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               The present study was carried out in two regions of Upper Egypt, 

(Assiut and Sohag governorates) to verify qualitative and quantitative pollen 

types on the bodies of honey bee foragers through body surface pollen 

analysis. It was conducted by taking weekly samples of incoming nectar 

foragers, collected directly from apiaries, during the blooming season (from 

March to September). The blooming season was divided into three periods as 

follows: first period (early spring: March and April), the second period (late 

spring: May and June), and third period (summer: July to September). The 

results showed that, in the Assiut area, there were twenty-one plant species 

belonging to sixteen botanical families, while in the Sohag area, there were 

14 plant species belonging to 9 plant families during the blooming season. In 

the first period, Foeniculum vulgare and Eucalyptus globules in the Assiut 

area, and Brassica kaber and Eucalyptus globules were classified as 

secondary pollen types and labeled as nectariferous plants, while Phoenix 

dactylifera was labeled as a polleniferous plant in both areas. Thus, the honey 

yield would be bifloral honey in both regions in this period. While during the 

second period, the dominant pollen type in both regions belonged to the 

Egyptian clover (Trifolium alexandrinum L.), and the other pollen was 

labeled as a minor pollen type. Therefore, the type of honey would be 

monofloral honey (clover honey). In the third period, eucalyptus pollen was 

the dominant pollen, followed by Alfalfa’s pollen as the secondary pollen 

type in the Assiut area. So, the honey yield would be dominated by eucalyptus 

nectar. On the contrary, alfalfa’s pollen (Medicago sativa) was the dominant 

pollen, and the other pollen was classified as a minor pollen type in the Sohag 

area. Hence, the honey yield would be dominated by alfalfa nectar. 

Knowledge about the polleniferous and nectariferous plant sources is 

essential for bee conservation. as well, as contributing toward the prediction 

of the expected honey yield type. Consequently, more studies in many areas 

of Upper Egypt are necessitated.    

 
 

     INTRODUCTION 

 

              Plants provide pollen and nectar to honey bees. Honeybees serve as pollinators of 

agricultural plants which is more valuable than other bee products. A battalion of plants is 

entomophilous. So, the bees and plants have a co-evolved and interdependent relationship 
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(Suryanarayan, 1986; Velthius, 1992 and Hargasim, 1974). Honeybees require proteins, 

carbohydrates, vitamins, minerals, water, and fat for their existence and for forming the 

body tissues of the bees, particularly through the initial embryonic development as well as 

the building of a colony (Loper and Berdel, 1980). All these foods come from nectar and 

pollen. The lack of pollen can disturb the suasiveness of the colony and honey yield 

(McLellan, 1974; Duff & Furgala, 1986; Nelson, 1987). Therefore, the knowledge of the 

pollen flora of a region is a fundamental tool for the enhancement and buildup of the 

beekeeping industry. Also, the information on the pollen flow times could be useful to 

decide when pollen substitutes should be introduced to colonies. The bee flora can be 

classified into 3 groups as follows: (i) polleniferous (visited by bees for pollen alone); (ii) 

nectariferous (visited for nectar alone) (iii) pollen-and-nectariferous (visited for both pollen 

and nectar). 

                Pollen load analysis provides us with data about the sources of pollen to honey 

bees in an area. Likewise, pollen analysis of honey gives us knowledge concerning the 

plants favored by bees for nectar, as the pollen grains spread in honey. In the case of the 

plants that are visited for both pollen and nectar, their pollen will be found in honey and 

pollen loads (Deodikar 1965; Majumdar and Chanda 1984).  

                Diversified bee flora provides the honey bee colonies with nectars and pollens 

during the year (Zamarlicki, 1984). Hence, the endurance of honeybees is associated with 

the abundance of bee florae. The richness of bee plants in an area, containing vegetal and 

palynological aspects provides evidence of the floral and survival of bees (Sharma, 1972). 

To study the sources of florae gathered by honey bee worker foragers in any area, bee-

gathered pollen can be examined with melissopalynology techniques that are the same as 

those used to classify pollen in honey to find its plant sources (Jones and Bryant, 2014; 

Sajwani et al., 2007; Song et al., 2012; Upadhyay and Bera, 2012; Ponnuchamy et al., 

2014; Jamil Noor, 2016 and Lau et al., 2019). Nevertheless, pollen foragers do not visit the 

similar plants that nectar foragers from the same colony do, resulting in differences in the 

kinds of plants visited by workers according to either nectar or pollen demand (Sajwani et 

al., 2007 and Sajwani et al., 2014).  

                 Bee foraging plants and honey pollen analyses in Arab countries including Egypt 

were studied by Robinson, 1981; Hussein, 1997&2000; Al-Abd El-Qader, 1998; El-Eid, 

1998; Abdilla and Vorwohl, 1998; Al-Khalifa and Al-Arify, 1999; Reyahi, 1999; Al-Jabr 

and Nour, 2001; El-Katheri, 2002; Terrab et al., 2003; Díez et al., 2004; Rateb, 2005 and 

Damhoureyeh, 2007. Meanwhile, as far as known to us there is no studies on the structure 

of pollen pellets gathered from foragers have been done, accordingly, less knowledge is 

available about the pollen loads of honey bee worker foragers in urban and suburban areas. 

Therefore, the objectives of this work are to analyze the pollen loads collected by honey 

bee worker foragers in Upper Egypt (Assiut and Sohag areas) and to estimate the species 

richness, evenness, and diversity indices.   

 

               MATERIALS AND METHODS 

 

Study Areas: 

              Field and laboratory work of the present investigation were conducted at the apiary 

of the Plant Protection Department, Faculty of Agriculture, Assiut University, and a private 

apiary in the Sohag area during the active season of 2019. Carniolan hybrid honey bee 

colonies were used. 

Collection of Nectar Foragers:  

             For studying honey bee activities for visiting nectariferous and polleniferous plants 

in the areas of study, weekly samples from honey bee foragers were collected during the 
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active season of 2019. Four honey bee hives were selected from each apiary in Assiut and 

Sohag. Twenty workers from every hive of incoming nectar foragers - without corbicula 

loads - were captured from the entrance of hives in timeslots (8.00–10.00 AM., 12.00–2.00 

PM., and 4.00–6.00 PM.) on a sampling day. 

Body Surface Pollen Analysis of Honey Bee Foragers: 

                Foragers from each sample were stirred with distilled water (about 20 ml distilled 

water) to dislodge the pollen grains smeared on the bee’s body surface and removed the 

bees from the distilled water. then the solution was filtrated by glass wood to remove any 

impurities of worker parts. The filtrate of each sample was centrifuged for 20 min at 4500 

rpm. The sediment of each sample was smeared in a slide, mounted in Fucsin-glycerin gel, 

and examined microscopically for pollen analysis, based on the morphology of the pollen 

types, as described by Nair (1960). Pollen grains were counted and identified per sample 

and the average number of pollen grains was estimated in ten microscopical fields, with 

helping of reference slides prepared from local flora during the present study. 

Frequency Classes of Pollen Grain in Samples:  

               Once pollen grains were identified and counted in the samples. Pollen frequency 

was calculated as the percentage, by dividing the number of pollen grains of a particular 

taxon, by the total number of pollen types that counted in the sample. Then, each pollen 

type was assigned to one of the following four pollen frequency classes. Dominant (more 

than 45%), Secondary (45-16%), Important Minor (3-16%), and Minor pollen types (less 

than 3%) as described by Louveaux et al. (1978). 

               The expected honey yield was labeled during each period based on the frequency 

classes of pollen types in samples as a unifloral, bifloral, or polyfloral honey depending on 

the presence of a predominant pollen type; two secondary pollen types; or more than two 

secondary pollen types, were recorded, respectively (Ramirez-Arriaga et al., 2011). 

Estimation of Diversity: 

              Floral taxonomic diversity for samples in each month, and then, each season for 

each region, were calculated to characterize taxonomic richness and evenness according to 

the Simpson's Index of Diversity (Simpson, 1949).  

Simpson's index of diversity was calculated using the equation: 

Simpson's index of diversity = (1 - D) = 1 - [Σ(ni * (ni - 1)) / (N * (N - 1))] 

ni — Number of individuals in the i-th species; and 

N — Total number of individuals in the community. 

 

               RESULTS AND DISCUSSION 

 

               Forager’s body surface pollen analysis is a suitable alternative method to the 

classical methods i.e., pollen spectrum analysis of honey and field monitoring, regarding 

the accuracy of determining forage plants. Therefore, our study enabled us to establish the 

important plant sources exploited by honey bee colonies during the activity seasons in two 

areas of Upper Egypt.  

Overall, Pollen Species Diversity: 

             Pollen samples of 168 microscopic slides were examined. The survey showed that 

the overall richness of pollen species across both regions (Assiut & Sohag) was twenty-six 

species. The results revealed higher overall pollen species richness in the Assiut area (21 

species, belonging to sixteen families), and lower overall pollen species richness in the 

Sohag area (14 species, belonging to 9 families). The general mean pollen count during the 

active season was higher in the Assiut area (5248 pollen grains) than in those from the 

Sohag area (3601 pollen grains), (Tables 1&2). On the contrary, overall pollen species 

diversity percentage and species evenness, in examined samples, were higher in the Sohag 
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area according to Simpson's Diversity Index (85.25 %; 6.78) than in the Assiut area (71.91 

%; 3.56), respectively. The observed richness of pollen species number ranged between 5–

10 plant species in the Assiut area and between 2–8 plant species in the Sohag area across 

blooming months (Table 3 and Fig 1). Even though a high richness of pollen types in 

forager samples, in both Assiut and Sohag regions (14 - 21 taxa) respectively, was 

encountered. Only six important taxa belonged to native plant species, which were fennel, 

wild mustard, clover, alfalfa, Eucalyptus, and date palm. These plant taxa have been 

documented as main pollen sources for native bees in numerous studies, e. g. Hussein 

(1982) in Assiut; Ghoniemy (1984) in Fayoum, and Abou-Shaara (2015) his review on 

potential honey bee plants of Egypt.  

                 The numbers of plant species that were shared between the two regions were 

nine species belonging to eight families as follows: Fabaceae family contained two species 

(Trifolium sp. & Medicago sp ), while the rest of the families were represented by one 

species each ( Myrtaceae: Eucalyptus spp); (Arecaceae: Phoenix dactylifera); (Asteraceae: 

Helianthus annus); (Rosaceae: Rosa sp.); (Cucurbitaceae: Cucumis sativa ); (Brassicaceae: 

Brassica rapa); (Solanaceae: Solanum sp.). The existence of the same pollen species in 

samples of both regions is due to the distribution of the same type of crops in both regions 

because of the unified governmental agricultural system. 

                 The number of plant species confined to the Assiut area was 12 species 

belonging to 10 families as follows: Apiaceae and Fabaceae families contained two species 

(Daucus carota & Foeniculum vulgare) and (Mimosa pudica & Acacia spp), respectively, 

while the rest of the families were represented by one species each, (Amaryllidaceae: 

Allium cepa); Anacardiaceae: Mangifera indica); (Brassicaceae: Brassica napus); 

(Convolvulaceae: Convolvulus spp.); (Cyperaceous: Cyperus sp); (Pedaliaceae: Sesamum 

indicum); (Poaceae: Zea mays); (Rutaceae: Citrus spp.). While the number of plant species 

confined to the Sohag area represents by five species belonging to three families as follows: 

Asteraceae family contained three species (Lactuca sativa, Sonchus sp & Helichrysum sp), 

while other families were represented by one species each, (Apiaceae: Coriandrum 

sativum); (Brassicaceae: Brassica kaber). The existence of these species in one area might 

be attributed to the farmers of that area and their preference for certain plant species 

according to their awareness of the requirements for cultivating those plant taxa; as the 

presence of citrus and mango pollen only in samples examined from the Assiut region could 

be attributed to the spread of citrus and mango trees in Assiut area, excluding the Sohag 

region. 
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Table 1: Pollen analysis presentation (on bee’s body surface) obtained in the Assiut 

region categorized by season. 

 
Capital letters represent abundance classes (AC) - (MP: Minor Pollen < 3%; IMP: Important Minor Pollen 

from 3% to 15%; SP: Secondary Pollen from 16% to 45%; DP: Dominant Pollen > 45%). 

 

Table 2: Pollen analysis presentation (on bee’s body surface) obtained in the Sohag 

region categorized by season. 

 
Capital letters represent abundance classes (AC) - (MP: Minor Pollen < 3%; IMP: Important Minor Pollen 

from 3% to 15%; SP: Secondary Pollen from 16% to 45%; DP: Dominant Pollen > 45%).   

 

Floral Diversity in The Assiut Region: 

In Early Spring:  

              Through surface pollen analysis of forager bodies, the results showed that there 

were seven plant taxa belonging to 7 botanical families, whose flowers have been visited 

by foragers. The pollen species diversity percentage calculated according to Simpson's 

Index of Diversity was 76.44%, and the species evenness was 4.24 (Table 3 & Fig 2). In 

this period, none of this examined pollen belonged to the predominant category. The pollen 

samples included secondary and important minor plant taxa. The pollen species from 

Foeniculum vulgare, Eucalyptus spp., and Phoenix dactylifera were represented as 

secondary pollen sources, with abundance percentages of 36.99 %, 21.42 %, and 16.44 %, 
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respectively, followed by Trifolium sp., Mangifera indica, and Citrus sp. as important 

minor pollen from with abundance percentage of 14.69 %, 6.1 %, and 3.86 %, respectively 

(Table 1). 

In Late Spring:  

              The results indicate that there were 7 plant species belonging to 5 botanical 

families whose flowers have been visited by foragers. The pollen species diversity 

percentage on the surface of forager bodies was 21.32%, and the species evenness was 1.27 

(Table 3 & Fig.2). During this period, pollen of Trifolium sp. was the most “predominant” 

type, in all examined samples, with abundance percentage of 88.47 %. While other pollen 

types varied among "important minor or minor" pollen types, and their abundance 

percentage ranged from 0.16% to 4.47% (Table 1).  

In the Summer:  

               Fifteen plant species, belonging to thirteen botanical families, were identified in 

the examined samples. The pollen species diversity percentage was 69.03%, and the 

species evenness was 3.23 (Table 3 & Fig.2). The pollen species that have been identified 

in the summer period consisted of one predominant and one secondary plant taxa; the 

predominant pollen was Eucalyptus sp. with abundance percentage of 48.53 %, while the 

secondary pollen, was Alfalfa species with abundance percentage of 25.84 %. While the 

other pollen types varied among, important minor or minor pollen types and their 

abundance percentage ranged from 0.10% to 5.62% (Table 1).  

 

Table 3: Summary of Simpson's index of diversity values for both regions categorized by 

season. 
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Fig.1: Seasonal-wise pollen types obtained from bee’s body surface pollen analysis in 

Assiut &Sohag areas during the active season from March to September. 
 

In Early Spring:  

               Through surface pollen analysis of forager bodies, the results show that there were 

five plant taxa belonging to five botanical families have been visited by foragers. The 

pollen species diversity percentage according to Simpson's Diversity Index was 71.31%, 

and the species evenness was 3.49 (Table 3 & Fig.2). None of the examined pollen 

belonged to the predominant category; similarly, to Assiut region in the early spring. The 

pollen samples included secondary and important minor plant taxa. The pollen species of 

Brassica kaber, Eucalyptus spp., and Phoenix dactylifera were represented as a secondary 

pollen source with abundance percentages of40.06 %, 28.37 %, and 19.36 %, respectively, 

followed by Lactuca sativa, and Coriandrum sativum as an important minor pollen source 

with abundance percentage of 8.86 % and 3.35 %, respectively (Table 2). 

In Late Spring:  

                The results indicate that there were five plant species belonging to four botanical 

families whose flowers have been visited by foragers. The pollen species diversity 

percentage was 51.30%, and the species evenness was 2.05 (Table 3 & Fig.2). During this 

period, pollen of Trifolium sp. was the most predominant type in all examined samples with 

an abundance percentage of 88.47 %, like the results of Assiut region. While other pollen 

types were recorded as an important minor pollen source, and their abundance percentage 

ranged from 4.70% to 13.22% (Table 2). 

In Summer:  

                 Nine plant species belonging to six botanical families were identified in the 

examined samples. The pollen species diversity percentage was 66.30%, and the species 

evenness was 2.97 (Table 3 & Fig. 2). The pollen species that have been recorded consisted 

of one predominant and a few "important minor and minor" taxa. The dominant pollen 

belonged to Alfalfa taxa with an abundance percentage of 54.16 %, while the important 

minor pollen belonged to Helianthus annus, Rosa sp., Cucumis sativa, and Brassica rapa 

with an abundance percentage of 12.29%, 11.96%, 10.51%, and 4.77%, respectively. Other 

pollen types were recorded as minor pollen sources and their abundance percentage ranged 

from 0.16% to 2.75% (Table 2). 
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Fig. 2: Pollen analysis presentation (on bee’s body surface) obtained in Assiut & Sohag 

areas during the active season from March to September. 
 
Comparison of Floral Diversity of Both Regions:  

               Surface pollen analysis of forager bodies enabled us to observe the following: 

Assiut was the area with the highest number of visited plant taxa (n = 21 over activity 

seasons) compared to the Sohag area (n = 14). Despite this taxonomic abundance, the 

Simpson's Index of Diversity suggests that there was low species evenness over every 

sampling period in each sample (3.56 plant taxa) compared to the Sohag area (6.76 plant 

taxa). This indicates that the foragers did not collect pollen evenly during a sampling 

period, and instead, preferred to collect pollen from a few pollen resources in each 

collection. These pollen resources were represented by clover, Eucalyptus, and Alfalfa 

plants, with an abundance percentage of 45.6%, 23.34%, and 11.62%, respectively. It is 

clear that samples from the Sohag area were characterized by less numerous plant taxa 

(Richness of pollen species), compared to the Assiut area. This reflects that bee foragers in 

the Assiut area visited more plant species, compared to bee foragers in the Sohag area 

(Table 1 & 2). The differences observed in pollen counts and species between both regions 

might be due to the relative change in the composition of the crops and the areas planted 

of those crops, in the tested areas. Senapathi et al. (2015) explained that the difference in 

the cultivated areas around the bee nests influenced the availability of nectar and pollen 

sources relatively, in addition to the weather factors which directly affect their foraging 

activity. Also, long-term impacts of anthropogenic activities such as unrestricted urban 

sprawl through agricultural land for building houses and shopping centers. Undoubtedly, 

these activities are major drivers of biodiversity loss, which strongly affect the composition 

and diversity of available plants and food sources for honey bee colonies (Parreño et al., 

2022). 

              Our study concluded that the early spring provided the highest diversity of forage 

plant taxa in the Assiut, and Sohag regions compared to other seasons with a diversity 

percentage of 76.44% and 71.31%, respectively. The species evenness was 4.24 plant taxa 

in the Assiut area, and the pollens come from Fennel, Eucalyptus, clover, and Date palm. 

While it was 3.49 plant taxa in the Sohag area and the pollens came from Wild mustard, 
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Eucalyptus, and Date palm (Table 3).  

                In the late spring, low plant diversity was observed in forager body samples in 

both regions (21.32 % in Assiut & 51.30 % in Sohag) and also, low species evenness in 

both regions (1.27 in Assiut & 2.05 in Sohag). This denotes that foragers did not collect 

pollen equally from various plant species, and instead, preferred collecting pollen from a 

few floral resources in each collection. This is evidenced by the abundance of plants 

grouped in the Fabaceae family, especially in the Trifolium and Medicago genera. Also, 

most of the pollen found on the forager bodies in each region came from clover plants with 

an abundance percentage of 88.47% in Assiut and 67.58% in Sohag compared to other 

plant taxa. Subsequently, the clover plant was the most “predominant” type and reflects the 

importance of the clover plant as a honey bee forage (Table 3). This is inconsistent with 

previous literature, which reported that even in cases when there is a great diversity of plant 

resources obtainable, the foragers tend to focus their nectar and pollen-gathering efforts on 

a few plant species, this is due to, the preferred plant resources are more abundant than 

other species, or because they provide specific nutrients that honey bee colonies lack during 

activity seasons (Baum et al., 2004; Smart et al., 2017 and Richardson et al., 2015). Also, 

Amaya-Marquez (2009) stated that  a colony’s temporary specialization and the floral 

constancy of foragers in collecting pollen from a specific source. The summer provided the 

highest richness of plant pollen species (15 plant taxa in Assiut & nine plant taxa in Sohag) 

compared to other seasons with diversity percentage and evenness values mediated 

between the values of the early spring and late spring (Table 3). The foragers preferred 

collecting pollen from a few floral resources in each collection, The collected pollens come 

from Eucalyptus and Medicago in the Assiut area and Medicago sp., Helianthus annus, and 

Rosa sp. in the Sohag area.  

Prediction of Honey Type Using Surface Pollen Analysis of Forager Bodies: 

               Pollen analysis of forager bodies enabled us to identify the important 

nectariferous and polleniferous plant sources visited by bees during the principal honey 

harvest periods. It also enabled us to record the chronologies of plant species blooming in 

the two areas in Upper Egypt (Table 1 & 2). In both regions, several various genera were 

identified as predominant and secondary plant taxon belonging to the family Fabaceae 

(Trifolium sp. and Medicago sp.), family Apiaceae (Foeniculum vulgare), and family 

Brassicaceae (Brassica kaber). There was also a large representation of pollen from trees 

of Phoenix dactylifera (Arecaceae) and Eucalyptus sp. (Myrtaceae) in both regions.  

  Using these obtained results, it is possible to predict the honey yield type from the 

honey bee colonies. That is by calculating the density of pollen grains for each plant taxon 

on forager bodies during the three blooming periods the extent of potential participation of 

each plant taxon in honey production. The results show that three types of honey were 

expected, Over the three periods in both study areas.  

              Accordingly in the early spring, the Fennel and Eucalyptus were the nectariferous 

plants, and the Date palm was the polleniferous plant in the Assiut area (Table 1). While, 

In the Sohag area, the wild mustard and Eucalyptus were the nectariferous plants, and the 

Date palm was the polleniferous plant (Table 2). So, the expected honey would be bifloral 

honey in each region. In the late spring, the dominant pollen type in both regions were 

belonging to Egyptian clover in both areas (Table 1 & 2) and other pollen types varied from 

important minor to minor pollen types. Therefore, the type of honey produced during this 

period would be monofloral honey (clover honey) in both regions. Our results here agree 

with El-Metwally (2015) who examined Egyptian bee honey samples and classified 

fourteen types of pollen. Clover pollen was found in a high percentage (30.2%) while date 

palm and umbellifers pollen were recorded in considerable percentages at 13.20 and 9.39%, 

respectively. Also, the results of our study are consistent with previous work where clover 
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has been considered as the main nectar resource, and the main type of honey produced in 

Upper Egypt comes from the clover plant (Nour, 1988; Nour et al., 1991; Rateb, 2005; El 

Metwally, 2015). In addition, Nour (1988) analyzed sixty Egyptian honey samples and 

found that the main pollen sources of Egyptian honey were clover (Trifolium alexandrinum 

L.), Eucalyptus (Eucalyptus spp.), Citrus sp. Date palm (Phoenix dactylifera L.), Maize 

(Zea mays L.), Sunflower (Helianthus annus L.) and Faba bean (Vicia faba L.). 

                In Summer, in the Assiut area, Eucalyptus pollens were the dominant pollen, 

followed by Alfalfa’s pollen as secondary pollen types, with abundance percentages of 

48.53 %, and 25.84 %, respectively (Table 1). This reflects that honey yield would be 

dominated by Eucalyptus nectar. On the contrary, in the Sohag area, alfalfa’s pollen 

(Medicago sativa) was the dominant pollen, with an abundance percentage of 54.16 %, and 

the other pollen types varied between important minor or minor pollen types (Table 2). 

Therefore, the honey yield would be dominated by alfalfa nectar. Our results here also 

agree with Nour (1988) who examined sixty Egyptian honey samples and found that the 

second main source of Egyptian honey was Eucalyptus sp. Also, Andrada et al. (1998) 

mentioned that the predominant pollen type was Eucalyptus sp. in Argentine. In addition, 

our results are in full agreement with the previous works which showed the main types of 

honey produced in Upper Egypt (Hussein, 1982&2001; Hussein and Abdel-Aal, 1982; 

Hussein et.al., 1992; Nour, 1988; Farag, 2007; Abou-Shaara, 2015; Karabournioti & 

Karabagias, 2017 and El-Sofany et al., 2018). In the current study in Assiut and Sohag 

regions, the use of bee’s body surface pollen analysis exhibited fewer differences in the 

pollen spectrum between the two regions. As Bogdanov (2007) reported that if the 

geographical zones are closer, differences between types of honey samples are more 

difficult to differentiate. 

              The bee foragers utilized more diverse floral resources in the late spring and 

summer seasons where pollen choice was more restricted. In those seasons, the bees were 

dependent on the crops cultivated by humans in both study areas in Upper Egypt. 
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