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ABSTRACT

Transpiration refers to the loss of water from leaves, and increased levels can lead to changes in leaf
morphology and anatomy, affecting the total thickness. This study aims to determine the effect of
transpiration on leaf anatomy, particularly thickness, in six types of monocots ornamental plants, namely
Rhoeo discolor (L'Her.) Hance ex Walp., Hymenocallis littoralis (Jacq.) Salisb., Cordyline fruticosa (L.)
A. Chev., Chlorophytum laxum R. Br, Dracaena reflexa Lam, and Aglaonema commutatum Schott. The
study procedures were conducted using a Factorial Completely Randomized Design (Factorial CRD)
with an experimental approach. The first factor was the type of plant, while the second was the
condition before and after transpiration. The data obtained were analyzed using ANOVA, followed by
LSD and Pearson correlation tests. The results showed that the plant type factor significantly affected
the thickness of leaf tissues. The conditions before and after transpiration also significantly impacted all
leaf tissues except for the lower epidermis. Furthermore, this finding was supported by the positive
correlation between the thickness shrinkage of the upper epidermis-mesophyll and transpiration. The
results also revealed that the mesophyll of R. discolor, C. laxum, D. reflexa, and A. commutatum
differentiated into palisade and spongy layers, but there was no differentiation in the other two species.
The transpiration rate was observed to change along with the specific anatomical structure of the leaf
tissues. The lowest rate was found in R. discolor with thicker hypodermis tissue, while the highest was
in C. laxum with thinner mesophyll.
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Effect of Transpiration on the Monocot Ornamental Plants Leave Anatomy

1 Introduction

Urban vegetation plays a crucial role in reducing the adverse
effects of heat on the environment (Hsieh 2017; Rahman et al.
2020). Among the various vegetation types, ornamental plants are
often found in urban areas due to their aesthetic appeal, which can
positively impact people’'s minds. Furthermore, these plants
produce oxygen-rich air and absorb CO,, thereby improving air
quality (Widyastuti 2018). These processes are greatly influenced
by various physiological activities, such as transpiration (Williams
et al. 2021; Thom et al. 2022), which is essential for growth, as it
helps to regulate leaf and environmental temperatures (Salisbury
and Ross 1995; Sundberg 1985; Gao et al. 2020). However,
excessive transpiration can lead to issues such as wilting, drought,
and death (Beckman, 1964), which diminishes the beauty of
ornamental plants (Toscano et al. 2019) and change leaf anatomy
(Boughalleb et al. 2014). This indicates that leaf anatomy can serve
as a crucial indicator for assessing the water requirement of plants
(Carr 2013) and determining the level of resistance to drought
conditions.

Water loss from leaf tissue has been identified as the primary
factor leading to changes in its thickness, as reported by Bachman
(Burquez 1987). In a more recent study, Ningsih and Daningsih
(2022) investigated the effect of transpiration on six monocot
ornamental plants. The results showed alterations in the total leaf
thickness of various species, including Rhoeo discolor (L'Her.)
Hance ex Walp., Hymenocallis littoralis H. littoralis (Jacq.)
Salisb., Cordyline fruticosa (L.) A. Chev., Chlorophytum laxum R.
Br, Dracaena reflexa Lam, and Aglaonema commutatum Schott.
Kutlu et al. (2009) also reported a similar finding in Ctenanthe
setos, where the mesophyll thickness decreased under drought
conditions. However, contradictory results have been reported by
several studies. Such as Burnett et al. (2005) found that the leaf
tissue of Salvia splendens remained unaffected by water shortage
conditions. This suggests that different plants often develop
distinct leaf anatomical adaptations to water shortages (Boughalleb
et al. 2014). Meidner (1975) reported that the water from the
leaves was sourced from the epidermis around the stomata,
considering the proximity of the epidermal cells to the substomata
cavity. However, Fahn (1995) and Onoda et al. (2015) reported
that the epidermis consistently exhibited higher density and rigidity
to form a compact layer without intercellular spaces. Epidermal cell
walls tend to be thick, accounting for 10-20% of the total volume of
leaf cells (Crang et al., 2018). The cuticle, which exists in the outer
and inner layers of the epidermis, plays a vital role in preventing
water loss (Wullschlenger and Oosterhius 1989). It primarily consists
of cutin, an insoluble substance that acts as a barrier to water passage
(Beck 2010). As an alternative adaptive mechanism, the epidermis
can also thicken its walls to prevent water loss (Nawazish et al. 2006;
Hameed et al. 2012; Boughalleb et al. 2014).
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According to Taiz et al. (2018), most vapour leaving the leaves
originates from the mesophyll tissue. This finding is consistent
with Kutlu et al. (2009) and Kapchina-Toteva et al. (2014), who
reported that water shortage could be affected by the mesophyll
cell shrinking and reducing the number of layers. The flexibility of
this tissue and the absence of cuticles can also increase the rate of
water loss (Onoda et al. 2015; Crang et al. 2018). The flexibility of
the mesophyll is attributed to its elastic properties, which allow it
to adjust its thickness. This property is also closely related to the
plant cell wall, which regulates thickness. In drought conditions, a
decrease in cell size often leads to an increase in elasticity, as
Martinez et al. (2007) and Xing et al. (2022) reported.

Several studies have shown that the mesophyll tissue in some
plants is differentiated into two layers: palisade and spongy
(Hidayat and Niksololihin 1995). The palisades contain a higher
number of chloroplasts compared to the spongy cells. Therefore,
previous studies have inferred that they have a higher water
content due to their association with photosynthesis (Outlaw et al.
1976; Cutler et al. 2007). Further, Boughalleb et al. (2014) and
Han et al. (2016) also suggested that mesophyll often experiences
shrinkage under drought conditions. According to Canny et al.
(2012) and Xing et al. (2022), water loss is more pronounced in the
spongy part compared to the palisade.

Ningsih and Daningsih (2022) conducted a study on six types of
monocot ornamental plants, and the results showed an association
between leaf thickness and transpiration, but the role of shrinking
tissues was unknown. The anatomical arrangement and thickness
of the six types of plants provided by Daningsih et al. (2022)
served as a foundation for further studies. Therefore, this study
aims to examine the effect of transpiration on the leaves' anatomy.

2 Materials and Method

2.1 Time and Place

This study was conducted in a simple plant house at the Biology
Education Laboratory, Faculty of Teacher Training and Education,
Tanjungpura University, Indonesia, from February to September
2022.

2.2 Tools and Materials

The tools used in this study included Olympus-CX 21 microscope,
C-1 objective micrometer, Optilab Advance SN: MTN004210791,
vials, Euromax rotary microtome, thermometer, lux meter AS803,
GM816 anemometer, HTC-2 hygrometer, measuring cup, Ohaus
analytical balance, Nikon D5200 DLSR camera, ImageJ software,
and Image Raster 3 software. Meanwhile, the materials were
vaseline, FAA solution, alcohol, safranin 2%, tert-Butyl alcohol,
paraffin oil, fast green 0.5%, xylol, paraffin, Haupt's adhesive,
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formalin 3%, and distilled water. A total of six selected monocot
ornamental plants samples were utilized for slide preparation,
including Boat Lily (Rhoeo discolor), Spider Lily (Hymenocallis
littoralis), Cabbage Palm (Cordyline fruticosa), Bichetti Grass
(Chlorophytum laxum), Song of India (Dracaena reflexa), and
Philippine Evergreen (Aglaonema commutatum).

2.3 Method and Research Design

This study used a quantitative experimental method with a
Completely Randomized Design Factorial (CRD-Factorial)
approach. Furthermore, it determined the effect of various
treatments on the thickness of leaf tissue. The first factor was the
types of ornamental plants, while the second was the condition
before and after transpiration. The combination factor was the
interaction of species type and conditions with three replications.
In this study, the sample population consisted of 36 plant samples.

2.4 Plant Preparation

The plants used in this study had the same size and almost the
same number of leaves. The samples were transferred to a
homogeneous planting medium consisting of burnt soil and poor
sand in a ratio of 2:1, which were placed in polybags measuring 30
x 35 cm. The plants were watered daily, and the NPK fertilizer was
given once every two weeks. After two weeks of adaptation,
samples were taken from the planting medium for further analysis.

2.5 Transpiration Measurement

Transpiration rate were measured using modified gravimetric
method refered to Ningsih and Daningsih (2020). Meanwhile, the
leaf area was measured using the ImageJ program proposed by
Reinking (2007). The transpiration rate was calculated using the
formula below:

initial weight (gr) — final weight (gr)

Transpiration Rate =
P time (hours)x leaf area{cm?)

2.6 Leaf Transverse Incision Preparations

Transverse leaf incisions were made using a modified Johansen
(1940) paraffin method. The modification was made in several
steps, including the thickness of the incision (Sass 1951), the
treatment of the paraffin tape after cutting, the adhesive
preparations (Berlyn and Miksche 1976), and the use of fabric
softener (containing Diethylester Dimethyl Ammonium Chloride)
on hard paraffin blocks (Orchard et al. 2008). Samples were taken
in the basal position under two conditions: before and after
transpiration. Although the leaves selected for the pre and post-
transpiration measurements differed, they were close to each other.
It was assumed the leaves were of the same age and had received
comparable amounts of nutrients, light, and water.

Febriyani et al.

During the investigation, the leaf samples were sliced into 1 x 1 cm
sections using a razor, following the direction of the main veins,
without including them. The monocot samples were taken at 9 AM
(Jakarta time) before transpiration, followed by sampling after
measurements. The leaves obtained before and after transpiration
were soaked in FAA fixative solution for 24 hours. The process
was continued with preparation, which consisted of washing,
clearing, infiltration, and embedding. Subsequently, the samples
were cut into a thickness of 12 pum using a microtome. The
incisions were glued to the slide using Haupt's adhesive, placed in
an oven at 38°C for 12 hours, and stained using safranin-fast green
double stain.

2.7 Measurement of leaf anatomical thickness

Leaf anatomy was observed under an Olympus C-X 21 microscope
with 100x magnification, and the images observed were captured
with Optilab Advance. Furthermore, the leaf anatomy thickness
was measured using Image Raster 3 Software, focusing on the
upper epidermis and hypodermis, mesophyll (palisade & spongy),
lower epidermis, and total thickness.

2.8 Measurement of External Factor

The external factors of this study were measured using various
tools. For example, a thermometer measured the temperature,
while air humidity was assessed using the HTC-2 hygrometer.
Furthermore, the wind speed was calculated using the GM816
anemometer, and light intensity was measured with the AS803 lux
meter.

2.9 Statistical Analysis

Data on the thickness of leaf tissue anatomy were analyzed using
an ANOVA test, which determined the effect of the treatment.
Subsequently, further analysis was carried out using the Least
Significance Different (LSD) test at the 5% level to determine the
difference among all treatments. The process was then continued
with the Pearson correlation test to determine the relationship
between the transpiration rate and the difference in leaf tissue
anatomy before and after transpiration. The classification of the
correlation coefficient was carried out based on the method
proposed by Amruddin et al. (2022).

3 Result

3.1 Transpiration Rate of Six Monocot Ornamental Plants

The transpiration rate data obtained in this study were subjected to
normality and homogeneity tests. The results showed that the data
had normal distribution (p>0.05) and homogeneity (p>0.05). Based
on the ANOVA results, the transpiration rate differed significantly
from one plant to another (p<0.05). The highest rate was obtained
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Table 1 The average difference in the transpiration rates of six types of monocot ornamental plants

Plant Types Average of Transpiration Rate (gr.cm™hour™)
Bichetii Grass (C. laxum) 0.00963*
Philippine Evergreen (A. commutatum) 0.00484°
Cabbage Palm (C. fruticosa) 0.00374™
Spider Lily (H. littoralis) 0.00262"
Song of India (D. reflexa) 0.00259°
Boat Lily (R. discolor) 0.00187¢

Note: The difference in letters behind the numbers shows a significant difference in the LSD test (¢=0.05).

in the Bichetii Grass (C. laxum), while the lowest was found in
Boat Lily (R. discolor). The results of various plants' transpiration
rates recorded in this study are presented in Table 1.

Based on Table 1, the transpiration rates of Bichetii Grass were
significantly different from other plants. Meanwhile, the Philippine
Evergreen and Cabbage Palm had no significant difference.
Similarly,  Cabbage Palm and Spider Lily do not show any
significant difference. The results showed that Spider Lily
exhibited high similarity with the song of India and Boat Lily.
These measurements were carried out at an average temperature of
35°C, with air humidity level, wind velocity, and light intensity of
49%, 0.367 m.s™, and 103.5901 watts.m™, respectively.

3.2 Leaf Anatomy of Six Monocot Ornamental Plants

The leaf anatomy of six types of monocot ornamental plants
consisted of the upper epidermis and hypodermis, mesophyll
(palisade and spongy), and lower epidermis, as shown in Figure 1.

The current study documented that the upper and lower epidermis of
the six monocot ornamental plants consisted of one-layer tissue with
a rectangular and tight arrangement. However, the Boat Lily had an
additional tissue under the upper epidermis, known as the
hypodermis. The observation showed that the upper epidermis
tended to be thicker than the lower epidermis. In some plants, such
as Spider Lily and Cabbage Palm, these tissues were almost the same
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Figure 1 Leaf anatomy of six types of monocot ornamental plans, before tr:iansbvi ration (1), after transpiration (2),

Boat Lily (R. discolor) (A), Spider Lily (H. littoralis) (B), Cabbage Palm (C. fruticosa) (C), Bichetii Grass (C. fruticosa) (D),
Song of India (D. reflexa) (E), Philippine Evergreen (A. commutatum) (F).

size. This study also found that the mesophyll in Spider Lily and
Cabbage Palm leaves were similar (homogeneous) in terms of the
palisade and spongy segment. The undifferentiated mesophyll was
due to the chlorenchymatous cells containing several chloroplasts.
Meanwhile, the four other plants' mesophyll showed significant
structure, shape, and arrangement differences. The palisade leaves of
Boat Lily and Bichetii Grass were composed of one dense layer with
a tubular shape. In Philippine Evergreen, one loosely arranged layer
was observed. The palisade of Song of India was composed of two
layers, which tended to be dense. The spongy tissue of Song of India,
Boat Lily, and Philippine Evergreen showed larger and denser
intercellular spaces compared to Bichetii Grass.

3.3 ANOVA Test Results for Leaf Tissue Anatomical Thickness

The normality test showed that all data were normally distributed
(p>0.05). However, data on the total, mesophyll, and palisade
thickness (p<0.05) were not homogeneous. The Factorial-CRD
results using the ANOVA test showed that the plant type factor
had a significant effect (p<0.05) on all leaf tissue. Furthermore, the
condition factor had a significant effect (p<0.05), except in the
lower epidermis. The results showed that the interaction between
plant species and conditions has a significant impact (p<0.05) on
the upper epidermis. All the leaf tissue responded differently after
transpiration except the lower epidermis. Before and after
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Table 2 ANOVA results of leaf thickness of six monocot ornamental plants

Average of leaf thickness (um)

LE ME
Plant Types * * * * * *
Boat Lily (R. discolor) 535.171°  234.087*° 118.800°  182.204° 58.762° 123.425°
Spider Lily (H. littoralis) 431.266° 39.154°  38.594° 343518° - -
Cabbage Palm (C. fruticosa) 182.152° 14.254°  12.527° 155.371° - -
Bichetii Grass (C. laxum) 174.900°  47.276°  39.274° 88.455" 39.337° 47.835¢
Song of India (D. reflexa) 321.342° 24.892¢ 17.841° 278.609° 97.694° 180.916%
Philippine Evergreen (A. commutatum) 255.211°  28.662°  27.114*  199.435° 61.279° 138.156°
Condition * * ns * * *
BeforeTanspirasi (BT) 327.727° 66.658° 42.810 218.290° 68.097° 129.341%
After Transpirasi (AT) 305.620°  62.784°  41.933 200.903° 60.439" 116.469°
Combination of plant types and condition ns * ns ns ns ns
BT- Boat Lily (R. discolor) 552.259  243.047*°  119.360 189.887 61.159 128.692
AT- Boat Lily (R. discolor) 518.047 225.127°  118.399 174521 56.364 118.157
BT- Spider Lily (H. littoralis) 437.076 38.811° 39.965 358.299 - -
AT- Spider Lily (H. littoralis) 425457  39.497°  37.223 348.737 - -
BT- Cabbage Palm (C. fruticosa) 189.564 14.360° 13.516 161.688 - -
AT- Cabbage Palm (C.fruticosa) 174.739 14.148° 11.537 149.053 - -
BT- Bichetii Grass (C. laxum) 181.514 48.114° 38.855 94.754 42.679 52.087
AT- Bichetii Grass (C. laxum) 165.286 46.437° 39.693 82.155 35.996 43.583
BT- Song of India (D. reflexa) 342.839 26.778° 26.692 297.589 105.762 191.826
AT- Song of India (D. reflexa) 299.846 23.006 27.536 259.630 89.626 170.004
BT- Philippine Evergreen (A. commutatum) 263.078 28.837° 18.472 207.546 62.788 144.758
AT- Philippine Evergreen (A. commutatum) 247.348 28.488° 17.209 191.323 59.770 131.553

Note: *= Significant on (¢=0.05), ns= Non-significant, TT= Total Thickness, UE= Upper Epidermis, LE= Lower Epidermis,
ME= Mesophyll, PL= Palisade, SP= Spongy, BT= Before Transpiration, and AT= After Transpiration. The difference in letters behind the

numbers indicates a significant difference in the LSD test (0=0,05).

transpiration, the interaction factor between species and condition
only influenced the upper epidermis, as shown in Table 2.

3.4 Correlation Between Anatomical Shrinkage Thickness of
Leave and the Transpiration Rate

This study examined the shrinkage in leaf thickness, encompassing
the upper epidermis, mesophyll, palisade, spongy tissue, and total
anatomical thickness of the six monocot ornamental plants. Table 3
presents a range of results, varying from no correlation to strong
correlation.

The result showed that each plant had different anatomical
thicknesses due to the varying response to transpiration. This

served as a criterion for selecting plants more resistant to drought.
Furthermore, the correlation coefficient showed a mixed
relationship between the shrinkage of leaf anatomical thickness
and the transpiration rate. This indicated the tendency that the
response was caused by plant genetic characteristics rather than
transpiration.

3.5 The Potential Relationship of Transpiration Rate and
Thickness Shrinkage of Leaf Tissue

The data explained in the previous section were used for mapping the
relationship between the shrinkage of anatomical tissue thickness
and the transpiration rate. Table 4 shows the pattern of specific
anatomical shrinkage with the transpiration rate (from high to low).
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Table 3 Correlation between the shrinkage of leaf tissue anatomical thickness and the transpiration rate on six types of monocot ornamental plants

Leaf Anatomical Thickness Correlation Coefficient Value

Plant Types Transpiration
UE ME PL
0.711 0.935 0.596 0.005 0.680
Boat Lily (R. discolor) 2.00929 x 107
strong very strong moderate uncorrelated strong
0.166 0.613 0.993 - -
Spider Lily (H. littoralis) 2.62796 x 103
very weak strong very strong
0.924 0.672 0.936 - -
Cabbage Palm (C. fruticosa) 3.74401x 10°
very strong strong very strong
0.999 0.695 0.998 0.705 0.932
Bichetti Grass (C. laxum) 9.63219 x 107
very strong strong very strong strong very strong
0.999 0.256 0.806 0.875 0.245
Song of India (D. reflexa) 2.59619 x 1073
very strong very strong strong strong Very weak
Philippine Evergreen 4.84362 x 10° 0.949 0.458 0.942 0.057
(A. commutatum) ' very strong weak very strong uncorrelated very strong

Note: TT= Total Thickness, UE= Upper Epidermis, ME= Mesophyll, PL= Palisade, and SP= Spongy.

Table 4 Potential relationship between transpiration rate and shrinkage of leaf tissue thickness on six types of monocot ornamental plants.

Transpiration Rate High ee——>  |_0\\/

SP (1) SP (1) SP (II) SP (1)
Leaf Tissue Shrinkage
PL (1) PL (1) PL (1) PL (1)
The thickness of UE&LE Medium Thin Thin Thick
Species Chlorophytum Aglaonema Dracaena reflexa Rhoeo discolor
laxum commutatum

Note: PL=Palisade, SP= Spongy, UE= Upper Epidermis, LE=Lower Epidermis. |= very strong-strong, I1= uncorrelation-moderate.

Based on Table 4, the palisade's and spongy tissue's thickness
impacted leaf shrinkage due to transpiration. The results showed
that the transpiration rate increased following a decrease in the
thickness of the spongy and palisade tissue, as observed in Bichetti
Grass. In this study, Bichetti Grass strongly correlated with the
shrinkage of the upper epidermis, palisade, and spongy. This
characteristic indicated that its tissue could not withstand the
transpiration rate, leading to massive water loss. Based on these
findings, it was concluded that the species cannot live in water
shortage conditions. However, lower transpiration occurred when
only one of the tissues experienced high shrinkage, such as in the
Philippine Evergreen and Song of India. The transpiration rate was
also lower when the upper and lower epidermis was thick, such as
in Boat Lily.

Discussion

Transpiration involves the process of releasing water from leaves
into the air in the form of vapour. In plants, this process was often
controlled by stomata cells and was aimed at achieving energy

(Hopkins and Huner 2009; Kocchar and Gujral 2020).
Furthermore, the plants with the highest and lowest transpiration
rates among the six types of monocot ornamental plants had the
same sequence pattern as the findings of Ningsih and Daningsih
(2022). The highest rate was found in Bichetti Grass, while the
Boat Lily had the lowest (Table 1). The four other plants showed
varying veining patterns compared to Ningsih and Daningsih
(2022). This difference was influenced by internal and external
factors (Salisbury and Rose 1995). The internal factors included
plant variations (Wang et al. 2022) and leaf thickness (Giulani et
al. 2013), while the external were temperature (Yang et al. 2012;
Sugiarto et al. 2020), wind speed (Kuiper 1961; Schymanski and
Or 2015), humidity (Tullus et al. 2012), and light intensity (Park et
al. 2020).

Ningsih and Daningsih (2022) measured the transpiration rate at a
temperature of 32°C, with 20.30 watts.m™ light intensity, 42%
humidity, and 1 m.s? wind speed. Furthermore, the external
factors' value was lower than the current study, except for the wind
speeds. The transpiration rate obtained in this study was lower than
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that of Ningsih and Daningsih (2022). This difference was caused
by the high temperature, which led to the closure of the stomata
(Schulze et al. 1973). This finding was consistent with Slot and
Winter (2017) that the stomata often closed at an average
temperature of 30°C. Lugassi et al. (2015) also reported that high
light intensity could lead to the closure of the organ, thereby
causing a decrease in transpiration. This phenomenon occurs in
citrus plants which are expressed with Arabidopsis hexokinase.
The closing of the stomata has long been known as a plant's
adaptation strategy to reduce excessive transpiration (Agurla et al.
2018). Therefore, it could be assumed that the transpiration rate
depended on the environmental conditions. In this study, Bhicetti
Grass had the highest rate, followed by Philippine Evergreen,
Cabbage Palm, Spider Lily, Song of India, and Boat Lily.

Several studies reported transpiration's association with leaf
anatomy (Giulani et al. 2013; Da Costa and Daningsih 2022;
Daningsih et al. 2022; Ningsih and Daningsih 2022). According to
Cutler et al. (2007), the anatomical structure of leaves was
generally the same, consisting of the epidermis, mesophyll, and
vascular tissue. However, each species had distinctive features
despite belonging to the same group (Budel et al. 2017). These
variations were dominantly influenced by genetics (Olsen et al.
2013), leaf position, and leaf age (Xie and Luo 2003).
Environmental factors (Cassola et al. 2019), including light
intensity (Coble and Cavelari 2017), temperature (\Von Caemmerer
and Evans 2014), humidity, and water content affecting stomata
(Fanourakis et al. 2013) have been reported to also contribute to
these variations. The differences in leaf anatomical structure could
be used as a basis for species identification (Mabel et al. 2014;
Budel et al. 2017; Ozcan et al. 2015; Bahadur et al. 2018; Chatri et
al. 2020; Da Costa Santos et al. 2020), as well as an essential
indicator for determining plant adaptation to different habitats
(Carr 2013; Bertel et al. 2016; Oguchi et al. 2018).

The six types of monocot ornamental plants showed varying leaf
characteristics, consistent with Wang et al. (2022), that each
species had distinctive features. According to Wang et al. (2022)
the 6 test plants were unique, as exemplified by Boat Lily with
hypodermis tissue. The observation results showed that the
mesophyll of Boat Lily, Bichtti Grass, Song of India, and
Philippine Evergreen differentiated into palisades and spongy
layers. Meanwhile, mesophyll was not differentiated in the Spider
Lily and Cabbage Palm, as shown in Figure 1. The variation in leaf
features was likely influenced by the genetics of each species
(Coneva and Chitwood 2018).

Six monocot ornamental plants' upper and lower epidermis
comprised a single layer of dense tissue. They were typically
rectangular, except for the upper epidermis of Boat Lily, which
was equipped with a hypodermis (Figure 1). The result presented
in Table 2 indicated that the samples' upper epidermis was thicker
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than the lower epidermis. According to Tihurua et al. (2020), a
thick epidermis could reduce the transpiration rate, thereby
preventing changes in thickness. Boughalleb et al. (2014) also
found that the thickness in the Astragalus gombiformis Pomel
plant did not change due to water outflow (Fahn 1995; Becraft
1999; Cutler et al. 2007; Kutschera 2008; Crang et al. 2018).

This study showed a significant difference in the epidermal
thickness of six monocot ornamental plants between the pre and
post-transpiration conditions (Table 2). Based on the results, there
were no changes in the thickness of the upper epidermis of
Cabbage Palm, Bichetti Grass, Song of India, and Philippine
Evergreen due to the rigidity of the cells. However, the differences
in this parameter and the effects of transpiration were more visible
in Boat Lily and Cabbage Palm. These variations were indicated
by the combined LSD shown in Table 2. The difference in the
thickness of the upper epidermis was probably caused by the
different adaptations in some plants, specifically Cabbage Palms,
which experienced thickening due to transpiration. The observation
results showed that the Boat Lily experienced shrinkage due to the
reduction in the thickness of the hypodermis.

The hypodermis was typically a colourless tissue with the primary
function of storing water and was located in the upper (adaxial) or
lower (abaxial) epidermis (Das 1999; Nurida et al. 2012). It was
often found in plants inhabiting aqueous or halophyte habitats
(Cutler 2007; Rashid et al. 2020; Tihurua et al. 2020), as well as
minimal water areas (xerophytes) (Cutler 2007; Griffiths and Male
2017; Hafiz et al. 2013). Although the hypodermis served as a
storage area, its water content could still diffuse out, leading to a
decrease in thickness. In this current study, the thickness of the
hypodermis decreased along with a reduction in that of the upper
epidermis caused by transpiration (Table 2). Kutlu et al. (2009)
found that the hypodermis, located under the upper epidermis of
Ctenanthe setosa, had the flexibility to reduce its size under
minimal water conditions, leading to the curling of the leaves in
some cases.

The measurement of the upper epidermis thickness of the Boat Lily
was not carried out separately in this study. Future studies should
perform separate measurements of the upper epidermis and
hypodermis tissue to determine the reduction level. The upper
epidermis of the Boat Lily did not change significantly after
transpiration, except for the hypodermis layer. Furthermore, the
hypodermis experienced a reduction in size due to transpiration.
Under these conditions, the shrinkage could lead to a decrease in
the upper epidermis of Bichetti Grass. The bottom epidermal tissue
of the six types of monocot ornamental plants was visually thin
compared to the upper epidermis. The results also showed non-
significant differences between the conditions before and after
transpiration, as shown in Table 2. The absence of differences
revealed that the epidermal tissue was composed of rigid and stiff

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org



606

cells. Therefore, the lower epidermis only experienced a slight
reduction and did not differ much between both conditions. Several
studies have also reported that this tissue layer could protect the
component above it (Beck 2010).

Table 2 shows some significant changes in the mesophyll of the
six monocot ornamental plants before and after transpiration.
Galmes et al. (2013) stated that changes in mesophyll were some
of the strategies of plants to adapt to water availability. Based on
morphology, the leaves of Bichetii Grass were curved after
exposure to high temperatures and light with a lack of water.
This indicated that the plant could not adapt well to water
drought conditions. According to Boughalleb et al. (2014) and
Han et al. (2016), mesophyll could experience shrinkage due to
the occurrence of transpiration. Zhang et al. (2014) and Vastag et
al. (2020), changes in the thickness of the tissue were caused
mainly by the accumulation of water. Consequently, the
mesophyll became thicker compared to others (Table 2). The
tissue also had an elastic ability that caused changes in its size
due to the cellular component and a shift in the balance between
the evaporation rate and water supply (Canny and Huang 2005;
Xing et al. 2022). A previous study reported that a size reduction
could also occur due to decreased intercellular space (Canny and
Huang 2005; Kutlu et al. 2009).

Four monocot ornamental plants, including Boat Lily, Bichetti
Grass, song of India, and Philippine evergreen had mesophylls
that differentiated into palisades and spongy tissues. Meanwhile,
the other two plants, spider lily and Cabbage Palm, were
undifferentiated. Monocots commonly had undifferentiated
mesophylls, and this was consistent with the finding of El-
Gawad and EI-Amier (2017) on three species, including Arundo
donax, Pennisetum setaceum, and Saccharum Spontaneum.
However, some of the plants could have differentiated
mesophylls palisade. According to Sumardi and Wulandari
(2010), Musa spp., a monocot plant, had a leaf anatomy
consisting of palisade and spongy tissues with numerous
chloroplasts. Similar results were also obtained by Kocyigit et al.
(2023) in Allium sphaeronixum. Cutler et al. (2007) highlighted
that undifferentiated mesophyll was commonly found in the
monocot species, with few exceptions.

The results showed a relationship between the size or the number
of mesophylls layer and the transpiration rate (Table 3). The Boat
Lily had the lowest transpiration rate among the six plants due to
its unique anatomical structure. The hypodermis, located between
the upper epidermis and the palisade, was only found in Boat Lily,
suggesting that this extra layer was the cause of the low rate
(Figure 1). The results showed that the thicker the mesophylls, the
lower the level of transpiration, as observed in undifferentiated and
differentiated plants. The spider lily had the thickest mesophylls
(343.518 um, Table 2) and showed the lowest rate.
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Species with differentiated mesophylls consisting of two palisade
layers, including Bichetti Grass and Song of India showed lower
transpiration rates than those with one layer, such as Philippine
evergreen, as shown in Figure 1. Palisade was usually composed of
compact and dense cells and appeared as the densest part of the
mesophyll tissue on visual observation (Cutler et al. 2007). Several
studies have shown that this tissue's thickness could help prevent
water loss (Ashton and Berlyn 1992; Oliveira et al. 2018), leading
to resistance to environmental changes. In this study, the palisade
tissue in the Song of India was composed of two thicker layers,
leading to lower transpiration rates (Figure 1; Table 1).
Meanwhile, its looseness in the Philippine evergreen caused a
higher transpiration rate than India's song. These phenomena
indicated that thick palisade tissue played a role in resisting
evaporation, but transpiration could also occur due to the spacing
between the palisade cells, as shown in Figure 1 and Table 1. This
was evidenced by the significant shrinkage experienced after
transpiration in four types of monocot ornamental plants.
According to Kapchina-Toteva et al. (2014), environmental
differences could affect the number of palisade layers. In this
study, the four monocot ornamental plants did not show any
change in the number of palisade layers because they grew in the
same environment.

Four of the six monocot ornamental plant types showed irregular
spongy tissue forms (Figure 1). Spongy tissue had a wide
extracellular space, accommodating more H,O and CO; (Xing et
al. 2022), which played an important role in the physiological
processes in leaves (Salisbury and Ross 1995). According to
Canny et al. (2012), it experienced higher water loss levels than
Palisades. Furthermore, Kapchina-Toteva et al. (2014) found a
reduction in spongy thickness in Lamium album L. plants, which
were grown under different conditions, but the structure did not
change. In this study, the spongy thickness of the four types of
monocot ornamental plants before and after transpiration showed a
significant decrease, indicating the loss of water (Table 2). Canny
et al. (2012) stated that the shrinkage of this tissue could occur due
to a reduction in the spaces between the cells.

Bichetti Grass visually had the thinnest spongy thickness, with
denser inter-cell spaces compared to Boat Lily, song of India, and
Philippine evergreen (Figure 1). Although the spaces between the
spongy cells in Bichetti Grass were denser, the transpiration rate
was significantly higher than in other plants (Table 1). Bichetti
Grass contained water in its palisade tissue and spongy cells.
Consequently, the water discharge from the leaves caused
shrinkage of the two tissues, as indicated by the total mesophyll
thickness, which was thinner than other species. Bichetti Grass had
the thinnest total thickness compared to other plants (Table 2).

According to Buckley et al. (2015), reducing the leaves' total
thickness could increase the hydraulic conductivity outside the
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xylem. Similar results were reported by Rahman et al. (2020) in
species with thin leaves and simple shapes. The shape indicated the
presence of higher water loss compared to species with thicker or
more compound leaves. This study also found a similar condition,
specifically in Bichetti Grass, where the plants had a high
transpiration rate due to thinner leaves. A total of types of monocot
ornamental plants, namely spider lily and Cabbage Palm, had
mesophyll that was not differentiated into palisades and spongy
(Figure 1). Spider lily have thicker and denser mesophyll than
Cabbage Palm, which has dense but thin tissue. Consequently, the
transpiration rate was lower than Cabbage Palm, as shown in
Figure 1. According to Bosabalidis and Kofidis (2002), denser
mesophyll cells could reduce the transpiration rate.

The leaf anatomy thickness changes significantly impacted by
reducing the total thickness (Figure 1; Table 2). According to
Osakabe et al. (2013), a reduction in leaf thickness indicated the
loss of water from the cells, leading to a decrease in turgor
pressure, softening, and a decrease in size. The correlation test
results showed a mixed relationship between shrinkage in leaf
anatomical thickness and transpiration (Table 3).

Each plant had various leaf anatomical characteristics and could
adapt to different environmental habitats (Bertel et al. 2016).
Plants with thick leaves could adapt better in environments
exposed to sunlight than compared to others (Zwieniecki and
Boyce 2014). Based on previous studies, plants with narrow and
thick leaves, such as Boat Lily adapted to their habitat by forming
a thicker epidermis. The leaves were also equipped with a
hypodermis below the upper epidermis, leading to low
transpiration rates. This indicated that the Boat Lily was more
drought-resistant. Furthermore, the presence of the hypodermis
played a role in storing water when the Boat Lily experienced
drought. Boat Lily and Song of India also had the potential to resist
environmental changes, as indicated by the two layers of palisade
and low transpiration rate.

Conclusion

Transpiration caused leaf anatomy shrinkage in six monocot
ornamental plants, specifically in the mesophyll tissue. The upper
epidermis generally did not experience changes, but shrinkage
occurred in the hypodermis of Boat Lily. The results showed that
transpiration increased along with shrinkage of the palisade and
spongy, such as in Bichetti Grass. However, lower rates were
observed when only one of the tissues between the palisades or
spongy experienced reduction, as shown in the song of India,
Philippine evergreen, and Boat Lily, which experienced a decrease
in the hypodermis. Among the six monocotyledon ornamental
plants, the leaves of Boat Lily were more adaptive and resistant to
growing in sunlight and water-deficient conditions than Bichetti
Grass.
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