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Pollen Ultrastructural Image Analysis among Ancient Native
Olive Genotypes in the Central Eastern Tunisia
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ABSTRACT
The olive tree (Olea europaea L.) is considered as one of the oldest and the most important
fruit crops of the Mediterranean basin, which is characterized by the existence of a
considerable number of different olive cultivars. Therefore, the olive cultivar identification is
crucial to safeguard the genetic patrimony of this species. Different morphological and
molecular markers were used to discriminate among cultivars. The aim of the present work
was to describe different pollen morphological and ultrastructural parameters (shape, size and
exine pattern) as an additional tool for the identification of olive cultivars. Observations were
carried on seventy centennial olive accessions grown in the Central Eastern part of Tunisia
using Scanning Electron Microscopy (SEM) and Image analysis (ImageJ). Pollen were threezonocolpate and elliptical-prolate or subprolate. Pollen morphological qualitative traits
revealed specific differences among the studied genotypes including variation in whole grain
shape and also exine pattern ornamentation as meshes profile and regularity and muri
thickness. The quantitatively measured traits were significantly different among pollen from
diverse genotypes. Polar and equatorial diameters varied from 21.80 to 29.88 µm and from
14.47 to 21.14 µm, respectively, while the pollen area ranged between 274.58 and 466.35 µm2.
Frequency distributions of most measured pollen parameters depicted a normal distribution.
The three principal components of the Principal Component Analysis (PCA) accounted for
more than 97% of the total variation. The first Principal Component (PC1) was correlated to
pollen size. The second (PC2) and the third (PC3) were correlated to exine texture and to
pollen shape, respectively. Both morphometric features and exine pattern observations were
potentially relevant tools to discriminate among the studied genotypes. Further combination
between pollen ultrastructural analysis, morphological and molecular markers is fully
desirable, in subsequent work, to improve both reliability and discriminative ability for
cultivars classification.
Keywords: Exine pattern, Olea europaea L., Pollen micromorphology, Scanning electron.
Microscopy.

Olives were cultivated 3,000 years ago in
Tunisia (Loussert and Brousse, 1987) and
were introduced in North Africa by
Phoenicians.
Other
Mediterranean
civilizations, such as Greeks and Romans,
have spread this culture throughout the
Mediterranean Basin. The distribution of Olea

INTRODUCTION
The Tunisian olive (Olea europaea L.)
germplasm is rich and is one of the oldest
Mediterranean genetic centers of olive tree.
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europaea L. varieties in the Mediterranean
basin is very complex and it is marked by the
existence of a considerable number of different
olive cultivars (Bartolini et al., 2005).
The olive cultivars identification is crucial to
safeguard the genetic patrimony of this
species. Up to date, different morphological,
agronomic, and chemical parameters have
been used to discriminate among cultivars
(Bartolini et al., 2005; Trentacoste and
Puertas, 2011). However, these markers are
still lacking where environmental or
agronomic factors have influenced phenotype
modification and are not used reliably for plant
identification (Hannachi et al., 2007; Padula et
al., 2008). During the last decade, molecular
markers (RAPD, AFLP, ISSR, SSR, SNP)
have been used in order to improve both
reliability and discriminative ability (Gomes et
al., 2012; Muzzalupo et al., 2014; Trujillo et
al., 2014). The best taxonomic results were
achieved by combining morphological and
molecular markers (Lanza et al., 1996).
With the aim to supply useful identification
tools in modern taxonomy and cultivar
classification, Scanning Electron Microscopy
(SEM) studies on pollen have been carried out
(Pacini et al., 1980). The pollen structure,
morphology, morphometry and the exine
pattern are genetically stable, providing an
important taxonomic descriptor (Thakur and
Thakur, 1970; Stanley and Linskens, 1974).
As these pollen descriptors are derived from
genetic action, it is unlikely that they would be
conditioned by environment and agronomic
techniques (Heslop-Harrison, 1971; Mulas et
al., 1987). In this sense, pollen morphology
studies offer possibilities for distinguishing
species and could be used also to fingerprint
cultivars within species.
Pollen ultrastructure has been used to
determine interspecific relationships (Nazeri
Joneghani, 2008; Wrońska-Pilarek, 2011; Li et
al., 2014; Al Watban et al., 2015). Pollen
ultrastructure has been also studied to
determine intraspecific relationships in apple
(Currie et al., 1997), pear (Li et al., 2002),
apricot (Dezhong et al., 1995; Arzani et al.,
2005), almond (Talaie and Imani, 1998;
Sorkheh et al., 2008), citrus (Beris et al.,

1993), pomegranate (Varasteh and Arzani,
2009), grape (Inceoglu et al., 2000) and sweet
cherry (Radičević et al., 2013).
Regarding the olive pollen studies,
numerous researches have been carried out for
cultivars characterization (Pacini and Vosa,
1979; D’hallewin et al., 1990; Bartolini et al.,
1992; Lanza et al., 1996; Lanza and Marsilio,
1999; Javady and Arzani, 2001; Koubouris et
al., 2012; Ribeiro et al., 2012). However,
studies about olive pollen grain genetic
diversity remain limited and restricted to some
olive clones and defined germplasm cultivars.
No palynological study has been reported on
the Tunisian olive germplasm. The aim of the
present study was to examine olive pollen
(shape, size and exine pattern) of seventy
centennial olive accessions in the Central
Eastern Tunisia, using a combination of
scanning electron
microscope, image
processing software and statistical analysis to
provide knowledge about olive pollen
morphology and to individualize discriminate
features of identification value on Olea
europaea cultivars.
MATERIALS AND METHODS
Pollen
Samples
were
collected
from
archeological sites located in Central Eastern
Tunisia (Figure 1). The study was carried
out on 70 autochthonous olive accessions
(Olea europaea L.). They were picked
respectively from Msaken (35° 43' 60" N;
10° 34' 60" E), Bouficha (36° 18' 6" N; 10°
27' 17" E) and Sidi Bou Ali (35° 57' 24" N;
10° 28' 23"). All olive groves under study
were in rain-fed conditions and subject to
the traditional cultural practices in the area.
Before anthesis, three branches from various
parts of each tree were isolated with paper
bags to avoid contamination from other
pollen sources. The anthers were kept dry to
allow pollen release. Pollen was collected in
small vials and stored at 4ºC until used.
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Scanning Electron Microscopy and
Image Analysis

Parameters Measured and Statistical
Analysis
Thirteen quantitative features, describing
pollen’s size and shape and exine pattern
texture, were determined after morphometric
analysis of the captured images using the
ESEM.
Size Descriptors: Area (area of selection in
square pixels or in calibrated square units,
µm2), perimeter (the length of the outside
boundary of the selection, µm), width and
height (related to the smallest rectangle
enclosing the selection), major and minor axis
(the primary and secondary axes of the best
fitting ellipse), Feret and MinFeret (related to
the maximum and minimum caliper diameters)
and Size Index [SI = (Minor axis×Major
axis)/100].
Exine Pattern Descriptors: Mode (most
frequently occurring gray value within the
selection corresponding to the highest peak in
the histogram) and mean (average gray value
within the selection).
Shape Descriptors: Circularity [Circ.=
4π×(Area) (Perimeter)2], Aspect Ratio [AR=
(Major Axis) (Minor Axis)] and Roudness
[Round= 4×(Area) π×(Major axis)].

Small quantities of pollen grains were
placed by fine brush on conductive carbon
tabs mounted on the aluminium stub surface.
Grains were observed using Fei Quanta 200
Environment Scanning Electron Microscope
(ESEM), Fei Corporation, Eindhoven, The
Netherlands, operating in low-vacuum mode
(the chamber pressure was kept at 1 Torr) at
15 kV, without pre-treatment of the samples.
Damaged or poorly positioned pollen
grains were excluded. Pollen grains were
photographed at different magnification
(2,400X for whole grain, 10,000X for exine
pattern). Experience indicated that no new
diagnostic
morphological
characters
appeared at magnifications higher than
10,000X (Lanza et al., 1996). Thirty pollen
grains of each olive accession were viewed
before selecting as a representative pollen
grain. The best were stored as images in
files. The measurements were based on ten
mature and fully developed pollen grains in
each
genotype.
The
morphometric
parameters measured on pollen were
extracted from micrographs using Imaging
software analysis (ImageJ/FIJI 1.46, 2012).
The original images were reduced to an
array of picture elements (pixels). Using
successive processing steps, the images
binarized were used for the detection of
features.

Statistical Analysis
These morphological parameters were
statistically analyzed by descriptive analysis
(minimum, maximum, mean) and by
running ANOVA. The mean values were
compared by using Duncan’s multiple range
test. Correlations between features were
determined by Pearson's test. Frequency
distribution and Principal Component
Analysis (PCA) were done. All statistical
analyses were done by using the SPSS
software (version 20.0).
RESULTS AND DISCUSSION
Olive Pollen Grain Observation

Figure 1. Geographic position of the
different archaeological olive groves studied.

Pollen grains of the examined olive
accessions were trizonocolpate with
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subdivision of the surface area into three
equal parts (Figures 2 and 3). This result
agrees with a large number of
studies in olive pollen (Moore and Webb,
1983; Lanza et al., 1996). Moreover, the
aperture system can be also trizonocolporate
like indicated in others studies (Pacini and
Vosa, 1979; Ribeiro et al., 2012).
The pollen grains investigated revealed
important variability in terms of size [Figure
4 (A, B)] and shape [Figure 4 (C, D, E, F)].
Regarding the grain outlines in equatorial
view, the olive pollen were mostly elliptic,
rarely slightly elongated or triangular, and
more rarely, slightly circular. The maximum
equatorial diameter presented two principal
positions [Figure 4 (G, H)]. It was in the
medium for some olive accessions (80%)
and in the bottom of pollen grain for other
accessions (20%). The three germinal
furrows extended differently the length of
grain [Figure 4 (I, J, K)]. These furrows can
be more or less parallel for most studied
pollen (60%). Moreover, the distance
between these furrows can be also maximal
in the medium (30%) or in the bottom (10%)
of pollen grain.
The microstructural analysis of the exine

patterns showed interesting characteristics.
This exine is formed by bacula carrying
reticulated muri which has verrucosities on
its surface. The thickness of the muri
delimits the meshes which have various
forms and dimensions in the different
cultivars (nomenclature suggested by
Erdtman, 1966). Thickness of muri was not
constant [Figures 4 (L, M)]. It was mostly
medium (50%) and sometimes thin (23%) or
thick (27%). Differences in exine structure
can be also noted by the presence of
incomplete fusion of the muri [Figure 4 (N,
P)]. This last cited characteristic was found
particularly more or less evident (19 and
30%, respectively) in the studied genotypes.
The major part of pollen grains noted a
complete muri (Figure 4-O).
In
discussing
the
exine
pattern
characteristics, the muri’s incomplete
closure can be considered a characteristic of
normally developed pollen grains and is
therefore cultivar specific when this feature
is present in all the pollen grains (Pacini and
Vosa, 1979), like noted in the present study.
The verrucosities of the muri vary from
numerous and prominent at exine surface
[Figure 4 (Q, R)] on some genotypes (22%)

Figure 2. Olive pollen grain in equatorial view; exine and ectocolpi are visible.

Figure 3. Olive pollen grain in polar view; exine and trizonoectocolpi are visible.
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Figure 4. Photomicrographs showing typical size, shape, and exine patterns taken with the PGs
orientation.

to less evident and altogether smaller (Plate)
on other ones (35%). However, these
verrucosities remained slightly visible for
most studied pollen (43%). The bacula’s
diameter was not constant. It seemed greater
than that of the muri [Figure 4 (S, T)] on
some genotypes (18%) and less evident

(38%) or practically not visible on other
ones (44%).
According to the exine meshes
characteristics, two main types exist: the
first type characterized by small meshes
(Figure 4-V) which was generally
isodiametric, and the second type
405
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characterized by larger meshes [Figure 4
(W, X)], sometimes elongated and often
with gaps and incomplete muri (Figure 4-I).
There are also intermediate forms which are
characterized by the presence of both types
of meshes (reduced meshes mixed with
larger one) or by the presence of regular
medium mesh (Figure 4-U). The major part
of the studied pollen presented regular
medium meshes (30%) or small and larger
meshes mixed together (25%). Irregular
mesh forms (18%), small (12%) and larger
meshes (15%) were not frequently present.
The pollen grain’s ultrastructure and exine
ornamentation have been studied by various
authors (Pacini and Vosa, 1979; Pacini et
al., 1980; Lanza et al., 1996). Differences in
exine pattern among some cultivars have
been noted in apricot (Arzani et al., 2005),
pomegranate (Varasteh and Arzani, 2009),
almond (Sorkheh et al., 2008) and in apple
clones (Currie et al., 1997). Lanza and
Marsilio (1999) had studied pollen
morphology of olive germplasm using SEM
in order to distinguish germplasm
differences and polymorphism. They
reported that such pollen morphology
examination using SEM revealed the

relationships (differences and similarities)
between little-related, closely related, and
more related cultivars.
Frequency Distribution and Descriptive
Analysis
Frequency distributions of different pollen
parameters are shown in Figure 5. All
histograms were superimposed by the
Gaussian curve, which represents the normal
distribution determined by the mean and the
standard deviation of the studied olive
pollen. The tallest bar gave the value that
occurred more often and was called the
mode of the distribution. The shape of the
histogram gave information about the
distribution of the data around the mode.
The majority of the frequency distributions
of pollen traits depicted a normal
distribution which showed that most
frequency values lie around the center of the
distribution. The perimeter and circularity
histograms showed a slight deviation from
the normal distribution and presented an
asymmetric distribution.
The pollens of the investigated olive

Figure 5. Frequency distribution histograms with superimposed curves of the normal probability density
functions for morphometric descriptors on olive pollen grain.
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genotypes showed variability in shape and
size features (Table 1). With regard to polar
(Major) and equatorial (Minor) diameters,
the studied pollen samples were significantly
different. The polar diameter’s value ranged
between 21.80 and 29.88 µm. The equatorial
diameter’s value was lower varying from
14.47 to 21.14 µm. Similar differences were
noted on width, height, feret, and minferet
which were correlated to major and minor
axes. The area and the perimeter varied from
274.58 to 466.35 µm2 and from 68.33 to
104.19 µm, respectively.
The circularity (Antonym: Elongation)
provides information about the elongation of
the particle and showed differences between
studied pollens. It varied from 0.43 to 0.85.
The roundness (antonym: angularity)
showed also differences between the studied
pollens, it ranged between 0.58 and 0.83.
The Major/Minor ratio (AR) of grains
ranged from 1.21 to 1.72. According to
Erdtman (1971) terminology, pollen grains
were usually prolate –elliptical (ratio ranged
from 1.33 to 2.00) and less frequently
subprolate (ratio ranged from 1.14 to 1.33).
The differences noted in polar, equatorial
and diametric ratio in the Tunisian
autochthonous olive genotypes were similar
or often wider than Iranian (Javady and
Arzani, 2001), Portuguese (Ribeiro et al.,
2012) and Italian clones and cultivars
(Pacini and Vosa, 1979; Bartolini et al.,
1992; Lanza et al., 1996).
In order to express grain size more

satisfactorily, an index size obtained from
the product of the diameters expressed in
hundredths (Roselli, 1979) was used. It
ranged between 3.30 and 5.94. Almost,
similar size index was reported in other
studies on olive pollen (Bartolini et al.,
1992; Lanza et al., 1996). Size index has
proved to be substantially in agreement with
those related to the diameters (mainly polar
diameters), but it furnishes more complete
information on true pollen grain size
(Bartolini et al., 1992).
Correlation and Principal Components
Analysis
Correlation coefficient analysis was used
to recognize correlation and relationship
information between different traits of olive
pollen(Figure 6). A strong relationship was
found between MinFeret and Minor axis (r=
0.988), Feret and Major axis (r= 0.944) and
area and size index (r= 1.000). The area,
perimeter and size index were significantly
correlated with all pollen size parameters
related to the two diametric axes. The minor
axis and the area were negatively correlated
to the shape factor (r= -0.634 and r= -0.388).
This result suggested that pollen with a big
size had generally subprolate shape (low
shape factor). However, height and width
parameters showed weak correlation to other
diametric axis measurement. This can be
explained by the fact that an oval instance

Table 1. Descriptive statistical analysis of morphometric descriptors (minimum, maximum, mean and
standard deviation) of pollen grain evaluated for 70 olive tree genotypes.
Area (µm2)
Perimeter (µm)
Width (µm)
Height (µm)
Major (µm)
Minor (µm)
Size index
Circularity
Feret (µm)
MinFeret (µm)
Aspect ratio
Round

Min
274.58
68.33
14.89
16.10
21.80
14.47
3.30
0.43
21.60
14.28
1.21
0.58

Max
466.35
104.19
27.48
24.07
29.88
21.14
5.94
0.85
30.10
21.34
1.72
0.83
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Mean
369.92
80.62
21.94
22.32
26.09
18.03
4.71
0.72
26.22
17.93
1.45
0.69

SD
30.00
5.09
2.89
1.82
1.19
1.03
0.39
0.06
1.23
1.08
0.09
0.04
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Figure 6. Correlation graphics among some pollen characteristics for the studied olive genotypes.

had distinct bounding rectangles depending
on the coordinate space. Each bounding
rectangle reflected the pollen orientation.
Taking into account the poor discriminant
ability of some parameters to distinguish the
studied olive genotypes and the high
relationship
existing
among
some
parameters, it was considered suitable to
eliminate, for the principal component
analysis, all of the perimeter, size index,
width, height, Feret, MinFeret, round and
circularity.
For the entire data matrix, four whole
pollen parameters (area, minor, major and
AR) and two exine texture details (Mean and
Mode), were subjected to principal analysis.
The data were auto scaled before principal
component computation in order to access
the same weight for each variable. The three
principal components expressed more than
97% of the total variation (Table 2). The PC
scores, associated with each variable on the
three principal components, distinguish the
variable that mostly describes them (Table

3). The first principal component was
correlated with pollen size (area, major and
minor axis). The second principal
component was correlated with exine texture
(mode, mean), while the last one was
correlated with pollen shape (AR). This
result is in agreement with Lanza et al.
(1996) who found that PC1 was defined
mainly by perimeter, size index, and
maximum diameter, PC2 by meshes shape,
muri width and other exine pattern
parameters, and, finally, PC3 by the
diametric ration of the whole pollen grain
and shape factor.
The projections of the loadings defined by
the first two principal components (Figure 7)
allowed to demonstrate the position of the
studied olive accessions. Genotypes located
on the left-hand side of the plane (PC1-PC2)
were distinguished by a big pollen size while
those on the right-hand side were
distinguished by a small pollen size.
Genotypes distributed and overlapped
randomly on the center of the plane had

Table 2. Percentage variance contributions by Principal Components (PCs) for the characteristics of
olive pollen grains.
Principal components
1
2
3

Eigenvalues
Variance (%)
46.378
30.642
20.380

Total variance
2.783
1.839
1.223
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46.378
77.020
97.400
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plane (PC1-PC3) had elongated pollen while
genotypes located in the lower part had more
rounded ones. This result is consistent with
the analytic key defined by Bartolini et al.
(1992) who used the size index values and
the mean mesh area to distinguish the clones
of Leccino cultivar. This analytic key
distinguished between clones with big size
and smaller meshes and clones with opposite
characteristics. Other olive clones showed
features half-way between the two extremes.
The differences found in the olive pollen
grain included differences in size, shape, and
exine patterns which depended, itself, on the
meshes’ dimension and shape, the muri’s
thickness, and the muri and meshes
regularity. These differences in pollen grain
can be related to the differences in size and
shape of the leaf, fruit, and endocarp as well
as in general appearance of the tree (Pacini
and Vosa, 1979; Petruccelli et al., 2014).
Pacini and Vosa (1979) noted that every
olive
cultivar
possesses
its
own
morphological pollen characteristics which
are constant and are found in successive
years.
Moreover, olive has been cultivated since
prehistoric times. The distribution area of

Table 3. Principal Component (PC) scores of
variables on the three components for the
characteristics of olive pollen grains.
Component Matrix
Component
1

2

3

Area

0.977

0.060

0.204

Minor

0.980

0.062

-0.189

Major

0.613

0.042

0.788

Mean

-0.059

0.959

0.008

Mode

-0.125

0.953

-0.008

Aspect ratio

-0.688

-0.045

0.724

generally medium pollen size. Genotypes
located on the upper part of the plane (PC1PC2) presented generally thicker and
complete muri or numerous meshes. In
opposite, the genotypes located on the
bottom part of the plane (PC1-PC2) had
generally thinner and incomplete muri or
meshes with low density. The third
component (PC3) distributed genotypes
according to diametric ratio (AR). The
genotypes located in the upper part of the

(a)

(b)

Figure 7. Scores of olive genotypes on the first three principal components (a) PC1-PC2 (b) PC1-PC3.
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4.

wild and cultivated forms was very wide.
This is why there are a large number of
cultivars with high morphological diversity
and different pollen and exine appearance.

5.

CONCLUSIONS
The
pollen
grain
ultrastructure
morphology has proved a useful diagnostic
tool to distinguish and identify the possible
differences between olive genotypes. In
addition, descriptive examination of pollen
using SEM analysis can be an important
contribution to improve knowledge about
the phenotypic differences existing in the
olive germplasm. It can also be used like a
tool for the taxonomic characterization in
breeding programs.
In conclusion, the application of image
analysis to SEM micrographs allowed
standing out variability in pollen’s shape and
size, as well as exine sculpture with various
profiles of meshes, muri, bacula and
verrucosities. The obtained information
could be exploited as a first step in order to
establish a guideline of olive pollen
descriptors for future characterization
studies.

6.

7.

8.

9.

10.

11.

REFERENCES
1.

2.

3.

Al-Watban, A. A., Doaigey, A. R. and ElZaidy, M. 2015. Pollen Morphology of Six
Species
of
Subfamily
Stachyoideae
(Lamiaceae) in Saudi Arabia. Afr. J. Plant Sci.,
9(5): 239-243.
Arzani, K., Nejatian, M. A. and Karimzadeh,
G. 2005. Apricot (Prunus armeniaca) Pollen
Morphological
Characterization
through
Scanning Electron Microscopy, Using
Multivariate Analysis. New Zeland J. Crop
Hort. Sci., 33: 381–388.
Bartolini, G., Prevost, G., Messeri, C. and
Carignani, G. 2005. Olive Germplasm:
Cultivars and World-wide Collections.
FAO/Plant Production and Protection
Division,
Rome.
Available
at:
http://www.apps3.fao.org/wiews/olive/oliv.jsp
[Accessed Dec. 28, 2008].

12.

13.

14.

15.

16.

410

Bartolini, S., Minnocci, A. and Vitagliano, C.
1992. Morphological Studies on Pollen in
Some Clones of Olive cv. ‘Leccino’. Agric.
Med., 122:282-286.
Beris, F.del B., Sanchez, C. P., Gilabert, C. E.
and Castillo, M. E. C. 1993. The Pollen
Morphology of Citrus Lemon cv. ‘Verna’ from
the Murcia Region, S.E. Spain. Anales-deBiologia, 19:63-69.
Currie, A. J., Noiton, D. A., Lawes, G. S. and
Bailey, D. 1997. Preliminary Results of
Differentiating Apple Sports by Pollen
Ultrastructure. Euphytica, 98(3): 155–161.
D’hallewin, G., Mulas, M., Nieddu, G. and
Gitmta, F. 1990. Analysis of Pollen
Morphology to Distinguish Olive Cultivars in
a Germplasm Collection. Agric. Med., 120:
339-346.
Dezhong, T., Boaming, W., Gaixiu, D. and
Xiaofung, F. 1995. Studies on the Pollen
Morphology and Ultrastructure of Cultivated
Varieties of Apricot (Armenica vulgaris Lam).
Acta Hort., 403:144-144.
Erdtman, G. 1966. Pollen Morphology and
Plant Taxonomy. I. In: “Angiosperms: An
Introduction to Palinology”. Hefner Publ. Co.,
New York and London.
Erdtman, G. 1971. Pollen Morphology and
Plant Taxonomy. 1. “Angyosperms”. Hefner,
NewYork, USA, 553 PP.
Gomes, S., Martins-Lopes, P. and GuedesPinto, H. 2012. Olive Tree Genetic Resources
Characterization through Molecular Markers.
In: “Genetic Diversity in Plants”, (Ed.):
Caliskan, M. ISBN: 978-953-51-0185-7,
InTech.
Hannachi, H., Msallem, M., Ben Elhadj, S. and
El Gazzah, M. 2007. Influence du Site
Géographique
sur
les
Potentialités
Agronomiques et Technologiques de L'olivier
(Olea europaea L.) en Tunisie. Comptes
Rendus Biologies, 330: 135-142.
Heslop-Harrison, J. 1971. Wall Pattern
Development
in
Angiosperm
Microsporogenesis. Symp. Soc. Expt. Biol., 25:
277-300.
ImageJ/FIJI 1.46. 2012. Image J 1.46 Guide.
Revised Version by: Ferreira, T. and Rasband,
W. http://imagrj.nih.gov/ij/docs/guide.
Inceoglu, O., Pinar, M. and Oybak-Donmez, E.
2000. Pollen Morphology of Wild Vitis
sylvestris Gmelin (Vitaceae). Turkish J. Bot.,
24:147-150.
Javady, T. and Arzani, K. 2001. Pollen
Morphology of Five Iranian Olive (Olea

Pollen Ultrastructural Image Analysis __________________________________________

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

europaea L.) Cultivars. J. Agr. Sci. Tech., 3:
37-42.
Koubouris, G. C., Metzidakis, I. T. and
Vasilakakis, M. D. 2012. Intraspecific
Variation in Pollen Viability, Germination and
Ultrastructure of Olea europaea L. Afr. J.
Biotechnol., 11(70):13442-13446.
Lanza, B., Marsilio, V. and Martinelli, N.
1996.
Olive
Pollen
Ultrastructure:
Characterization of Exine Pattern through
Image
Analysis-Scanning
Electron
Microscopy (IA-SEM). Scien. Hort., 65: 283294.
Lanza, B. and Marsilio, V. 1999.
Ultrastructural Image Analysis and Biometric
Studies on Pollen Grain to Distinguish Olive
cvs. Acta Hort., 474:133-136.
Li, X., Yang, J., Li, X. G. and Yang, J. 2002.
Application of Numerical Taxonomy of Pollen
Morphology on Origination, Evolution and
Classification of Pyrus L. in China. J. Fruit
Sci., 19(3):145-148.
Li, X., Xiang, L., Wang, Y., Luo, J., Wu, Ch.,
Sun, Ch. and Xie, M. 2014. Genetic Diversity,
Population Structure, Pollen Morphology and
Cross-compatibility
among
Chinese
Cymbidiums. Plant Breed., 133(1):145–152.
Loussert, L. and Brousse, G. 1978. Olive Tree:
Mediterranean Agricultural Techniques of
Olive Production. Publishing «Neuve and
Larose» House, PP. 44-111.
Moore, P. D. and Webb, J. A. 1983. An
Illustrated Guide to Pollen Analysis. Hodder
and Staughton, London.
Mulas, M., Agabbio, M. and Nieddou, G.
1987. Etude au Microscope Electronique à
Balayage du Pollen de L'amandier pour
L'identification des Variétés. Proc. VII
Grempa, Reus-Espagne, 17-19 Giugno, PP.
229-247.
Muzzalupo, I., Vendramin, G. G. and
Chiappetta, A. 2014. Genetic Biodiversity of
Italian Olives (Olea europaea) Germplasm
Analyzed by SSR Markers. Sci. World J.,
Article ID 296590: 12 .
Nazeri Joneghani, V. 2008. Pollen
Morphology of the Genus malus (Rosaceae).
Iran. J. of Sci. Technol., Trans. A, 32(2):89-97.
Pacini, E. and Vosa, C. G. 1979. Scanning
Electron Microscopy Analysis of Exine
Patterns in Cultivars of Olive (Olea europaea
L.). Ann. Bot., 44: 745-748.
Pacini, E., Ciampolini, F. and Crest, M. A.
1980. Technique for Observing the Same

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

411

Anther or Pollen Grain Both by TEM and
SEM. Grana, 19: 193-195.
Padula, G., Giordani, E., Bellini, E., Rosati, A.,
Pandolfi, S., Paoletti, A., Pannelli, G., Ripa,
V., De Rose, F., Perri, E., Buccoliero, A. and
Mennone, C. 2008. Field Evaluation of New
Olive (Olea europaea L.) Selections and
Effects of Genotype and Environment on
Productivity and Fruit Characteristics. Adv.
Hort. Sci., 22(2): 87-94.
Petruccelli, R., Giordano, C., Salvatici, MC.,
Capozzoli, L., Ciaccheri, L., Pazzini, M., Lain,
O., Testolin, R., Cimato, A. 2014. Observation
of Eight Ancient Olive Trees (Olea europaea
L.) Growing in the Garden of Gethsemane.
Comptes Rendus Biologies, 337(5):311-317.
Radičević, S., Nikolić, D., Cerović, R.,
Đorđević, M. 2013. In vitro Pollen
Germination and Pollen Grain Morphology in
Some Sweet Cherry (Prunus avium L.)
Cultivars. Roman. Biotechnol. Lett., 18(3):
8341-8349.
Ribeiro, H., Cunha, M., Calado, L. and Abreu,
I. 2012. Pollen Morphology and Quality of
Twenty Olive (Olea europaea L.) Cultivars
Grown in Portugal. In: “Proc. VIth IS on Olive
Growing”, (Eds.): Sampaio, E. M. and
Pinheiro, A. C. Acta Hort., 949: 259-264.
Roselli, G. 1979. Identificazione di Cultivar da
Alcuni Caratteri del Polline. Rivista di
Ortoflorofrutticoltura, 63:435-445.
Sorkheh, K., Vezvaei, A., Wirthensohn, M. G.
and Martínez-Gómez, P. 2008. Pollen
Ultrastructure Characterization in Californian
and Australian Almond Cultivars. J. Am.
Pomol. Soc., 62(4): 173-177.
Stanley, R. G. and Linskens, H. F. 1974.
Pollen: Biology, Biochemistry Management.
Springer-Verlag, Berlin and New York.
Talaie, A. R. and Imani, A. 1998. Morphology
of Pollen Grains as an Index for Identification
of Local Iranian Almond Varieties. Acta Hort.,
470: 280-285.
Thakur, D. R. and Thakur, S. S. 1970. Pollen
Morphology and Germination in Some
Temperate Drupe Plants. J. Palynol., 6: 96100.
Trentacoste, E. R. and Puertas, C. M. 2011.
Preliminary Characterization and Morphoagronomic Evaluation of the Olive Germplasm
Collection of the Mendiza Province
(Argentina). Euphytica, 177: 99-109.
Trujillo, I., Ojeda, M. A., Urdiroz, N. M.,
Potter, D., Barranco, D., Rallo, L and. Diez, C.
M. 2014. Identification of the Worldwide

_______________________________________________________________________ Laaribi et al.

)Olive Germplasm Bank of Córdoba (Spain
Using SSR and Morphological Markers. Tree
Gene. Genom., 10:141–155.
40. Varasteh, F. and Arzani, K. 2009.
Classification of Some Iranian Pomegranate
(Punica granatum) Cultivars by Pollen
Morphology Using Scanning Electron

Microscopy Hort. Environ. Biotechnol.
50(1):24-30.
41. Wrońska-Pilarek, D. 2011. Pollen Morphology
of Polish Native Species of the Rosa Genus
(Rosaceae) and Its Relation to Systematic.
Acta Soc. Bot. Pol., 80(3):221-232.

ﺗﻔﺴﻴﺮ ﺗﺼﻮﻳﺮ ﻓﺮا-ﺳﺎﺧﺘﻤﺎﻧﻲ ﮔﺮده ژﻧﻮﺗﻴﭗ ﻫﺎي ﺑﻮﻣﻲ و ﻛﻬﻦ زﻳﺘﻮن در ﻣﺮﻛﺰ ﺑﺨﺶ
ﺷﺮﻗﻲ ﺗﻮﻧﺲ

ي .ﻻرﻳﺒﻲ ،م .ﻣﺰﻏﺎﻧﻲ ﻋﻴﺎﭼﻲ ،ه .ﮔﻮﺗﺎ ،س .ﮔﻴﻮرداﻧﺎ ،م .س .ﺳﺎﻟﻮاﺗﻴﺴﻲ ،ف .ﻻﺑﻴﺪي ،و
م .ﻣﺎرس
ﭼﻜﻴﺪه
درﺧﺖ زﻳﺘﻮن ) (Olea europaea L.ﺑﻪ ﻋﻨﻮان ﻳﻜﻲ از ﻛﻬﻦ ﺗﺮﻳﻦ و ﻣﻬﻢ ﺗﺮﻳﻦ درﺧﺘﺎن ﻣﻴﻮه در
ﺣﻮﺿﻪ ﻣﺪﻳﺘﺮاﻧﻪ ﻣﺤﺴﻮب ﻣﻴﺸﻮد ﻛﻪ ﻣﺸﺨﺼﻪ آن وﺟﻮد ﻛﻮﻟﺘﻴﻮارﻫﺎي ﺑﺴﻴﺎر ﻣﺘﻌﺪد اﺳﺖ .ﺑﻨﺎ ﺑﺮ اﻳﻦ،
ﺷﻨﺎﺳﺎﻳﻲ ﻛﻮﻟﺘﻴﻮارﻫﺎي زﻳﺘﻮن از اﻫﻤﻴﺖ زﻳﺎدي درﺣﻔﻆ ﻣﻴﺮاث ژﻧﺘﻴﻜﻲ اﻳﻦ ﮔﻮﻧﻪ ﮔﻴﺎﻫﻲ ﺑﺮﺧﻮردار اﺳﺖ.
در اﻳﻦ ﭘﮋوﻫﺶ از ﻧﺸﺎﻧﮕﺮﻫﺎي ﻣﺨﺘﻠﻒ ﻣﻮرﻓﻮﻟﻮژﻳﻜﻲ و ﻣﻮﻟﻜﻮﻟﻲ ﺑﺮاي ﻣﺘﻤﺎﻳﺰ ﻛﺮدن ﻛﻮﻟﺘﻴﻮارﻫﺎ از ﻫﻢ
اﺳﺘﻔﺎده ﺷﺪ .ﻫﺪف اﻳﻦ ﭘﮋوﻫﺶ ﺗﺸﺮﻳﺢ ﭘﺎراﻣﺘﺮ ﻫﺎي ﻣﺨﺘﻠﻒ ﻣﻮرﻓﻮﻟﻮژﻳﻜﻲ و ﻓﺮا-ﺳﺎﺧﺘﻤﺎﻧﻲ ﮔﺮده )
ﺷﻜﻞ ،اﻧﺪازه ،و ﻃﺮح  (exineﺑﻪ ﻋﻨﻮان اﺑﺰاري اﺿﺎﻓﻲ ﺑﺮاي ﺷﻨﺎﺳﺎﻳﻲ ﻛﻮﻟﺘﻴﻮارﻫﺎي زﻳﺘﻮن ﺑﻮد .ﻣﺸﺎﻫﺪات
ﻣﺮﺑﻮﻃﻪ ﺑﺎ اﺳﺘﻔﺎده از ﻣﻴﻜﺮوﺳﻜﭗ اﻟﻜﺘﺮوﻧﻲ )(SEMو ﺗﻔﺴﻴﺮ ﺗﺼﻮﻳﺮ ) (ImageJروي  70ﻧﻤﻮﻧﻪ
) (accessionﺻﺪ ﺳﺎﻟﻪ ) (centennialزﻳﺘﻮن ﻛﻪ در ﻣﺮﻛﺰ ﺑﺨﺶ ﺷﺮﻗﻲ ﺗﻮﻧﺲ ﻛﺎﺷﺘﻪ ﻣﻲ ﺷﻮد اﻧﺠﺎم
ﺷﺪ .ﮔﺮده ﻫﺎ داراي ﺳﻪ ﺷﻴﺎرﻗﻄﺮي )  (three-zonocolpateو ﺑﻴﻀﻲ ﺷﻜﻞ ﻳﺎ دوﻛﻲ ﺷﻜﻞ
ﺑﻮدﻧﺪ.ﺻﻔﺎت ﻛﻴﻔﻲ ﻣﻮرﻓﻮﻟﻮژﻳﻜﻲ ﮔﺮده ﻫﺎ ﺗﻔﺎوت ﻫﺎي ﻣﺸﺨﺼﻲ در ﻣﻴﺎن ژﻧﻮﺗﻴﭗ ﻫﺎي ﻣﻄﺎﻟﻌﻪ ﺷﺪه
آﺷﻜﺎر ﻛﺮد ﻛﻪ ﺷﺎﻣﻞ ﺗﻐﻴﻴﺮات در ﺷﻜﻞ ﻛﻠﻲ ﮔﺮده ﻫﺎ و ﻃﺮح ﭘﻴﺮاﻳﺸﻲ  exineوﻧﻈﻢ و ﻣﺸﺨﺼﺎت ﺷﺒﻜﻪ
و ﺿﺨﺎﻣﺖ  muriﺑﻮد .در ﻣﻴﺎن ژﻧﻮﺗﻴﭗ ﻫﺎ ﻣﺘﻨﻮع ،ﺻﻔﺎﺗﻲ ﻛﻪ ﺑﻪ ﺻﻮرت ﻛﻤﻲ اﻧﺪازه ﮔﻴﺮي ﺷﺪ ﺑﻪ ﮔﻮﻧﻪ
ﻣﻌﻨﺎداري ﻣﺘﻔﺎوت ﺑﻮدﻧﺪ .ﻗﻄﺮﻫﺎي ﻗﻄﺒﻲ و ﻛﻤﺮﺑﻨﺪي ﺑﻪ ﺗﺮﺗﻴﺐ در ﻣﺤﺪوده  21/8 - 29/88ﻣﻴﻜﺮوﻣﺘﺮ و
 14/47-21/14ﻣﻴﻜﺮوﻣﺘﺮ ﺗﻐﻴﻴﺮ ﻣﻲ ﻛﺮد در ﺣﺎﻟﻴﻜﻪ ﻣﺴﺎﺣﺖ ﮔﺮده ﻫﺎ در داﻣﻨﻪ  274/58و 466/35
ﻣﻴﻜﺮوﻣﺘﺮ ﻣﺮﺑﻊ ﻗﺮار داﺷﺖ .ﺗﻮزﻳﻊ ﺑﺴĤﻣﺪ ﺑﻴﺸﺘﺮ ﭘﺎراﻣﺘﺮﻫﺎي اﻧﺪازه ﮔﻴﺮي ﺷﺪه ﮔﺮده ﻫﺎ ﻳﻚ ﺗﻮزﻳﻊ ﻧﺮﻣﺎل را
ﻧﺸﺎن ﻣﻲ داد .ﺳﻪ ﺟﺰء اﺻﻠﻲ ﺗﺠﺰﻳﻪ ﺑﻪ ﻣﻮﻟﻔﻪ ﻫﺎي اﺻﻠﻲ ) (PCAﺑﻴﺶ از  %97ﺗﻐﻴﻴﺮات ﻛﻞ را ﺗﻮﺟﻴﻪ ﻣﻲ
ﻛﺮد .اوﻟﻴﻦ ﻣﻮﻟﻔﻪ اﺻﻠﻲ) (PC1ﺑﺎ اﻧﺪازه ﮔﺮده ﻫﻤﺒﺴﺘﻪ ﺑﻮد .دوﻣﻴﻦ ﻣﻮﻟﻔﻪ اﺻﻠﻲ) ( PC2و ﺳﻮﻣﻴﻦ ﻣﻮﻟﻔﻪ
) (PC3ﺑﻪ ﺗﺮﺗﻴﺐ ﺑﺎ ﺑﺎﻓﺖ  exineو ﺷﻜﻞ ﮔﺮده ﻫﻤﺒﺴﺘﮕﻲ داﺷﺘﻨﺪ .در اﻳﻦ ﻣﻄﺎﻟﻌﻪ ،وﻳﮋﮔﻲ ﻫﺎي
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ﻣﻮرﻓﻮﻣﺘﺮﻳﻚ و ﻣﺸﺎﻫﺪات اﻟﮕﻮي  exineﻫﺮ دو اﺑﺰار ﻣﻨﺎﺳﺒﻲ ﺑﺮاي ﻣﺘﻤﺎﻳﺰ ﻛﺮدن ژﻧﻮﺗﻴﭗ ﻫﺎي از ﻳﻜﺪﻳﮕﺮ
ﺑﻮدﻧﺪ .ﺑﻪ اﻳﻦ ﻗﺮار ،ﺑﺮاي ﺑﻬﺒﻮد واﻓﺰاﻳﺶ اﻋﺘﻤﺎد ﺑﻪ ﻧﺘﺎﻳﺞ و ﺗﻮاﻧﺎﻳﻲ ﺗﻤﺎﻳﺰ ﻛﻮﻟﺘﻴﻮار ﻫﺎ ﺑﺮاي ﻃﺒﻘﻪ ﺑﻨﺪي آن
ﻫﺎ ،ﺗﺮﻛﻴﺐ ﺑﻴﺸﺘﺮ ﺗﺠﺰﻳﻪ ﻓﺮا-ﺳﺎﺧﺘﻤﺎﻧﻲ ﮔﺮده ﻫﺎ و ﻧﺸﺎﻧﮕﺮﻫﺎي ﻣﻮرﻓﻮﻟﻮژﻳﻜﻲ و ﻣﻮﻟﻜﻮﻟﻲ ﻛﺎﻣﻼ ﻣﻔﻴﺪ
اﺳﺖ.
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