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Estimation of Stomatal Aperture in Arabidopsis thaliana Using Silicone Rubber Imprints
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[Abstract] Estimation of stomatal aperture using low viscosity silicone-base impression material has
the advantage of working with the whole leaf. The developmental stage and the environment strongly
affect the stomatal aperture. Therefore, it is mandatory to have accurate estimations of the stomatal
aperture of intact leaves under different situations. With this technique, it is possible to get the real
picture at any moment. The outputs of the data include studies on cell area and morphology, epidermis
cell and stomata lineages, among others. This protocol is useful for the accurate estimation of stomatal
aperture in many samples of intact leaves in Arabidopsis thaliana.
Keywords: Drought, Epidermis, Leaf development, Oxidative stress, Photorespiration, Stomatal density
[Background] The epidermis of all leaves has specialized cells, the guard cells, surrounding
microscopic pores. The guard cells and pores are called stomata, and they permit gas exchange and
diffusion of water vapor between the atmosphere and the interior of the leaf. Stomata are products of
an intracellular program, which generates the specific stomatal patterns during their development
(Kagan et al., 1992). Stomata are found both in the abaxial and adaxial sides of the leaf, although the
stomatal density (and starch accumulation) is higher on the abaxial side of the leaf sheath in Arabidopsis
thaliana (Schlüler et al., 2003; Tsai et al., 2009). The stomatal density is controlled by endogenous and
exogenous factors in Arabidopsis thaliana (Berger and Altmann, 2000; von Groll et al., 2002). Stomatal
aperture actively responds to changes in the environment and regulates leaf transpiration rates (Santelia
and Lawson, 2016). An accurate estimation of the stomatal aperture provides insight into the impact of
environmental stress on plants.
Materials and Reagents
1. 10-cm pots
2. Plastic spatula
3. Microscope glass slide (Glass Klass, Yancheng Huisheng Medical Instrument Factory, catalog
number: 7102)
4. Silicone low viscosity impression material (Polysiloxane) and hardener/catalyst (Zhermack,
catalog number: U113368/G)
5. Leaves of Arabidopsis (Arabidopsis thaliana)
6. Clear nail varnish (Colorama, Maybelline, Argentina)
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Equipment
1. Plant growth chamber: closed cabinet with controlled environmental conditions of photoperiod,
light intensity, temperature, and humidity
2. Light microscope with a 60x objective lens (Olympus, model: BH-2) equipped for
photomicrography (Nikon Instruments, model: DS-Fi1)
Software
1. ImageJ (http://rsb.info.nih.gov/ij/)
2. Microsoft Excel
3. Sigma Plot (version 11.0)
Procedure
1. Sampling
Arabidopsis seeds were sown on soil in 10-cm pots and grown in a closed cabinet under a 16
h light/8 h dark photoperiod using fluorescent light at 120 µmol m-2 sec-1 at 23 ± 2 °C, and a
relative humidity of 65-70%. For measurements, the younger, fully expanded and flat leaves of
a 21-d-old Arabidopsis plant (i.e., third and fourth leaves) were harvested for immediate use.
Notes:
a. Leaf sampling should be done at the same time of the day to avoid any potential rhythmic
effects.
b. Leaves used for impressions are from plants grown in parallel under identical conditions.
2. Leaf impressions
a. Mix silicone low viscosity impression material (Polysiloxane) and catalyst/hardener in the
approximate ratio 1:0.75. In case the whole leaf is covered with the material, mix 2 cm of
silicon low viscosity impression material and 1.5 cm of catalyst/hardener. Mix very well using
a spatula for about 30 sec (Figure 1A).
b. Apply the mixture immediately to the abaxial surface of the leaves using a spatula and
minimal pressure (Figures 1B and 1C). At 23 °C, hardening will usually take 4-5 min.
c.

After hardening, clip the tip of the leaf and peel along with the direction of the main leaf vein
(Figures 1D and 1E).

d. Make a positive impression by covering the silicone imprints with a thin layer of a clear nail
varnish and leaving it to dry for at least one hour at room temperature (Figure 1F).
e. Place the silicon rubber impression on a glass slide with the positive impression (surfaced
covered with varnish) facing down. Transfer the thin layer of nail varnish to the glass slide
by gently pressing the silicone rubber onto it (Figures 1G and 1H).
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Notes:
a. High temperature or greater amount of catalyst/hardener will speed up hardening.
b. Close hardening material properly after use.
c.

Silicone imprints can be stored for a long time at room temperature and be reused.

Figure 1. Leaf impression procedure
3. Measurement of stomatal apertures with a light microscope
a. Observe imprints under a light microscope using a 60x objective lens and take micrographs
of the magnified image.
b. Measure the width and length of stomatal aperture (Figure 2) using the image processing
software ImageJ (http://rsb.info.nih.gov/ij/).
Notes:
a. Since the imprints are usually not totally flat, not all regions of a leaf section are in focus.
The leaf section is considered to be in focus when the edges of the cells are clear and sharp.
To solve this problem, several photographs of the leaf section can be taken at different focal
depths.
b. Do not use images for measurements that are out of focus.
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Figure 2. Snapshot of ImageJ software showing a representative measurement of length
and width of a stomata. Scale bar = 3 µm.
Data analysis
The number of stomata analyzed on a typical silicon imprint were 30-40. These stomata were
randomly selected in the separate microscopic fields in the same slide. Ten leaves per Arabidopsis
line were analyzed.
1. Compile the data and calculate the ratio between the width and length of all selected stomata
using Excel spreadsheet software.
2. The data obtained were statistically evaluated using ANOVA (Sigma Plot software, version 11.0).
Consider a P-value less than 0.05 as statistically significant. Perform the experiment at least
three times.
3. An example with ten measurements carried out using three leaves of Arabidopsis accession
Columbia (Col-0) is shown in Table 1.
Note: Columbia (Col-0) is the most widely-used accession of Arabidopsis thaliana.
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Table 1. Measurement and calculation of stomatal aperture from three leaves of
Arabidopsis Col-0
Col-0 stomata
1
2
3
4
5
6
7
8
9
10
Average
SD
SE

Width (pixels)
40.497
21.082
36.271
18.028
45.568
24.037
22.667
66.959
25.051
36.025

Length (pixels)
146.123
139.612
136.424
136.235
145.137
135.187
149.838
159.226
149.101
164.438

Ratio
0.27714323
0.15100421
0.26586964
0.13233016
0.31396543
0.17780556
0.15127671
0.42052805
0.16801363
0.21907953
0.22770162
0.09157288
0.02895789

Notes: Other results of stomatal aperture were published in Scarpeci et al., 2017.
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