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Abstract 
 
This study was conducted targeting identification and documentation of major 

honeybee plants as pollen sources and their phenology in the central arid region 

of Saudi Arabia (Riyadh). Pollen loads were collected using pollen traps and were 

classified according to their color then traced back to plant species level. 

Throughout the year, sixteen plant species belonging to 10 plant families has been 

recorded and investigated by Light Microscopy (LM) and Scanning Electron 

Microscopy (SEM). Asian mustard (Brassica tournefortii Gouan.) (15.91%), willow 

wattle (Acacia salicina Lindl.) (15.17%), mesquite (Prosopis juliflora) (Sw.) DC. 

(21.81%) and cat's head (Tribulus terresetris L. var. terrestris) (15.52%) were the 

dominant sources of pollen. The period from May to July was found to be a 

significant blooming period and the scarcity period was from December to March 

in the study area. Color, size and shape of the potential pollen sources were 

variable between different species. Beekeepers could trap pollen loads that were 

collected from these sources during February, April and July, respectively. In 

conclusion, wise use and rehabilitation of these potentially identified bee plant 

species shall be considered in attempting beekeeping development. 

Introduction 
 

Pollen grains play a vital key role for honey bee 
nutrition. Honey bees gather pollen grains from plants 
to get the protein they need to survive (Al-Ghamdi, 
2007a; Arien et al., 2020), colony strength (Belay et al., 
2015), and productivity (Shawer et al., 2021). The type 
and quantity of the accessible flora, which is considered 
the primary source of pollen, have a significant impact 
on the potential for various colony products and success 
in beekeeping development. (Lau et al., 2019). Natural 
vegetation botanical makeup changes according to 
topography, climate, and soil type (Asefa et al., 2020). 
Consequently, the diversity of pollen depends on plant 
habitat, environmental conditions, distributions and 
flowering season (Amro, 2021; Begum et al., 2021). 

Many researchers focused on palynological studies 
to help beekeepers in the abundance, distribution and 
flower blooming calendars of the main pollen sources in 
a various study area (Abou-Shaara, 2015; Adgaba et al., 
2017; Taha et al., 2019). In order to satisfy their 
nutritional needs, bees should be given an array of 

different floral resources. This will promote healthier 
populations (Brodschneider & Crailsheim, 2010). For 
optimal honey production, beekeepers need to know 
when the major and minor nectar- and pollen-producing 
plants in the area of their apiaries are in bloom. This will 
allow them to decide when to introduce various 
management methods to their colonies (Agashe, 2021). 
Moreover, highlighting the periods in which beekeepers 
can collect bee-pollen from the major pollen sources 
(Taha, 2015) and determine the suitable period to 
introduce pollen substitutes and supplements (Amro et 
al., 2020) in order to economize the cost of feeding. 

Little is known about the indigenous melliferous 
flora of Riyadh region wish described as the harshest 
environmental conditions of Saudi Arabia (Abou-Shaara 
et al., 2013). The density of blooming plants has 
decreased as a result of these circumstances, resulting 
in a shortage of pollen available and nectar sources (Al-
Ghamdi, 2007a). Thus, a high percentage of imported 
honey bees and a significant number of local honey bee 
colonies are dying annually (Al-Ghamdi, 2009). 
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Figure 1: Pollen pellets colors varied from brown in willow wattles (Acacia salicina Lindl.), lemon in asian mustard 
(Brassica tournefortii Gouan.), olive in mesquite (Prosopis juliflora (Sw.) DC.) and in cat's head (Tribulus terrestris L. 
var. terrestris) pollen pellets were appeared in dark beige coloration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This study aims to survey, identify and provide an 
account of pollen morphological features of the plants 
in the central region of Saudi Arabia using light and 
scanning electron microscopy. As well as, further 
research on the ecology and floral preferences of honey 
bees in developed landscapes will be built on the 
quantity and suitability of each plant species as a pollen 
supply for honey bee nutritional demands. 

 
Material and Methods 
 

The experiments were carried out in the laboratory 
and apiary (24° 34ʹ 27ʺ N 46° 41ʹ 18 ʺ E). Five colonies, 
equal in strength of the native honey bee race (Apis 
mellifera jeminitica) and imported Carniolan hybrid 
(Apis mellifera carnica) headed by sister queens, were 
located in Derab farm (56° 39' 36.21" E) in Riyadh during 
2016 from January to December. 

Sample Collection 

To collect pollen samples from available pollen 
forage plants in the study region, five colonies from 
native honey bee race (A. m. jeminitica) and another 
from imported honey bee (A. m. carnica) were used. A 
pollen trap was fixed on the hive entrance of each 
colony. Every fifteen days, pollen traps were run for 3 
days, giving the colonies 12 days of free entering pollen. 
Each sampling's pollen pellets were weighed and kept at 
-10°C until pollen classification and separation. 

Description of Used Pollen Trap 

The used pollen trap composed of wooden box 
with a slope roof and two vertical metal strips each of 32 
cm length x 17 cm width. Each strip has 16 holes sq./inch 
(5 mm in diameter/hole). Pollen loads fallen through a 
horizontal wire gauze screen into a collecting tray which 
emptied as required (Abd El Salam et al., 2022). For 
increasing trap efficiency of native colonies, the board 
of trap entrance was changed with another one (3.75 
mm in diameter/hole) to become suitable for the small 
size of native bee workers (A. m. jeminitica). 100 
returning pollen foragers were observed as they entered 
the hive with pollen loads through an empty trap to 
gauge the effectiveness of the trap. The number of 
pellets that fell onto the tray was counted, and the 
efficiency was computed using the formula provided by 
Abd El Salam et al. (2022), as the following: 

𝐓𝐫𝐚𝐩 𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑙𝑙𝑒𝑛 𝑝𝑒𝑙𝑙𝑒𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑟𝑎𝑝 𝑏𝑜𝑥

200
𝑥100 

Separation of Pollen Pellets 

The fresh pollen pellets for every trap was cleaned 
and weighed. Pollen types were separated by color of 
pellets using small drawing brush. Every group contains 
the same color more than 70% of the total was 
considered as the major pollen source, while those with 
50-70% and from 30-50% of the total were considered 
as moderate and minor pollen sources, respectively 
(Kirk, 1994). 

Identification of Pollen Sources 

Once pellets were split into groups based on 
colour, using the structure of the pollen grains as a 
guide, groups were further separated into various pollen 
types. (Dimou & Thrasyvoulou, 2007). During the same 
flowering period, in order to prepare pollen grains 
reference slides, pollen grains were directly collected 
from the adjacent opening flowers of the congruent 
blooming plants around the apiary. The morphology of 
each species of pollen grains was then compared with 
that of pollen pellets collected from pollen traps. 

Identification of collected plants was carried out at 
King Saud University Herbarium in College of Sciences, 
where they were deposited. Family names were 
according to angiosperm phylogeny website. Method of 
Collenette (1999), was used for nomenclature of genera 
and species, the latest taxonomic changes as well as 
author update. 

Preparing Standard Pollen Grain Slide 

The specimens' fully grown anthers were removed, 
and they were then processed using the standard 
acetolysis procedure (Erdtman, 1960). Only newly 
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Figure 2: Light micrographs (LM) showing shaped and dimensions of pollen grain collected from Riyadh region. 

1- Phoenix dactylifera L. 2- Eruca sativa (Miller) Thell. 3- Brassica tournefortii Gouan. 4- Prosopis juliflora (Sw.) DC. 5- 
Acacia salicina Lindl. 6- Leuceana leucocephala (Lam.) De Wit. 7- Parkinsonia aculeate L. 8- Eucalyptus camaldulensis 
Dehnh. 9- Tribulus terrestris L. var. terrestris magnification (1000 x). 
 
 
 
 
 

opened flowers were used to prevent contamination 
from other pollen sources. Only newly opened flowers 
were used, so that contamination from other pollens is 
avoided. A few drops of isopropyl alcohol (IPA) were 
added and leaved for 10 minutes to detach the pollen 
grains from the anthers and remove the waxy covering 
from them. A drop of molten glycerin jelly was placed on 
a warm coverslip and slowly upturned slide lowered so 
that the pollen grains contact the jelly. The slide was left 
on the hotplate for 5 mins to allow the stain to penetrate 
the pollen grains. The slide was labeled with the name 
of the plant and the date of pollen collection. 

Measurement of Pollen Grain Dimensions 

The diameter of pollen grains was measured using 
an ocular micrometer (n=10) for each pollen type. 

According to Erdtman (1954), the pollen grain's polar (P) 
and equatorial (E) axes' lengths and the P/E ratio (index 
shape) were measured. 

Light Microscope Examinations 

Under a light microscope (Olympus –CH20i BIMU) 
provided with Camera Axicocam 512 color, under E40, 
0.65 and Oil immersion (E100, 1.25), using a 10x eye 
piece, measurements and morphological observations 
were conducted. This procedure was conducted to get a 
clearer vision for the structure of the tested pollen 
grains obtained from the main pollen sources in the 
study area. 



4 
Bee Studies 15(1), 1-11                                                                                                                             

Published by Apiculture Research Institute (ARI) Ordu, Türkiye 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Scanning electron microscope (SEM) micrographs showing surface structure of selected pollen grains from 
Riyadh region. 

a- Prosopis juliflora (Sw.) DC. b- Brassica tournefortii Gouan. c- Acacia salicina Lindl. d- Tribulus terrestris L. 
var. terrestris (Scale bars represent 10 μm for photomicrograph) 
 
 
 
 
 
 

Scanning Electron Microscopic Examinations 

The scanning electron microscope was used for 
observing pollen wall surface. After dehydration on a 
silica gel drier, small dry quantities of pollen grain were 
mounted on scanning electron microscopy (SEM) stubs 
using double slided adhesive. The samples were then 
coated with gold in a JOEL JFC 1100E ion-sputtering 
device and examined in JOEL JSM 5400 LV scanning 
electron microscope, operated at accelerated voltage of 
15 KV at the Scanning Electron Microscope Unit. The 
terminology of Boesewinkel and Bouman (1984), was 
used to describe the achene coat characteristics.  

Statistical Analysis 

The experiment was designed using a fully 
randomized design. For the aforementioned 
parameters, Analysis of variance (ANOVA) was used to 
statistically examine the given data. The Duncan's 
multiple range test (Duncan, 1955) was used to compare 
the means at a significance level of 5% with the SAS 9.1.3 
programme (SAS Institute, 2004). 
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Table 1: Flowering periods of pollen botanical sources in Riyadh during 2016. 
 

Common 
name 

Family Scientific name 

A
b

u
n

d
a

n
ce

 

Months 

Ja
n

. 

Fe
b

. 

M
ar

. 

A
p

r.
 

M
ay

 

Ju
n

. 

Ju
l.

 

A
u

g.
 

Se
p

. 

O
ct

. 

N
o

v.
 

D
e

c.
 

Date palm Arecaceae 
Phoenix 
dactylifera L. 

xx             

Dandelion Asteraceae 
Taraxacum 
officinale F.H. 
Wigg 

x             

Sunflower Asteraceae 
Helianthus 
annuus L. 

x             

Borage Boraginaceae 
Borago officinalis 
L. 

x             

Salad rocket Brassicaceae 
Eruca sativa 
(Miller) Thell. 

xx             

Asian 
mustard 

Brassicaceae 
Brassica 
tournefortii 
Gouan. 

xxx             

Colocynth Cucurbitaceae 
Citrullus 
colocynthis (L.) 
Schrad. 

x             

Willow 
wattle 

Fabaceae 
Acacia salicina 
Lindl. 

xxx             

White lead 
tree 

Fabaceae 
Leuceana 
leucocephala 
(Lam.) De Wit 

xx             

Parkinsonia Fabaceae 
Parkinsonia 
leculeate L. 

xx             

Blue palo 
verde 

Fabaceae 
Cercidium 
floridum AZ. 

x             

Mesquite Fabaceae 
Prosopis juliflora 
(Sw.) DC. 

xxx             

Camphor Myrtaceae 
Eucalyptus 
camaldulensis 
Dehnh. 

xx             

Verdolaga Portulacaceae 
Portulaca 
oleraceas L. 

x             

Nigella Ranunculaceae 
Nigella arvensis 
var. arabica L. 

x             

Cat's head Zygophyllaceae 
Tribulus terrestris 
L. var. terrestris 

xxx             

x = Minor Pollen source (30% – 50%), xx= Moderate Pollen source (50% - 70%) and xxx= Major Pollen source (more 
than 70%) 
 
 

Results 

Botanical Sources of Pollen and their Flowering Periods 

The flowering periods of pollen sources in study 
area are shown in Table 1. Sixteen pollen sources 
belonging to ten plant families were identified. The most 
frequent pollen plant sources were from families 
Brassicaceae and Fabaceae. Honey bee plant species 
Brassica tournefortii Gouan, Acacia salicina Lindl., 
Prosopis juliflora (Sw.) DC., and Tribulus terrestris var. 
terrestris were ranked as the first four pollen plants and 
formed more than 70% in most of collected samples. 
These plants were considered the major pollen sources. 
On the other hand, Phoenix dactylifera L., Eruca sativa 
(Miller) Thell., Leuceana leucocephala (Lam.) De Wit., 
Parkinsonia aculeata L. and Eucalyptus camaldulensis 
Dehnh which formed 50-70% of the samples considered 

as moderate pollen sources. However, Taraxacum 
officinale F.H. Wigg, Borago officinalis L., Citrullus 
colocynthis (L.) Schrad., Helianthus annuus L., Portulaca 
oleraceas L. and Nigella arvensis var. arabica L., which 
formed 30-50% considered as minor pollen sources. 

The asian mustard (B. tournefortii) was recorded 
during the periods from the first January till late March. 
However, flowering of willow wattle (A. salicina) was 
recorded three times, during mid-February till mid-April, 
mid-July till mid-August and from mid-October till mid- 
December. While, mesquite pollen was collected in the 
study area from mid-April till mid-August. The rest of 
pollen sources were recorded through 2016 season in 
differential periods. In general, results showed that the 
period from mid-April till late November recorded the 
highest presence of the pollen sources. 
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Table 2. Presence and quantity of trapped pollen load (gm/colony/flowering period) in Yemeni race and Carniolan 
hybrid honeybee colonies from the main pollen botanical sources in Riyadh during 2016. 
 

Common 

name 
Family name Scientific name 

Presence in traps 

(Catch No.) 

Quantity of pollen loads (gm/colony/flowering period) 

Total (±S.D.**)  
% from total collected 

pollen 

Yemeni race 
Carniolan 

hybrid 

Yemeni 

race 

Carniolan 

hybrid 

Asian mustard Brassicaceae 
Brassica tournefortii 

Gouan. 

Jan. 17 to Mar 6  

(9) 

2067.50 ± 

31.60 b* 

1110.09 ± 

15.23 e 

15.91 ± 

0.09 c 

15.15 ± 

0.25 d 

Willow wattle Fabaceae Acacia salicina Lindl. 
Mar. 12 to Apr. 26 

(9) 

1970.84 ± 

56.72 c 

933.12 ± 

30.04 g 

15.17 ± 

0.24 d 

12.74 ± 

0.49 f 

Cat's head Zygophyllaceae 
Tribulus terrestris L. 

var. terrestris 

May 2 to Jun. 19 

(9) 

2017.19 ± 

69.92 c 

999.53 ± 

30.71 f 

15.52 ± 

0.29 cd 

13.64 ± 

0.29 e 

Camphor Myrtaceae 
Eucalyptus 

camaldulensis Dehnh. 

Jun. 25 to Jul. 13 

(4) 

1038.50 ± 

38.43 f 

630.97 ± 

55.99  j 

8.00 ± 

0.35 i 

8.60 ± 

0.68 h 

Mesquite Fabaceae 
Prosopis juliflora 

(Sw.) DC. 

Jul. 19 to Sep. 19 

(11) 

2833.57 ± 

71.43 a 

1719.61 ± 

31.89 d 

21.81 ± 

0.32 b 

23.47 ± 

0.45 a 

White lead 

tree 
Fabaceae 

Leuceana 

leucocephala (Lam.) 

De Wit 

Sep. 23 to Oct. 11 

(4) 

838.88 ± 

40.50 h 

495.40 ± 

17.22 k 

6.45 ± 

0.30  j 

6.76 ± 

0.24  j 

Parkinsonia Fabaceae 
Parkinsonia aculeata 

L. 

Oct. 17 to Nov. 29 

(8) 

1128.31 ± 

26.94 e 

742.79 ± 

13.51 i 

8.68 ± 

0.17 h 

10.13 ± 

0.12 c 

Salad rocket Brassicaceae 
Eruca sativa (Miller) 

Thell. 

Dec. 5 to Dec. 18 

(3) 

470.82 ± 

38.43 k 

315.59 ± 

16.26 m 

3.62 ± 

0.35 m 

4.38 ± 

0.23 l 

Date palm Arecaceae Phoenix dactylifera L. 
Jan. 24 to Mar. 11 

(4) 

622.99 ± 

23.26  j 

378.82 ± 

3.49 l 

4.79 ± 

0.20 k 

5.17 ± 

0.03 k 

* Means followed by the same letter are not significantly different at 0.05 level of probability, by Duncan's multiple 
range test. 
**S.D.= Standard deviation 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abundance of the pollen sources 

Availability and quantities of trapped pollen from 
the main pollen sources collected by Yemeni race and 
Carniolan hybrid honey bees was clarified in Table 2. The 
dominant plant families in the area were Fabaceae 
(22.64%) and Brassieaceae (15.53%), followed by 
Zygophyllaceae (14.58%). Pollen types varied in time, 
frequency, and species richness. The obtained data 
showed that the used plant sources were continuously 
presented in the area of study. In general, honey bee 
foragers collect most pollen amount from mesquite, 
asian mustard, cat's head, and willow wattle, 
respectively. Quantities of pollen loads collected by 
Yemeni race from all plant sources were higher than 
those collected by Carniolan hybrid. Highly significant 
variations (P < 0.05) were recorded between the 
quantity of pollen loads collected by Yemeni and 
Carniolan hybrid bees. The higher quantities of pollen 

loads collected by Yemeni race can be arranged 
descending as follows: 2833.57 > 2067.50 > 2017.19 > 
1970.84 gm/colony for mesquite, asian mustard, cat's 
head, and willow wattle, respectively. Asian mustard 
and mesquite plants were presented during 3 months 
each. Except December, the rest of plant sources 
appeared during two months each. Mesquite plants 
lasted in the study area for the longest period and their 
pollen were constantly present in the pollen traps and 
recorded in 11 samples during the entire study period. 
It followed by asian mustard, willow wattle and cat’s 
head. However, salad rocket exhibited the lowest period 
of presence, where it occurred in 3 samples only. 
Although, the Yemeni race collected pollen loads more 
than Carniolan hybrid bees, the percentage from total 
collected pollen showed semi equal values between the 
two races. 

Pollen Characterization 

Pollen grain dimensions and coloration 

Data presented in Table 3 show the shapes, colors 
and dimensions of the pollen grains collected from study 
region which represented the major and moderate 
pollen botanical sources. Pollen grains which contained 
the highest length and width belonged to 9 plant species 
and 5 families. It is clear that family Fabaceae was 
represented by 4 plant genera, followed by family 
Brassicacea by 2 genera and families Arecaceae, 
Myrtaceae and Zygophyllaceae by one genus for each. 

 

Pollen grains of the white lead tree (L.  
leucocephala) showed the highest length of polar and 
equatorial of the collected grains with an average of 
50.4 µm polar and 47.9 µm equatorial lengths followed 
by cat's head (T. terrestris) grains by 47.4 polar and 47.6 
µm equatorial lengths. Pollen grains of willow wattle (A. 
salicina) ranked the third one by 42.7 polar and 36.4 µm 
equatorial lengths. The remaining pollen grains 
exhibited the least values of polar and equatorial 
lengths, and camphor (E. camaldulensis) ranked the last 
with an average of 17.4 polar and 17.0 µ equatorial 
lengths. It is important to note that pollen grains length 
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Table 3. Pollen grain dimensions and pellets color of main pollen botanical sources collected by honeybee colonies 
from Riyadh during 2016. 
 

Common name Family Scientific name 

Length axis (µm) 
Shape 

index P/E 

Pollen pellets 

color 

Polar  

(P) ± S.D* 

Equatorial (E) 

±S.D 
  

Date palm Arecaceae Phoenix dactylifera L. 19.3±0.08 19.3±0.08 1.0 Creamy 

Salad rocket Brassicaceae Eruca sativa (Miller) Thell. 19.9±0.11 20.1±0.08 1.0 Dark yellow 

Asian mustard Brassicaceae Brassica tournefortii Gouan. 32.6±0.13 26.9±0.13 1.2 Lemon 

Willow wattle Fabaceae Acacia salicina Lindl. 42.7±0.28 36.4±0.50 1.2 Brown 

White lead tree Fabaceae 
Leuceana leucocephala 

(Lam.) De Wit 
50.4±0.22 47.9±0.36 1.1 Light yellow 

Parkinsonia Fabaceae Parkinsonia leculeate L. 22.4±0.31 21.9±0.21 1.0 Dark orange 

Mesquite Fabaceae Prosopis juliflora (Sw.) DC. 28.1±0.23 27.3±0.11 1.0 Olive 

Camphor Myrtaceae 
Eucalyptus camaldulensis 

Dehnh. 
17.4±0.09 17.0±0.08 1.0 Bright brown 

Cat's head Zygophyllaceae 
Tribulus terrestris L. var. 

terrestris 
47.4±0.36 47.6±0.27 1.0 Dark beige 

*S.D.= Standard deviation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

of L. leucocephala is equal 2.89 and 2.82 fold of polar 
and equatorial lengths of E. camaldulensis pollen grain. 

Morphological Characterization of Pollen Grains 

By using the light microscope (LM), the shape and 
dimensions of pollen grains collected from botanical 
origin in the study area showed wide differences (Fig. 1). 
The pollen grains of P. dactylifera, E. sativa, P. aculeate, 
P. juliflora, E. camaldulensis and T. terrestris, were 
spheroid (shape index 1.0), whereas, B. tournefortii and 
A. salicina were sub-prolate (shape index 1.2). Only L. 
leucocephala pollen grains were prolate-spheroid 
(shape index 1.1). 

Description of the main pollen sources using 
scanning electron microscope (SEM) is illustrated in Fig. 
2. The results showed that pollen grains of P. juliflora 
(Fig. 2a) are largely homogeneous. The shape index is 
prolate-spherodial. The mature pollen grains are 
tricellular and tricolporate with a regulate exine. On the 
other side, B. tournefortii pollen grains are tricoplate 
(Fig. 2b) whereas, they have a sub-prolate shape, and 
the exine is a finely perforated reticulate sculpture with 
lumina that are smaller than the muri or equal in size to 
them. However, A. salicina pollen grains are spherical 
ovoidal with openings at the proximal surface and 
colpus at the distal surface, scattered as an 
interconnected-polyad (Fig. 2c). In regards to T. 
terrestris, pollen grains were found to be spheroidal (Fig. 
2d). The exine decoration is reticulate with straight to 
slightly expressed wavy boundaries (muri) and a 
straightforward columnar structure. 

Discussion 

Pollen Botanical Sources and Flowering Periods 

The current results showed that rape, date palm 
and the Acacia trees are the main pollen sources in the 
harshest environmental region of Saudi Arabia (Riyadh). 
In the same area Alqarni (2020), recorded notable 
foraging behaviour for the A. m. jemenitica (indigenous) 
and A. m. carnica (exotic) on the Acacia trees (Acacia 
gerrardii Benth.). In eastern province of Saudi Arabia in 
Al-hasa region (semi-arid), Al-Jabr and Nour (2001), 
stated that rape, date palm and the Acacia trees 
considered main pollen sources for honey bees. In 
addition, Taha (2015), recorded family Brassicaceae 
among the most abundant pollen sources in the same 
region. 

In the present study, acacia trees were notable 
along the study period, in addition the long presence 
period of Acacia salicina pollen flow in the field 
confirmed by Khan et al. (2019). He came to the 
conclusion that because Acacias have the majority of the 
characteristics needed to resist harsh climatic 
circumstances, they are the most effective "survivors" in 
desert environments. Also, Bilisik et al. (2008), stated 
that the honey bee foragers focused on a few plant 
species at a particular time despite the richness and 
diverse flora in the study area. According to their 
findings, the pollen varieties exhibiting high quantities 
were prevalent around the hives. They also, reported 
that the Brassicaceae (Papaver spp.), is the main pollen 
taxa collected by honey bees in the area. Among the 
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plant families which studied by Da luz et al. (2010), and 
Mayda et al. (2020), Asteraceae, Fabaceae, Arecaceae, 
and Myrtaceae were recorded as the major richness 
plant families of pollen sources types. In addition, the 
latter researcher confirmed that the elemental analysis 
showed that all samples were rich in essential minerals.  

In reference to a particular plant, prosopis was 
recognized as a significant source of nectar for honey 
bees (Zaitoun et al., 2009). Also, Suryanarayana et al. 
(1992), found that numerous insects, notably honey 
bees, willfully visit Asteraceae inflorescences of the 
capitulum type. This information insures that the plant 
sources identifying during this study have special 
importance as pollen sources for honey bee in Riyadh 
region. In Saudi Arabia, Al-Ghamdi (2007b), confirmed 
our results by recorded E. sativa, Eucalyptus rostrata, L. 
leucocephala, Brassica juncea, Acacia farmesiana and A. 
salicina as the most promising bee plants during their 
flowering periods in relation to various honey bee 
activities. Also, he noted that most of the species were 
controllable and that weedy vegetation might be seen 
as a significant source of food for bees because it 
commonly appeared in the pollen spectrum even in well 
farmed areas. 

Concerning the data obtained from Table1, it was 
observed that H. annuus, E. sativa, A. salicina, P. 
oleraceas and N. arvensis bloomed 2-3 times a year. The 
present results supported by the observation of Al-
Ghamdi (2007b) and Amro et al. (2020), in which they 
stated that availability of secondary sources of honey 
bee forage plants is seen as a very critical issue and helps 
bees to live in times of scarcity in the Riyadh region. Date 
palm (P. dactylifera L.) (Arecaceae) was identified as 
another significant resource utilized by both Yemeni and 
Carniolan races in the study area, and in several 
samples, it was the dominant source of pollen. The 
importance of Arecaceae pollen as a resource for A. 
mellifera was described by Lau et al. (2019). In addition, 
Asteraceae ornamental species are thought to be 
particularly significant insect attractor plants (Denisow 
et al., 2014). Also, Importance of mesquite trees (P. 
juliflora) as a pollen source for honey bee colonies was 
confirmed (Zaitoun et al. 2009). They concluded that the 
mesquite is an important plant species which represents 
practically the only source of nectar and pollen to bees 
in April and May in several of the arid and semi-arid 
zones of Durango, Mexico. It is a crucial plant because it 
has a great capacity to fix nitrogen in arid environments 
and during droughts, and it offers shelter and food to a 
variety of species who feed its nectar, pollen, leaves, and 
fruits. 

Abundance of the pollen sources 

Our results showed highest collected pollen loads 
initiated by Yemeni race and Carniolan hybrid honey bee 
have been recorded during summer months when 
honey bees foraged on L. Leucocephala, P. Juliflora and 
T. terrestris, followed by spring season during the 
flowering periods of P. dactylifera, B. tournefortii and A. 

salicina. In the same line, Alqarni (2020) recorded that 
A. m. jeminitica recruited significantly (P < 0.01) more 
active pollen-gathering bees than the A. m. carnica 
especially on Acacia trees. Plants families Aracaceae, 
Brassicaceae, Fabaceae, Myrtaceae and Zygophyllacae 
were the most flowering plants visited by honey bee 
colonies as a pollen sources in the present investigation. 
The importance of these families as a pollen sources for 
honey bees were confirmed (Alves & Dos Santos, 2016; 
Alqarni, 2020). They recorded that Aracaceae and 
Fabaceae were the most important families supplying 
honey bee colonies with high amount of pollen. In a 
comparative study from Turkey and Romania bee 
pollen, Mărgăoan et al. (2021), suggested that the fatty 
acids contents were closely correlated with the above-
mentioned parameters especially with the botanical 
origin and antibacterial activity. Our findings suggest 
that BP is a rich source of unsaturated fatty acids and 
bioactive compounds, which can be considered a value-
added product and concluded that geographical 
location is a determining factor for plant pollen viability. 

 Data presented in Table 2, highlighted that native 
bees were significantly (P < 0.05) more active foragers 
than the exotic one. In the same line, Al-Ghamdi et al. 
(2020), stated that the examined nursery stage under 
Acacia species flow performed well and within 
acceptable ranges, potentially qualifying them as 
suitable biological tools for introducing genotypes into 
apicultural landscape restoration projects. Also, Taha 
(2015), point out to families Arecaceae, Brassicaceae 
and Fabaceae as the most plentiful sources of pollen for 
honey bee colonies in Alhasa region, Saudi Arabia. 
Highly significant differences between quantities of 
pollen collected from different families, as well as, 
different plant species and honey races were recorded. 
Our field experiments indicated statistically significant 
differences among tested honey bee strains for all 
quantitative pollen yield parameters. The percentages 
of collected pollen loads were statistically significant 
higher (P < 0.05) in indigenous bees (A. m. jeminitica) 
than the imported one especially for the plant species A. 
salicina, and T. terrestris. On the other hand, the 
statistical analyses showed the vigor of imported bees 
(A. m. carnica) to collect more pollen from P. dactylifera, 
E. sativa, P. aculeate and P. juliflora. Hence, the amount 
of pollen produced by different species can vary greatly, 
and the reward of a given species might vary depending 
on the area and growth season. In the same line Amro 
et al. (2020), conclude that it is indispensable to use 
both races (Carniolan and Yemeni bees) in extremely dry 
desert areas, because each of them has specifications 
and capabilities that allow them to forage and collect 
pollen in a way that distinguishes each one from the 
other. 

The present results showed that mesquite (P. 
juliflora) pollen pellets achieve superior vs the other 
tested plants followed by asian mustard (B. tourneforii), 
cat's head (T. terrestris) and willow wattle (A. salicina) 
plants. These results were matched with Taha (2015), 
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who considered that Prosopis spp., Brassica spp., 
Tribulus spp. were the most important pollen sources 
for honey bee colonies. He observed that bee foragers 
focused only on four flowering plants to collect major 
quantities of pollen in Alhasa region. This phenomenon 
was previously illustrated by Klein et al. (2019). They 
verified that A. mellifera can concentrate foraging 
efforts on a single type of flowers. Therefore, the fidelity 
in the studied areas could be attributed to the scarcity 
of other flowering species, due to seasonal inundation 
of the floodplain. This fact could force honey bees to 
visit flowers of a limited number of plants. Also, floral 
fidelity (Goodwin, 2012) could be related to the distance 
of the hives to floral sources. In addition, color, shape 
and flowers odour, energy requirement and caloric 
rewards offered by flowers also determine whether 
honey bee can be a dependable flower visitor (Dobson 
& Bergström, 2000). 

Continuous presence of T. terrestris in the present 
study reinforced by Yankova- Tsvetkova et al. (2011). 
They claimed that the high pollen and embryo viability 
established as well as sexual reproduction are important 
factors in determining if T. terrestris has a suitable 
amount of reproductive potential and whether its 
successful realization ensures the stability of its 
populations. Naghiloo and Siahkolaee (2019), also, 
referred to T. terrestris as being extensively dispersed 
due to its facile seed transmission in desert, warm, and 
moderately temperate parts of the globe. This species' 
ability to successfully use its reproductive potential is 
also a result of its trait as an entomophilous plant that 
generates a significant amount of pollen grains. 

Pollen Characterization 

The obtained results showed considerable 
variation in pollen morphology has been detected 
between the plant sources. Except of cat's head and 
asian mustard the largest polar length and equatorial 
length of the collected pollen grains in this work 
belonged to family Fabaceae. However, cat's head 
pollen shape was in agreement with Rouhakhsh et al. 
(2014), who documented that T. terrestris pollen grains 
are oblate-spheroidal, radially symmetric, pantoporate. 
Also, Semerdjieva et al. (2011), reported that exine 
ornamentation for T. terrestris is reticulate and the sizes 
of the pollen grains ranged between 35 and 47.5 µm 
with an average 43.5 µm. 

In this investigation, pollen morphology of E. sativa 
and B. tournefortii showed similar phenomena with 39 
species belonging to family Brassicaceae, studied in 
Saudi Arabia by Umber et al. (2021). The dominant 
feature is tricolpate for the pollen grains which ranged 
in form from prolate spheroidal to subprolate to prolate. 
The same author recorded that Schimpera arabica 
(Brassicaceae), which has the smallest grains in this 
family, has a polar axis of 16 µm and an equatorial 
diameter of 15 µm. However, Malcolmia pygmaea, has 
the largest polar axis of 37 µm and an equatorial 
diameter of 21.5 µm. Additionally, the finding of Gosling 

et al. (2013) supported ours by classifying family 
Brassicaceae as a stenopalynous, whereas the pollen 
grains are usually reticulate and tricolpate. 

Conclusion 

The large amounts of pollen obtained from asian 
mustard and mesquite reflect its significance as 
important pollen forage plant for honey bees in this 
area. Plants families Aracaceae, Brassicae, Fabaceae, 
Myrtaceae and Zygophyllacae were the most flowering 
plants visited by honey bee colonies as pollen sources in 
Riyadh region. The beekeepers interested in collecting 
pollen can be advised to hold their pollen traps from 
mid-January to the first of march and mid-July to mid-
September as the most suitable periods for collecting 
pollen in the Riyadh region. Further studies on honey 
bee colonies operating in the harsh environmental 
conditions of central Arabia are needed. 
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