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Abstract

Stomatal size is very important related to the transpiration rate. Stomatal types relate
to the genetic relationship. This research aimed to describe the stomatal size and type from
the shading and ornamental plants in Pontianak. The stomatal sizes and types were
measured under 10x10 and 10x40 of magnification subsequently, equipped with a
standardized micrometer. Of the 26 plants species, the longest stomata were found in Rhoe
discolor (74.44 pm) and the shortest in Mangifera indica L. (15.65 pm) whilst the widest
stomata were found in Rhoe discolor (42.08 pm) and the narrowest was found in Morinda
citrifolia L., Syzygium malaccense L., and Chlorophytum comosum with the width was
only 9.71 um. There were three stomatal types (paracytic, anomocytic, and anisocytic)
that were found in 20 dicotyledon plants and four stomatal types (type 1, 2, 3, and 4) were
found in six monocotyledon plants. The most common type was paracytic found in 11
dicotyledon plants. This stomatal size becomes the foundation to do further research
related to the transpiration rate whereas stomatal types can indicate the closeness of the
genetic relationship.

1 Introduction

Stomata is a part of the leaf that has a very important function for plants, namely for transpiration
and plays a role in photosynthesis (Sumardi & Pudjorianto, 1993). Stomata transpiration and
photosynthesis are affected by the number and size of the stomata. If the number and the size of stomata
are small, they will interfere with the process of transpiration and photosynthesis (Haryanti, 2010).
Tambaru et al. (2013) explained that the size of the stomata is inversely proportional to the number of
stomata on the leaves of the plant. If the size of the stomata is small, the number of stomata found on
the leaves is high, whereas if the stomata size is large, the number of stomata on the leaves is low.
Furthermore, Carlson et al. (2016) in their study of the arid region in South African bushes found that
the number of stomata increased with the annual extreme temperature and would decrease during rain
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in the middle of the summer. When the number of stomata increases, the plants will adapt by reducing
the size of the stomata. Likewise, in the Central Amazonia region, the number of stomata is inversely
proportional to the size of the stomata. Where if the number of stomata is low then the size of the guard
cell is large (Camargo dan Ricardo, 2011). In Makasar area (Tambaru et al., 2011) also showed there
was a negative relationship between the number of stomata and the size of the stomata; however, this
study did not show the types of stomata related to size or plant species.

The type of stomata in leaves varies greatly. Based on the stomata relationship with neighboring
epidermal cells there are many types of stomata. Modification of stomata types can occur in species
from various families. More than one type of stomata sometimes occurs together on the same organ.
The stomata type not only has diagnostic value but is also used naturally as an indicator of taxonomic
similarity, for example distinguishing 15 types of stomata in ferns, gymnosperms, and angiosperms
based on their surface appearance (Fahn, 1991).

In most plants, the stomata are more on the lower surface of the leaves compared to the upper
surface. This adaptation will minimize water loss that occurs faster through the stomata at the top of the
sun-exposed leaf (Gardner et al., 1991; Hidayat, 1995). This is in accordance with the research of
Hidayati (2009) stating that the amount of stomata density under the surface of the leaf is higher than
that on the leaves in the types of shading plants. This finding is in line with the research by Istiqgomah
(2016), Christin (2016), and Tanugrah (2016), who stated that the number of stomata in the abaxial part
(under surface) is higher than the adaxial (upper surface) part of the leaf.

There are several studies regarding the sizes and types of stomata in various regions. As Tambaru
et al. (2011) showed four stomata types were obtained from seven tree species, namely parasitic
(dominant), anisocytic, longitudinal, and anomocytic types that accompanied by two neighboring cells
with stomata size categories which were less long, long (dominant) and very long. Furthermore, Rahayu
et al. (2015) found that the parasitic stomata types from four species of the genus Alamanda with a
category of long and very long. Istiqgomah (2016), Christin (2016), and Tanugrah (2016) found the
number of stomata and chlorophyll levels varies amongst the plants. However, the size and type of the
stomata are not studied, therefore, the need for further research on the type and size of the stomata was
needed. The total number of plants to be studied was 26 plant species. The purpose of this study was to
analyze the size of the stomata associated with the types of stomata in plants in Pontianak City, West
Kalimantan.

2 Materials and Methods
2.1 Materials

Olympus microscope was used with the magnification of 10x10 and 10x40 for stomatal sizes and
types, subsequently. The microscope was equipped with an ocular and object micrometer that has been
standardized. Microscope slides of stomata made from the replicate method originated from 26 plant
species. A mobile camera was used to take the photos stomata size under microscope observation.

The sizes of stomata were categorized into length and width. The length categories were divided
according to Agustini (1994). The categories were less long (<20 pm), long (20-25 pm), and very long
(> 25 pm). The width was categorized into less wide (<19.42 pm), wide (19.42-38.84 pum), and very
wide (> 38.84 um). The stomata size was analyzed according to monocots and dicots plants.
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2.2 Methods

Stomatal Measurement. The method of stomatal measurement refers to the research conducted by
Haryanti and Tetrinica (2009). The length and width of the stomata can be measured through the length
and width of the stomatal guard cells (Savvides et al., 2011). Measuring stomata using objective and
ocular micrometers were carried out from 10.00 - 12.00 am. The stomatal observation was from the
upper and lower surface of the epidermis. This was conducted due to the maximal growth of stomatal
size within that time. For each section of observation, three replications were carried out.

Stomatal measurements were carried out in two stages:

a. Micrometer Calibration: ocular micrometer was put on the ocular lens giving a picture of line score.
Another object micrometer was then put in the object lens. The line coming out from the object
micrometer was positioned in line together with the line of the ocular microscope (Agustini, 1994).
The calibration value was calculated using the following formula:

The scale on the micrometer = % x 0,01 mm x 1000 pm

in which A =}’ the scale on the object micrometer which coincides on the right side; B =) the

scale of the ocular micrometer between two lines coinciding with the objective micrometer; 0,01 =

value each scale on the object micrometer in mm; and 1000 = conversion value from millimeters to
micrometers. (1mm = 1000 micrometers)

b. Measuring Stomatal Length and Width: after the scale value of the ocular micrometer was known,
the object micrometer was taken and replaced with the microscope slides of stomata to be measured.
The ocular micrometer stayed in its original place. The magnification of the objective lens used for
measurement must be the same as the lens used for calibration. The scale of the ocular lens was put
on the position of the scale preserved slides so that the length and the width of stomata can be
measured. Length and width were measured using the scale multiplied by calibration value. The
standard errors were calculated for each length and width plant.

Determination of stomatal plant types. The observation of the stomata types was carried out using
an Olympus microscope with 10x40 magnification so that the appearance of the type was clearer. The
type of stomata observed refers to the study of Tambaru et al. (2011). The stomata types in dicotyledon
plants were classified according to the arrangement of epidermal cells adjacent to the guard cell which
refers to the explanation of Metcalfe & Chalk (1950). Classification of the stomatal type was divided
into six types, namely anomocytic (ranunculaceous), anisocytic (cruciferous), parasitic (rubiaceous),
diacytic (caryophyllaceous), actinositic, and cyclocytic. Whereas in monocotyledon plants the types of
stomata were classified into four types, namely typel, type 2, type 3, and type 4 (Stebbin and Kush,
1960).

Data analysis. The measurement of stomata was averaged and grouped into length (Agustini, 1994)
and width categories. The stomata observation based on guard cell position was classified into stomatal
types according to Metcalfe & Chalk (1960) and Stebbin & Kush (1960).

3 Results and Discussion

The observation of stomatal size was conducted for 26 plants of dicotyledons and monocotyledons.
These plants function as shading or ornamental plants found in Pontianak city. The stomatal size
included the length and width of the guard cells were conducted. The results of the study can be seen in
Table 1 and Table 2.
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. . Standard
Categories Size (um) Error Plants
16.73 +1.17 1. Syzygium oleana
Less Long 18.88 +0.54 2. Swietenia mahagoni King.
15.65 +0.71 3. Mangifera indica L.
17.80 +1.62 4. Chlorophytum comosum
20.51 +1.07 1. Acacia mangium Willd.
24.28 +2.80 2. Morinda citrifolia L.
24.28 +1.14 3. Polyalthia longifolia Benth.
21.04 +2.81 4. Syzygium malaccense L.
22.66 +3.24 5. Samanea saman Merr.
Long 24.28 +2.80 6. Tabebuia aurea
20.50 +1.94 7. Terminalia catappa L.
21.58 +0.85 8. Artocarpus heterophylla L.
21.05 +2.17 9. Ruellia tuberosa L.
21.85 +2.17 10. Calathea lutea
23.88 +1.84 11. Cordyline fruticose
26.98 +1.56 1. Pterocarpus indicus Willd.
28.05 +1.77 2. Acalypha siamensis
29.67 +2.05 3. Ixora williamsii
25.90 +1.62 4. Alamanda cathartica
Very 28.73 +1.11 5. Bougainvillea spectabilis Willd.
Long 28.59 +1.10 6. Cassia surattensis Burm.
35.61 +2.14 7. Mimusops elengi L.
36.68 +1.48 8. Aerva sanguinolenta
38.03 +1.95 9. Canna indica
74.44 +3.24 10.Rhoeo discolor
72.31 +141 11. Hymenocallis littoralis Jacq.

Table 1. Stomatal Length Categories from 26 Plant Species in Pontianak

Eleven plant species were categorized into long (20-25 um) as well as very long (> 25 pm) stomata
(Table 1), whereas only 4 plant species that were categorized into less long stomata. From 26 plant
species, mostly plants have long and very long stomata. The variation of stomatal length could occur
due to their genetic or environment. Some plants have no variation of stomatal sizes within their species.
It can be shown by the number of standard error equal to zero. But in this research, there is no plant
with a standard error equal to zero. The standard error more than zero indicated the plant stomatal length
was various which mean in the same species stomatal length can be found in different size. According
to Jordan et al. (2015), the stomatal size can adapt to its environment. According to Wolf et al. (1990)
showed the stomatal size of potato was different when exposed to different temperatures. However,
some plants did have stomatal size that does not change although exposed to the different environments.
According to Gole et al. (2013) stomatal size was genetically inherited solely.

Plant with the highest stomatal length was found in Rhoe discolor (74.44 um) whilst the lowest was
found in Mangifera indica L. (15.65 pm). This stomatal length could indicate the size of stomatal pores
function for water vapor density and gaseous exchange. The higher water vapor density in a plant the
more transpiration occurs. However, Lawson & Blatt (2014) found transpiration rate was not correlated
with stomatal pores. But Xu & Zhou (2008) showed that the water vapor density increased when the
size of stomata improved during the day.
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Width Size Standard Plants
Categories (um) Error
18.34 +£0.71 1. Pterocarpus indicus Willd.
9.71 0 2. Morinda citrifolia L.
15.11 +0.97 3. Acalypha siamensis
. 18.34 +£0.71 4. Polyalthia longifolia Benth.

Less wide 16.19 +0.81 5. SwiJ;tenia mahgagom’ King.
14.57 0 6. Alamanda cathartica
14.57 0 7. Artocarpus heterophylla L.
9.71 0 8. Syzygium malaccense L.
12.95 +1.62 9. Samanea saman Merr.
17.80 +1.62 10. Tabebuia aurea
18.62 +1.31 11. Bougainvillea spectabilis Willd.
11.33 +0.81 12. Syzygium oleana
10.25 +0.54 13. Mangifera indica L.

Less wide 18.34 +1.35 14. Mimusops elengi L.
11.33 +0.81 15. Terminalia catappa L.
15.38 +2.40 16. Ruellia tuberosa L.

17 +1.08 17. Canna indica

15.79 +0.63 18. Cordyline fruticose
9.71 0 19. Chlorophytum comosum
21.04 +1.14 1. Ixora williamsii
20.78 +0.70 2. Acacia mangium Willd.

Wide 20.50 +1.08 3. Cassia surattensis Burm.
21.04 +1.62 4.  Calathea lutea
29.94 +1.72 5. Aerva sanguinolenta
23.20 +0.93 6. Hymenocallis littoralis Jacq.

Very Wide 42.08 +3.24 1. Rhoeo discolor
Table 2. Stomatal Width categories from 26 plant species in Pontianak

There were nineteen plants included in the less wide category. They were Morinda citrifolia L. (9.71
um), Syzygium malaccense L. (9.71 um), and Chlorophytum comosum (9.71 pm) having the smallest
wide. The opening of stomata will be determined by the size of length and width. So far, the
measurement of size was reflected by the length only; Nonetheless, the opening of stomata is the
function of the size of guard cell pores. The bigger pores the faster water vapor exchange. The pores
were reflected not only the length but also the width of the stomata guard cell. Therefore, the width size
only cannot determine the opening pores of stomata. In this research, the categories of less width must
relate to the categories of length. In this research, Chlorophytum comosum was included less wide with
the less long category. However, the other two Morinda citrifolia L. and Syzygium malaccense L. were
included in less wide and long category. These differences will affect the opening size of the pores. The
information of the stomatal size, therefore, needs to consider both the length and width of the stomata
guard cell. To give more accurate information about the size of opening pores the length and the width
should be calculated. In this research, the size of stomata was only described by the length and the
width.

For those plants with the categories of wide and very wide should also be considered with the length
size of stomata. Table 2 showed that the largest width was 42.08 um in the Rhoeo discolor.
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Figure 1: Three stomatal types of 6 in 20 dicotyledons plants in Pontianak: Paracytic (A), Anomocytic (B),
Anisocytic (C)

The plants were included in 20 dicotyledons and 6 monocotyledons plants. According to Metcalfe
and Chalk (1950), there were seven stomatal types usually found in dicotyledon plants. The difference
in stomatal types depends upon how the position of epidermis cell surrounding the guard cells. Based
on how the distribution of epidermis surrounding stomatal guards there were only found three stomatal
types namely paracytic, anomocytic, and anisocytic (figure 1). In paracytic type, the stomata remain
surrounded by two subsidiary or accessory cells which are parallel to the long axis of the pore and guard
cells (Figure 1.A). In anomocytic type, the stomata remain surrounded by a limited number of subsidiary
cells which are quite alike the remaining epidermal cells. The accessory or subsidiary cells are five in
number (Figure 1.B). In anisocytic, stomata remain surrounded by three accessory or subsidiary cells
of which one is distinctly smaller than the other two (Figure 1.C).

Figure 2: Four stomatal types of 6 monocotyledons plants in Pontianak: Type 1 (A), Type 2 (B), Type 3 (C),
Type 4 (D)

According to Stebban and Kush (1960), there were four stomatal types found in monocotyledon
plants. The difference in stomatal types depends upon the number of neighboring cells surrounding the
stomatal guard cells. Based on the number of neighboring cells surrounding stomatal guard cells there
were found four stomatal types namely type 1, 2, 3, and 4. Type 1 was marked by a guard cell
surrounded by four to six neighboring cells (Figure 2.A). Type 2 was marked by a guard cell surrounded
by four to six neighboring cells, two of which are round-shaped, smaller, and located at the end of the
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guard Class Type of Family Plants cell
Stomata
Fabaceae Pterocarpus indicus Willd.
Rubiaceae Movinda citrifolia L.
Euphorbiaceae  Acalypha siamensis
Rubiaceae Ixora williamsii
Dicotyledons Parasytic Fabaceae Acacia mangium Willd.
Annonaceae Polyalthia longifolia Benth.
Meliaceae Swietenia mahagoni King.
Apocynaceae Alamanda cathartica
Moraceae Artocarpus heterophylla L.
Parasitic Myrtaceae Syzygium malaccense L.
Fabaceae Samanea saman Merr.
Bignoniaceae Tabebuia aurea
Fabaceae Cassia surattensis Burm.
Anomocytic  Nyctaginaceae \B;illllgdamvmea spectabilis
Dicotyledons Myrtaceae Syzygium oleana
Anacardiaceae  Mangifera indica L.
Sapotaceae Mimusops elengi L.
. . Combretaceae Terminalia catappa L.
Anisocytic Amaranthaceae  Aerva sanguinolenta
Acanthaceae Ruellia tuberosa L.
Type 1 Marantaceae Calathea lutea
Monocots
Type 2 Cannaceae Canna indica
Monocots
Monocotyledons Type 3 Commelinaceae Rhoeo discolor
Monocots  Asparagaceae Cordyline fruticose
Type 4 Asparagaceae Chlorophytum comosum
Monocots  Amaryllidaceae  Hymenocallis littoralis Jacq.

(Figure 2.B). Type 3 was marked by a guard cell accompanied by two neighboring cells that are parallel
to it on one side (Figure 2.C). Type 4 was marked by guard cells that do not join other additional cells
(2.D).

Table 3. Stomatal types in Monocotyledon and Dicotyledon plants in Pontianak

Based on the observations of stomatal types, there were seven types found in 26 plants (Table 3).
The types of dicotyledon plants were only three out of seven types mentioned by Metcalfe and Chalk
(1950). Paracitic was the type mostly found in dicotyledon plants. There were eleven dicotyledon plants
included in paracitic types. According to Gole et al. (2013), the stomatal types were more related to the
taxonomic relationship. Further stomatal types that were found in Pontianak city were anemocytic and
asocytic for five and four dicotyledon plants, subsequently. There were not found yet taxonomic
relationships until the family level in anomocytic and asocytic. Each plant species came from a different
family. However, in paracytic type, there were three plants (Pterocarpus indicus Willd., Acacia
mangium Willd., Samanea saman Merr.) species included in one family (Fabaceae). Morinda citrifolia
L. and Ixora williamsii were included in the same family (Rubiaceae). Whilst other plants were included
in separated families. It could be the taxonomic relationship occur at the above level. Stomatal type was
only one character of many others to justify classification. From six monocotyledons plants four
stomatal types were found. Calathea lutea and Canna indica were included in type 1 and type 2,
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subsequently. Rhoeo discolor and Cordyline fruticose were included in type 3 whereas Chlorophytum
comosum and Hymenocallis littoralis Jacq. were included in type 4. Fewer numbers of the plants found
in type 1 to type 4 due to limited plant observation in monocotyledons found for shading and ornamental
plants. Similar to dicotyledons plants, the stomatal types in monocotyledons were also related to the
taxonomic relationship (Gole et al., 2013).

4 Conclusions

The stomatal length of 26 plants found in Pontianak city ranged from 15.65 to 71.44 um. Stomatal
width ranged from 9.71 to 42.08 um. Both stomatal length and width should be calculated to get the
pore area. There were seven stomatal types found in 26 plants in Pontianak city. Three stomatal types
were found in dicotyledons (paracytic, anomocytic, and asosytic) whilst in monocotyledons, all types
(type 1, 2, 3, and 4) were found. The stomatal types could be indicated taxonomic relationships.
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