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Abstract — This study evaluated the morphological
variability of forest species 'Celtis australi$ in the subject to
determine the existing forms at their ranges througout
Tunisia, based on some qualitative and quantitative
morphological descriptors. Celtis australisis a vigorous tree
of the family Ulamacées. Its height is 30 m and itgrowth is
very slow, but it can reach a very old age. It thies especially
in light, rich and fresh but not wet (Brush, 2000)Cold-
resistant, drought and wind (Singhtet al, 2004). This species
has many interests in particularly medicinal. The esults of
this study showed a significant morphological varibility that
affected leaf, seed and fruit ofCeltis australis Indeed,
quantitative characters (LONG, WIDTH, PERI, ..) of the
leaves and cores enabled to distinguish between mduals
with long and small leaves. The larger leaves arepresented
in the Ain Drahem (9,27 cm) while from Kesra repreents the
smallest leaves (4,54 cm). For characters of fruignd seeds,
the provenances of Ain Drahem and Ain bousaadiya shv
the highest values for all parameters. The analyzed
characterization parameters can also be the basisfo
descriptors to differentiate the provenance of thevarious
regions and select the most vigorous.

Keywords — Celtisautralis Leaves  Morphology,
Morphological, Variability.
|. I NTRODUCTION

Tunisia is characterized by flora and ecologic

diversity. This results from the climate varialjlithat
extends from humid to Saharien. In addition, it
characterized by its contrasting geomorphology

Pedology. This natural context falling under different

habitats favored the development of a rich and rdeve
natural vegetation (Pottier Alapettite, 1981; Nou2910,

Zouaoui, 2014)Generally, the variability of plant species

is expressed in the characteristics of the vegetatnd / or
reproductive system from the plant. For Dosidaal.
(1999), varietal characterization must involve indiials
who are adapted to specific ecological

selection plant operations because it can targetesting
morphological descriptors and know those related
environmental factors. For this reason, we havesaha
species of the patrimony plant of Tunisizeltis australis
This is a medicinal species with leaves and fruged in
the treatment of amenorrhea, heavy menstrualisaith
blood and colonic

effective in medicine (Demiet al 2002). Despite the
specific interest in this species, there is an mdEsef any

condition
According Sounigeet al. (1997) and Zhang (2002), the m)
description is necessary for all breeding and talrie

study of their morphological variability, genetinch
chemical characterization and agronomic. Moreover,
should be noted that this species is experiencing a
degradation in their natural environment. For ti@ason,
the interest of variability arises. Like all specief
Tunisian forestsCeltis australiss menaced by ecological
upheavals caused by deforestation, overgrazing,
agricultural mechanization and urbanization. Thisation
creates a serious malfunction resulting a loss of
biodiversity with genetic erosion and trivialisatiof flora
(Barbero et al.,, 1990) and consequent a workforce
reduction of this species at the level naturalritistion
area. The need to slow this process of degraddiion
protection and appropriate recovery measures isssacy.

In this context, it integrates this study that cimites to
assessment of biological diversity o€éltis australis
based on the study of inter and intra-specific rditg of
provenances in their natural distribution area.

[I. M ATERIEL AND M ETHODS

[l.1.Materials plant: The plant material used isesgially

composed of trees, leaves and seedetifs australis

[1.2.Study area: We selected sex provenances terdbe

main range of climatic conditions of provenance€ettis
ustralisdistribution in Tunisia (Fig. 1 and Table I).

I. 3. Dendrometric study: The measurements weneech

jout on adult individuals spontaneous in the various
ations of study. The study is appreciated by dsizns
et f study. Th dyi iated by dsi

measures (quantitative characters) of the treestCieeght
diameter (DHP) to 1.30 m; Total height (HT); Heigdft

the first ramification (HP); Crown height (HH) and

diameter of the crown (DH); Circumference of croamd
Biovolume. The biovolume is determined accordinghe
mathematical formula:

V = ((4/3) * 11 * R3) / 2 With: V= hemispherical tree
%/olume (in M) ; II = 3,14 ; R = mean radius of the tree

I1.4. Study of the morphological variability
I1.4.1.Measurement of structural parameters offdiege:

ga@mpling leaves ofeltis australishas been accomplished

on the six areas of study including 20 leaves . {The
determined parameters aferm the leaf blade; Teeth on

the edge blade; Depth lobes; Position of the lobesgth

of main vein and petiole; leaf area; length; width

intermenstrualisation (MazzocchithiCk”eSS' perimeter and ratio (length / width)afLarea is

1999). The immature fruit is often considered verym

easured with a digital planimeter.
I1.4.2. Morphological characteristics of seeds: Saenple

was performed at random manner, 30 fruits from éa&eh
Quantitative variables were determined of kernieisgth;
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width; thickness; weight kernel, and the ratio Wwidt - The height of the crown expresses a strong negati
length. The aspect ratio character of the seed wesrrelation with the crown diameter (r = -0.538).
calculated. - The diameter of the crown shows a strong negative
I.5. Statistical analysisThe results were submitted tocorrelation with biovolume (r = -0.906).

analysis of variance (ANOVA) by a factor Fisher'selst [11.3.Morphological variability ofCeltis australideaves

to check for equality of means of assumption ofrisk -Analysis of variance: The analysis of variance and
level of 5% using the SPSS software (version 24)s | comparison of means were performed at all provesmnc
complemented by multiple comparisons of meansngsti character by character. The region of AD showedotst

by Newman Keuls, Pearson correlation and dendrogramorphological descriptors of the sheeG#tis australis
Then the results were presented as histogramsingachThe results of figure 5 show a highly significariteet

average values framed by their origins. from (F = 66.310, P = 0.000) for the leaf surfa@ewhich
the highest value is recorded in Ain darahem (AZD.83
I1l. R ESULTS AND DISCUSSION + 11,61cm2) while the lowest value in Kesra (K)7@® +

4.49 cm?2) (fig 5a).

1.1.Dendrometric studyThe results of figure 2 showed Similarly, the leaves of AD (9.27 + 2.24 cm) are th
that the total height o€eltis australisshaft has a very longest compared to that of K (4.54 + 1.57 cm) et
highly significant (p = 0.000 <0.05; F = 13.457 wbeen shorter (Fig.6b). The analysis of variance showecry
different provenances studied. It moves from one lohighly significant difference in perimeter of theeets (F =
height from Henchir naam (2.78 + 0.43 m) at higlghe 59.946; P = 0.000) from under the effect.

from Kesra (14.82 = 3.97 m). Similarly, from Kesteows The perimeter leaf from AD (27.48 + 7.12 cm) is the
the dimensions of the highest tree with a diamatehest highest compared with that of K (14.28 + 3.91 cifig(
height (73.90 + 26.05 cm); crown height (11.87 @63m) 5d). Similarly to length of the main leaf vein with0.35 +
and crown diameter (7.03 + 2.37 m). The ANOVA &ing 1.95 cm) in AD compared to (5.90 +1.34 cm) K (Blp).
factor showed very highly significant variationsr fo While for the quantitative character (leaf widtttpe
different morphological descriptors studied. Thessults ANOVA with one factor presented a very highly
indicate a wide diversity of provenances. significant (F = 23.263, P = 0.000) in the provesen
In addition, the highest values were observed intigh effect. The highest value was observed in AB (513
altitude area (995 m) in Kesra (Fig.3.a, b, ¢ andwhile cm), while the lowest was obtained from the proveea
the lowest values were encountered at low altitofle Of K (3.26 +0.84 cm). The provenance of AB showleel
Henchir naam (435 m). best length of leaf petiole with (1.43 + 0.45 cm).

The figure 3 shows the variation of tree growthAnaIysis of correlations between variables Geltis
characters ofCeltis australisin different provenances. australis leaves: The correlation matrix of Pearson (n)
These are different from the precipitation, tempﬂmand indicates the existence of negative correlatiorts ather
also relief. In fact, the circumference of the srgasses to POsitive between variables taken two by two (Tabjje
(23.57 + 7.73 m) in Henchir naam at (232.26 + 8Ing§8 Some correlation coefficients are positively higitvieen
in Kesra. Similarly for biovolume, the highest age is the morphological characteristics of leaves of edight
recorded in Kesra (90.80 + 3.49) while the lowsghat in  Provenances:

Henchir naam (1.38 + 0.02). The height of the firstThe leaf surface shows strong positive correlation
ramification is the average of (3.29 + 0.86 m) im A between leaf length (r = 0.904 **); width (r = 0468

Drahem. and the perimeter (r = 0.943 **).
2. Analysis of correlations between morpholagic -The leaf length shows a strong positive correfatioth
variables ofCeltis australis the perimeter leaf (r = 0.904 **) and the main vkingth

-Hierarchical clustering (CAH): The hierarchical(r = 0.733 **).

ascending classification of provenance taken tagetias - The leaf width expressed a strong positive catieh
gaven a dendrogram (Fig. 4). According a similaiigex ~ With the perimeter leaf (r = 0.555 **) and the niidof
at 0.998, we distinguished four clusters : C1: Bimhem sheet length (r = -0.551 **).

and Ain Bousadia; C 2: Ain soltan and Feija; C @nehir -The perimeter leaf shows a strong positive coticia
naam and C4: Kessra. with length of the main leaf vein (r = 0.807 **).
-Correlations between morphological variablesGltis -Ascending hierarchical classification (CAH): The
australis The correlation matrix of Pearson (n) indicatedlierarchical ascending classification of provenartaien
that there are a negative correlations and othsitipe together has given a dendrogram (Fig.7). According
between variables taken two by two (Table II). Soméaimilarity index with 0.998, there are three clusteCl:
correlations were negatively high between morphiclig Ain sultan, El feyja and Henchir naam ; C2: Kesznal
characteristics of trees of different provenances: C3: Ain Bousadia and Ain Drahem.

-The Total he|ght of the tree shows Strong negat|\)é|4 MOfphOlOgical Variabi”tyoteltis australisfruit and
correlations between crown height (r = -0.747) #mel Seed

diameter of the crown (-0.508). - Analysis of variance: The variance analysis forheac
-The diameter at chest height shows a strong negativariable (Table IV) revealed a very highly sigrefit
correlation with the circumference (r = -1.000). difference (P = 0.000) between provenances for all

characteristics of fruit and seeds. For the froftCeltis
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australis comparing the means for the fruit fresh weight IV. DISCUSSION
character has distinguished (2) homogeneous grdies.

average fresh weight is the order of 0.38 + 0.07 g. The observation of these graphs shows the direct
It varies from 1.15 + 5.41 g to 0.49 + 0.09 g f®®t jnfluence of environmental conditions on the growtid
respective provenances of AS and AB. productivity of treesCeltis australis both at the level

For the dry weight of fruit, the comparison of tean stryctural parameters of foliage than at dendrdmetr
has allowed to distinguish (3) homogeneous grolips. parameters.

mean value is of the order of 0.12 + 0.14 g regbimeAS.  The differences between provenances are probably
It varies from 0.12 + .14 to 0.24 + 0.06 g for teepective related to climatic, edaphic or genetic conditichst
provenances AS and AD. differ between collection sites. Several studiesotimer

Concerning the mean length of fruit, the highedti®a species studied the effect of climatic conditioms the
recorded at AB (176.58 + 37.78 mm), while the lowesmorphological characterization of the plants showteat
value is encountered in HN (19.34 + 2.30 mm). T@m the differences of morphological characters of wewi
Iength of Celtis australisfruit is of the order of 10.41 + Species can be also caused by variation in ageebetw
1.40 mm. While the average width is of the ordeBdf7 + jndjviduals or ecological factors in different geaghical
0.44 mm. The highest width is encountered in AB§%* greas.

060) mm, while the lowest is at AS with 8.19 +3 rim. Concerning the morpho|ogy of the SpecieS, this }stud
The provenance of AD has a longest peduncle (26.2%jghlights a high intra-specific variability andén-species
5.19 mm) compared to other, especially AS shows thg Celtis Australisfor all measurements. The results of this
length of the shorter peduncle (8.19 + 1,15mm).I&/AB  study showed a high variability of the characteisof the
shows the biggest petiole diameter (0.66 + 0.11 anth) total tree height (14.82 m) and crown (11.87 m) in
HN is the smaller (0.49 +0.08 mm). provenance Kesra.

Concerning seedseltis australisthe seed length shows  |ndeed, the large variations of the total heighanter
a significant difference between the sources (F142 P 3t preast height; height of the crown; circumfeecand
= 0.059). The comparison of means has allowed {Qovolume essences obtained for the entire stuey 6
distinguish (2) homogeneous groups. The mean valoe provenances), testify the existence of heteroggneit
the order of 6.31 + 0.44 mm with a maximum for theeltis australistrees for these characters. This very highly
provenance AS (31.35 + 159.12 mm and a minimum Kgnificant variability can be linked to genotygfactors.
HN (0.85 + 0.41). This principal factor is added other secondary dfect

While the highest seed width is encountered in B®T including the micro-variations of soil characterst
+ 056 mm) and lowest among in HN (5.28 + 0.34Heller, 1996 ; Jongschaagt al., 2007). In fact, Kesra
mm).The ANOVA test showed a very highly significantprovenance holds a first place for the various rpatars
difference in the effect provenance (F = 42.835,02000) studied and is clearly distinguishable from other
for this character. The comparison of means hagovenances. It is followed by the provenance ofi Ai
discriminated (4) homogeneous groups (Table V). Drahem. While Henchir naam shows the lower values
-Analysis of correlations between variables Geltis compared with other provenances. ConcerniDgltis
australis fruits and seedsThe correlation matrix of aystralis leaves, the variability of leaves parameters is
Pearson (n) indicates the existence of negativeledions generally higher among individuals. This differatitn
and other pOSitive between different variables nakeo inside provenance may be related to genotypic facto
by two (Table V). Some correlation coefficients are\ote also, there is a high variability observed for
positively high between morphological characterfroits  morphological descriptors of fruits and seedss lieater
and seeds for different provenances: in individuals with the exception of weight. This
-The Dry weight of fruit shows a strong positivevariability of fruit and seeds weight is probabBused by
correlation between fruit width (r = 0.454**) anéesl effects of the environment (Kouyaté, 2005 ; Roath e
width (r = 0.260™). Wulff, 1987 cited by Diallo, 2001). Indeed, seedsda
- The width of fruit shows a strong positive coatédn fruits of small size may be justified by the drigimatic
with the length of peduncle (r = 0.263 **) and seddth  conditions of their original localities (Gémez, 200
(r=0.335"). In this parameters, the provenance effect is glearl
- The peduncle length expresses a strong positivgarked in Ain bousaidiya (highest fruit length (9.
correlation with peduncle diameter (r = 0.297**daseed mm), Ain soltan (highest seed length (31.35 mmd) Aim
width (r = 0.332*). Drahem (highest peduncle length (26.29 mnipis
-Ascending hierarchical classification (CAH)he figure 8 situation presents a Strong argument to prove the
shows the hierarchical clustering of provenanc&gorphological polymorphism noted previously in the
combined. ACCOfding a Slmllarlty index with 0.998ere provenance and even organs (fruits and |eaves)s Thi
are four clusters: C 1 : Henchir naam, El feyja Kedra ; variability has been obtained for the cork oak msor
C2 2: Ain Bousadia; C 3: Ain Soltan and C 4 nAi (Quercus suberl.) of some northern populations of
Drahem. Tunisia (Tlili et al,. 2015). In addition, similar results

were observed in fruits and seeds cacao of wildaG@ac
Populations from the Brazilian Amazon (Luiz Antdrido
S.D et al, 2003). In general, forest trees suchCastis
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australis show a phenological variability as well as
morphology, as shown by several provenance te%?
(Nardini et al, 1999; Gandouet al, 2007). The variability
observed between populations can depend on tworfact
the intra-populational variability and the intergoational
variability related both to the effect of the eowviment [}
and to the genetic structure of the population g54¢,
2005). 8]

V. CONCLUSION
[9]
This study aims to determine the dendrometric and
morphological characteristics of celtis australiges,
leaves, fruits and seeds. Since there is a rangariition [,
between provenances and in the same origin. Thdtses
of this study should serve as guidelines for silaatf the
best celtis australis ecotypes throughout its rarige
addition, We must preserve this plant patrimontate [11]
disparition.In this study, the both provenances n(Ai
Drahem and Ain bousaadiya) are the best compared to
Kesra. In the near future, it will be importantitzrease
the long-term studies on natural provenances ierotal 12]
understand species response to environmental $actor
fluctuations.
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Table 1. Origin and geographic position @feltis australigorovenances

Specie Provenance Site name (Governorate Bioclimat Geographic coordinate

Celtis australis

Kesra

Henchir El naam

Parc national feija

Ain bousadia

Ain soltan

Ain drahem

Siliana

Siliana

Jendouba

Siliana

Siliana

Jendouba

Semi-arid

Semi-arid

Sub wet

Semi-arid

Semi-Arid with mild

winter

Sub wet

3250532999
UTM 3963156

995 m
3250515529
UTM 4008384

435 m
3250437776
UTM 4038359

775 m
3250557715
UTM 3989690

527 m
3250440326
UTM 4044906

945 m
3250471575
UTM4070071
709

Table Il. Correlation matrix between morphological variabtesal height tree (HT); diameter at chest he{@HtP);
Crown height (HH); Crown diameter (DH); Height bétfirst ramification (HR); Circumference (C) anobZolume (B)
measured o€eltis australisrees

HT DHP HH DH HR B

HT 1
DHP -0,368 1

HH -0,747* -0,392 1

DH -0,508** 0,151 -0,538** 1

HR 0,225 0,166 0,201 0,145

C -0,368 -1,000 -0,392 0,151 0,166 1

B -0,423 0,212 -0,497 -0,906 0,093 0,212 1

Table Ill. Correlation matrix between different variables I(Sleaf area; LONG: length; LARG: width; PER: pegtar
; RAT: length / width; FACT: factor ; LNP: lengtH the main leaf vein ; LP: petiole length) measuvadeaves of

Celtis australis

SFL LONG LARG PER RAT FAC LNP LP

SFL 1
LON 0,904 1
LAR 0,584 0,447 1
PER 0,943 0,904 0,555 1
RAT 0,023 0,134 -0,115 0,047 1
FAC 0,056 0,053 0,036 0,057 -0,004 1
LNP 0,817 0,733 0,551 0,807 0,001 0,033 1

LP 0,407 0,329 0,277 0,394 -0,046 0,037 0,429 1
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Table IV. Averages of characters (PER: fresh fruit weigRCPdry weight of fruit; LOF: fruit length ; LAFrdit width
; LOP : peduncle length ; DIP: peduncle diametdD(: seed length ; LAG : seed width) kerneledtis australis

Provenance PFR (g; PSC (g LOF (mm) LAF (mm)

HN 0,33+0,04 c 0,15+0,04 b 10,56+0,61 b 7,9840,44 d

K 0,36+0,05 c 0,15+0,04 b 9,8049,92 b 8,4740,44 b

AB 0,49+0,09 ab 0,23+0,07 a 11,01+198 b 9,29+0,58 a

AD 0,47+0,08 ab 0,24+0,06 a 37,78+176,58 a 9,36+0,60 a

EF 0.38+0,07 c 0,17+0,05 b 10,92+0,76 b 8,67+0,57 b

AS 1,1545,41 a 0,12+0,14 c 10,41+1,40 b 8,19+1,15 ¢
Provenance LOP (mm) DIP (mm) LONG (mm) LARG (mm)

HN 19,34+2,30 c 0,49+0,08 b 0,85+0,41 b 5,2840,34 d

K 20,91+3/47 c 0,53+0,08 b 5,5540,40 b 5,32+0,33 d

AB 26,29+5,19 a 594+1147 a 6,31+0,44 b 5,70£0,38 b

AD 2393+3,79 b 0,49+0,10 b 6,71+0,81 b 5,92+0,50 a

EF 19,84+3,24 c 0,50+0,06 b 6,06+0,63 b 5,49+0,41 c

AS 23,73+8,57 a 0,58+0,07 b 31,35+159,12 a 5,97+0,56 a

Table V. Correlation matrix between the different measwatables (PER: fresh fruit weight ; PSC: dry weighfruit
; LOF: fruit length; LAF: fruit width; LOP : pedulelength; DIP: peduncle diameter ; LONG: seedtlengARG: seed
width) on fruits and seeds Gfltis australis.

PFR PSC LOF LAF LOP DIP LONG LARG
PFR 1
PSC -0,051 1
LOF -0,001 0,022 1
LAF 0,039 0,454 0,074 1
LOP 0,045 0,108 0,096 0,263 1
DIP -0,002 0,097 -0,014 0,153 0,297 1
LOG -0,008 -0,04 -0,005 -0,094 0,051 -0,013 1
LAG 0,007 0,260 0,041 0,335 0,337 -0,004 0,138 1

Fig. 1. Map showing the locations of collection sitesG#itis australisn Tunisia

Copyright © 2016 IJAIR, All right reserved
306



International Journal of Agriculture Innovations and Researct

g\)‘% Volume 5, Issue 3, ISSN (Online) 2319-1473
/4

JAIR
@ 20 a . 100 L 2
E 15 b 3 _
2102 4 : SE 50 ¢ d = ¢
5E ¢ e ®2 €
L~ - )
K e
= ()
|9 AD AS F HN K AB .g.: AD AS F HN K AB
a

a Provenances b Provenances

15 - @ a o 8 1b a p = AD
—_ c mAS
£ ¢ £ 6 d mF
£ d d 6 E 4 e HN
X @ £ 2 - K
@ - 5 % = AB
S 5 °

©

° AD AS F HN K AB [=) ADAS F HN K AB
o
c Provenances d Provenances

Fig. 2. Variation of morphological parameters ©éltis australis Total height of tree (a); Diameter at chest
height (b); Crown height (c) and Diameter of thewan (d) of different provenances studied: Ain Derah
(AD), Ain Soltan (AS), Feija (F), Henchir Naam (HN§esra (K), Ain Bousadia (AB ). The values reprdgse
the average of 6 individual measurements treesirBemtervals are calculated at 5% level.
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Fig. 3. Variation of morphological parameters©éltis australis Height of the first ramification (a) ;
Circumference (b) and Biovolume (c) of the differprovenances studied: Ain Drahem (AD), Ain Solta
(AS), Feija (F), Henchir Naam (HN), Kesra (K) anth Bousadia (AB ). The values represent the aveohge
10 individual measurements trees. Security interaed calculated at 5% level.
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Fig. 4. Dendrogram according to morphological parametefSettis australigorovenances clustered base on
dissimilarity of Pearson Method
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Fig.5. Variation of leaf parameters @feltis australis; Leaf area (a) ; Leaf length (b) ; Leaf width {teaf
perimeter (d) of different provenances studiedn Brahem (AD), Ain Soltan (AS), Feija (F), Henchaam
(HN), Kesra (K), Ain Bousadia (AB ). The valuesmegent the average of 180 individual measurements.
Security intervals are calculated at 5% level
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Fig.6. Variation of leaf parameters @feltis australis; Shape index leaf (a) ; length of the main legihyb) ;
Length of leaf petiole (c) of different provenansasdied: Ain Drahem (AD), Ain Soltan (AS), Fefd),
Henchir Naam (HN), Kesra (K), Ain Bousadia (AB).dtalues represent the average of 180 individual
measurements. Security intervals are calculatééedevel
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Fig.7. Dendrogram according to leaf parameter€eltis australigorovenances clustered base on
dissimilarity of Pearson Method
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Fig. 8. Relationship between the provenance€eiltis australisaccording to fruits and seeds variables

Copyright © 2016 IJAIR, All right reserved
309



