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ABSTRACT 

 

 Carob (Ceratonia Siliqua) is an evergreen  tree  that has the ability to adapt to harsh environmental conditions, and has become a 

plant of economic multipurpose. This study was conducted to assess a few biological and morphological characteristics of racemes and 
the impact of different insect visitors that pollinate Carob flowers. A group of male, female and hermaphrodite trees were randomly 

selected to measure the initiation and cessation of flowers, raceme length, and number of flowers per racemes. Flowers of dioeciously 
Ceratonia Siliqua trees were subjected to three pollination treatments; open pollination, supplementary hand pollination with insects, and 

supplementary hand pollination without insects. These pollination treatments were conducted to identify whether low fruit production per 

raceme was due to pollination limitation. Pod length and weight, seed number per pod, 10 seed weight, and seed viability were measured. 

Supplementary hand pollination increased pod production and seed number per pod compared to non-supplemented flowers. Pod length 

and weight were not affected by Supplementary hand pollination treatments. Open pollinated flowers produced heavy seeds with higher 

seed germination rates.  
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INTRODUCTION 

 

 The carob (Ceratonia Siliqua L.) tree, also called 

locust, belongs to the subfamily Caesalpinioideae of 

the Leguminosae family [3,10].  The carob tree 

(Ceratonia Siliqua) is grown in the eastern 

Mediterranean and has been cultivated since ancient 

times [4,47]. The Carob is suitable for the re-

vegetation of marginal and sub-marginal  dry areas  

and is one of the most interesting trees of the 

Mediterranean basin [4]. This vast distribution comes 

from the carob tree’s ability to adapt to harsher 

environmental conditions such as  barren, rocky, dry, 

or generally poor soils. An agriculture benefit to this 

is that the Carob tree requires little maintenance [24] 

.From an ecological point of view, carob, like other 

leguminous trees, can be used for rehabilitation of 

marginal lands due to its resistance to drought and 

salt tolerance [21].  

 Individual trees may be male (with 

inflorescences carrying only staminate flowers), 

female (with inflorescences carrying only pistillate 

flowers), and hermaphrodite (with some 

inflorescences carrying staminate and others pistillate 

flowers, inflorescences which carry hermaphroditic 

flowers). Male and female flowers both contain 

nectar, although not in equal amounts. Insects play a 

vital role in pollination [37,33]. The flowers of the 

carob tree are racemes that have its main flowering 

season in autumn (September–November) with a 

peak in October [37,4]. Moreover, carob flowers 

offer high amounts of nectar and pollen [33]. It has 

been observed that the male flowers receive a higher 

number of floral visitors  than the female ones, 

although the latter produce significantly higher 

amounts of nectar [33].  

 In Jordan carob trees are estimated to be about 

200,000 trees. They are found widely uncultivated in 

the highlands such as Irbid, Ajloun, Al Salt and 
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Amman, which are characterized by cold winters and 

hot dry summer. These species and genera have 

adapted to harsh conditions which include extremes 

in temperature coupled with extended drought and 

low soil fertility [27]. As their main flowering season 

is in  autumn, pollination of carob grown in Jordan 

occurs during the cool period. Moreover, beekeepers 

transport their bee colonies to Jordan Valley to avoid 

the harsh environmental conditions and to get benefit 

of flowering plants there [46,1]. Also, the number of 

wild pollinators visiting the flowers in winter is low 

resulting in poor pollination and less fruit quality.  

This causes the Carob to display a low percentage of 

fruiting  per raceme in both wild and cultivated 

populations [6,16,2,26]. Yield instability is a 

common problem for Carob grown in Jordan. Little 

attention has been paid to crop pollination of fruit 

trees facilitated by insects in this area. These wild 

shrubs were never evaluated for pollination 

requirements under Jordanian weather conditions. 

Therefore, this study was performed to study some of 

the biological and morphological characteristics of 

Ceratonia Siliqua raceme and to identify the 

different insect visitors of Carob flowers and their 

impact on pollination of dioeciously flowers.  

 

Materials And Methods 

 

2.1. Site description: 

 The study was conducted at Jordan University of 

Science and Technology (JUST) campus in northern 

Jordan, Ramtha (32°22" N, 35°49" E). The 

environment had semiarid Mediterranean conditions 

with mild rainy (225 mm) winters and hot dry 

summers. The mean maximum air temperature 

during July and August was about 36 °C.   

 

2.2. Biological and morphological characteristics of 

racemes: 

 2.2.1. Flowering dates of male and female flowers:  

 A group of nine male, female and hermaphrodite 

trees were randomly selected to monitor the initiation 

and cessation of flowering racemes. Each tree was 

visited every other day and the opening of male, 

female and hermaphrodite flowers was noticed by 

naked eyes. All trees were monitored from August by 

the appearance of the racemes to December by the 

cessation of racemes.  

 

2.2.2. Raceme length:  

 16 racemes of each male, female, and 

hermaphrodite tree were randomly selected and later 

collected by the cessation of the last flowers. Raceme 

length was recorded manually by using a graduated 

tape in the lab. 

 

2.2.3. Number of flowers per raceme: 

 The randomly selected racemes were tagged 

with fine tulle.  As the flowers start opening, the 

number of flowers were directly counted. 

Furthermore, each dropped flower inside the bags 

was also calculated. 

 

2.3. Pollination of dioeciously trees:  

2.3.1. Supplementary pollination in addition to insect 

visitation: 

 To determine whether low fruit production per 

raceme was due to pollination limitation, 

supplementary hand pollination was made. Four 

healthy trees were randomly selected with many 

healthy branches bearing dense flower buds. On each 

tree 16 mature racemes were randomly labeled. This 

resulted in a total of 64 racemes.  Honey bee workers 

as well as other insect visitors in the area had access
 

to flowers. Supplementary pollination was carried 

out with a brush containing abundant pollen obtained 

by collecting recently opened stamens from different 

flowering carob trees located nearby. Because the 

flowers within and between inflorescences bloom 

simultaneously, brush pollination supplementation 

was done repeatedly four times at two days interval 

until the last racemes stopped its flowering. The 

manipulated racemes were subsequently monitored 

weekly and the pods were harvested later as they 

gradually started to show a brown color. 

 

2.3.2. Supplementary hand pollination without insect 

visitation:  

 On the same trees, 16 mature racemes were 

randomly labeled. The result was a total of 64 

racemes.  Each selected raceme was covered with 

paper bag to prevent invasion of other undesirable 

pollen grains. Next, sticky glue was added on the
 

branch beneath the bagged flowers to eliminate 

crawling insects. Supplementary hand pollination 

was carried out with a brush containing abundant 

pollen obtained by collecting recently opened 

stamens from different flowering carob trees located 

nearby. Because the flowers within and between 

inflorescences bloom simultaneously, brush 

pollination supplementation was repeated four times 

at two days interval until the last racemes stopped its 

flowering. The manipulated racemes were 

subsequently monitored weekly, and pods were 

harvested later as the pods showed brown color.    

 

2.3.3. Open pollinated (control):  

 To assess the role of honeybees as well as other 

insect visitors in pod production under natural 

conditions, the same healthy four trees were used.  16 

mature racemes were randomly labeled resulting in a 

total of 64 racemes. Honeybee workers as well as 

other flower insect visitors in the area had access to 

flowers even though wind pollination was also 

possible. The racemes were subsequently monitored 

weekly, and pod harvesting was taken later as the 

pods showed brown color.  

   

2.4. Pod characteristics: 

2.4.1. Number of flowers and pods per raceme: 
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 The number of flowers per racemes was defined 

by carefully counting the female flower scars  on the 

mature racemes. The number  of pods was counted 

directly from the mature racemes. To prevent missing 

fruits that could have fallen off of the  racemes and 

would be missed in the counting, a fruit trap (a 

basket made of cloth mesh held with wire) was 

placed directly  under the racemes. Pod set ratio was 

estimated as the ratio of the number of pods per 

number of female flowers per racemes. 

 

2.4.2. Pod Length and weight: 

 Collected pods were air dried for 4 weeks  and 

kept at 48 °C before analyses. Pod length was 

measured using a graduated tape. Pod weight  was 

measured using a top-loading balance. 

 

2.4.3. Seed numbers and weight per pod: 

 Each pod was decorticated manually by hand in 

the laboratory and the level of seed set was recorded. 

10 seeds were taken randomly for each replicate and 

their weight was measured using a top-loading 

balance. 

 

2.4.4. Seed germination:  

 Mature seeds were collected and tested for 

viability using the scarification method. 30 seeds 

were collected randomly from each replicate. Seeds 

were placed in Petri dishes and left in darkness for 

one week. Seeds were considered viable if the 

germination happen. 

 

2.5. Statistical analysis:  

 Data was subjected to analysis of variance 

(ANOVA). This experiment was planned as a 

Complete Randomized Design (CRD) with four-

replications. Collected data was analyzed using SAS 

[39]. Least Significant Differences (LSD) was used 

to compare between the means of treatments at a 0.05 

probability level. 

 

Results:  

Insect visitors or Flower visitors:  

 In general, Ceratonia Siliqua flowers were 

visited by a very restricted numbers of insect species, 

and they were of the order Hymenoptera. Table 1 

showed that a total of 228 bee individuals collected 

pollen on Ceratonia Siliqua flowers during a total of 

30 census days. Honeybees were the most frequent 

visitor with 57% (n = 130). While Polistes 

Dominulus 22% (n = 50) and Vespa Orientalis 21% 

(n = 48) were shared in very low (appeared in small) 

numbers, and their contribution to pollination of the 

Ceratonia Siliqua flowers seems to be small and 

unreliable. Beetles and butterflies visited the flowers 

for a considerable time period showing no interest in 

pollen and feeding only on nectar. There were very 

few flower visitors belonging to order Coleoptera 

and Lepidoptera and are not considered in the 

calculation because of their minor importance in 

flower pollination. Furthermore, Male flowers were 

more attractive to honeybee workers as well as to 

other insect visitors. During 30 census days, a total of 

160 (70%), 44 (19%) and 24 (11%) insects were 

monitored visiting male, female and hermaphrodite 

flowers respectively.  

  
Table 1: Diversity and number of bee species visiting flowers during 30 census days. 

Insect visitors 
Total 

individuals 

Male 

flower 

Visitation 

rate 

Female 

flower 

Visitation 

rate 

Hermaphrodite 

flower 

Visitation 

rate 

Apis Mellifera 130 90 56.3 24 54.5 16 66.7 

Vespa Orientalis 50 40 25 8 18.2 2 8.3 

Polistes dominulus 48 30 18.7 12 27.3 6 25 

  228 n = 160  n = 44  n = 24  

 
Table 2: The biological characteristics of dioeciously and hermaphrodite Ceratonia Siliqua trees. 

Trees Type Flowering date Raceme length Flower No./ raceme Pollen / flower 

  F. flower M. flower F. flower M. flower  

Dioecious trees September to  December 10.1 8.2 35.5 32.6 12 mg 

Hermaphrodite trees September to  December 5.07 26.9 8 mg 

 
Table 3: Number of flower per raceme, matured pods per raceme, pod set, matured pods percentages following three pollination treatments 

for flowers of Ceratonia Siliqua. 

Treatment 
Average number of 

flowers/ raceme 

Average number of matured 

pod/ Raceme 
% of matured pods 

Supp with insect 35.3a 5.56 a 15.75 a 

Supp without  insect 35.5a 6.63 a 18.68 a 

Open Pollinated 35.8a 3.38 b 9.44  b 

L S.D ( 0.05 ) ns 1.21 4.5 

LSD (0.05): Fisher’s least significantly difference to compare treatment means, means not followed by same letter are significantly different 

at P ≤ 0.05. 

 

The most frequent male flower visitor species were 

Apis Mellifera with 56.3% (n = 90), Vespa Orientalis 

with 25% (n = 40) and Polistes Dominulus with 

18.7% (n = 30). In the case of female flowers, the 

most frequent visitor species were Apis Mellifera 

with 54.3% (n = 24), Vespa Orientalis with 18.2% (n 

= 8) and Polistes Dominulus with 27.3% (n = 12). In 

Hermaphrodite flowers, the most frequent visitor 
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species were Apis Mellifera with 66.7% (n = 16), 

Vespa Orientalis with 8.3% (n = 2), and Polistes 

Dominulus with 25% (n = 6).  

 
Table 4. The effect pollination treatment on Pod and seed characteristics of Ceratonia Siliqua trees. 

Treatment 

Pod characteristics Seed characteristics 

Length Weight 
Seed No. 

per  pod 

 

Weight of 10 seeds 
 

Seed germination 

 (cm) (g)  (g) (%) 

Supp with insect 14.7 a 12.4 a 9.95 a 1.72 b 50  b 

Supp without  insect 14.8 a 12.6 a 10.3  a 1.70 b 60  b 

Open Pollinated 16.9 a 11.4 a 7.5   b 1.81 a 80  a 

L SD ( 0.05 ) ns ns 271 0.09 0.199 

LSD (0.05): Fisher’s least significantly difference to compare treatment means, means not followed by same letter are significantly different 

at P ≤ 0.05. 

 

Morphological characteristics: 

 Table (2) shows flowering dates, raceme length, 

number of flowers per raceme, and the amount of 

pollen grain of Ceratonia Siliqua produced by single 

flower. Throughout the study period, under Jordanian 

weather conditions, the flowering date of Ceratonia 

Siliqua trees was extended from September to the 

December. On average, a single raceme length for 

female, male, and hermaphrodite trees were 

respectively 10.1 cm, 8.2 cm and 5.07 cm. On 

average the flower numbers per raceme of female, 

male and hermaphrodite trees was respectively 35.5 

flowers, 32.6 and 26.9 flowers. 10 flowers of male 

and hermaphrodite flowers respectively produced on 

average 12 mg and 8 mg pollen grains.   

 

Pod production and seed set under different 

pollination treatments: 

 Table 3 shows the number of flowers per 

raceme, the average number of matured pods per 

raceme, and the percentage of matured pods for 

Ceratonia Siliqua exposed to three pollination 

treatments. In spite of the high production of flowers 

per racemes, the pod set of open and supplementary 

pollinated flowers was relatively low as shown in 

table 2. The number of pods produced by Ceratonia 

Siliqua flowers was significantly affected by pollen 

supplementation. The highest pod production was 

produced by flowers supplementary pollinated with 

access of insect visitation (5.56 pods per raceme). In 

contrast, the flowers that were supplementary 

pollinated without access of insect visitation flowers 

produced 6.63 pods per raceme) with a non 

significant differences between both treatments. 

Open pollinated flowers produced on average 3.38 

pods per raceme, which was significantly lower than 

supplementary pollinated flowers.  

 Both supplementary and open pollinated flowers 

did not significantly increase both pod length and 

weight. Hand supplementary pollinated flowers, with 

and without insects, showed a significant increase in 

seed numbers per pod (9.95 and 10.3 seeds/pod 

respectively) as compared to open pollinated flowers. 

The Open pollination flower treatment significantly 

increased 10 seeds weight (1.81 gm) and seed 

germination percentage (80%) as compared to hand 

supplementary pollinated flowers treatments. 

Discussion: 

 During the study period, honeybee workers were 

the dominant visitor to the Ceratonia Siliqua flowers. 

Other insect visitors included the Vespids. However 

they engaged in nectar collection only. Scarcity of 

insect visitors could be attributed to several factors. 

One of the most important factors is the high 

temperatures that prevail during the summer months 

just before the flowering months extending from July 

until September. Such temperatures may cause the 

death of many insects including wild bees, or 

obligate them to enter into diapause. Another factor 

that may affect the pollination process is the 

flowering of other wild and garden trees in the 

Campus specially Eucalyptus. These trees can 

compete with Ceratonia Siliqua as a source of 

attraction to the insect pollinators. Similar 

competitive effects were observed in pear (Pyrus 

spp.), plum (Prunus spp.), and almonds (Amygdalus 

Communis) orchards growing next to Sinapus Alba 

[43,41]. Pollination in carob is mainly affected by 

insects, mostly honey bees, but also other non-

pollinator insects like flies, wasps and moths that 

may visit Ceratonia Siliqua flowers and that play a 

minor role in flowers pollination [11,34]. Male trees 

are more attractive to bees and thus visited more 

frequently than female trees [37]. 

 Ceratonia Siliqua trees grown in the Campus 

under Mediterranean semiarid conditions produced 

on average 32.6 and 26.9 male and hermaphrodite 

flowers, while female trees initiated on average 35.5 

flowers per raceme. Our results are in agreements 

with previous studies conducted by Arista et al. [2], 

who noticed that Ceratonia Siliqua male trees 

produced 34 flowers per raceme while hermaphrodite 

and female trees produced on average 25 and 23 

flowers per raceme. Carob inflorescences have been 

reported to bear mostly between 20 and 60 single 

flowers [28]. Crescimanno et al. [13] characterized 

33 Italian female carob varieties and found 30 to 69 

flowers per raceme and raceme lengths of 4.1 to 10.3 

cm. Ortiz et al. [34] reported the highest variability 

of 11 to 96 flowers per raceme with a mean of 40.8 

in a wild Ceratonia Siliqua population in Spain. In 

the same manner, Retana et al. [37] found only 27 

and 21 flowers per inflorescence in two Spanish 

female cultivars, while inflorescences in male 
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cultivars exhibited higher flower numbers with 17 to 

22 flowers per inflorescence. 

 In Jordan, the experimental Ceratonia Siliqua 

trees started opening their flowers in September and 

ceased flowering in December. In most 

Mediterranean regions, carob flowering takes place 

between July and December with the major bloom 

between September and November [31]. Extended 

flowering periods with mature flowers being present 

during a span up to 16 weeks, as has been found in 

the present study, is another outstanding feature of 

carob among the Mediterranean fruit tree species. 

Insect pollinated tree crops cultivated in the 

Mediterranean area generally have shorter blooming 

periods, e.g. 30 to 40 days in olive (Olea Europaea), 

10 to 30 days in almond (Prunus Amygdalus) [17], 

30 to 50 days in loquat (Eriobotrya japonica) and 20 

to 30 days in kaki (Diospyros Kaki)  [23]. This 

lengthy flowering period extends from early 

September to the late part of December as a strategy 

to transition from a hot dry summer to a more 

moderate autumn and to ensure that at least some 

flowers will be pollinated due to momentarily 

favorable weather conditions and insect activity [37].  

 In general, pod yield of Ceratonia Siliqua under 

natural conditions is relatively low in Jordan. Fruit 

set values under the best conditions were 3.38, 3.56 

and 3.63 pods per raceme for both open and 

supplementary caged and non caged pollinated 

flowers. These results are in agreement with the 

study done by Rovira and Tous [38] who found 29% 

of all arising inflorescences to exhibit final fruit set 

in a Spanish female cultivar. While Ortiz et al. [34] 

recorded a final percentage of 8.6% racemes with 

fruit set in a wild population from southern Spain. 

The low pod set in Ceratonia Siliqua could be due to 

one or more of the following factors: Pollen losses to 

pollen feeders at the anthers before transport is also a 

pollination failure cause. Failure of pollen to reach 

the stigma in wind-pollinated plants is usually 

because of low population densities and/or 

unfavorable weather conditions for pollen dispersal 

[35,19,32]. First, at certain time the numbers of 

receptive flowers is very low, which reduce the 

frequency of insect pollinator visits and the quantity 

of deposited pollen [25,29,44]. Second, randomized 

plantation of male trees and their low numbers 

caused a limit in the availability of pollen or 

inefficiency of the present pollinators, thus only little 

viable pollen might arrive to stigmas [12,15]. Third, 

environmental conditions prevailed at that time may 

considered comparatively unfavorable for pollen 

mobility, pollen germ ability, and pollen tube growth 

and thus controlled fruit set [40,14]. Fourth, it is due 

to physiological reasons, in other words the 

competition for nutrient resources, that flowers are 

inhibited from setting fruits once a certain number of 

fruits are already developing [41]. Fifth, May be due 

to hormonal effects within an inflorescence [3].  

 The numbers of initiated female flowers were 

similar among treatments (about 35 female flowers / 

raceme). However, the number of set pods per 

raceme increased after supplementary hand 

pollination. Such increases indicate the existence of 

pollen limitation in Ceratonia Siliqua under natural 

conditions, as in other species [44,9]. Although the 

removal of this pollen limitation by supplementary 

hand pollination increased pod production, pod 

number per raceme continued to be low (a mean of 

3.5 pods / raceme after supplementary hand 

pollination). This suggests that fruit production in 

Ceratonia siliqua is also limited by the availability of 

resources. The fact that lacking pollination might be 

a limiting factor for fruit set in carob is underlined by 

Bosch et al. [11], who demonstrated in hand-

pollination experiments that at least in two female 

carob cultivars fruit set could be increased. The 

authors concluded that fruit production was 

seemingly limited by poor pollination. 

Supplementary hand pollination without insects 

improved pod set as compared with open 

supplementary hand pollinated flowers. These results 

could be attributed to honeybee foraging behavior. 

Foraging bees carried mixed compatible and 

incompatible pollens to the flowers; this led to a 

reduced fruit set compared with supplementary hand 

pollination [2]. 

 Supplementary hand-pollinated flowers had 

higher pod set and seed number per pod than did 

open pollinated flowers, but had the same pod length 

and weight. It seems that during the early flowering 

months, the flowers received the appropriate quality 

and quantity of pollen, which led to improvement of 

pod initiation and growth. Pollen is an important 

source of hormones. Its deposition on the stigma 

initiates ovary growth which results in a higher pod 

weight [8].  Seeds most likely control fruit growth 

via the mobilization of nutrients required for their 

own growth and for the development of the 

surrounding fruit tissue [40].  

 Low pod numbers of supplementary and open 

pollinated flowers per raceme may cause a 

competition among ovaries for nutrients but this 

competition did not affect pod characteristics [6,16]. 

Apparently, both bees and supplementary hand 

pollination carried enough pollen to the stigma of 

each flower, resulting in a non-significant difference 

in seed number produced per pod [26]. Failure of 

seed development may be due to several reasons e.g. 

pollen related reasons, such as insufficient quantity 

of pollen on the stigma, or quality restraints like lack 

of viability or germ ability. Also, 10 seed weight and 

seed viability were improved under open pollinated 

pollination treatments as compared to supplementary 

treatments. It seems that the open pollinated 

Ceratonia Siliqua flowers received more suitable 

quality and quantity of pollen. If pods are initiated 

with suitable pollen and have a low seed number, 

they may have a higher growth rate and weight [22]. 
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Bertin [7] reports, that unfavorable pollen sources 

may cause a large number of homozygous 

deleterious allele combinations. This results in many 

embryo abortions, which may affect their viability. 

Aborted seeds were frequently found in mature carob 

pods. Similarly, apple fruits containing only few 

seeds often fail to achieve full size and tend to be 

abscised early. Data from other authors suggest that 

there is a threshold seed number below which it is 

not advantageous for the plant to mature fruits. In 

apple, the threshold varies with the year and the 

number of fruits developing [36]. 
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