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Morphological variation of Libyan carob (Ceratonia siliqua L.)
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Abstract: Carob tree (Ceratonia siliqua L., 2n=24) is an evergreen endemic species found
naturally in El-Jabal El-Akhdar region which is located immediately south of the coastal belt
in the northeastern region of Libya. Morphological characteristics have been the main descrip-
tive tool to characterize a given collection or germplasm, or to identify and differentiate wild
type populations. Eighteen carob population were collected from six different sites in El-Jabal
El-Akhdar area. Seven characters on discriminative pods were measured: the length, width,
thickness, number of seeds, weight of pulp, and yield as well as one character to seeds: the
weight seeds. The present study showed that the choice of pod characters to assess Libyan
carob diversity is a useful and powerful tool. The means and standard deviations of morpho-
metric characters measured in Libyan carob showed highly significant differences among the
studied populations for all the examined characteristics. Differences in morphometric traits of
carob pods and seeds among Libyan carob populations are primarily caused by genetic fac-
tors. The pod size of Libyan carob is considered to be the medium size (10.89 — 17.55cm).
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INTRODUCTION

The carob tree is a slowly growing, woody
evergreen, sclerophyll, and widespread spe-
cies occurring as a native plant in the Medi-
terranean Basin (Ramoén-Laca & Mabberley,
2004). It has been grown since antiquity in
most countries of the Mediterranecan basin,
usually in mild and dry places with poor
soils. Its value was recognized by the ancient
Greeks, who brought it from its native Mid-
dle East to Greece and Italy and by the Arabs,
who disseminated it along the North African
coast and north into Spain and Portugal. It
was spread in recent times to other Mediter-
ranean-like regions such as California, Ari-
zona, Mexico, Chile and Argentina by Span-
iards, to parts of Australia by Mediterranean
emigrants and to South Africa and India by
the English (Battle & Tous, 1997).

The carob tree (Ceratonia siliqua L. 2n = 24)

is an angiosperm, dicotyledonous belonging
to the order Rosales, family Fabaceae (SreCec
et al., 2016). It tolerates drought explaining
its large distribution in the arid and semi-arid
Mediterranean climate (Correia & Martins-
Loucao, 1994; Lo Gullo & Salleo, 1988).
Whose origin seems to be the eastern Medi-
terranean has been domesticated since 4000
BC, and his extensive dates from at least
2000 BC culture, its longevity is considerable
(up to 200 years), and it can reach up to fif-
teen meters high. It is formerly operated in
particular through its feed and food qualities.
Thus the tree is useful in human and animal
food (El Kahkahi, Zouhair, Ait Chitt, &
Errakhi, 2014).

The carob tree is an important component of
the Mediterranean vegetation. Traditionally,
carob pods with their sugary pulp are a staple
in the diet of farm animals and are eaten by
children as snacks or by people in times of
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famine. However, currently, the main interest
is seed production for gum extraction. Fur-
thermore, Carob is well known in the Medi-
terranean countries for its ornamental, nutri-
tional, and medicinal value (Batista, Amaral,
& Proenca Da Cunha, 1996; Battle & Tous,
1997). Carob pods were also used in ancient
Egypt, where the pulp of the pods was mixed
in porridge, with little honey and wax, as a
treatment for diarrhea and some other diseas-
es. The trees are also useful as ornamentals,
landscaping, windbreaks, and in aforestation.
Cattle can browse on leaves, and the wood is
suitable for fuel (Kahkah, Zouhair, Diouri,
Ait Chitt, & Errakhi, 2015).

Phenotypic characteristics have been and
continue to be used as essential components
in the final classification of living organisms.
Till today, morphological characteristics have
been the main descriptive tool to characterize
a given collection or germplasm and to iden-
tify and differentiate wild type populations
(Tous, Romero, Plana, & Batlle, 1996). Mor-
phological characters of pods and seeds were
widely used as quantitative markers to identi-
fy the variation of carob according to certain
criteria in several wild populations and col-
lections (Garbgallom et al., 1997; Barracosa,
Osorio, & Cravador, 2007; Sidina et al.,
2009). Morphological traits of pods and seeds
show a very high diversity in the population
of Tunisian carob; type and geographical
origin of the trees are considered as the
source of the variation (Naghmouchi, Khouja,
Romero, Tous, & Boussaid, 2009). In Spain,
(Albanell, Caja, & Plaixats, 1991) found a
high diversity in morphological parameters of
pods and seeds. Forty seven Moroccan carob
populations from different sites were studied
to assess their genetic variation based on
pods and kernels measures. Most of the pa-
rameters measured showed a significant dif-
ference that indicates a high genetic diversity
(El Kahkahi et al., 2014; Elfazazi, Jbilou,
Assaidi, Benbati, & Harrak, 2017).

In Libya, the carob tree is found naturally in
El-Jabal El-Akhdar area which is located
immediately south of the coastal belt in the
northeastern region of the country. El-Jabal
El-Akhdar extends on the coast belt to about
300 km and rises to about 881 m above sea
level. It is generally rocky and stony, and in-
tersected frequently by many valleys. The
average rainfall ranges between 250-600 mm,
and the soils are terra-rossa or heavy clay
(Johnson, 1973; Sharaf, 1971 ; El-Zwaam,
1995). The carob trees are scattered in the
area of El-Jabal El-Akhdar in association
with many wild species such as olive (Olea
europaea), mastic (Pistacia lentiscus ) and
juniper (Junipurus phoenicea).

The objective of the present study was to
evaluate the morphological characterization
of the fruit of carob tree, and to establish cor-
relations between different morphological
parameters of the Libyan carob.

MATERIALS AND METHODS

Plant material: The plant material consists of
pods of carob tree. It was collected from six
different locations in El-Jabal El-Akhdar (Ta-
ble 1). So we brought in the samples to the la-
boratory. Thirty pods were taken randomly
from each site, and seven characters on dis-
criminative pods were measured to know the
length, width, thickness, number of seeds,
weight of pulp, and yield (seeds weight/ pod
weight x 100), as well as one character to
seeds: the weight seeds.
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Table (1). Sites of the examined carob populations

Population Region Latitude N Longitude W Altitude(m) Rainfall (mm)
P1 Al Haniyah 32°837.99" 0°21" 53" 280 270
P2 Al Haniyah 32°837.99” 0°21" 53" 280 270
P3 Al Haniyah 32°837.99" 0°21" 53" 280 270
P4 Al Waseta 32°52°.79" 0°21" 43" 248 270
P5 Al Waseta 32°52°.82" 0°21" 43" 252 270
P6 Al Waseta 32°52°.82" 0°21" 43" 252 270
P7 Zawiatalargwb 32° 837.53” 0°21" 60" 280 236
P8 Zawiatalargwb 32° 837.53” 0°21" 60" 280 236
P9 Zawiatalargwb 32° 837.53" 0°21" 60" 280 236
P10 Albaqgara 32°79°.39" 0°21" 84~ 280 236
P11 Albagara 32°79°.39" 0°21" 84" 280 236
P12 Albagara 32°79°.39" 0°21" 84" 280 236
P13 Al Faedea 32°36°.43" 0°21" 56" 780 236
P14 Al Faedea 32°36°.43" 0°21" 56" 780 236
P15 Al Faedea 32°36°.45" 0°21" 56" 787 236
P16 Sadi M. Alhamry 32° 38°.38" 0°21° 50" 841 650
P17 Sadi M. Alhamry 32°36°.52" 0°21" 54" 795 650
P18 Sadi M. Alhamry 32°36°.52" 0°21" 56" 795 650

Data analysis: The numerical values obtained
from various parameters measured were ana-
lyzed by Minitab software to calculate averag-
es and standard deviations, which facilitated
the comparison of fruit trees together along
with each character. Furthermore, correlation
between different studied morphological pa-
rameters was evaluated using Pearson correla-
tion coefficient.

RESULTS

The means and standard deviation values of
all morphological characters in the studied
Libyan carob populations (accessions) are re-
ported in table 2. At the outset, we can note
that the results showed highly significant dif-
ferences among the populations (accessions)
for all the examined morphological characters.

The sizes of carob pods are variable from one
population to another. The pod length varies
between 10.89+3.10 cm for population 16 to

17.55£2.94 cm for population 14, and the
width varies between 1.23+0.11cm for popula-
tion 6 to 1.63+0.28 cm for population 11. The
pod thickness varies between 0.45+0.7 cm for
population 7 to 0.87+£0.12 c¢cm for population
12, the pod weight varies between 8.87+1.75 g
for population 4 to 16.06+5.56 g for popula-
tion 12.

Moreover, the morphological characteristics
of the seed (kernel) are also varied among the
examined populations. The seeds number per
pod varies from 6.80+3.43 for population 3 to
12.90£2.03 for population 11 and seed weight
varies from 1.07+0.4 g for population 16 to
2.44+0.29 g for population 8.

Values corresponding to the yield% and pulp
weight varies respectively (11.05+3.71% for
population 17 to 23.25+8.26% for population
15, and 7.39+1.65g to 14.66+5.33 for popula-
tion 13).
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Table 2: Morphological traits of Libyan carob (Ceratonia siliqua L.) populations

Pod P.Od .POd P(.)d Seeds Seeds . qup
Length Width Thickness Weight Number Weight Yield % Weight
cm cm cm g g

P1 11.9944.69 1.42+0.12 0.52+0.07 9.20+1.37 10.10+1.66 1.90+0.27 20.77£3.99 7.39+1.33
P2 16.65+2.93 1.62+0.15 0.48+0.04 12.54+1.69 12.00+1.83 2.27+0.27 18.36+£2.97 10.27+1.65
P3 13.88+1.57 1.43+0.13 0.57+£0.06 10.39+2.23 6.80+3.43 1.28+0.68 12.12+4.74 9.11+1.77
P4 16.30+£2.61 1.39+0.18 0.60+0.06 8.87+1.75 10.60+2.07 1.38+0.29 16.57+2.69 7.39+1.67
P5 16.70£1.91 1.44+0.12 0.47+0.05 9.27+1.62 11.70+2.71 2.14+0.49 22.95+2.42 7.13+1.18
P6 16.15+1.82 1.23+0.11 0.49+0.08 14.22+3.14 11.404+2.50 1.99+0.53 14.34+3.98 12.23+2.94
P7 16.10+2.20 1.31+0.15 0.45+£0.07 9.87+2.68 9.10+2.77 1.54+0.56 15.63+3.94 8.34+2.30
P8 16.20+2.37 1.35+0.21 0.48+0.06 10.63+0.95 11.50+1.84 2.44+0.29 22.96+2.21 8.19+0.79
P9 15.90+2.30 1.41+0.11 0.61+0.05 11.93+2.87 11.00+2.63 2.28+0.68 18.93+2.43 9.65+2.26
P10 13.35+1.49 1.48+0.25 0.47+0.09 10.76+x1.74 10.80+2.70 1.77+0.57 16.67+5.43 8.99+1.68
P11 13.62+1.18 1.63+0.28 0.52+0.08 9.22+2.33 12.90+2.03 1.96+0.53 21.66+4.61 7.26+2.01
P12 15.71+1.33 1.50+0.20 0.66+0.12 12.09+2.47 12.504+2.17 2.05+0.47 17.30+3.98 10.03+2.34
P13 14.75+295 1.61+£0.19 0.52+0.10 16.06+5.56 10.80+3.36 1.40+0.51 9.08+2.76 14.66+5.33
P14 17.55+2.94 1.49+0.08 0.66+0.11 15.65+4.53 10.90+2.03 1.53+0.34 10.27+2.54 14.12+4.34
P15 15.654+3.07 1.4440.15 0.48+0.08 9.73+2.54  9.00+1.49 2.14+0.56 23.23+8.26 7.59+2.54
P16 10.894+3.10 1.4340.27 0.49+0.07 9.12+3.45  7.40+1.43 1.07+0.41 12.06+3.47 8.05+3.20
P17 12.34+2.33 1.30+0.23 0.55+0.09 13.03+3.08 11.50+2.22 1.39+0.48 11.05+3.71 11.64+3.02
P18 13.82+2.48 1.60+0.27 0.51+0.10 14.42+4.20 9.50+1.96 1.38+0.29 10.41+3.89 13.04+4.12
LSD 2.25 0.16 0.07 2.56 2.06 0.42 3.54 2.40

The correlation matrix among all studied mor-
phological traits is summarized in table 3. The
pod length is correlated positively with the
pod weight, seed weight, and pulp weight
with respective linear regression coefficients
of r = 0.267, 0.220 and 0.229. Moreover, the
pod length showed a low correlation with pod
width and pod thickness (r = 0.184 and 0.165).
On the other hand, the pod length has no cor-
relation with seeds number and yield percent.

The pod width shows a positive low correla-
tion with the pod thickness (r=0.171), pod
weight (r=0.178), and pulp weight (r=0.139).
In contrast, the pod thickness shows no corre-
lation with seeds number, seed weight, and
yield percentage.

The pod thickness is positively correlated with
the pod weight (r=0.233) and pulp weight
(0.243). Moreover, the pod thickness is nega-
tively correlated with pod yield percentage (r

= -0,193) and has no correlation with seed
number and seed weight.

The pod weight is positively correlated with
the seeds number, seed weight, and pulp
weight with respective linear regression coef-
ficients of r = 0.365, 0.201 and 0.984. Fur-
thermore, the pod weight is negatively corre-
lated with the yield percentage (r=-0.468).

Seeds number shows a high correlation with
the seed weight (r=0.742), yield percent
(0.408), and pulp weight (0.246). Meanwhile,
seeds number has a high correlation with yield
percent (r=0.710) but has no correlation with
pulp weight. According to table 3 , the yield
percentage has a negative correlation with the
pulp weight (r=-0.602).
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Table 3: Pearson coefficient correlation for morphological characters of fruits (pods and seeds) of Libyan

carob.
Pod Pod Pod Pod Seeds Seeds Pulp
Length  Width Thickness  Weight number Weight Yield %  Weight
cm cm cm g g

Pod Lengthcm  1.000

Pod Widthecm ~ 0.184°  1.000

Pod Thickness 15 1717 1.000

cm

Pod Weightg  0.267 0.178°  0.233" 1.000

Seeds number  0.139  0.066 0.092 0.365"  1.000

Seeds Weightg  0.120  -0.020  -0.035 02017 0.742"  1.000

Yield % 0.028  -0.137  -0.193" -0.468"  0.408** 07107 1.000

Pulp Weightg  0.229 0.185°  0.243" 0.849 02467  0.033 -0.602  1.000
DISCUSSION populations (Naghmouchi et al., 2009). The

The present study showed that the choice of
pod characteristics to assess Libyan carob di-
versity is a useful and powerful tool. Several
authors had resort to the use of pod character-
istics to identify, label or to characterize dif-
ferent carob populations, collections, or ger-
maplasms (Battle & Tous, 1997; Gharnit, Et
Mtili, Ennabili, & Ennabili, 2001; Marakis,
Kalaitzakis, & Mitrakos, 1988; Tous et al.,
1996). Moreover, morphological characters of
pods and seeds are widely used as quantitative
markers to identify populations of carob ac-
cording to certain criteria such as productivity,
resistance to disease, and environmental stress
(Konat¢, Filali-Maltouf, & Berraho, 2007).

The means and standard deviations of mor-
phometric characters measured in the Libyan
carob showed highly significant differences
among the studied populations for all the ex-
amined characters. In agreement with our re-
sults, many authors have confirmed that carob
showed a high diversity in morphological pa-
rameters in Spanish (Albanell et al., 1991),
Italian (Garbgallo et al., 1997), Portuguese
(Barracosa et al., 2007),

Moroccan (Konaté et al., 2007), and Tunisian

pod size of the Libyan carob is considered to
be medium (10.89 — 17.55cm). Other studies
reported that the average pod size may range
from 10 to 30cm, and classified pods size into
three categories: long, medium, and short pods
(Battle & Tous, 1997).

The analysis of morphological characteristics
of pods and seeds has shown a large phenotyp-
ic variation in the Libyan carob. Differences
in morphometric traits of carob pods and seeds
among Libyan carob populations are primarily
caused by genetic factors. Since antiquity,
Libyan carob has been propagated naturally by
seeds. Thus, carob populations showed a high
genetic variation in all morphometric traits.

Furthermore, in this study and similar to other
studies, we also observed that the carob
showed a high genetic variation in morpholog-
ic and agronomic characters among popula-
tions of different sites (Batista et al., 1996;
Tous, Olarte, Truco, & Arts, 1992 ; Girolamo
et al., 2002), and at the same site(Barracosa et
al., 2007).

The Pearson coefficient correlation among
morphological parameters of the Libyan carob
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revealed that the characteristics describing the
pods showed a positive or negative correlation
among each other. On the other hand, there are
no correlations among characteristics describ-
ing the pods and those describing the seeds
except for pod weight. In agreement with our
results, many authors have underlined that
significant correlations, which were found
among characteristics describing pod (El
Kahkahi et al., 2014; Elfazazi et al., 2017;
Srecec et al., 2016).

The present study reported that analysis of
morphological diversity in the Libyan popula-
tions of carob showed significant differences
among all the analyzed characteristics. Those
differences in morphometric traits are caused
by genetic factors. The identification of ge-
netic variation in morphological characteris-
tics is necessary for the description of local
genetic resources.
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