig. 7). The results of Zhao
et al. (2015) reported that drought stress
conditions caused an increase in stomatal
density and decreased stomatal size. There was
a close relationship between environmental
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Fig. 6. The percentage of open stomata (abaxial) at 9
a. m., 11 a. m. and 1 p. m. by silicon
application.
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Fig. 7. The percentage of closed stomata (abaxial) at
9 a. m., 11 a. m. and 1 p. m. by silicon
application.
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conditions with stomata size and density and
responses that varied from plant type.

The percentage of open adaxial stomata showed
differences in each silicon concentration test.
The concentration of 0 ml/1 showed the highest
percentage of adaxial stomata which was open
at 1 p.m. (27.27%), but different patterns were
shown at 9 a. m. (highest percentage 26.47%
at concentrations of 5 ml/l) and 11 a. m.
(highest percentage 26.47% at the
concentration of silicon 15 ml/1; Fig. 8). The
percentage of closed adaxial stomata showed
different results in each silicon treatment. The
concentration of 15 ml/1, in general, produced
the highest percentage of closed adaxia stomata
78.26% (at 9 a. m.) and 87.10% (at 1 p. m.),
while at 11 a. m. the treatment without silicon
(control) resulted in the highest percentage of
closed stomata (89.13%; Fig. 9).
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Fig. 8. The percentage of open stomata (adaxial) at 9
a.m. 11a.m.and 1 p. m. by silicon application.
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Fig. 9. The percentage of closed stomata (adaxial) at 9
a.m., 11 a.m. and 1 p. m. by silicon application.

CONCLUSION

The application of silicon to various variables
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showed that the increase in silicon
concentration was closely related to stomata
behaviour. The mechanism of opening of
abaxial and adaxial stomata, in this case the
size of the stomata opening increased with the
concentration of silicon applied. Increased
stomata density also occurred with given
increasing silicon concentration. Silicons had
avaried influence on the percentage of abaxial
and adaxial stomata both open and closed. In
general, the treatment of the concentration of
silicon 15 ml/1 had a large effect on almost all
observed variables.
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