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Abstract: The study aimed to investigate the effects of nectar secretion and climate condi-

tions on the number of honeybee workers foraging on flowers of three different plant species. 

Nectar samples were taken at different hours of the day. Handling and traveling time of each 

bee per flower were recorded. The results showed a significant difference during daylight 

hours on nectar volume (P>0.05). The highest amount of nectar was recorded at 10 am on a 

Prunus domestica flower plant (0.5± 0.2) and the lowest on a Pyrus communis flower plant at 

8:00 am with (0.0132 ± 0.008). Also, the highest recorded handling time was on a Malus do-

mestica flower plant at 10 am with (6.1± 1.7 Sec). And while there was an absence of mean 

handling time at 4:00 pm on the P. communis flower plant, The results showed that the high-

est traveling time recorded was on a M. domestica flower plant at 12 am with (2.2 ± 0.1 Sec) 

compared with the P. communis flower plant that recorded the lowest traveling time at 4:00 

pm with (0.1± 0.1 Sec). Furthermore, the results revealed that the preference of Apis mellifera 

was the M. domestica flower plant. The findings showed a significance (P>0.05) between the 

effects of climate conditions on the number of bees during visits, while also revealing that 

there was a relationship between high temperatures and an increase in the number of visiting 

bees. Meanwhile, the number of visits decreased during the hours of observation with lower 

humidity. 
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INTRODUCTION 

It is important to collect information on the 

honeybee A. mellifera populations of Saharan 

and Coastal locations in Libya to fill the 

North Africa gap of biogeography and honey 

bee distribution (Shaibi, 2013). Nectar pro-

duction plays a vital role in the pollination of 

flowering plants. Many studies have been 

done on nectar production and pollinator in-

teraction, especially in tropical, southern, and 

southwestern American species and north Eu-

ropean species (Beutler, 1953; Beutler & 

Schöntag, 1940; Corbet et al., 1979; Huber, 

1956; Loper et al., 1976; Robinson & Oertel, 

1975; Southwick et al., 1981; Wykes, 1953). 

Many insect species help in the process of 

reproduction in plants through mediating pol-

len from flower to flower. Pollinating insects 

play vital roles in agriculture (Yun, 2005). 

The collection of pollen and nectar from 

flowering plants by bees is known as forag-

ing behavior (Gary, 1992; Michener & 

Michener, 1974).  

Time spent by workers flying from one flow-

er to another on the same plant is known as 

traveling time (Steel et al., 1981), and time 

spent by a worker from entering her head in a 

flower to her exit as handling (Steel et al., 

https://doi.org/10.54172/mjsc.v35i3.258
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i3.258&amp;domain=pdf&amp;date_stamp=2008-08-14
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1981). The time spent by bees on flowers de-

pends on several factors, including the size of 

the flowers and the nectar found in flowers 

(Singh, 1979). A flowering plant, Macroptili-

um sp, a plant species located in Argentina, 

led to a decrease in the production of nectar, 

which affected the number of bee visits (Hoc 

et al., 2003). Many factors affect the secre-

tion of nectar, including the age of the flow-

er, soil content, and climatic conditions, in-

cluding temperature and humidity (Savos, 

1995) (Gonzalez et al., 1995).  

The honeybee, A. mellifera, is flower con-

stant, which means that on any foraging trip, 

it focuses on only one kind of flower. Pollen 

is transferred only between flowers of the 

same species. This is one of the features that 

make honey bees so popular for the commer-

cial pollination of crops. On the downside, 

some scientists have expressed concern that 

honey bees are too efficient in their collection 

of nectar and pollen, leaving none in a given 

local flower source for the foraging of other 

pollinators (Buchmann & Nabhan, 1996; 

Hubbell & Braasch, 1997). Relative humidity 

has less effect on the flight activities of Apis 

species. However, a combination of tempera-

ture and humidity are important in the ripen-

ing of the anthers of flowers and the availa-

bility of pollen to visiting insects (Joshi & 

Joshi, 2010). The amount of nectar decreases 

in plants due to high temperatures that cause 

its evaporation and increases its concentra-

tion which reflects in the number of visitors 

(Carpenter, 1983). The rate of visits by bees 

increases to the area of flowers by increasing 

the number of pen flowers (Southwick et al., 

1981). This study aims to investigate the ef-

fect of nectar volume on the different activi-

ties and behavior of Apis. mellifera on three 

plant flowers. 

MATERIALS AND METHODS 

Site: The experiments were conducted in 

April 2015 on a farm in the Al-Abarq area, 

Al-Jabal AL-Alakhdar, Libya, cultivated with 

Plum (Prunus domestic), Pear (Pyrus com-

munis), and Apple (Malus domestica). 

Nectar Secretion: Nectar samples (µl /f) 

were taken randomly at different hours of the 

day (at least ten flowers). Nectar samples 

were taken from 8 am to 4 pm by a capillary 

tube used to assure complete removal of 

available nectar within the flower. Nectar 

volume was determined by measuring the 

length of nectar columns in the capillary tube 

to the nearest 1 µl.(Dafni, 1992). 

Handling and Traveling Time: Handing 

time for each bee per flower was recorded 

(by seconds), which started when visiting 

bees rested on a flower. Traveling times were 

recorded during their movement from one 

flower to another. All times were recorded 

with the help of a stopwatch. All records 

were taken from 8 am to 4 pm.(Pleasants, 

1981). 

Climate Conditions: Climate conditions 

were recorded by a psychomotor and a ther-

mometer while recording the number of 

flowers visited by bees. Temperature and 

humidity recordings were taken during flower 

visits from 8 am to 4 pm on observation days 

in an area (1m × 1m) for each plant. 

Data Analysis: All data were analyzed by 

Minitab program 16, by determined ANOVA, 

(M± SE), and regression analysis between 

different factors. Excel program was used for 

data graphical analysis. 

RESULTS 

Nectar secretion: On P. communis, the high-

est mean amount of nectar was recorded at 

10:00 am. (0.18±0.08 µl /f) compared with 

the lowest mean amount of nectar which was 

(0.0132 ± 0.008 µl /f) at 8:00 am. The highest 

mean amount of nectar was at 4:00 pm on M. 

domestica (0.07±0.01 µl /f), and the lowest 

mean amount of nectar was (0.0133± 0.01 µl 

/f) at 12:00 pm. While on the flower of P. 

domestica, the highest recorded mean amount 
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of nectar was (0.5±0.2 µl /f) at 10:00 am 

compared with the lowest mean amount of 

nectar (0.1± 0.01) (µl /f) at 2:00 pm. (Fig. 1). 

The results indicated that there are significant 

differences (P>0.05) between the amount of 

nectar secretion during different hours of a 

day in all plant species (Fig.1). By comparing 

the three plant flowers, P. domestica recorded 

a higher mean amount of nectar (0.2±0.05µl 

/f) while the lowest mean amount of nectar 

was (0.04± 0.006µl /f) on M. domestica. 

 
 
Figure 1. Mean volume (±M) of nectar (µl /f) extract-

ed from the three flowering plants of P. Communis, 

M. domestica, P. domestica. 50 Flower/day. 

 

Foraging activities 

a. Effects of nectar secretion on A. mellif-

era activity: 

The study recorded the numbers of A. mellif-

era on three flowers per meter square. The 

highest number of visits was at 10:00 am for 

all flowering plants respectively (P. Com-

munis, M. domestica, P. domestica) (105.0, 

188.0, 211.0) f/m
2
. The least number of visits 

recorded was at 4:00 pm for all flowering 

plants (P. communis, M. domestica, and P. 

domestica. (2.00, 30.0, 19.0) f/m
2
 respective-

ly (Fig. 2). The results revealed significant 

differences (P>0.05) in the number of visitors 

during the daytime for all plant flowers. 

 

 
 
Figure2. Foraging Activity of bees A. mellifera per 

meter square/second, during different hours of the day 

between flower species. 

 

The results showed a different preference of 

workers A. mellifera to the three plant flow-

ers, where the highest number of bee visitors 

was on M. domestica. P. domestica, then the 

low preference was on P. communis. The re-

sults showed that 145 bees foraged on M. 

domestica while 120 bees on P. domestica 

and 53 on P. communis (Table 1). 

 
Table (1). Preference of bees for a particular plant 

species. 

Plant  Specie  Number of bees 

   P. communis   53.0 
b
 

   M. domestica  145.0
a
 

   P. domestica    120.0
a 

The letters in the same column are nonsignificant differ-

ences (P <0.005) 

The results showed of a low correlation be-

tween amount of nectar secretion and worker 

activity on P. domestica (R
2
= 0.4) while rec-

orded a strong relationship on P. communis 

(R
2
= 0.9) and on M. domestica (R

2
= 0.5) 

 

b. Handling and traveling time: 

The results showed significant differences 

(P>0.05) between handling and traveling 

times at different hours of the day. P. com-

munis recorded the highest mean handling 

time at 8:00 am of (3.7 Sec). On M. domesti-

ca, the highest mean handling time was at 

10:00 am (6.1 Sec) compared with the lowest 
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mean, which was (2.9 Sec) at 4:00 pm. While 

on P. domestica the highest mean handling 

time was (3.5 Sec) at 4:00 am, compared with 

the lowest mean which was (2.5 Sec) at 8:00 

pm. Also the highest mean traveling time 

recorded on P. Communis was (2.1 Sec) at 

10:00 am, compared with the lowest mean 

traveling time at 4:00 pm which was (0.1 

Sec). Also, on M. domestica, the highest 

mean traveling time was recorded at 12:00 

pm (2.2 Sec) compared with the lowest mean, 

which was (1.8 Sec) at 4:00 pm. While on P. 

domestica, the highest mean traveling time 

was (2.0 Sec) at 2:00 am compared with the 

lowest mean, which was (1.0 Sec) at 12:00 

pm.  

 

 
Figure 3 (a) (b).   Comparison between handling time 

and traveling time/seconds of A. mellifera between the 

different times of the day in three flower species, 50 

Flower/day. 

 

The results showed a clear variation in han-

dling times between the visits of bees to the 

three different plant flowers (one-way ANO-

VA), (df=2, F=13.6, P>0.005). The highest 

mean handling time recorded was on M. do-

mestica (6.1 Sec) at 10:00 am compared with 

P. communis, for which at 4:00 pm, a mean 

handling time was not recorded. The results 

also showed a clear variation in traveling 

time with the visits of bees to the different 

three plant flowers (one-way ANOVA), (df 

=2, F=7.9, P>0.005). The highest mean trav-

eling time was recorded at 12 pm on M. do-

mestica (2.2 Sec). While the lowest mean 

traveling time was recorded on P. communis 

(0.1 Sec) at 4:00 pm (Table 2). 

 
Table (2). (Mean ± SE) of handling time and traveling 

time of A. mellifera on three flower Species in (Sec). 

N= number of flowers visited. 

Plant  Flower Handling 

Time (Sec). 

Traveling 

Time (Sec). 

P.  communis               

N(263) 

2.1±0.3b 1.3±0.1b 

M. domestic 
N (725) 

4.5±0.4a 2.0±0.08a 

P.  domestica     

N (4111)  

2.9±0.2b 1.5±0.09b 

The letters in same column are nonsignificant differences (P 

<0.005) 

a. Effects of some climate conditions 

on honey bee workers activity:  

The results showed effects of climate condi-

tions on the same time of the day on flight 

activity. Higher rates of visitor bees were 

recorded in all three plants respectively P. 

communis, M. domestica, p. domestica at 

10:00 am as increases in temperature contin-

ue (31.1
0
C, 26,4

0
C, and 23

0
C). Compared 

with decreases in humidly (22.1%, 26.7%, 

33.0%) respectively on P. communis, M. do-

mestica, P. domestica at 4:00 pm, with the 

lower rates of visitors recorded with decreas-

es in temperatures (22.5
0
C, 23.7

0
C, 21.7

0
C), 

compared to increases in humidity (30.0%, 

35.4%, 29.5%) respectively. The results rec-

orded were significantly different between 

the temperature and the activities of the 

workers on the three flowering plants (df=1 

f=0.65 p=0.4). Also, significant differences 

were recorded between the humidity and the 

activities of the workers on three flower 

plants (df =1 f=0.18 p=0.6). 

DISSCUSION 

The results revealed that the three plants 

showed fluctuation in nectar secretion 

throughout the day, and the weather condi-

tions could potentially be the main reason. 
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This was clear in particular on Apple and 

Pear flowers, and the results agreed with 

(Merti, 2003) who investigated the effect on 

relative humidity on nectar secretion, also 

results by (Corbet, 1978; Park, 1929; Shuel, 

1992) the surrounding humidity effects the 

amount of nectar secretions. 

The increase in temperatures decreases the 

amount of nectar available to bee visitors as 

it increases water evaporation in nectar 

(Corbet, 1990). The results on Pear recorded 

a different phenomenon, which could be the 

result of other factors that govern nectar se-

cretion other than weather conditions. (Raw, 

1953) revealed that the difference in osmosis 

of secretion glands and the common phenom-

enon in some plants’ so-called habitation of 

nectar causes an increase in nectar secretion. 

These findings were presented by (Williams 

& Thomson, 1998) during their study of the 

plant Pentstermon strictus. 

The sex of flowers shows differences in the 

amount of nectar secretion. The female flow-

ers of Lavandula stoechas secret double the 

amount of nectar secreted by male flowers 

(Gonzalez et al., 1995). Also, the flower’s 

age could be a factor behind the amount of 

nectar secretion (Wood, 1961). 

The bees' activities during the daytime show 

dramatic changes during their visit to the 

three plant flowers. The results of the current 

study agreed that bee activity recorded its 

highest rates at 10 am and the lowest rates at 

4 pm. The frequency of bee visits increases to 

the flower area by increasing the number of 

open and containerized flowers for nectar 

(Southwick et al., 1981). When the tempera-

ture drops, it reduces the activity of the bees, 

or it may be absent, as noticed by (Bataw and 

Lamin, 2001) on the Rosmarinus offcinalis. 

The effects of the amount of nectar secreted 

by plant flowers during different hours of the 

day time show a clear difference on the time 

of traveling and handling in particular in Pear 

flowers at 8.00 am when the longest resting 

time was recorded where the amount of nec-

tar is low. The same conclusion was reported 

by (Bataw and Lamin, 2001) during their in-

vestigation of the foraging behavior of Apis 

mellifera on the nectar of Rosmarinus offi-

cialis. While the amount of nectar at 2.00 pm. 

was high, the bees became absent, which 

could be due to the reduction in the nectar 

concentration. In apple flowers, the resting 

time was higher at 10 am with high amounts 

of nectar. 

The preference for honey bees to forage in 

apple flowers, could be due to the fact that 

apple blossoms are more attractive to bees 

than pear blossoms as a result of the sugar 

content. This agrees with other researches 

which mentioned the important of sugar con-

centration (Schneider et al., 2004; Schneider 

et al., 2002; Vansell, 1946). The honey bees 

showed less preference to the flowers of p. 

communis due to the low amount of nectar 

within the flower and the low concentration 

of sugar (Mayer, 1993; Mayer & Lunden, 

1996; McGregor, 1976; Willmer, 2011) also 

pointed out the importance of the location of 

flowers in the branches of trees, which de-

termines the presence and activity of many 

insect pollinators. 

The climatic conditions have a visible effect 

on the visitors’ activity on the flowers. The 

current study showed a significant difference 

in the number of bee visitors during the day 

hours and the relationship between tempera-

tures and relative humidity during the study. 

The highest rates of visits in all plants were 

recorded during average high temperatures 

and low relative humidity. Similar results 

were recorded of the visitors’ activity on the 

flowers, influenced by factors such as tem-

peratures, relative humidity, rain, and wind 

(Thorp & RW, 1979). Little flight activity 

occurs at or below 10
º
C (50 F), while the 

number of bees taking trips increases as the 

temperature continues to rise above (20
º
C) 

(Joshi & Joshi, 2010). 
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النباتات الزهرية في  بعض زيارةخلال   .Apis mellifera Linn العسلالغذاء لنحــل  عن البحثسموك 
 ليبيا الأخضر،منطقة الجبل 
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الباحثدة عدن الاد اء فد   عسدلشداالات نحدل  عددد عمى المناخية والظروفالرحيق  إفراز آثار دراسة إلىبحث ال هدفي المستخمص:
الد   تسدتارق   وقدتال تسدجيل وتدم ،سداعات النهدار مدن مختمفدةأوقدات  فد الرحيدق  عيندات أخد  تدم مختمفدة، نباتيدة أندواع ثلاثدةأزهدار 

 حجددمتفدداوت  عمددى النهددار سدداعات خددلال إحصدداةية دلالددة  ات فددروق دو وجددبينددت الدراسددة  .النحمددة فدد  الانتقددال مددن زهددرة إلددى أخددر 
ا 40 السداعة عندد الرحيدق مدن كميدة  أعمدى سدجمت ، (P> 0.05) الرحيدق  وأدندى P. domestica (0.5± 0.2) زهدرة فد  صدباحا
المسدجل  الأعمدىالمناولدة  وقدت كدان كمدا(. 03001±  030430) مد صدباحا  1:00 السداعة فد  P.  communis زهدرة عمدىكميدة 
ا 40 السداعة فد  وكدانM. domestica  أزهار نبات ف   ممناولدةل وقدت تسدجيل ماعددان مدن الدرمم وعمدى( ثانيدة 431±  134) صدباحا
عمدد   مسددجللتنقددل النحمددة بددين الأزهددار  وقددت أعمددى أن النتدداة  أظهددرت ،P. communis زهددرة نبددات فدد  مسدداءا  1:00 السدداعة فدد 

 وقتادا سدجل لد  ا   P. Communisزهدرة نبدات مد  مقارندة( ثانية 034±  030) ظهرا 40 الساعة ف  M. domestica نباتأزهار 
 كدان Apis mellifera تفضديل أن أيضدا النتداة  كشدفت  لدك عمدى عدلاوة(. ثانية 034±  034) مساءا  1:00 الساعة ف  لمسفر أقل
 عمدى  المناخيدة الظدروف تدثثيرات بدين إحصداةية دلالدة ( (P> 0.05أن هنداك  لنتداة ا أوضدحت  .M. domesticaزهدرة نبدات عمدى
ين، بينما انخفض عددد الزاةدرات الزاةر  النحل عدد وزيادة الحرارة درجة ارتفاع بينة علاق وجود تر أظه بينما الزيارة، أثناء النحل عدد

 خلال ساعات الدراسة م  انخفاض نسبة الرطوبة.   

 .تفضيل الزهرة، سموك البحث عن الا اء، زمن المناولة والتنقل، Apis mellifera: الكممات المفتاحية
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