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ABSTRACT

This study was performed on six species belong to genus Pelargonium (family: Geraniaceae) grown in Egypt;
namely; Pelargonium graveolens, P. radula, P. fragrance, P. peltatum, P. zonale and P. grandiflorum. The aim of
this study is to explore the taxonomic relationships between these species by using randomly amplified polymorphic
DNA (RAPD) markers to elucidate the pattern of genetic diversity among these individuals of different species of
Pelargonium. In addition, the morphological, anatomical and lamina surface characters under Scanning Electron
Microscope (SEM) are studied. Numerical analysis was also used to determine interrelationships among the
investigated species.
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INTRODUCTION

Geraniaceae are represented by 5 genera and 78@sspsosmopolitan in distribution, but mostly Emperate
areas. The family is divided into two tribes., GeranieaeGeranium L., Erodium L., Monsonia L. and Sarcocale)
and Pelargoniea®élargonium L. Herit ex Aiton) [1].

GenusPeargonium L. 'Herit is originally from South Africa and indes over 175 species according to some
authors or, even more than 300 species after otfibesplants, known improper as "geranium” haverewt Europe

in the eighteenth century and have spread rapidbfliits areas. They are herbaceous plants, paiepubescent,
rarely high, stems soft, succulent and rich foli§ge3]. Most of the known species are endemichi® Western
Cape. Although this plant is indigenous to Southiod, it is widely cultivated in Egypt, India anchi@a, and to a
lesser extent in Central Africa, Madagascar, Ja@anfral America and Europe.

Nowadays, the majority d?elargonium species stand out through vigorous plants, witiated colors (red, scarlet,
white, pink, purple etc.), fragrant, simple, doubahel sometimes very large flowers. It is amongttipe20 aromatic
plants that are particularly rich in essential joifeerefore most of the chemical studies were cotnated on this
fraction [4].

The species of this genus are very diverse, gersppkarance, color of flowers, but especially afeaf
morphology. Geraniums are classified in the far@Braniaceae ornamental plants, most species besdgdr their
decorative flowers and some liked the smell ofldaes. Fragrancerant leaves of these speciesit@aaniina a
rate higher or lower. This substance is used tainhtils with therapeutic properties [5]. A lot ofedicinally
important attributes have been assigned to thagtafiPelargonium species. They are rich source of monoterpenes,
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sesquiterpenes, coumarins, tannins, phenolic acidsamic acids, flavones, flavonoids and flavondésivatives

[6].

With increased sophistication of classification teyss it has become increasingly important to hawaem
elaborative means for identification. The leaf haslost its importance as a taxonomic tool buteatas proved to
be more useful when a fuller understanding oftalcharacteristics are known and appreciated. Sidaulpturing
by using Scanning Electron Microscope (SEM) techaignay aid in solving problems of identity or redaship
concerning taxa at various levels [7].

Salimpouret al. [8] studied the anatomical structure of stem agaf bf ten species dberanium to distinguish
tuberous from rhizomatous species. Cross secti@tenfi, number of palisade parenchyma, presencbsenee of
crystals and shape of epidermal cells in leaf emportant characters to distinguish taxa. [9] stddige internal
description of leaves, petioles and stems for fopecies of family Myrtaceae to determine their tepric

importance and clarity the interrelationship amdmgm. [10] establish the main characteristics affdrénces that
occur betweerPelargonium zonale, P. hispidum, P. grandiflorum, P. peltatum and P. radens, regarding the leaf-
stalk, blade and trichomes.

Lyubov et al. [11] establish the chemotaxonomic and anatomeaiufes of four species of the ge@esanium L.

of flora of Ukraine; namelyGGeranium robertianumL., G. sibiricumL., G. sanguineum L. andG. macrorrhizumL.
The aim of this study is to distinguish the taxomomelationship between six speciesRélargonium grown in
Egypt; namely,Pelargonium graveolens, P. radula, P. fragrance, P.peltatum, P. zonale and P. grandiflorum.
Randomly Amplified Polymorphic DNA (RAPD) markersere used to determine the level of polymorphisniiwvit
the studiedPelargonium species. Morphological descriptions and Scanniregtidn Microscope (SEM) survey of
the leaf, as well as leaf and petiole anatomy efstludied species were investigated.

MATERIALS AND METHODS

Fresh material of six species Bélargonium; namely,Pelargonium graveolens L. Herit, P. radula L., P. fragrance
L., P.peltatum L., P. zonale L. andP. grandiflorum (Andr.) were examined. These species were plaat&esearch
Station of Faculty of Pharmacy, Cairo Universityz& Egypt during the two autumn growing season®0dif4 and
2015. The present investigation aimed to repreenttaxonomical relationships among the six studipecies.
Taxonomic evidences and characters which mightoegpihese relationships were gathered from theatg
different sources during this study; randomly affigadi polymorphic DNA (RAPD) markers were used tdedmine
the level of polymorphism within the studied spscimorphological description for each species, SognElectron
Microscope (SEM) of the surfaces of leaves andlfirthe anatomical information of leaf and petiole.

Genomic DNA isolation and PCR amplification

DNA was extracted from field-grown leaves using @TAB protocol described by [12]. Six differemtrpers (C1,
P13, N8, B12, H5 and P8) were used in this studyDIA amplification according to other literaturg3] (Table
1).The polymerase chain reactions (PCR) were chiwigt in 25ul volume containing 50 ng of genomic DNA
template, 30 pmolesl primers, 0.2uM each of dATP, dCTP, dGTP and dTTP, 10 x buffér ¥ KCI, 10 mM
Tris-HCI (pH 8.3), 2.5 mM MgCZl and 2 units of Taq polymerase (Thermo Fisherrifie, MA, USA).

Table (1): The sequences of the six arbitrary primes used in the finger print analysis

Primers Sequences
Cl | TTCGAGCCAG
P13 | GGAGTGCCTC
N8 | ACCTCAGCTC
B12 | CCTTGACGCA
H5 | AGTCGTCCCC
P8 | GGAGCCCAG

A Pl el N

PCR amplifications were carried out in a Applied8jistem thermal cycler programmed as follows: #rlrstrand
separation at 94 °C (5 min) followed by 40 cyclathwhe following temperature profile: 94°C (1 mir§6°C (1
min), 72°C (1.5 min) and a final extension at 72(C min). Amplification products were visualized by
electrophoresis in 1.5% agarose gels stained withidiam Bromide then photographed with a SynGenk ge
documentation unit and the DNA banding patternseveeored.

All these data were manually scored comparing With pictures where a binary data was organizedoaihdthe
polymorphic fragment were scored as band presgnar{d band absent (0). Absent and present binaey afa8
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individuals and170 polymorphic loci were used aslihsis for the analysis. In the present studyedas [14] the
band-based approach was used for the analysieimthividual level and allele frequency-based apphes (for
population level). Dice coefficient [15] was useml dalculate the similarity among 12 individuals.eTbluster
analysis was prepared through un weighted pairgmethod with arithmetic mean (UPGMA) based on Dimkex
[16]. Bootstrap values (based on 1000 re-samplivap used to estimate the reliability of the clisggpattern. This
analysis was carried out in Free Tree [17]. The XN$$c version 2.20 [18] was used to prepare Praicfpo-
ordinates Analysis (PCoA) of the correlations mxatini test the relationship amoiglargonium species.

Preparing samples for the leaves surface scan featis (SEM).

The upper and lower surfaces of leaf of each speesre examined by using Scanning Electron MicrpesdSEM).
The leaf samples were prepared before examinasidollaws:

a. The fixation according to the method of [19].

1. The specimens were immediately fixed by immersio4% gluteraldehyde in 0.1 m sodium cacodylatfel,
pH 7.3 for at least 4 hrs.

2. The specimens were then washed for 1.5 hrsv@nn@ht) with three changes of the same buffer.

3. Then post fixation was carried out in 1% osmitgtnaoxide (Osg) in the same buffer for at least 2 hrs or until
the specimens become black in color, followed bghirzg the specimens three times in the same biaff&0 min.
b.The Dehydration

1. Dehydration of the specimens was carried owtutlin a graded series of ethanol; 50% (10 min.); {D%min.);
80% (10 min.); 90% (10 min.) and absolute (3x10.)nin

2. Up to this stage of preparation the temperauas at 0-4C, the next steps were carried out at room temypezat
3. Finally the specimens were completely driedulfothe Critical Point Dryer with CQiquid.

4. The specimens were mounted on copper stubsdeithle-sides adhesive tape and coated with gofd)i&putter
Coater S 150A Edwards-England.

5. The specimens were examined under JXA- 840Atele®robe Microanalyzer- JEOL-JAPAN.

For anatomical studies fresh leaves and petioles were killed and fixédeast for 48 hrs. in F.A.A. (10 ml
formalin, 5 ml glacial acetic acid and85 ml ethy¢ahol 70%). The tested materials were washed b Bohyl
alcohol, dehydrated in a normal butylalcohol sersbedded in paraffin wax of melting point°5 sectioned to a
thickness of 20 microns, double stained with ciysialet-erythrosin, cleared in xylene and mountadCanada
balsam [20]. Photomicrographs of the anatomicai®es were taken and analyzed microscopically.

RESULTS AND DISCUSSION

DNA finger printing of Pelargonium

Molecular markers are efficient tools for genotygentification and estimation of relatedness thio@NA finger
printing. Short primers of arbitrary nucleotide seqce, called RAPD markers, were used to amplihogéc DNA
segments, and that polymorphism can be detectedlebatthe amplification products of the differentlades
through examination of agarose gel [21]. Six randgwimers are used as RAPD markers, for analysigeabmic
DNA diversity among different siRelargonium field-grown cutting leaf samples (C1, P13, N8, BH#S, and P8).

RAPD markers profile and densitograms result®@argonium samples are mentioned in Table (2) and Fig. (1),
respectively. The results revealed that 170 repribdlu scorable genomic DNA bands were generatedsilty
random decamer primers. The amplified DNA fragmetitained in this study ranged from 3000 to 10C:hzers
(bp) in size. The number of amplified DNA fragmenias scored for each primer; the highest numbenygilified
DNA fragments was 38 and 33 (primers B12 and P&peetively). The other four primers amplified 99 AN
fragments, with an average of 24 amplicons per @riacross the siRelargonium samples.

Table (2): Total number of amplicons, monomorphic ad polymorphic amplicons as revealed by RAPD primes among the six
Pelargonium species

Primer  Total Number of Amplicons  Polymorphic amplicons Monomorphic amplicons % of Polymorphism

C1 27.0 25.0 2.0 92.6%
P13 27.0 27.0 0.0 100%
N8 21.0 19.0 2.0 90.5%
B12 38.0 38.0 0.0 100%
H5 24.0 17.0 7.0 70.8%
P8 33.0 33.0 0.0 100%
Total 170 159 11 93.5%
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M100bp 1 2 3 4 5 6 Mikb M100bp 1 2 3 4 5 6 Mikb

M100bp 1 2 3 4 5 6 Mikb M100bp 1 2 3 4 5 6 Mikb

e

M100bp 1 2 3 4 5 6 Mikb M100bp 1 2 3 4 5 6 Mikb

Figure 1: RAPD profile for 6 Pelargonium species as detected with primers a (C1), b (P18)(N8), d (B12), e (H5) and f (P8)
1- P. fragrance, 2- P. radula, 3- P. graveolens, 4- P. peltatum, 5- P.zonale and 6- P. grandiflorum.

The UPGMA tree (Fig. 2) is obtained by cluster sl of the similarity indexes using the UPGMA nwttbased

on the values for the genetic distance. It revélads the sixPelargonium species could be separated into two
clusters. Based on the cluster analysis (Fig.l#&)Pelargonium species were grouped into 2 clusters, whereby the
genotypes in cluster 1 are more closely related tha individuals in the other cluster. The firfister was the
smallest, including 2 specidd, zonale and P. grandiflorum .The rest of théelargonium species were placed in the
second clusteR.fragrance, P.graveolens, P.peltatum, P.radula.
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The Genetic similarities among the Belargonium species were estimated based on the number of cammo
fragment. Similarity values among individuals ratidem 0.1792 to 0.5842 on the Dice index (datasamwn). It
also showed that the similarity values betw@&emadula and P. zonale is 0.1792; whereas, the similarity values
betweerP. zonale andP. grandiflorumwas the highest (0.5842).

Numerical Analysis

Data of the studied characters of the genetic nlistss among six differerRelargonium species by RAPD-PCR
amplification, morphological, anatomical and theface scan descriptions of the leaf and were agpyptieclustering
analysis by using the numerical analysis technigNIESYS-PC.", versionl1.5 program [22]. The finaluks of this
technique are represented in a form of dendrogi#igs2 and Table 3). The dendrograms representetrads of
similarity or dissimilarity distance between stutigpecies.

From the illustrated dendrogram of genetic and molqgical characters (Fig.2) it could be stated tha 6 studied
species distributed according to the similaritydigsimilarity distance through two main clusterieTvery far
cluster which started at the highest similarityele{0.1312) included two specieB; grandiflorum and P.zonale.
The other cluster included the rest of the studipdcies and started at similarity level (0.3146).ttfat level
(0.3009), the specidR. radula split individually away from the other species atdrted to join them at level. At
that level (0.25) the speci®s peltatum join the remaining species. At level (0.1884) thare two species; namely,
P. graveolens andP. fragrance.

From the above mentioned results, it is worthy aterthat the two specida grandiflorum and P.zonale join the
rest of the studied species lately at the highestasity level (0.3146). The reason for that ischase this species
have many morphological and surface scan featuagsfrom the others. Some of these varied chamees; leaf
palmatum, dull, petiole length 5.6-6.9 cm., rugapper epidermis and favulariate lower epidermikeaf.

At the beginning of this study (Table 3) it wasughbt thatP. grandiflorum could be similarly close tB.zonale. The

reason for that is because both species are simitome characters of leaf. But after numericatiglyzed all their
studied characters (anatomical for leaf and pétidilavas found that both species have many charadiffer from

each other. This could be one of the reasons &lility of both species to form one sharing cluster

P.fag

P graveolens

P.zonale

P mndiflorum

r T T T 1
033 0.32 LEH 050 0.58
Coefficient

Figure 2: UPGMA dendrogram based on Nei’s (1972) getic distances among six differenpelargonium species by RAPD-PCR
amplification. Bar on the bottom indicates similarty index based on S.M. coefficients
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Table 3: Genetic distance dendrogram foPe argonium species by RAPD-PCR

: P. P. P. P. P. P.
Species fragrance radula graveolens peltatum zonale grandiflorum
P. fragrance 1.0000
P. radula 0.2706  1.0000
P. graveolens 0.4526  0.2135 1.0000
P. peltatum 0.3404  0.2632 0.3263 1.0000
P. zonale 0.2400 0.1792 0.1923 0.2883 1.0000

P. grandiflorum 0.2222  0.1895  0.2119 0.3100  0.5842 1.0000

Leaf morphological characters
Data presented in Table (4) and Fig. (3) indichi all studied species are simple, petioled atmlralted leaves.

As shown in Table (4) and Fig. (B) grandiflorum, P. peltatum andP. zonale have palmatum leaf shape, whereas
P. graveolens has palmatum lobed shape. On the other Hangdula has pinnatifidum lobed leaf shape dand
fragrance has praemorsum shape.

P. peltatum showed the maximum leaf length and width (12.4-£3.8-8.9 cm) over all studied species, wher€as,
fragrance showed the minimum values (5.8-6.3%2.4-3.1 cmj, Riradula andP. graveolens recorded intermediate
values (7.8-8.3x7.9-8.4 cm) and (6-8x4.5-6 cm)peetvely. BothP. grandiflorum andP. zonale were nearly the
same for length and width (8.9-10.2x7-8.4 cm ar@1®.2x6.8-7.9 cm), respectively. Bokh radula and P.
graveolens have green leave®, fragrance has dull and pale green leavBsgrandiflorum has dull grayish green
and have a brownish zonal marking. Whike peltatum has lustrous dark green, some of leaves; distmaonal
markings, but this is not a commdh.zonale has dark green, dark horseshoe-shaped mark is miésent.

It is obvious from data that, bokhgrandiflorum andP. zonale were quite similar in petiole length, 5.6-6.9 &n8-
6.4 cm, respectively. Whered2peltatum exhibited the highest value 7.5-8.3 cm. on the roltaad, petiole length
of P. fragrance was intermediate 4.1-4.7 cm, whifegraveolens andP.radula recorded the lowest petiole length,
2.6-3.1 and 3.2-3.5 cm. Both speciBsgrandiflorum andP.graveolens have rose leaf sectioned, whitéragrance
has old spiceP.radula has lemon leaf sectione®.peltatum and P.zonale have strawberry and camphor leaf
sectioned, respectively.

Table (4). Morphological information of the leavef the six studied species dPelargonium

Characters Dfragrance. Pradula P. grandiflorum P graveelens F. peltatum P zonale
Shape prachorsum pinnatifidum palmatum palmatum palmatum palmatum
lobed lobed

Length cm. 5.8-63 7.8-83 8.9-10.2 6-8 12.4-134 £.9-10.2
Width cm. 2431 79-84 7-84 4356 7589 68-79
Colour dull& Pale green dull gravish green lustrous Dark  dark green, dark

green green green, Some of horseshoe-shaped

havea leaves ; mark is often
brownish distinctive present
zonal zonal
marking markings, but
this is not a
common

Petiol cm. 4147 3235 3.6-6.9 2631 7583 3864
Leaf sectioned old spice lemon rose rose strawberry camphor
Texture glaucous, hard and rigid dull . leathery semi-succulent, succulent,

tinv, coarsely trailing smooth

toothed

Apex mucronatus mucronatus obtusus obtusus obtusus obtusus
Base cordatus cordatus cordatus hastatus cordatus cordatus
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Fig. (3): Ptographs showing Iaves of the six stied Pelargonium species
1- P. graveolens, 2- P. radula, 3- P. fragrance, 4- P.peltatum, 5- P. zonale and 6- P. grandiflorum.

Leaf texture oP. fragrance has glaucous artéhy, P. radula showed hard and rigid textuPegrandiflorum has dull
and coarsely toothed leaf texture. On the other hdndraveolens has leathery, whilé?.peltatum has semi-
succulent, trailing texture, b&tzonale has leaf texture with succulent and smooth.

P. fragrance and P. radula have leaves apex with mucronatus shape, whereagdeofP. grandiflorum, P.
graveolens, P. peltatum andP. zonale show obtusus apex shape. It is obvious that adlistl species have cordatus
lamina base shape, excépigraveolens with hastatus lamina base shape.

Scanning Electron Microscopy of leaf

A- Upper lamina surface

As shown in Fig. (4) and Tabl) P.radula, P.peltatum and P.zonale are rugose in sculpture of lamina upper
surface, whileP. grandiflorum has rugose-faulariate sculptui. fragrance has indistinct andP.graveolens has
weak reticulate sculpture of lamina upper surfak. studied species have anomocytic type of stonith w
superficial level, excepB.graveolens has anomocytic with raised level. Wher@adragrance has indistinct stoma.
P.peltatum exhibited actinocytic ones with superficial level.

Trichome glandular (digitalis type) were observedPiradula, P.peltatum andP.zonale, while digitalis and menhta
in P.graveolens. P. grandiflorum exhibited vasaka ones, on the other hdhdragrance has vasaka and belladonna
glandular trichome.

Non glandular trichomes (datura type) are noticedupper epidermis oP.radula and P.zonale. However, P.
fragrance and P. grandiflorum exhibited nux vomica type, while iR.peltatum is nux vomica at margin. Digitalis
type is found irP.graveolens.
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Table (5). Micromorphological information of the leaves of the six studied species B&largonium using SEM

Characters Pfragrance Pradula P grandiflorum P graveolens  P. peltatum P. zonale
Sculpture indistinct ~ Rugose Rugose- Weak Rugose Rugose
- Faulariate reticulate
5 E Typeof Stomata  indistinct  Anomocytic  Anomocytic Anomocytic Actinocvtic  Anomocytic
&E Stomatal Superficial Superficial Raised Superficial Superficial
= % leveling
Trichome Vasaka& Digitalis Vasaka Digitalis& Digitalis Digitalis
(Glandular) Belladonna menhta
Trichome Nux vomica Datura Nux vomica Digitalis Nux vomica at Damra
(nonglandular) margin
Sculpture Rugose Rugose Rugose- Rugose indistinct Faulariate
Faulariate
= TypeofStomata Anomocytic Anomocyic — Anomocytic Anomocvtic indistinct Anomocytic
5 E Stomatal semiraised  Semi-raised Superficial Superficial Superficial
£ _E’ leveling
| 2 Trichome Vasaka & Digitalis Vasaka Vasaka DigitalisNux Digitalis
(Glandular) Belladonna vomica at
Trichome Nux vomica Datura Nux vomica Digitalis margin Nux vomica
| (nonglandular)

B- Lower lamina surface

It is obvious from Fig. (4) and Table (5) that fragrance, P.radula and P.graveolens are rugose in sculpture of
lamina lower surface, whilB. grandiflorum has rugose-faulariate sculptuRepeltatum has indistinct andP.zonale
has faulariatein sculpture of lamina lower surface.

The threespeciesP. grandiflorum, P.graveolens andP.zonale have anomocytic type of stoma with superficial leve
WhereasP. fragrance and P.radula are anomocytic with semi-raised level. On the othend, P.peltatum has
indistinct stoma. Trichomes glandular (vasaka tygre) observed iR. grandiflorum and P.graveolens, while type
vasaka and belladonna is noticedPinfragrance. Digitalis type is exhibited if*.radula, P.peltatum and P.zonale.
Non glandular trichomes (nux vomicatype) are natioa lower epidermis . fragrance, P.radula andP.zonale.
P.peltatum exhibited nux vomica at margin, while fradula is datura type. Digitalis type is found ixgraveolens.
Lyubov et al. [11] stated that some species of the ggbermnium L.have stomata of anomocytic type. The stomata
on the abaxial surface (for all species, exceptsabguineum) are larger by size and by quantity per 13nm
compared with adaxial surface. There are glandaal simple trichomes on lamina. The number of gitard
trichomes on abaxial surface is higher relativelgdaxial surface.

3 a00prm To10ox : 200pm : 2000
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Fig. (4): Scanning electron micrographs of leaf bide of studiedPelargonium species.
A: Surface of upper epidermis, B: Surface of loweepidermis (COI’It.)
1- P.graveolens, 2-P. radula and 3-P. fragrance.
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3 S00pm ' oqo0x ! 200pm 5 200%
Fig. (4): Cont.
4- P. peltatum, 5- P. zonale and 6- P. grandiflorum.
Details: S, stoma; G, glandular trichomes; NG, nomglandular trichomes.

Anatomical characters

a- Lamina anatomy

The anatomical features of the leaf of studislargonium species as shown in Figure (5) illustrate that the
epidermis in both upper and lower sides is compagathgle row of rectangular cells covered by thiriicle, while
upper epidermis cells were bigger than the lowersdn all studied species (Table 6). Multi celluidand glandular
trichomes are recognized on both surfaces.

The mesophyll composed of single raw of well depelb palisade parenchyma with relatively large oebular
spaces irPelargonium graveolens, P. radula andP. fragrance. While in P.peltatum, P. zonale andP. grandiflorum,

the palisade tissue composed of two layers of cempalls with no intercellular spaces and extendéedve
vascular bundle. Lamina of all species under studevelop one kind of oxalate calcium crystals $d8) excep®.
zonale which lack of crystals. Multilayers of spongy pachyma are found next to palisade tissue. The spong
parenchyma cells are loosen and irregularly shapi#iu wide intercellular spaces. Also noticed a ¢desable
amount of oil secretory glands in laminaRograveolens, P. radula andP. fragrance. Main vascular bundle oriented
in the center area is central, with xylem surrouhbg phloem and the later bounded by caps of fibaftsile other
lateral bundles are distributed in leaf bladéguieltatum andP. zonale.

Salimpouret al. [8] studied leaf anatomy of teBeranium L. species and stated tHaéranium divaricatum andG.
kotschyi have rectangular epidermal cells Igit pyreniacum, G. collinum, G. purpureum, G. robertianum and G.
rotundifolium had polygonal shape of epiderntalls. Palisade parenchyma@ robertianum, G. purpureum and
G. divaricatum only one layer was presented. @ pyreniacum and G. rotundifolium two layers was showed but
other species had three to six layers of palisadenzhymaPresence or absence of crystals is different ia,@x
persicum and G. rotundifolium there are no crystals in cortical cells adkotschyi , G. stepporum , G. persicum
andG. tuberosum have more than crystals. Stomata type, usuallgistng of anemocytic and anisocytic.

Lyubovet al. [11] studied the anatomical differences betweanesepecies of the genGgranium L. They reported
that the leaves of considered species of the géetenium are amphistomatous, with dorsiventral mesophyie T
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epidermis cells have strongly flexuous shape. Tgpeuand lower epidermis are single layer, covevigd cuticle.

In all studied species the thickness of upper epideis larger than the thickness of lower one. Pladisade
mesophyll consists of two layers of cells and takédarger percentage of the leaf structure comptréde spongy
mesophyll. The latter contains small intercellidpaces. The vascular bundles are collateral tyipe strengthening

tissue is represented by sclerenchyma fibers ofigrgi phloem and by collenchyme facing of vasculandde on
abaxial side of the leaf.

b- Petiole anatomy
It is clear from Fig. (6) that the petiole & fragrance, P.peltatum and P. grandiflorum is circle, while in
P.graveolens, P. radula andP. zonale is semi-circular in shape.

In all studied species the epidermis consists sifigle layer of rectangular cells covered with igktcuticle layer.
The non glandular and glandular hairs are presettita epidermis. The cortex consists of 1-2 lagéiollenchyma
underlying the epidermis and the inner layers efdbrtex comprised thin walled compact parenchyetia.cA ring
of fiber above vascular bundles consists of 2-8iay

The vascular bundles are arranged in a ring andraeggl from one another by the ground tissue. Timber of
vascular collateral bundles differ from 8-15. Thi¢hpoccupies a large portion of the section andsiis of
parenchyma cells.

Lyubov et al. [11] stated that the characteristic feature ofopet of Geranium sanguineum is a presence of a single
simple multicellular trichomes. The simple unicihutrichomes are present only on petiole§o§ibiricum andG.
sanguineum, the latter has a great number of them. The petiofG. macrorrhizum are larger in diameter. This
causes an increase in the number of layers of radilgna, and the thickness of the epidermis, peifaynthe
mechanical function. The number of vascular bundieall investigated representatives@fmacrorrhizum twice

as much compared to the other studied specie&. Irobertianum are observed, sometimes, 3 and 4 vascular
bundles, collenchyma is very poorly marked, indgmg with the significantly thicker epidermis.

Table (6): Anatomical measurements (i) and countd different tissues of leaf lamina and petiole ofig studied Pelargonium species

p. P. P. P. P. P.

Characters graveolens radula fragrance peltatum zonale grandiflorum
a-Lamina
Upper epidermis a7 55 45 53 35 35
Palisade tissues thickness 170 232 150 235 230 205
Spongy tissues thickness 190 310 300 315 390 297
Vascular bundle thickness 310 370 250 400 300 550
Xylem thickness 170 185 95 170 100 100
Phloem thickness 95 98 70 115 85 125
Fiber thickness 65 120 80 118 50 160
Main vein thickness 795 920 960 1010 980 1340
Lower epidermis 35 30 25 30 30 30
Lamina thickness 430 705 520 605 628 518
b- Petiole
Epidermis thickness 25 20 12 30 17 15
Collenchyma thickness 95 75 20 70 70 30
Parenchyma thickness 230 280 160 220 210 330
Fibers thickness 95 85 45 50 90 55
Vascular bundle number 8 9 7 13 13 16
Xylem thickness 210 200 110 210 280 240
Phloem thickness 510 380 100 125 100 90
Pith diameter 2120 2720 960 1710 2570 2860
Cross section diameter 4240 4625 1930 2930 3720 0 386
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1. P.graveolens, 2- P. radula and 3-P. fragrance.
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4- P.peltatum, 5- P. zonale and 6- P. grandiflorum

Fig. (5): Transverse sections of the middle part dhe leaf lamina of studiedPelargonium species
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Epidermis

Vascular bundle
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Fig. (6): Transverse sections of leaf petiole ofuadied Pelargonium species
4- P.peltatum, 5- P. zonale and 6- P. grandiflorum.

Botanical key:
The following key was proposed to distinguish adeniify the studied species. The skeleton of theseis based
on the macro and micro morphological charactetb@teaf.

A. Leaf praemorsum shape in outline, dull and palemrieaf sectioned old spice, glaucous and tinfutex

AA. Leaf pinnatifidum lobed in shape, green, lsa€tioned lemon, hard and rigid texture. Rugogeupnd lower
surfaces of epidermis... . p..radula

AAA. Leaf palmatum

b. Leaf sectioned rose

c. Leaf dull grayish green, have brownish zonal kimgy, cordatus base. Rugose- favulariate upper langr
surfaces of epidermis..........cooovviiiiiie i p. grandiflorum

cc. Leaf green, hastatus base. Reticulate uppédacsuiof epidermis. Rugose lower surface of epiderrhi.
graveolens

bb. Leaf sectioned strawberry, semi succulentiintpiRugose upper surface of epidermis. Indistloeter surface
of epidermis

................................................................ p. peltatum

bbb. Leaf sectioned camphor, succulent. Rugose ruppgace of epidermis. Favulariate lower surfade o
epidermis................. p. zonale
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