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This research aimed to morphological and ultrastructure studies of Lime peels (Citrus aurantifolia
(Christm.) Swingle) in citrus diseases. Therefore, the application of microscopic techniques to examine
the infestation of pathogens in plants in order to gain further insights into the deterioration of cells at
the cellular and subcellular level in plants showing disease symptoms are currently commonly used
to characterize their morphology and ultrastructure. In this study the morphology and cellular structure
were explored through cell cross section studied with compound microscopy (OM). Cellular ultrastructure
was examined under transmission electron microscope (TEM). In lime showed canker symptoms
cellular degeneration which has been clearly morphological demonstrated within the cell organelles
of chloroplasts enlarges in area of thylakoid messy and mitochondria have vacuoles were found.

INTRODUCTION

Lime (C. aurantifolia (Christm.) Swingle) fruit or ‘Ma-Now-Pan’
in Thai, is one of the most popular citrus fruits and widely grown crop
in the world. Lime is rich vitamin C, mineral and nutrients fruit. Lime
juice which contain citric acid is commonly used as a food and beverage
ingredient in both commercial and household. In traditional medicine,
lime was a source of many chemical composition such as essential oils,
flavonoids, alkaloids, coumarins, tannins, cardiac glycoside, phytosterols,
phenols, caffeine, pectin and minerals. Phytochemicals in lime fruit
have a large spectrum of benefits including antibacterial, antifungal,
antidiabetic, anticancer, antiviral, weight loss, skin care, good digestion,
relief from constipation, eye care and treatment of many diseases such
as scurvy, piles, peptic ulcer, respiratory disorders, gout, gums, urinary
disorders, etc. [2,12,15,20]

Lime tree is evergreen large shrub in genus Citrus, Rutaceae
family is native to Asia. Lime flower is small, white or creamish-white
that borne in axillary cymes. Leaves, sepals, and petals composed of
numerous oil glands (monoterpenes with limonene) giving pleasant
smell. Dark greenish leaves are arranged alternately on the stem. Lime
fruit is oval shape with smooth porous skin, greenish yellow to bright
yellow color. Fruit of lime is hesperidium type, exocarp or flavedo with
color range from yellowish-orange to green was called ‘flavedo’, rich
of oil glands along the surface. Mesocarp or albedo is spongy-white
tissue cover the inner area which composed of small sac with in any
segments. Most segment contain a few seeds fixed around the central
placenta of the fruit (Figure 1). [16,18]

One type of an economic important disease in lime is canker.
Citrus canker is an infection of citrus bacterial canker (CBC) including
Pseudomonas citri or Xanthomonas citri which highly present in Asia,
Africa and America. The symptoms of the disease occur in many parts
of plant including leaves, old branches and fruits. In lime, it causes
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Figure 1. Transverse anatomy of lime fruit.
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premature leaf and fruit fall. Citrus canker on fruit surface start with
small spot and expand to be dark tan or black with the progression of
disease, the margin of lesions is water soaked (Figure 2). After an
infection Citrus canker start appearing in 15-20 days. The spread of
citrus canker can occur through water, wind and human/bird/insect-
assisted movement. [6,10, 11]

METHODOLOGY

Plant material

Lime (Citrus aurantifolia (Christm.) Swingle) fruit were collected
from the private garden in Bangkok, Thailand (Figure 2). The pericarp
was examined by a compound microscope and a transmission electron
microscope.

Ultrastructure under compound microscopy

Lime peels normal and showing canker were cut into small pieces
1x3 mm?. and primarily fixed in 2.5 % glutaraldehyde in 0.1 M sodium
phosphate buffer pH 7.2 for overnight at 4 °C in refrigerator. After that,
the samples were washed 3 times (15 min per time) in the same buffer.
After washing, the specimens were secondarily fixed in 2 % osmium
tetroxide in distilled water for 2 hours at room temperature and then
washed with distilled water 3 times (15 min per time). They were
dehydrated in acetone series for about 20 min per series adapted from
[16]. The samples were transferred to 2:1,1:1, and 1:2 of acetone and
Spurr’s resin repectively (4 hours per time). After that, were transferred
to pure Spurr’s low viscosity epoxy resin (6 hours per time). Then, the
specimens were embedded in Spurr’s low viscosity epoxy resin. To
polymerize plastic, the samples were incubated using a vacuum oven
at 80 °C for 7 hours, adapted from [1,3,4,18]. Then, the samples were
cut semi-thin section (1,000 nm.) by using an ultramicrotome EM UC7
(Leica, Austria) and mounted onto a glass slide. Semi-thin section was
stained in Toluidine blue 1% in borax at 85 °C for 2 minutes. After that,
they were washed with distilled water then stained in Basic Fuchsin
1% in 50% alcohol at room temperature for 2 minutes, was washed

Figure 2. Lime peel with sign of Citrus canker symptoms.

with distilled water then dried at 85 °C for 30 minutes, and closed with
a cover slide [17]. Measure the length and width of the exocarp and
mesocarp cell and measure thickness cell wall mesocarp layer from 50
positions and ranges, the average is reported. The specimens were
examined under compound microscope (AxioScope5, Carl Zeiss,
Germany), which was equipped with a photographic camera under
normal bright-field imaging.

Ultrastructure under transmission electron microscopy

For transmission electron microscopy, the sample preparation
steps to the polymerize plastic mold implantation process were identical
with preparation of observed by compound microscope but differed at
the cutting process. The samples were sectioned with an ultrathin section
70 nm., with a diamond knife, and mounted onto a copper grides, then
were stained with lead citrate and 5% uranyl acetate [5,22]. Ultrathin
section samples were observed on a transmission electron microscope
(Hitachi; HT7700) with a high voltage of electron. at 80keV.

Statistical Analysis

The cell morphological data of normal and Citrus canker symptoms
lime peels were also analyzed with One-way ANOVAs, when P-value
<0.01. Mean values were compared with Tukey’s Post Hoc multiple
comparisons using SPSS vers. 26 (SPSS Inc, Chicago).

RESULTS AND DISCUSSION

observed under compound microscope and transmission electron
microscope showed that the peels.

The lime peels anatomy of is composed of cuticle layer, exocarp
layer, mesocarp layer, endocarp layer, juices sac and seed. The cuticle
covered on exocarp layer (Figure 1,3). The fruit of lime is type
hesperidium. The transverse results of normal and canker symptoms
tissues examined by compound microscopy showed that morphology
and cellular structure were explored through cell cross section (Figure 3A
and B).

The measurement of exocarp cells showed that normal lime peels
it was found that the size the mean length in the range of the exocarp
cells was 2.89-17.32 um, the mean width in the range of the exocarp
cells was 4.40-12.60 um. As for the results of studies of exocarp cells
showed that canker symptoms lime peels it was found that the size the
mean length in the range of the exocarp cells was 4.58-15.67 pm, the
mean width in the range of the exocarp cells was 7.47-14.31 um,
(Table 1). The results of the measurements the size of cell exocarp of
canker symptoms showed exocarp length more than normal and width
less than normal due to cell degeneration. For exocarp layer, cell size
was slightly changed. Cell width of the canker infected cell larger than
the normal cell, while non significantly change in cell length. Typically,
the exocarp layer consists of a cuticle and a layer of epidermal cells.
Epidermal cells play an important role in interaction with the environment
[21,13]. Citrus canker causes the epidermis disruption cuticle coating
was destroyed by the bacteria, the area of spot thickened cuticle forms
until the spot was degraded [23,18]. After the deterioration of tissues
at the lesion area, water precipitation from atmosphere easily enter to
intercellular space of epidermis. By hypotonic condition water was
high potential to osmosis into the cell, cell size may be expanded by
the turgid pressure [14].

The measurement of mesocarp cells showed that normal lime
peels it was found that the size the mean length in the range of the
mesocarp cells was 10.32-35.32 um, the mean width in the range of
the mesocarp cells was 8.46-31.18 pum. As for the results of studies of
mesocarp cells showed that canker symptoms lime peels it was found
that the size the mean length in the range of the exocarp cells was
10.42-46.83 um, the mean width in the range of the mesocarp cells was
77.82-18.64 um, (Table 1). The results of the mesocarp cells size



Umroong P. et al. / Microsc. Microanal. Res. 2023, 36(1) 17-22 19

cuticle1 2

-

Figure 3. Anatomical characters observed under light microscope showed the exocarp and mesocarp layers of A. normal lime peel and B. canker
infected lime peel. A: The anatomical structure of the normal lime peel (100X). B: The anatomical structure of the canker infected lime

peel (100X).

Table 1. Comparison of exocarp and mesocarp cells size between normal and canker symptoms lime peels.

Comparison of exocarp and mesocarp cells
Normal Canker infected
Range Average Range Average
Exocarp length (pum) 2.89-17.32 9.79+£3.22 4.58-15.67 10.21+2.31
Wide (um) 4.40-12.60 8.92+1.82a 7.47-14.31 10.79+1.39b
Mesocarp length (pm) 10.32-35.32 19.73+6.23 10.42-46.83 22.79+6.42
Wide (um) 8.46-31.18 16.95+5.55a 7.82-18.64 13.59+2.49b
Remark: N=50, P>0.01
measurement showed that the canker symptoms lime peels had length CONCLUSION

more than normal lime peels but had width less than normal lime peels.
This clearly shows that when canker symptoms are present, the cell
enlarges due to cell degeneration. Which, show the deterioration of cell
in the cytoplasm degeneration too (Table 1) (Figure 1,4-6) [17,25].
Non-infected mesocarp cell was long-flat shape, while canker bacterial
infected cell was elliptic shape. After canker infected, mesocarp cell
changed by vertical expansion and horizontal contraction (Table 1 and
Figure 3). Water in apoplast way resulting in the mechanical properties
of'the cell walls and middle lamella [19,24]. By the water entering pass
through the canker lesion into mesocarp layer, middle lamella expanded
(Figure 6). The expansion of middle lamella in canker infected tissue
resulting cell size changed.

The results of the cell wall of mesocarp cells thickness measurement
showed that the normal lime peels had thickness in the range 0f 0.9-3.69
pum and the thickness of canker symptoms lime peels in the range of
1.7-14.6 pm. This clearly shows that when canker symptoms are present,
the cell wall enlarges due to cell wall degeneration in the middle lamella
and cell in the cytoplasm too (Table 2) (Figure 1,4-6) [17, 20, 23].

In conclusion, microscopy and electron microscopy techniques
were able to study the microstructure changes of lime peels as a result
of cell degeneration. The results of the ultrastructure showed that canker
infected were the cell enlarges due to cell degeneration. The cellular
degeneration which has been clearly morphological demonstrated that
within the cell organelles of chloroplasts enlarges in area of thylakoid
messy and mitochondria had vacuoles (Figure 6). However, response
of tissues to determine the relative magnitude of the contributions of
turgor pressure, cell wall, and middle lamella.
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Figure 4. Comparison of exocarp and mesocarp cells size, mesocarp cell wall thickness between normal and canker infected lime peels.

Figure 5. Transmission electron microscopy micrograph of the normal lime peels showing the cell wall structure and organelle inside the cells.
(m = mitochondria, ch = chloroplasts,) A. Middle lamella (rectangle), mitochondria (magnification 6,000x) Scale bar, 1 pm. B. Middle
lamella (rectangle), mitochondria, chloroplasts, cell wall and thylakoid (yellow arrow) (magnification 6,000x) Scale bar, 1 pm. C.
Middle lamella (rectangle), mitochondria and chloroplasts (magnification 6,000x) Scale bar, 1 pm. D. Middle lamella (rectangle),
mitochondria and chloroplasts (magnification 5,000x) Scale bar, 1 um



Umroong P. et al. / Microsc. Microanal. Res. 2023, 36(1) 17-22 21

Figure 6. Transmission electron microscopy micrograph of the canker infected lime peels showing the characteristics cell wall organelles
deterioration inside the cells in cytoplasm. (m = mitochondria, ch = chloroplasts, v = vacuoles) A. The cells wall deteriorate middle
lamella (rectangle), mitochondria had enlarged vacuoles, (yellow arrow) autophagosome-like vesicles (magnification 5,000x) Scale
bar, 1 pm. B. The cells wall deteriorate had space inserted in cell, mitochondria, autophagosome-like vesicles (yellow arrow) (magnification
6,000x) Scale bar, 1 um. C. The cells wall deteriorate has space inserted in cell, mitochondria, chloroplasts and large in area of collapsed
thylakoids messy (red arrow) (magnification 6,000x) Scale bar, 1 um. D. The cells wall deteriorate, autophagosome-like vesicles (yellow
arrows), vacuoles, chloroplasts enlarge (magnification 7,000x) Scale bar, 1 um.

Table 2. Comparison of mesocarp layer cell wall thickness between
normal and canker infected lime peels.

Thickness of mesocarp cell

Lime peels wall (um)
Range Average
Cells wall of normal 0.9-3.69 1.86+0.62a
Cells wall of canker infected 1.7-14.6 4.49+2 .5b

Remark: N=50, P>0.01
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