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EFFECT OF BEE POLLINATION ON THE YIELD OF SESAME , 

SESAMUM INDICUM L. 

 

MD. ZILLUR RAHMAN
1
 

 

ABSTRACT 

 

The experiment was conducted in the Central Farm of Sher-e-Bangla Agricultural University, 

Sher-e-Bangla Nagar, Dhaka-1207 during the period from April to July, 2013 to observe the 

foraging behavior of Apis mellifera in sesame field. The treatments were T1 (Caged with honey 

bee); T2 (Caged without honey bee) and T3 (Open plot).The result revealed that pollinator Apis 

mellifera visitation was highest (101.75) in T1 treatment followed by T3(51.25) and T2 (24.25) 

which were significantly different from each other. The highest number of pollinators visitation 

time was recorded from 6.00 A.M to 9.00 A.M  in all three treatment where as lowest number of 

visitation was recorded in mid-day (2.00 P.M to 3.00 P.M). T1 treatment that caged with honey 

bee was the most effective in increasing no. of capsule per plant (86.50) and no. of seeds per 

capsule (56.75) followed by T3 treatment which was significantly different.In case of thousand 

seed weight (g), the highest result was recorded in T1 (3.48) treatment followed by T3 (3.20) 

treatment was significantly different. Yield of sesame after harvest was highest in T1 (1.16 t/ha) 

followed by T3 (1.03 t/ha) with no significant difference.  
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CHAPTER I 

INTRODUCTION 

Sesame (Sesamum indicum L.) is an important oil seed crop belonging to the family 

Pedaliaceae. It is reported that sesame is native to Asian and some African countries 

(Bedigian, 2003; Desai, 2004). It is also believed that sesame is one of the oldest 

crops in the world, cultivated for over 4,300 years in Babylon and Assyria (Hwang, 

2005). Its cultivation has great economic potential, because of great demand, both 

nationally and internationally. Presently, sesame is explored in 65 countries across 

Asia, Africa, Europe and Central and South America. Asia and Africa hold about 90% 

of the planted area (Vieira, 2004; Beltrão, 2001). The main producing countries are 

Egypt, Central Africa, Israel, Peru, Saudi Arabia and Macedonia. The current world 

production is estimated at 7,725,706 tons, with yield of 390 kg ha
-1

, Sesame was 

introduced in Brazil by the Portuguese in the XVI century from their Indian colonies 

(Elleuch et al., 2007; Koca et al., 2007; Wiess, 1983). The seeds, which contain about 

50% oil, are the main reason for its cultivation, and may be used in the food, 

pharmaceutical and chemical industries (Blal, 2013; Elleuch et al., 2007; Alves, 1986; 

Namiki, 2007). It is also third most important field oil seed crop in Bangladesh. 

Among the oil producing crops cultivated area in Bangladesh, about 73% is occupied 

by mustard and rape seed, 18% by groundnut and 9% by sesame (BBS, 2004a). It 

covers the area of 45,840 hectare of land having a production of 35,007 metric tons 

(BBS, 2000b).  Sesame is grown in both summer and winter season in Bangladesh. The 

summer sesame covers about two thirds of the total area (BARI, 2004 and Bilu,1994 ). 

Sesame has zygomorphic flowers with pendulous tubular corolla of 3-4 mm in length 

and coloring of various shades of purple white. They occur singly or in groups of two 

to three in the leaf axils and are hermaphrodite. The androecium consists of four 

stamens, two long (1.5-2.0 mm) and two short (1.0-1.5 mm) and the gynoecium has 

superior ovary, multi carpel and a long style (1.5 - 2.0 mm) with bifid stigma. The 

flower produces nectar in a nectary disk surrounding the ovary and in a couple of 

extra floral nectaries on both sides of the pedicel. Anthesis occurs early in the 

morning when the stigma becomes receptive and senescence can occur 6 to 12 hours 

later, depending on the variety and environmental conditions (Free, 1993). These 

characteristics of floral biology refer to varieties cultivated especially in warm 
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weather environments, but there is an evidence that varieties adapted to tropical 

conditions behave differently.  

Sesame is self-pollinating, although differing rates of cross pollination have been 

reported by both open pollination and bee pollination treatments were effective to 

increase the seed yield of sesame upto 22 to 33 percent more than that in ―pollination 

without insects‖ (Panda et al., 1988). In addition to increasing the yield, cross-

pollination also helps to raise quality through a more unified ripening period and an 

earlier harvesting time. According to Wiess (1983), this species is predominantly 

autogamous. Nevertheless, crossing rates reported in some studies ranged from only 1 

to 68% (Abdel et al., 1976; Ashiri, 2007; Free, 1993; Sarker, 2004; Yermanos, 1980), 

evidencing the need for further clarifications in this regard. Honey bees are good 

pollinators for many reasons. Their hairy bodies trap pollen and carry it between 

flowers.  

Sesame‘s blossom structure facilitates cross pollination, even though the crop is 

usually viewed as self-pollinating. With regard to the pollination requirements of 

sesame, there is no consensus on the predominant type of pollination. 

OBJECTIVES: 

In Bangladesh sesame is grown without managed pollination. Nearly all the sesame 

growers get their pollination services free from nature. Pollinators are declining 

worldwide day by day due to anthropogenic activities against nature. However, very 

few research has been done to observe the pollination effects on sesame yield, and 

therefore, the present investigation was taken 

 To observe different flower visiting insects in sesame.  

 To  find out the effects of managed bee pollination on sesame yield. 
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CHAPTER II 

REVIEW OF LITERATURE 

Sesame (Sesamum indicum L.) is a flowering plant in the genus Sesamum. Sesame has 

higher oil contents in comparison to other oilseed crops. With a rich nutty flavor, it is 

a common ingredient in cuisines across the world. Like other nuts and foods, it can 

trigger allergic reactions in some people. Recently sesame has drawn the attention of 

many researchers and some works on sesame have been done in different regions of 

Bangladesh. The findings of some relevant works in connection with the present 

works are presented in this chapter. 

2.1 SESAME NOMENCLATURE AND LINEAGE 

Carl Linnaeus presented Sesamum indicum in his Species Plantarum (1753), to which 

he added a second species, Sesamum orientate L. As regards S. orientate. he referred 

to a considerable number of previous publications, but he based S. indicum on a Van 

Royen specimen only, and included Plukenet's plant with trifid basal leaves 

(Wijnands, 1983).  

2.2 SYNONYM 

 Dysosmon amoenum Raf. 

 Sesamum africanum Tod. 

 Sesamum occidentalis Heer & Regel 

 Sesamum oleiferum Sm. 

 Sesamum orientale L. 

 Volkameria orientalis (L.) Kuntze 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Allergy
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2.3 Systematic position  

Phylum : Plantae 

      Class : Angoisperms 

Sub-class : Eudicots 

      Division : Asteriods 

               Order : Lamiales 

                 Family : Pedaliaceae 

                        Genus : Sesamum 

       Species : Sesamum Indicum 

2.4 Origin and Distribution 

Sesame seed is considered to be the oldest oilseed crop known to humanity (Romero and 

Cowley, 1990) Sesame has many species, and most are wild. Most wild species of the genus 

Sesamum are native to sub-Saharan Africa. Sesame Indicum, the cultivated type was 

originated in India (Zohary and Hopf, 2012) 

Charred remains of sesame recovered from archeological excavations have been dated to 

3500-3050 BC (Bedigian and Harlan, 2012). Fuller claims trading of sesame between 

Mesopotamia and the Indian sub-continent occurred by 2000 BC (Fuller, 2003). Some reports 

claim that sesame was cultivated in Egypt during the Ptolemiac period (Shaw, 2012), while 

others suggest the New Kingdom (Freeman et. al., 2004). 

Records from Babylon and Assyria, dating about 4000 years ago mention sesame. Egyptians 

called it sesame, and it is included in the list of medicinal drugs in the scrolls of the Ebers 

Papyrus dated to be over 3600 years old. Archeological reports from Turkey indicate that 

sesame was grown and pressed to extract oil at least 2750 years ago in the empire of Urartu 

(Rosengarten et, al., 2004). 

The historic origin of sesame was favored by its ability to grow in areas that do not support 

the growth of other crops. It is also a robust crop that needs little farming support—it grows in 

drought conditions, in high heat, with residual moisture in soil after monsoons are gone or 

even when rains fail or when rains are excessive. It was a crop that could be grown by 

subsistence farmers at the edge of deserts, where no other crops grow. Sesame has been called 

a survivor crop (Langham, 2011). 
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2.5 Floral biology of sesame 

The flowering period was from November to December, starting the ripening of fruit after 60 

days of flowering. At the end of December, the flowering decreased, ceasing completely in 

January (Hwang, 2005). 

Unlike other varieties of sesame which have one or two flowers per leaf axil, the CNPA G2 

variety has three flowers. The flowers are complete, gamopetalous, zygomorphic and with a 

short stalk. The calyx has five fused sepals. One of the petals serves as a landing platform for 

the visiting insects. The tubular corolla is white, with a lobe upwards and the other 

downwards. (Ali and Taha, 2012). 

The androceium is didynamous with four stamens, in pairs, one lower than the other, 

epipetalous, fused at the base of the upper lip of the corolla tube, and anthers with rimosa or 

longitudinal dehiscence. Anthers are yellowish and 1 mm in length. The pollen grain is 

yellowish; gynoecium is bicarpelar, with bilocular ovary and axile placentation. The 

observations showed that the ovary is superior and green, and the style is filiform, ending in a 

bifid stigma. The fruit is dehiscent, and the dehiscence starts at the apex toward the base. 

These features are apparently common to many varieties of sesame, considering the similarity 

with that observed in other varieties by several authors ( Quer, 1970; Prata, 1969; Yermanos, 

1980). 

2.6 Pollination Biology 

 The floral development, floral buds had a green corolla slightly rigid, which with the passing 

of time was growing and changing from green to white. At this stage, while the flower was 

developing, the anthers of the longer stamens were located below the height of the stigma, but 

still closed, while those of the shorter stamens, in turn, were located well below the anthers of 

the longer stamens. Two hours before anthesis, the four filaments of stamens elongated 

rapidly, so that at the time of anthesis (6:30 to 7h), anthers of longer stamens reached the 

stigma height, while those of shorter stamens were positioned just below the stigma. At that 

point, all four anthers opened up longitudinally and released pollen grains and the two lobes 

of the stigma opened in Y, coming into contact with the anthers and receiving a large amount 

of pollen on the inner surface. In this way, flowers of sesame autopollinate around the time of 

anthesis. (Vaissiére et al., 2011). 

A higher number of seeds per fruit is a desirable feature for sesame both from the commercial 

and ecological point of view, being an important indicator of plant reproductive success, since 
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a greater number of seeds produced will increase the chances of perpetuation of species 

(Roubik, 1989). In this experiment, the number of seeds produced per fruit in sesame 

indicated that the pollination requirements of sesame flower were met. In nature, self-

pollination is less advantageous because it does not favor new genetic combinations and thus 

the production of more vigorous seeds and plants, so that some plant species have 

mechanisms to prevent the occurrence of self-pollination (Consolaro, 2005; Raven et al., 

2007). On the other hand, self-pollination ensures the perpetuation of the species when one 

partner is not nearby or promoters of cross-pollination agents are absent or scarce. In this 

sense, although many plant species get more benefits by cross-pollination also accept a certain 

percentage of self-pollination. This becomes especially clear in species from harsh habitats 

with few biotic pollinators (Free, 1993; Freitas; Paxton, 1998; Holanda-neto et al., 2002). 

Nevertheless, sesame seems to have evolved to favor self-pollination, but also developed 

mechanisms to attract biotic pollinators, such as differently flower, showy color, odor and 

nectar secretion, in order to promote some percentage of cross-pollination (Faegri; Van Der 

Pijl, 1979). 

Currently, stocks of honey-bees are experiencing many diseases, and populations of wild 

pollinator species are declining in several regions (Kluser and Peduzzi, 2007), raising concern 

that a potential global ‗pollination crisis‘ threatens our food supply (Withgott, 1999; Kremen 

and Ricketts, 2000; Richards, 2001; Wester and Gottsberger, 2002; Steffan-Dewenter et al., 

2005). In North America, the number of managed honey-bee hives has declined almost 60 % 

since the mid 1940s, due to the increasing incidence of parasitic mites and other unidentified 

factors (National Research Council, 2007; Oldroyd, 2007; Stokstad, 2007). Correspondingly, 

the diversity of wild bees has decreased greatly over much of Western Europe, mostly owing 

to habitat destruction (Biesmeijer et al., 2006; Fitzpatrick et al., 2007). Despite evidence that 

pollination shortages affect fruit and seed quality and quantity of many crops in many places 

(Klein et al., 2007), data that we compiled previously did not provide strong evidence of 

pollinator limitation affecting global agricultural production (Aizen et al., 2008). However, 

we did determine that cultivation of pollinator-dependent crops has, on average, been 

expanding faster than that of non-dependent crops in both developed and developing 

countries over the period 1961–2006, so the demand for pollination service is rising at the 

same time that pollinator abundance and diversity are declining. In the near future, such 

opposing trends threaten crop yields, which could be averted either by further increases in 

inputs to compensate for a decline in productivity or by implementation of technical 
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alternatives to traditional pollination practices. This bleak scenario calls for better information 

on the dependence of agriculture on pollinators. Estimates that should be more precise than 

the enlightening, but raw values reported so far (Klein et al., 2007). 

Many studies have attempted to estimate the value of crop pollination and pollinator 

dependency in financial terms, generating net dollar values for this ecosystem service 

(Southwick and Southwick, 1992; Costanza et al., 1997; Losey and Vaughan, 2006; Gallai et 

al., 2009).  

Ashri (2007) reported that the cross pollination rates were between 2.7and 51.7% in Nigeria. 

Yermanos (1980), Ashri (2007) and Sarker (2004). The pollination process occurs at the time 

the flowers open (Kafiriti and Deckers, 2001; Langham, 2007). Yermanos (1980) found less 

than 1% when the sesame was surrounded by cotton and other crops. In Moreno, California, 

he found 68% in a field where the sesame was the only blooming plant in a semi-arid area. 

Langham (2007) found considerable cross pollination in the Arizona nurseries where many 

farmers maintained bees for pollinating other seed crops, but little cross pollination in the 

Texas nurseries. 

The current dependency of global agriculture on pollinator services can be estimated in terms 

of either losses related to a pollination shortage or the cost of mitigation. The first, deficit, 

approach requires quantification of the decrease in relevant measures of productivity, such as 

total production, yield and diversity, in the absence of animal pollination. The second, 

compensation, approach requires prediction of the increased agricultural inputs needed to 

offset the pollination deficiency, such as increases in cultivated area, number of managed 

bees, labour required for hand pollination, breeding for autonomous pollination and adoption 

of pheromones to increase the foraging activity of bees. Both approaches are implicit in 

calculations of the value of insect or, more specifically, honey-bee pollination to particular 

crops or the agriculture of specific countries (Robinson et al., 1989; Morse and Calderone, 

2000; Ricketts et al., 2004; Morandin and Winston, 2006). Regardless of the approach 

adopted, estimation of the agricultural dependence on animal pollination must recognize that 

most crops provide some yield in the absence of pollinators and so depend only partially on 

pollinators. Therefore, any global estimate of pollinator dependency must account for 

variation among crops in the contribution of animal pollination to production to guard against 

overstating the agricultural importance of pollinators (Ghazoul, 2005). 
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2.7.1 Foraging Range 

Bees are known to fly as far as 12 km (8 miles), but usually foraging is limited to food 

sources within 3 km. Westerkamp and Gottsberger (2002) studied that approximately 

75% of the bees from a colony forage within one kilometre while young field bees 

only fly within the first few hundred metres. 

2.7.2 Foraging Fidelity 

Foraging bees tend to limit their visits to a single species of plant during each trip. 

This behavioural adaptation is critically important for plants since it assures the 

transfer of pollen from one plant to another plant of the same species. In commercial 

crops, foraging constancy is essential for optimizing seed set and fruit development. 

(Free, 1993). 

Individual foragers will acquire a sample through scouting in the morning and tend to 

fly to the same source as long as it remains profitable. Bees will shift to another plant 

species if the nectar or pollen fails. Even then, memory will cause these foragers to 

return several times and re-check. In areas with great floral diversity and small 

plantings, a higher percentage of foraging bees will visit different kinds of plants 

during the same trip. This would account for the mixed pollen loads of returning bees 

(Winters, 2007). 

2.8 Effect of temperature and relative humidity on honeybee foraging behavior 

There were differences in mean temperature and relative humidity during the 

observation times. The time period of 12:30-13:30 PM had the highest temperature, 

and 8:30-9:30AM had the lowest relative humidity and temperature (Rahman, 2000). 

In the hive, pollen is removed from the rear legs by a spike on the mid legs and is 

placed in cells. Often the head is used to pack the pollen in cells. Honey is added to 

maintain pollen quality. This final product is called bee bread. There was no 

correlation of air temperature and relative humidity with the frequency of foragers‘ 

exiting, foraging rate and time honeybees spent per flower. Abundance of insects 

tended to be positively correlated with mean air temperature (r= +0.42), while there 

was a negative tendency with relative humidity (r = -0.22). Semida (2006) indicated 

that abundance of honeybees had positive relationship with relative humidity (r = + 

0.20), while there was negative trend with air temperature (r= -0.30). Omoloye and 

Akinsola (2006) also indicated negative correlation between the intensity of visitation 
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by honeybees and temperature. Foraging rate of bees tended to be positively 

associated with air temperature (r= +0.21), while there was a negative tendency with 

relative humidity (r= -0.19). Similarly, Peat and Goulson (2005) revealed that 

temperature did not significantly influence foraging rate of bees.  

Temperature and relative humidity had significant effect on the pollen and nectar 

preference of honeybees. The number of bees that collected nectar had a positive 

association with air temperature (r=0.67; P=0.01) and negative relationship with 

relative humidity (r=-0.59; P=0.001). However, the number of bees that collected 

pollen had a positive correlation with relative humidity (r=0.62; P=0.001) and 

negative association with air temperature (r =-0.72; P=0.001). This might be the 

reason why honeybees were collecting more nectar starting from 12:30 to 13:30PM in 

which high temperature was recorded. Peat and Goulson (2005) also revealed that 

weather had a great influence on whether bees collected pollen or nectar. In stingless 

bees the number of pollen loads increased as relative humidity rose (r = 0.40), while 

high temperatures had negative influence on the number of pollen loads collected (r = 

-0.23); and the number of nectar loads was also positively correlated with air 

temperature (r = 0.24) (Fidalgo and Kleinert, 2010).  

2.9 Foraging Behavior of honey bee  

Under normal colony conditions, the forager bees are workers with an age of over 21 

days, at which time they shift to perform out-colony tasks including water, nectar, 

pollen or resin collection. The division of labour and the change of the nurse bees to 

perform foraging tasks were suggested to be impacted by colony factors (Huang and 

Robinson, 1996), elevated levels of the foraging gene (Amfor) (Ben-Shahar et al., 

2003) and/or the variations in the abundance of mRNA (Whitfield et al., 2003) in the 

worker‘s brain. Also, many other factors were suggested to have a key role in the 

shifting of worker bees from In-colony tasks to Out-colony tasks. The anticipation of 

the commencement of foraging is associated with an increased titre of juvenile 

hormone (JH) in foragers which is not affected by foraging experience but by diurnal 

variations (Elekonich et al., 2001). Further, Schulz et al., (2002) found higher 

octopamine concentrations in the antennal lobes of the bee brain in foragers compared 

to nurses regardless of the age. They also found that changes in octopamine are 

modulated by juvenile hormone. The earlier age of foraging activity commencement 

(shifting to Out-colony tasks) was found to be affected by bovine insulin treatments 
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(Mott and Breed, 2012). In another study, and under reduced brood rearing activity a 

delay in foraging commencement and death was found to be associated with increased 

vitellogenin levels (Amdam et al., 2009). Generally, the foraging skills and the 

number of forager workers are increased with age (Dukas and Visscher, 1994). 

Additionally, the forager bees have different n-alkane profiles than the nurse bees 

with a higher quantity of n-alkane which may help the forager bees to tolerate the 

ambient conditions (Kather et al. 2011) 

2.9.1 Foraging time  

It is known that the foraging activity of honey bees is initiated in early morning and 

finishes in the evening. In some studies, honey bee workers started foraging activity at 

6.17 AM (Joshi and Joshi, 2010) but this commencement time can be greatly 

impacted by the region. Under desert conditions, Alqarni (2006) found that a higher 

number of foragers left the colonies at 8 am than at 10 am. In general, the foraging 

activity fluctuates during the day from the morning until the evening. Reyes-Carrillo 

et al. (2007) found high pollen collection in the early morning while low amounts of 

pollen were collected in the afternoon. Pernal and Currie (2010) reported a higher 

foraging rate mean during the afternoon period (36.02 foragers/min) than during the 

morning period (17.66 foragers/min). Yucel and Duman (2005) found that honey bee 

workers visited onion flowers from 8.15 to 16.30 h and the peak foraging was 

between 11.00 to 12.00 h. Foragers have the ability to remember the time of the day at 

which the higher food resources are available as found with Sysirinchium palmifolium 

plants (Silva et al., 2013) and such ability may correlate with foraging activity peaks. 

In general, the normal foraging interval at the same feeding site is less than 5 min 

(Yang et al., 2008) and bees spend different times per flower depending on the plant 

species. The time spent per flower was 6.92, 6.50 and 5.54 s for Chinese cabbage, 

broccoli and kohlrabi, respectively (Sushil et al., 2013).  

2.9.2 Foraging distance  

The energy hypothesis which suggests that foragers estimate the feeder distance (food 

resource) based on the spent energy during foraging flight is now considered to be 

incorrect and another hypothesis based on optical flow was suggested (Esch and 

Burns, 1996). Both hypotheses can be considered as integrated explanations inasmuch 

as the energy spent during flight as well as the speed motion of the ground image 
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received by the retina are both essential for estimating distance as well for distance 

calculation. The mean foraging distance for A. Carnica was 1526.1 m while foraging 

distances of pollen-collecting bees had a mean of 1743 m in simple landscapes and 

1543.4 m in complex landscapes (Steffan-Dewenter and Kuhn, 2003). The mean of 

foraging distances for small colonies of Apis mellifera was 670 m and for large 

colonies it was 620 m in July, while the values were 1430 m for small colonies and 

2850 m for large colonies in August (Beekman et al. 2004). Hagler et al., (2011) 

found that the foraging range of honey bees ranged from 45 m to 5983 m. Under 

desert conditions, water foragers can fly up to 2 km from their colonies to collect 

water (Visscher et al., 1996). It seems that the foraging distance for colonies in the 

same region is impacted by race, colony strength, food resource, month and the time 

of the day.  

2.9.3 Foraging preference  

Forager bees prefer the collection of water, nectar, pollen or resin from some 

resources over others. There are many examples of foraging preference; only a few 

examples are presented here. Water foragers were noticed to prefer continuous water 

sources than stable ones as well as large water containers than small ones (Abou-

Shaara, 2012). Also, forager bees have a preference to collect water from some 

unusual sources (e.g. cow dung) over clean water (Butler, 1940). Nectar foragers 

sometimes prefer one food source over another as well as the specific position of one 

flower over another. Sushil et al., (2013) found that more honey bee foragers visited 

broccoli followed by kohlrabi and finally Chinese cabbage with 6.05, 5.35 and 5.05 

bees/plant, respectively. Mayer and Lunden (1988) found more nectar foragers on the 

top of the flowers of Manchurian crabapple than red delicious apple. Fohouo et al., 

(2008) found the highest number of forager workers was on Syzygium guineense var. 

guineense and the lowest number on Psorospermum febrifugum. Weaver (1965) Also 

detected differences in honey bee foraging behaviour on hairy vetch (Vicia vitlosa 

Roth) flowers; some bees used the flower base while others use the flower mouth. 

Honey bees have a preference for apple tree branches located in the middle of trees 

rather than for those branches located higher up or lower (Mattu et al., 2012). 

Similarly, pollen and resin foragers prefer some resources over others. More studies 

are required to fully uncover the preference behaviour of forager bees. 
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2.9.4 Foraging behaviour of honey bee subspecies  

Differences between foraging activity as the number of bees leaving the hives were 

found between three honey bee subspecies; Yemeni, Italian and Carniolan honey 

bees, with a higher foraging activity of Yemeni then Italian and finally Carniolan 

honey bees under desert conditions (Alqarni 2006). Also, Ali (2011) found a higher 

foraging rate for Yemeni honey bees than Carniolan honey bees during June and 

August and at different monitoring times; 6–7 am, 11–12 AM and 4–5 PM. The same 

trend was found by Abou-Shaara et al., (2013), where Yemeni honey bees had higher 

foraging activity than Carniolan honey bees under desert conditions. In contrast, no 

clear impact of bee race was found for ARS Russian or Italian honey bees with 

respect to the percentages of pollen foragers or flight activity (Danka et al., 2006). 

The differences between the foraging activity of honey bee subspecies can be 

explained partly by the variations in their morphological characteristics. Bees with 

large wings were reported to have higher flying ability than small ones (Mostajeran et 

al. 2006). Higginson et al. (2011) found that bees with damaged wings had less 

foraging trips and flew closer to the hive than healthy ones. Positive correlations were 

found between foraging activity and sealed brood area as well as bee number (Abou-

Shaara et al. 2013). Also, the adaptation of honey bee subspecies to certain 

environmental conditions may influence the foraging activity (Alqarni 2006). Forager 

workers of Yemeni and Carniolan honey bee subspecies, under laboratory conditions, 

showed different abilities to tolerate different temperatures and relative humidity 

gradients (Abou-Shaara et al., 2012).  

2.9.5 Factors impacting foraging activity  

There are many factors that can impact foraging activity. These factors can be divided 

into two major groups: in-colony factors and out-colony factors. The first group (in-

colony factors) include: queen presence and case (virgin or mated). Higher foraging 

activity with less pollen collection was found in colonies headed by virgin queens 

than colonies headed by mated queens while lower foraging activity and pollen 

collection were found in queenless colonies than in colonies with a mated or virgin 

queen (Free et al., 1985b). Also, foraging activity is impacted by colony strength and 

brood rearing activity (Amdam et al., 2009; Abou-Shaara et al., 2013), and the degree 

of pollen need (Weidenmuller and Tautz 2002). Beehive type also has an impact on 

the foraging activity of honey bees (Abou-Shaara et al., 2013). The infection of honey 
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bee foragers with diseases and parasites such as Nosema sp. or Varrao destructor may 

result in the inability of foragers to return to their colonies or increased time to return 

(Kralj and Fuchs, 2006; Kralj and Fuchs, 2010). The genotype of honey bee strains 

(e.g. high and low pollen-hoarding bees) strongly affected foraging behaviour for 

nectar or for pollen (Pankiw et al., 2002). The inheritance of high pollen-hoarding 

behaviour is a recessive trait unlike honey storing behaviour, which shows a more 

dominant pattern (Page et al., 1995). Beside these factors, ovariole number can 

influence nectar collection by honey bee workers (Siegel et al., 2012).  

With regard to out-colony factors, the availability of suitable plant resources has a 

great impact on foraging activity, and forager bees have a preference for some 

resources over others (see, preference of honey bees paragraph). Moreover, Fulop and 

Menzel (2000) found that the reward volume (e.g. sucrose solution or nectar) has an 

impact on foraging activity and that bees can perceive the amount of reward from the 

feeding source.  

With respect to environmental factors which influence foraging activity, A. mellifera 

bees were observed to commence their foraging activity at ambient temperatures with 

a mean of 6.57 °C (Tan et al., 2012) while in another study this value was found to be 

16 °C (Joshi and Joshi 2010). At ambient temperatures of about 20 °C, the highest 

activity was recorded (Tan et al. 2012) while at 43 °C the lowest foraging activity was 

found (Blazyte-Cereskiene et al., 2010) as well as at or below 10 °C (Joshi and Joshi 

2010). Further, a significant negative correlation (r = −0.09) was found between 

foraging activity and temperature (Abou-Shaara et al., 2013). Thus, it is expected that 

foraging activity is influenced passively by elevated temperature as found by Cooper 

and Schaffer (1985) with pollen foragers. In contrast, relative humidity had less of an 

effect on flight activity (Joshi and Joshi 2010). Further investigations are required in 

order to elucidate these phenomena.  

It was also found that other environmental factors can have an impact on foraging 

activity. Collins et al., (1997) found no impact of solar ultraviolet-B (UV-B) on the 

foraging activity of honey bees on two species of mustard, Brassica nigra and B. rapa 

grown under controlled conditions. However, Mattu et al., (2012) reported that 

altitude influenced foraging commencement and cessation time, duration of foraging 

activity and trips as well as the number of flowers visited per minute. Further, Sharma 

and Kumar (2010) found a negative effect of an electromotive field on foraging 
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behaviour. Surprisingly, diesel exhaust can diminish the foraging efficiency of honey 

bee workers by reducing the ability of worker bees to recognize floral odours (Girling 

et al., 2013). 

Foraging behaviour can also be influenced by natural enemies of honey bees. In the 

United kingdom Kirk et al., (1995) found that the pollen beetle Meligethes aeneus 

(Nitidulidae) influenced the foraging behaviour of honey bees on oilseed rape 

flowers: forager bees preferred fully open flowers without beetles on them. Foraging 

activity can also be affected by the presence of predators (e.g. hornets) and a 

reduction in the foraging visits by 55–79% and residence times by 17–33% was 

previously reported (Tan et al., 2013). Also, the presence of bee-eaters impacted 

passively on foraging activity (Ali and Taha, 2012).  

Insecticides may also influence foraging behaviour. Yang et al., (2008) reported 

effects of sublethal doses of imidacloprid on the foraging behaviour of honey bees 

which manifested as a delay in their visit to the feeding site. The delay depended on 

the imidacloprid concentration. Schneider et al., (2012) found a significant reduction 

in foraging activity as well as longer foraging flights at doses of two neonicotinoid 

insecticides;0.5 ng/bee or more for clothianidin and 1.5 ng/bee or more for 

imidacloprid during the first 3 h after treatment. In contrast, the presence of residues 

in the nectar and pollen of oilseed rape and maize due to seed treatment with 

thiamethoxam was reported to represent a low risk to honey bees (Pilling et al. 2013). 

More investigations on these factors are urgently required especially since neon-

ictinoids are so widely used.  

Other factors may also have an impact on foraging behavior. For example, foraging 

distance was found to be affected by the time of year (Steffan- Dewenter and Kuhn 

2003; Beekman et al., 2004). Pearce et al., (2013) found no considerable effects of 

moving beehives from their location to another location as far as 26 km from their 

original site on honey bee foraging activity. Sushil et al., (2013), meanwhile, found 

that foragers spent less time in a flower under open conditions than in net house 

conditions. Brittain et al., (2013) observed alterations in honey bee foraging 

behaviour in California almond orchards due to the presence of other bee species 

communities. Picard-Nizou et al., (1995) found no effects of oilseed rape (Brassica 

napus L.) genetically modified by the introduction of a chitinase gene to enhance 

disease resistance on the foraging behavior of honey bees (Apis mellifera L.).  
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2.9.5 Monitoring of foraging activity  

Foraging activity is measured by employing different parameters including, the 

foraging commencement or/and cessation time (Joshi and Joshi 2010; Mattu et al., 

2012; Tan et al., 2012); the number of bees returning to the beehive (Beekman et al. 

2004; Pernal and Currie 2010; Ali 2011) or leaving beehives (Alqarni 2006) or both 

(Abou-Shaara et al., 2013); the peak and fluctuations of foraging over time (Malerbo-

Souza 2011); foraging speed and foraging distance (Steffan-Dewenter and Kuhn 

2003); or estimation of foraging distance by decoding of the waggle dance (Pearce et 

al., 2013).  

Other parameters related to foraging activity and the visiting of plants include, the 

number of foragers per flower (Sushil et al., 2013); the number of visited flowers per 

forager (Mattu et al., 2012); and time spent per flower (Sushil et al. 2013); nectar and 

pollen collection method from the blooms (Mackenzie 1994); the position of the 

forager bees on or at the side of the flower (Mayer and Lunden 1988; Mattu et al., 

2012); the position of visited branches and flowers (Mattu et al., 2012); the proportion 

of pollen or nectar foragers relative to total foragers; foraging type; the load of pollen 

and pollen type; concentration of crop nectar sucrose (Pearce et al., 2013); and 

competition with other pollinators (Mackenzie, 1994; Brittain et al., 2013).  

Also, some studies monitor foraging activity under net conditions (Sushil et al., 

2013). Marking and recapturing forager workers has been used in certain studies 

(Akinwande and Badejo 2009). Hagler et al., (2011) used self-marking devices for 

studying the foraging range of honey bees on an alfalfa seed production field. Colin et 

al., (2004) developed a method to quantify the foraging activity of small colonies of 

honey bees confined in insect-proof tunnels using video recording. Pollen foraging 

activity can be monitored with pollen traps (Reyes-Carrillo et al. 2007). In some 

studies, syrup foraging rate was investigated (e.g. Paleolog 2009). Harmonic radar can 

also be used in recording the flight paths of foraging honey bee workers (Riley and 

Smith 2002; Riley et al., 2007). A standard protocol for monitoring foraging be-

haviour was presented by Scheiner et al., (2013) and other protocols for studying 

plant pollination by honey bees were reported by Delaplane et al., (2013). During the 

monitoring of foraging activity there are some important factors that should be taken 

into consideration including, the equal strength of the studied bee colonies especially 

the number of brood and pollen frames; the presence of any diseases in the studied 
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colonies; the time of day and year; temperature and relative humidity as well as the 

presence of bee competitors or predators. Forager bees can be collected from the hive 

entrance by using forceps in front of the colonies as well as using an aspirator (Yucel 

and Duman, 2005). Also, specific devices (e.g. Bee scan) can be used for counting 

forager bees (Scheiner et al., 2013). 

2.10 Importance of foraging activity  

Beside of the basic importance of foraging activity for honey bee colonies in 

collecting pollen, nectar, water and resin there are numerous reports of its importance 

for plant pollination (e.g., Young et al., 2007) especially for plants where honey bees 

are the primer pollinator. A vast number of species were found to be honey bee-

pollinated plants including, highbush blueberry; apple and pears; almonds; 

Cantaloupe; rape varieties; and others (e.g. Boylan-Pett et al., 1991; Mayer and 

Lunden 1988; Reyes-Carrillo et al., 2007; Blazyte-Cereskiene et al., 2010). In a study 

by Sushil et al., (2013) honey bees were found to have a key role in increasing the 

seed production of three crops: broccoli, kohlrabi and Chinese cabbage. Also, an 

increase in the seed quality and quantity of onion, Allium cepa, cultivar Valencia was 

found (Yucel and Duman 2005). Mishra et al., (2013) found other benefits besides 

pollination to be mediated by foragers; namely the deposition of nitrogen (in faeces) 

on plants during visits. They found about 2.27 to 2.69 g nitrogen per month as the 

mean production rate of bee frass by a 5000-bee colony. Forager bees also have the 

ability to distribute certain biocontrol agents including Erwinia herbicola Eh252 of 

fire blight onto apple flowers as well as onto nashi flowers (Cornish et al., 1998). To 

maximize the benefit of forager bees in spreading biocontrol agents, a new high-

performance ‗Triwaks‘ dispenser was developed (Bilu et al., 2004).  

The foraging activity of honey bees is very important as a bioindicator for indirect 

studies of environmental contamination with pesticides (e.g.Balayiannis and 

Balayiannis, 2008). Foraging bees can even be trained using proboscis extension 

reflex conditioning for the detection of TNT. The foraging activity of honey bees has 

also been used to help monitor flowering plant species in an area. Foraging bees can 

also be used in the identification of pest infestation (e.g. fruit flies; Chamberlain et al., 

2012). Beekeepers can benefit from the foraging behavior of their colonies by fixing 

pollen traps or venom collection boards in front of hives to collect pollen or bee 

venom, respectively.  
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Foraging behavior also has importance in computer science. It is known that forager 

bees can select their food sources in an optimal way although many food resources 

may be available (Thuijsman et al., 1995). Thus, honey bee foraging behavior and 

related skills in food scouting and collection (Swarm intelligence) was used in 

computer science to solve many optimisation problems. Swarm intelligence is 

currently an important field in Artificial Intelligence (Kumar and Govindaraj, 2013). 

Baig and Rashid (2007) presented an algorithm based on the swarming of honey bees 

called Honey Bee Foraging (HBF), which they proposed as useful for multimodal and 

dynamic nature optimisation problems. 

2.11 Disadvantages of foraging activity  

Despite the great importance of foraging behavior there are also some disadvantages 

associated with this activity. Honey bee foragers are able to transmit the bacteria 

Erwinia amylovora, the cause of fire blight of apple and pears (Keitt 1941). Also, as 

found by Boylan-Pett et al. (1991) forager bees play a key role in the transmission and 

spread of pollen-borne blueberry leaf mottle virus (BBLMV). This virus has the 

ability to remain infectious within honey bee colonies for at least 10 days. Honey bees 

are not effective pollinators of some plants; for example, Mackenzie (1994) found that 

bumble bees were better than honey bees in cranberry pollination (Vaccinium 

macrocarpon Ait). Bee-to-bee contact can also result in the transmission of bee 

parasites from one forager to another. Moreover, honey bees can transmit different 

mite species from plant to plant or even to their colonies. Foragers can also collect the 

poisonous pollen of some plant species and subsequently store these pollens in their 

colonies with harmful consequences for the colony‘s health. 

2.12 Controlling foraging activity  

It has been found that treatment with certain chemicals can enhance foraging 

activity. Pankiw (2004) found, using a suspended glass plate containing synthetic 

brood pheromone in isopropanol that colonies treated with this brood pheromone had 

higher ratios of pollen to non-pollen foragers entering colonies 1 h after the treatment. 

Mott and Breed (2012) found that bovine insulin treatments increased the threshold of 

the bees‘ sucrose response and significantly decreased the age at which foraging 

activity commenced for winter worker bees and summer nurse bees, respectively. 

Also, Schulz et al., (2002) found an earlier commencement of foraging in young bees 
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in colonies treated with octopamine. Additionally, the pollination mediated by honey 

bees, A. mellifera, can be improved by the presence of other bee species in the 

orchards as found by Brittain et al., (2013) in California almond orchards. In addition, 

the use of modified beehives as demonstrated by AShaara et al., (2013), can improve 

foraging activity.  

In contrast, Free et al., (1985a) found that treatment of oil-seed rape, field beans and 

sunflower heads with 2-heptanone and isopentyl acetate (honey bee alarm 

pheromones) were repellent to honey bee foragers. Kirk et al., (1995) found that the 

simulation of adult beetles using black spots on flower petals deterred nectar-foraging 

honey bees from landing on the flowers. Also, certain pesticides are repellent to 

honey bees.  
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                                                                CHAPTER III 

METERIELS AND METHODS 

This chapter deals with the materials and methods that were used in conducting the 

experiment. It consists of a short description of location of' the experimental plot, 

characteristics of soil, climate, material used, treatments, layout and design of 

experiment, land preparation and gap filling, after cares, harvesting, and collection of 

data. These are described below: 

3.1 Experimental Site 

The experiment was conducted in the Farm of Sher-e-Bangla Agricultural University, 

Dhaka during the period from April 2013 to July 2013. The experimental field was 

located at 90º 33 E longitude and 23º71 N latitude at a height of 9m above the sea 

level. The land was medium high.  

3.2 Soil 

The soil was silty clay in texture having 26% sand, 45% silt and 29% clay and the pH 

was 5.6. The physio-chemical properties of the soil are presented in Appendix I. The 

experimental site belongs to the Madhupur Tract Agro Ecological Zone (AEZ-28) as 

shown in Appendix III. The experimental site was a medium high land. The 

morphological characters of soil of the experimental plots as indicated by UNDP 

(1998). 

3.3 Climate 

The climate of experimental site was under the sub-tropical climate, characterized by 

three distinct seasons, the winter season from November to February and the pre-

monsoon period or hot season from March to April and the monsoon period from May 

to October (Edris et al., 1979). There is more or less rainfall during growing season 

(April-July) of sesame. This weather is the favorable for crop production. The average 

maximum temperature during the period of experiment was 33.9°C and the average 

minimum temperature was 23.6°C. Details of the meteorological data related to the 

temperature, relative humidity and rainfalls during the period of the experiment was 

collected from the Bangladesh Meteorological Department, Dhaka and presented in 

Appendix II. 
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3.4 Planting materials used for experiment 

Sesame is a broad-leveled annual oilseed crop. It is herbaceous growing to a height of 

0.5 to 1.5 meters with tap root system. The stem is erect, normally square in section. 

Stem color ranges from light green to almost purple, but the most common is darkish 

green, covered with short hairs, leaves are green, broad, opposite, alternate or mixed. 

The inflorescence is raceme, flowers are two lipped with white white color tabular 

corolla. Fruits are capsule, dehiscent. Seeds are oval shaped, black amd sometimes 

creamy white. The variety BARI Til-4 used in the experiment as test crop.  

3.5 Experimental Design and layout 

The experiment was conducted considering three treatments and laid out in a 

Randomized Complete Block Design (RCBD). Each treatment was allocated 

randomly in four replications. The unit plot size was 5 m ×4.5 m having  0.75 m space 

between the blocks and 1m between the plots. Each plot contains two rows having 

30cm distance between the row and that between plants was 5 cm. The following 

table shows the design of the experimental plot. 

3.6 Collection of seeds: 

The seeds of cultivar BARI Til-4 were collected from Bangladesh Agricultural 

Research Institute(BARI), Joydebpur, Gazipur.  

3.7 Land preparation and fertilization 

The plot selected for the experiment was opened in the first week of April 2013 with a 

power tiller, and was exposed to the sun for a week, after which the land was 

harrowed, ploughed and cross-ploughed several times followed by laddering to obtain 

a good tilt. Each ploughing was followed by laddering to have a desirable fine tilt. 

Weeds and stubble were removed, and finally obtained a desirable tilt of soil for 

sowing. During land preparation 10 t/ha decomposed cow dung were mixed with soil 

and following fertilizers were applied. Urea, TSP, MP and Boric acid as the source of 

Nitrogen (N), Phosphorus (P2O5), Potassium (K2O) and Boron (B). Fertilized with 

(TSP)and(MP) at the rate of 120 and  kg ha
-1

, respectively (BARI, 2006). Urea was 

applied as the sources of nitrogen, as per experimental treatment.  
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3.8 Methods of fertilizer application 

All the fertilizers except urea were applied during final land preparation. Urea was 

applied in two splits: first half was applied as basal dose and second half was applied 

after 30 days of sowing following nitrogen levels. Fertilized with (TSP) and(MP)  at 

the rate of 120 and  kg ha
-1 

respectively (BARI, 2006). Urea was applied as the 

sources of nitrogen 

3.9 Sowing of seeds 

Seeds are sown continuously on April 8, 2013 in 2-2.5 cm deep furrows made by 

hand iron tine maintaining row spacing following variables. After placement of seeds 

were covered with soil by hand. Four days after sowing the germination was 

satisfactory.   

3.10 Treatments of the Experiment: 

There are three treatment combinations will be tested in this experiment. 

T1= Caged with honey bees: Three framed one number bee box was used to observe 

honeybee pollination. The full plot was covered by net with managing bee foraging 

species. Artificial bee food also supplied in one week interval until the end of 

blooming period.  

T2=Caged without honey bees: All plots of this treatment were only netted and 

therefore no bees could not visit those plot.  

T3=Open plot: Netting was not done and no managed bee boxes established in the 

open plot. 

3.11 Seed processing and treatment 

The seeds of BARI TIL-4 of  were collected from Bangladesh Agricultural Research 

Institute, Gazipur. Germination test was done before sowing. The rate of germination 

was found more than 95%. The seeds were treated with Vitavax 200 at the rate of 2 g 

per kg seed to protect seedlings against foot and root rot diseases. 

3.12 Intercultural operations 

Intercultural operations like thinning, weeding and mulching were done as and when 

necessary for proper growth and development of the crop. Thinning was done during 

first weeding keeping a distance of 5 cm.  
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3.13 Pest Management 

The management was not taken as the crops were not infested. 

3.14 Irrigation 

Three irrigations were given throughout the growing period. The first irrigation was 

given at 7 days after planting followed by irrigation 15 days after the first irrigation 

and the other was done in the same way. Mulching was also done by breaking the soil 

crust after irrigation properly. Stagnant water was effectively drained out at the time 

of heavy rains. 

3.15 Harvesting 

The crop was harvested at maturity. The maturity dates were different among the 

varieties. Harvesting was done when 75-80% of leaf becomes yellow in colour (June 

4, 2013). The harvested plants were brought to the threshing floor and dried in the 

sun. The seed and stover were than separated, cleaned and dried in the sun for  to 4 

consecutive days for achieving safe moisture content of seed. The yield obtained from 

each plot was converted into yield per hectare. 

3.16 Sample collection and data recording: 

Ten plot were selected randomly from each plot at 30, 45 and 60 (at harvest) DAS to 

record data of the following- 

 Plant height/plant 

 No. of flower/plant 

 No. of branches/plant 

 No. leaves/plant 

 No. of capsule/plant 

 Blooming period 

 No. of seed/capsule 

 1000 seed weight 

 Yield/plot 
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3.17 Outline of the data recording 

A brief of the data recording has been given below – 

Number of capsules plant
-1

 

All the capsules borne on all the ten sample plants of each unit plot were counted to 

determine the average number of capsule plant 

Number of seeds capsule
-1

 

From each treatment 20 capsules were randomly selected and all the seeds of them 

were counted. The number of seeds capsule
-1

 was determined by averaging the data. 

1000-seed weight (g) 

One thousand sun-dried seed were counted and then weight was recorded by means of 

an electrical balance. 

Seed yield (kg ha
-1

) 

The crop was harvested at full maturity from pre determined area from which seeds 

were separated out from the capsule, cleaned and dried in the sun to bring them at 

safety moisture content of seed and there after the weight of the seed was taken and 

converted to yield per hectare (kg ha
-1

). 

3.18 Calculation of the recorded data 

The data recorded on different parameters were calculated using the following 

formula:      

% increase or decrease over control 

     Mean value of treated plot–Mean value of untreated plot 

            =                                                                                                   x 100 

  Mean value of untreated plot 

3.19 Statistical Analysis: 

The collected data on different parameters were statistically analyzed to obtain the 

level of significance using the MSTAT-C computer package program developed by 

Russell (1986). The mean differences among the treatments were adjusted by using 

Least Significant Difference (LSD) test for significance. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

This chapter comprises the explanation and presentation of the results obtained from 

the experiment on effect of bee pollination on the yield of sesame (Sesamum indicum 

L.). The data have been presented and discussed and possible interpretations are made 

under the following sub headings: 

4.1 Insect pollination visitation in sesame field 

The comparative effectiveness of three treatments on Different pollinators visitation 

in sesame field has been evaluated and presented in Table 1. In T1 treatment a 

honeybee  hive was set into the cage. So the number of Apis Mellifera was highest 

(101.75) in T1 treatment which was significantly different from T2 (24.25) and T3 

(51.25) treatments. In terms of Apis dorsata/ Apis florae species, there is no number 

of bees was found in T1 treatment. But in T2 and T3 treatments that is caged without 

bees and open plot respectively was shown 12.25 and 18.00 number of Apis dorsata/ 

Apis florae which were non-significant. T1 treatment is significantly different from T2 

and T3 treatments.  

Table-1: Different pollinators visitation in sesame field 

Treatment List of pollinators 

Apis Mellifera Apis dorsata/ 

Apis florae 

Apis cerena Ant 

T1 101.75 a 0.00 b 0.00 b 60.53 a 

T2 24.25 c 12.25 a 8.00 a 52.31 a 

T3 51.25 b 18.00 a 12.75 a 61.93 a 

LSD(0.05) 16.77 6.28 5.85 17.82 

CV (%) 16.40 36.02 48.85 17.70 

In a column, means followed by the same letter(s) are not significantly different at 5% level of 

probability by Least Significant Difference(LSD). 

[T1= Caged with honeybees, T2= Caged without honeybees and T3= open plot] 

Another pollinators Apis cerena was nil in T1 treatment that is caged with bees. But in 

other treatments Apis cerena number is 8.00 and 12.75, respectively which were non-
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significant. Only significant different was found in T1 treatment with T2 and T3 

treatments. Another insect ant was count in all three treatment. But there is no 

significant different. Highest (61.93) ant observed in T3 treatment.   

4.2 Time of visitation 

There are three visitation time was recorded and presented in Table 2. The first 

visitation time was 6.00 A. M. to 9.00 A. M. The number of pollinators was highest 

(101.00) in T1 treatment followed by T3 (91.25) treatment which was non significant 

between them.  But in T2 treatment that is caged without bees was shown lowest 

(5.25) number of pollinators which was significantly different from T1 and T3 

treatment. During mid day (2.00 P.M. to 3.00 P.M) comparatively all treatment shows 

a lowest number of pollinators. Among them T1  shows the best (10.75) result which 

was significantly different from T2  (1.00) treatment. At noon (4.00 P.M. - 6.00 P.M.), 

the highest number of pollinators was found in T1 (75.25) treatment followed by T3 

(7.25) treatment with no significant different.   

Table-2: Visitation time of different pollinators 

Treatment Visitation time 

6.00 AM - 9.00 AM 2.00 PM - 3.00 PM 4.00 PM - 6.00 PM 

T1 101.00 a 10.75 a 75.25 a 

T2 5.25 b 1.00 b 2.75 b 

T3 91.25 a 4.75 ab 73.25 a 

LSD(0.05) 29.30 9.26 22.33 

CV (%) 25.73 16.87 25.60 

In a column, means followed by the same letter(s) are not significantly different at 5% level of 

probability by Least Significant Difference(LSD). 

[T1= Caged with honeybees, T2= Caged without honeybees and T3= open plot] 
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4.3 Flower initiation of sesame plant 

Pollinators are pre-requisite for flower initiation. First flower initiation was observed 

in T1 treatment. First flower initiation was started from May 15. After four weeks 

about 80% of flower was initiated. Table 3 shows the number of flower per plant 

among three treatments.  The highest (101.25/plant) number of flower per plant was 

recorded in T1 treatment followed by T3 (89.50/plant) and T2 (75.50/plant), 

respectively has significant difference.  

Table-3 : Number of flower per plant 

Treatment Number of flower per plant 

T1 101.25 a 

T2 75.50 b 

T3 89.50 ab 

LSD(0.05) 18.55 

CV (%) 12.08 

In a column, means followed by the same letter(s) are not significantly different at 5% level of 

probability by Least Significant Difference(LSD). 

[T1= Caged with honeybees, T2= Caged without honeybees and T3= open plot] 

4.4 Effect of capsule per plant 

The comparative effectiveness of three treatments on Number of capsule per plant has 

been evaluated and presented in Table 4. The capsule number was increased with the 

increase of flower initiation. The highest (86.50/plant) number of capsule per plant 

was recorded in T1 treatment followed by T3 (83.50/plant) was not significantly 

significant different. But T2 treatment was significantly different among two 

treatment. As the pollinators number was highest in T1 treatment, capsule production 

was increased in T1 treatment i.e. caged with honeybees.  
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Table-4: Number of capsule per plant 

Treatment Number of capsule per plant 

T1 86.50 a 

T2 58.75 b 

T3 83.50 a 

LSD(0.05) 10.13 

CV (%) 7.68 

In a column, means followed by the same letter(s) are not significantly different at 5% level of 

probability by Least Significant Difference(LSD). 

[T1= Caged with honeybees, T2= Caged without honeybees and T3= open plot] 

4.5 Effect of Seed production per Capsule 

Number of seeds per Capsule was recorded among three treatments has been 

evaluated and presented in Table 5. The highest (56.75/capsule) number of seeds per 

capsule was recorded in caged with honeybees plot i.e. T1 treatment followed by 

caged without honeybees and open plot that is  (45.75/capsule) and T3 (51.50/capsule) 

and T2  which were significant different from each other. 

Table-5: Number of seeds per capsule 

Treatment Number of seeds per capsule 

T1 56.75 a 

T2 45.75 b 

T3 51.50 c 

LSD(0.05) 3.72 

CV (%) 4.20 

In a column, means followed by the same letter(s) are not significantly different at 5% level of 

probability by Least Significant Difference(LSD). 

[T1= Caged with honeybees, T2= Caged without honeybees and T3= open plot] 
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4.6 Effects on thousand seed weight of sesame plant  

The comparative effectiveness of three treatments on 1000 seed weight (gm) has been 

evaluated and presented in Table 6. The best (3.48 gm) result was found in T1 

treatment (caged with honeybees) followed by T3 treatment (3.20) i.e. open plot which  

was significantly different. The lowest weight was found in T2 treatment (2.85) 

followed by T3 treatment which significant difference.  

Table 6: Thousand seed weight of sesame under three treatment after harvest 

Treatment 1000 seed weight (g)  

T1 3.48 a 

T2 2.85 c 

T3 3.20 b 

LSD(0.05) 0.23 

CV (%) 4.19 

In a column, means followed by the same letter(s) are not significantly different at 5% level of 

probability by Least Significant Difference(LSD). 

[T1= Caged with honeybees, T2= Caged without honeybees and T3= open plot] 

4.7 Effectiveness on yield of Sesame under three treatments 

The comparative effectiveness of two treatments on yield (t/ha) has been evaluated 

and presented in Table 7. The highest (1.12 t/ha) yield (t/ha) was found in T1 

treatment that is caged with bees followed by T3 treatment (1.03 t/ha) i.e. open plot 

has no significant difference. But there is a significance different between T2 (0.78 

t/ha) treatment and other treatments (T1 and T3).  

From the above findings it was revealed that in case of yield (t/ha) the plot that was 

caged with honeybees performed better than other plot. 
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Table 7: Yield of sesame under different treatments after harvest 

Treatment Total yield (t/ha) 

T1 1.16 a 

T2 0.78 b 

T3 1.03 a 

LSD(0.05) 0.16 

CV (%) 9.63 

In a column, means followed by the same letter(s) are not significantly different at 5% level of 

probability by Least Significant Difference(LSD). 

[T1= Caged with honeybees, T2= Caged without honeybees and T3= open plot] 

4.8 Relationship between No. of capsule/ plant and No. of Flower/plant 

Correlation study was done to established a relationship between No. of capsule/ plant 

and No. of Flower/plant. From the study it was revealed that significant correlation 

existed between the characters (Figure-1). The regression equation y= -0.943x -8.98 

gave a good fit to the data and value of the co-efficient of determination (R
2  

= 0.999). 

From this it can be concluded that the capsule number per plant was increase with the 

increase of flower number per plant. 
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4.9 Relationship between No. of Capsule/plant and yield of sesame 

Correlation study was done to established a relationship between no. of Capsule/plant 

and yield. From the study it was revealed that significant correlation existed between 

the characters (Figure-2). The regression equation y= 0.004x +0.74 gave a good fit to 

the data and value of the co-efficient of determination (R
2  

= 0.972). From this 

relations it can be concluded that the yield was increased with the increase of number 

of capsule per plant. 
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4.10 Major insect orders visiting sesame plant during flowering period 

Data were carried out on the major insect orders visiting sesame during flowering 

period from May 2013 to June 2013. Figure 6 revealed that four groups of pollinators 

visited the sesame belonging to order Hymenoptera, Diptera, Lepidoptera and 

Coleoptera of class insecta during the flowering period. The number of Hymenoptera 

was higher, followed by Lepidoptera, and then both of Coleoptera and Diptera. The 

results indicate that hymenopterans and Lepidopterans are the major pollinators 

visiting sesame flowers. 
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4.11 Hymenopterous population during flowering period 

Interestingly, the types as well as the number of insect visitors changed with time 

during the flowering span of the sesame crop. Results in Figure 7 revealed that insects 

belonging Hymenopterous order increased by increasing the percentage of flowers. A 

great majority of the sesame flowered between third and fourth week. The flowering 

lasted 42-50 days and this period was remarkably constant from year to year. Most 

bees were recorded when the number of flowers per plant was maximum (at the fourth 

week of flowering). Bee population decreased with diminishing of flowers per plant 

due to advancing age of the crops. 
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4.12 Foraging activity of the major insect orders visiting sesame during flowering  

period 

Data in Figure 5 showed the foraging activity of the major insect orders visiting 

sesame during flowering period. Peak of foraging activity was observed in 

Hymenoptera order during 9-11 am in our study. The comparison among number of 

different bee species clearly showed that the number and foraging activity of Apis 

mellifera was higher than Anthidium sp. and Xylocopa sp. at all four time period i.e., 

9.00-11.00 AM, 11.00-1.00 PM, 1.00-3.00 PM and 3-5 PM (Figure 5). The maximum 

number of A. mellifera was observed during 9.00-11.00 AM and decreased with time 

during the day. This is because nectar flow is copious in the sesame crop especially in 

the morning period; there after the nectar concentration gradually diminishes. 
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                                                    CHAPTER V 

                                 SUMMARY AND CONCLUSION 

Effect of bee pollination on the yield of sesame (sesamum indicum L.) were 

investigated at the farm of the Sher-e-Bangla Agricultural University, Sher-e-Bangla 

Nagar, Dhaka during the period from April 2013 to July 2013. The three treatments 

are T1= Caged with honeybees, T2= Caged without honeybees and T3= open plot. The 

experiment was laid out in single factor Randomized Complete Block Design 

(RCBD) with four replications.  

Different insect pollinators visited in sesame plot. Highest pollinators number was 

observed in caged with honeybee managed plot. In T1 treatment a honeybee  hive was 

set into the cage. So the number of Apis mellifera was highest (101.75) in T1 

treatment which was significantly different from T2 (24.25) treatment , Due to the 

design of T1 treatment , Apis dorsata/ Apis florae species, there is no number of bees 

was found in T1 treatment. But in T2 and T3 treatments that is caged without bees and 

open plot respectively was shown 18.00 and 12.75 Number of Apis dorsata/ Apis 

florae and Apis cerana which were non-significant. T1 treatment is significantly 

different between T2 and T3 treatments. The highest (61.93) ant was found in T3 

treatment that is open plot. But no significant difference was observed.  

Commonly pollinators visited mostly in the morning and evening. Three visitation 

time was recorded. They are  6.00 -9.00 AM, 2.00-3.00 PM and 4.00-6.00 PM. The 

number of pollinators was highest (101.00) in T1 treatment followed by T3 (91.25) 

treatment which was non-significant between them. But T2 treatment was shown 

lowest (5.25) number of pollinators which was significantly different from T1 and T3 

treatment. During mid-day (2.00-3.00 PM) comparatively all treatment shows a 

lowest number of pollinators. Among them T1  shows the best (10.75) result which 

was significantly different with T2  (1.00) treatment. At noon (4.00- 6.00 PM), the 

highest number of pollinators was found in T1 (75.25) treatment followed by T3 (7.25) 

treatment which has no significant difference. 

First flower initiation was started from May 15. Flower number is important for 

sesame seed production. The highest (83.50/plant) number of flower per plant was 

recorded in T1 treatment followed by T3 (81.25/plant) and T2 (78.50/plant), 

respectively which has no significant difference. 
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The capsule number was increased with the increase of flower initiation. The highest 

(86.50/plant) number of capsule per plant was recorded in T1 treatment followed by T3 

(83.50/plant) which was not significantly different. But a significant difference was 

found in T2 (58.75/plant) treatment among other treatment. As the pollinators number 

was highest in T1 treatment, capsule production was increased in T1 treatment i.e. 

caged with honeybees. 

In terms of seed production per capsule, the highest (56.75/capsule) number of seeds 

per capsule was recorded in caged with honeybees plot that is T1 treatment followed 

by caged without honeybees and open plot that is T2 (45.75/capsule) and T3 

(51.50/capsule) treatments which has significant difference. Again considering the 

thousand seed weight of sesame, The best (3.48 g) value was found in T1 treatment 

(caged with honey bee) followed by T3 treatment (3.20) i.e. open plot treatment which  

was significantly difference and lowest weight of 1000 seeds was found in (2.85g) T2 

treatment followed by T3 treatment with significant difference. The highest yield 

(1.12 t/ha)  was found in T1 treatment that is caged with honey bees followed by T3 

treatment (1.03t/ha) that is open plot without significant difference while significantly 

lowest yield was recorded in T2 (0.78 t/ha) treatment. 
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Conclusion 

 Peak of foraging activity of Apis mellifera in sesame field was observed  

during 6.00-9.00 AM in our study.  

 The best yield performance was recorded in caged with honeybee plot 

 Flower Number, Capsule number, Number of Seeds per Capsule, and 1000 

seed weight was increased in caged with honeybee plot. 

 

Considering the findings of the study the following recommendations can be drawn: 

 

1. A bee hive may be attached beside a sesame field to enhance pollination and 

production. 

2. Further intensive studies based on foraging should be done. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



37 
 

                                                  CHAPTER VI 

REFERENCES 

AShaara, H.F. 2012. Notes on water collection by honey bees. Bee World 89: 50–51. 

AShaara H.F., A.Ghamdi, A A, Mohamed A.A.2012. Tolerance of two honey bee 

races to various temperature and relative humidity gradients. E. Exp. Bio,10: 

133–138.  

AShaara,H.F., A.Ghamdi, A.A, Mohamed A.A.2013. Honey bee colonies 

performance enhance by newly modified beehives. J.Apic. Sci, 57: 45–57.  

Akinwande, K.L., Badejo, M.A 2009. Effect of artificial modification of the feeding 

activity of non-foraging and foraging worker bees (Apis mellifera Adansoni 

L.) (Hymenoptera: Apidae) on honey and comb production. J.A. Sci. Res.,5: 

780–784.  

Ali, .M.A.M, 2011. Comparative study for evaluating two honey bee races, Apis 

mellifera jementica (indigenous race) and Apis mellifera carnica (carniolan 

race) in brood production, population development and foraging activity under 

the environmental conditions of the central region of the Kingdom of Saudi 

Arabia. A.Agric. Sci,56: 127–134.  

Ali, M.A.M., and Taha, E.A. 2012. Bee-eating birds (Coraciiformes: Meropidae) 

reduce virgin honey bee queen survival during mating flights and foraging 

activity of honey bees (Apis mellifera L.). In. J .Sci and Engi.Res, 3:1–8.  

Alqarni, A.S. (2006). Tolerance of summer temperature in imported and indigenous 

honeybee Apis mellifera L. races in central Saudi Arabia. Saudi J.Biol.Sci, 

13:123–127.  

Amdam, G.V., Rueppell, O., Fondrk, M.K., Page, R.E., and Nelson, C.M. 2009. The 

nurseʼs load: early-life exposure to brood-rearing affects behavior and lifespan 

in honey bees (Apis mellifera). Ex. Gerontology, 44:447–452.  

Aizen, M,A., Garibaldi, L.A., Cunningham, S.A.,and Klein, A.M., 2008. Long-term 

global trends in crop yield and production reveal no current pollination 

shortage but increasing pollinator dependency. Current Biol,18:1572–1575.  



38 
 

AWardell, G., B,P., B, R., B, A., Buchmann, S .,and Cane, J.,1998. The potential 

consequences of pollinator declines on the conservation of biodiversity and 

stability of food crop yields. Con.Biol, 12:8–17. 

Ata, F. C. Gergelim, 1969. Principais culturas do Nordeste. Fortaleza: Imprensa 

Universitária do Ceará, 1: 153-162.   

Ashri, A. 2007. Sesame (Sesamun indicum L.). In: Genetic Resources, Chromosome 

Engineering, and Crop Improvement.R.J.Singh(ed.), Vol 4: CRC Press, Boca 

Raton, FL, USA, pp. 231-289. 

Abdel, A., and Serry, M. 1976. Some factores affecting self and artificial   pollination 

in     sesame, Sesamum indicum L. Agri. Res.Rev. 54(1):155-159. 

Bedigian, 2003. Evolution of sesame revisited: domestication, diversity and prospects. 

Gen. Res and C. Evol.7(1):779-787. 

Blal, A. E. H. ; Kamel, S. M.; Mahfouz, H. M.;and Said, M. 2013. Impact of opened, 

non opened pollination and nitrogen fertilizer on sesame production in the 

reclaimed lands, Ismailia Governorate, Egypt. Cercetari Agronomice in 

Maldova.46(3):155. 

Beltrão, N. E. M.; Vieira, D. J. O. 2001. Agronegócio do gergelim no Brasil. Brasília: 

Embrapa Informação Tecnológica. 

Baig, A.R, Rashid M 2007. Honey bee foraging algorithm for multimodal and 

dynamic optimization problems. Proceedings of the 9th Annu. Confe. on Gen 

and Evol. Computation, July 7–11, UK.  

Balayiannis G,and Balayiannis P.2008. Bee honey as an environmental bioindicator 

of pesticides‘ occurrence in six agricultural areas of Greece. Archives of Envi-

ronmental Contamination and Toxicology 55:462–470. DOI: 10.1007/s00244-

007-9126-x 

Biswas, G.C., Kabir, S.M.H. and Das, G.P. 2001.Insect pest of sesamum (Sesamum 

indicum L.) in Bangladesh, their succession and natural enemies. Indian 

J.Entol, 63: 117-124,  

Beekman M, Sumpter DJT, Seraphides N,and Ratnieks.2004. Comparing foraging 

behaviour of small and large honey-bee colonies by decoding waggle dances 

made by foragers. Func. Ecol,18: 829–835.  



39 
 

BShahar Y, Leung H-T, Pak WL, Sokolowski MB, Robinson GE 2003. cGMP-

dependent changes in phototaxis: a possible role for the foraging gene in 

honey bee division of labor. Journal of Experimental Biolog, 206:2507–2515. 

BCM, Baylor College of Medicine. ―HGSC at Baylor College of Medicine.‖ Honey 

Bee Genome Project. Human Genome Sequencing Center at Baylor College of 

Medicine, 2011. Web. 08 Apr. 2012. <http://www.hgsc.bcm.tmc.edu/project-

species-i-Apis%20mellifera.hgsc?pageLocation=Apis mellifera>. 

Beyaert L, Greggers U, Menzel R 2012. Honeybees consolidate navigation memory 

during sleep. J.Exp. Bio 215, 3981–3988. DOI: 10.1242/jeb.075499  

Bilu A, Dag A, Elad Y, Shafir S 2004. Honey bee dispersal of biocontrol agents: an 

evaluation of dispensing devices. Biocon. Sci and Tech, 14:607–617.  

Blazyte-Cereskiene L, Vaitkeviciene G, Venskutonyte S, Buda V.2010. Honey bee 

foraging in spring oilseed rape crops under high ambient temperature condi-

tions. Zemdirbyste-Agric, 97: 61–70. 

Brummitt,2005. Ancient Egyptian Materials and Technology. Cambridge University 

Press, 23 Mar 2000. ISBN 0521452570. 

Boylan-Pett W, Ramsdell DC, Hoopingarner RA, Hancock JF.1991. Honeybee 

foraging behavior, in-hive survival of infectious, pollen-borne blueberry leaf 

mottle virus and transmission of the virus in highbush blueberry. P.patho. 

81:1407-1412.  

Brittain, C., Williams, N., Kremen, C., Klein, A.M.2013. Synergistic effects of non-

Apis bees and honey bees for pollination services. Proceedings of the Roal So-

ciety B 280, 20122767. DOI: 10.1098/rspb.2012.2767  

Butler CG .1940. The choice of drinking water by the honeybee. J. Exp. Bio.17: 253–

261.  

Biesmeijer, J.C., Roberts, S.P.M., Reemer, M., Ohlemuller, R., Edwards, M., Peeters, 

T., 2006. Parallel declines in pollinators and insect pollinated plants in Britain 

and the Netherlands. Sci. 313:351–354. 

Buchmann, S.L., Nabhan, G.P.1996. The forgotten pollinators. Washington, DC: 

Island Press. 

http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/0521452570


40 
 

Costanza R, d'Arge R, de Groot R, Farber S, Grasso M, Hannon B,1997. The value of 

the world's ecosystem services and natural capital. Nature.  387:253–260. 

Conway, G.2001. The doubly green revolution: balancing food, poverty and 

environmental needs in the 21st century. In: Lee DR, Barrett CB, editors.  

Agricultural intensification, economic development and the 

environment. Wallingford, UK: CAB International; pp. 17–34. 

Chamberlain K, Briens M, Jacobs JH, Clark SJ, Pickett JA (2012). Use of honey bees 

(Apis mellifera L.) to detect the presence of Mediterranean fruit fly (Ceratitis 

capitata Wiedemann) larvae in Valencia oranges. J.Sci.F and Agric. 92, 2050–

2054. DOI: 10.1002/jsfa.5742  

Crane, Eva.1990. Bees and beekeeping: science, practice and world resources. Ithaca, 

NY: Comstock Publishing Associates. 

Colin, M.E., Bonmatin, J.M., Moineau, I., Gaimon, C., Brun, S., Vermandere, J.P. 

2004. A method to quantify and analyze the foraging activity of honey bees: 

relevance to the sublethal effects induced by systemic insecticides. Archives 

of Environmental Contaminationand Toxicology47:387–395.DOI: 

10.1007/s00244-004-3052-y  

Collins, S.A., Conner, J.K., Robinson, G.E.1997. Foraging behavior of honey bees 

(Hymenoptera: Apidae) on Brassica nigra and B. rapa grown under simulated 

ambient and enhanced UV-B radiation. An.Entomol. Soci of America 90:102–

106.  

Cooper, P.D., Schaffer, W.M.1985. Temperature regulation of honey bees (Apis 

mellifera) foraging in the Sonoran desert. J.Exp.Bio, 114:1–15. 

Charles, F.2004.Egypt, Greece, and Rome: Civilizations of the Ancient Mediterranean 

Oxford University Press, ISBN 0199263647 Retrieved 2012:06-17 

Commelin, C.1724. "The Significance of Odor Cues and Dance Language 

Information for the Food Search Behavior of Honeybees." J.  Insect Behavior. 

1998.11:169-178. 

Cornish, D.A., Voyle, M.D., Haine, H.M., Goodwin, R.M., Vanneste, J.L.1998. 

Distribution of beneficial bacteria on nashi and apple flowers using honey 

bees. Proceedings of 51st New Zealand Plant Protection Conference, 107–111.  

https://www.google.co.uk/search?tbo=p&tbm=bks&q=inauthor:%22Charles+Freeman%22&source=gbs_metadata_r&cad=8
http://en.wikipedia.org/wiki/Special:BookSources/0199263647


41 
 

Consolaro, H.; Silva, E. B.; Oliveira, P. E.2005. Variação floral e biologia reprodutiva 

de Manettia cordifolia Mart. (Rubiaceae). Revista Brasileira de Botânica, 

28(1)85-94.        

Desai, B. B.2004. Seeds handbook: biology, production, processing, and storage. 2nd 

ed. New York: Marcel Dekker. 

Danka, R.G., Sylvester, H.A., Boykin, D.2006. Environmental influences on flight 

activity of USDA-ARS Russian and Italian stocks of honey bees 

(Hymenoptera: Apidae) during almond pollination. J.Econ.Entomol 99:1565–

1570.  

Development Core Team. R2007.a language and environment for statistical 

computing. Vienna: R Foundation for Statistical Computing; http://www.R-

project.org. 

Delaplane, K.S., Dag, A., Danka, R.G., Freitas, B.M., Garibaldi, L.A., Goodwin, 

R.M., Hormaza, J.I.2013. Standard methods for pollination research with Apis 

mellifera. J.Apicul.Res 52. DOI: 10.3896/IBRA.1.52.4.12 

Danforth BN, Sipes S, Fang J, Brady SG (October 2006). ―The history of early bee 

diversification based on five genes plus morphology‖. Proc. Natl. Acad. Sci. 

U.S.A.103(41): 15118–23. 

Deborah R. Smith, Lynn Villafuerte, Gard Otisc & Michael R. Palmer 

(2000).―Biogeography of Apis cerana F. and A. nigrocincta Smith: insights 

from mtDNA studies‖(PDF). Apidologie 31 (2): 265–279. 

Denholm, Colin Hawthorne.  Inducible Honey Bee Viruses Associated with Varroa 

jacobsoni.  School of Life Sciences, Keele University, 1999. Web. 01 Apr. 

2012. 

Dhurve, S.S.2008. Impact of honey bee population on seed production of niger. M. 

Sc. Thesis. University of Agriculture Sciences, Dharwad, India, pp. 1-79. 

Dimou, M., Thrasyvoulou, A.2007. Collection of wax scale (Ceroplastes sp.) by the 

honey bee Apis mellifera. J.Apicul.Res 46, 129.  

DeCandolle,. 1929. Medicinal and Aromatic Plants, Volume 10. Springer, 1988. 

ISBN  3540627278.Proceedings of the Harlan Symposium 1997- The Origins 

of Agriculture and Crop Domestication Retrieved 2012-06-17 

http://www.r-project.org/
http://www.r-project.org/
http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/3540627278
http://www2.bioversityinternational.org/publications/Web_version/47/begin.htm
http://www2.bioversityinternational.org/publications/Web_version/47/begin.htm
http://www2.bioversityinternational.org/publications/Web_version/47/begin.htm


42 
 

Dorothea, B. (Editor) 2010. Sesame: The genus Sesamum. CRC Press. ISBN 978-0-

8493-3538-9. 

Dukas, R., Visscher, P.K.1994. Lifetime learning by foraging honey bees. Animal 

Behaviour 48: 1007–1012.  

Elekonich, M.M., Schulz, D.J., Bloch, G., Robinson, G.E.2001. Juvenile hormone 

levels in honey bee (Apis mellifera L.) foragers: foraging experience and 

diurnal variation. J. Insect Physiology ,47:1119–1125.  

 

Esch, H.E., Burns, J.E.1996. Distance estimation by foraging honeybees. J.Exp. 

Bio.199155–162.  

Evenson, R.E., Gollin, D.2003. Assessing the impact of the green revolution, 1960 to 

2000. Sci. 300:758–762.  

El-Rabie, H.G.1976. Pollination of ground nut Araches hypogaea L. and sesame, 

Sesamum indicum L. with special reference to the role of honey bees. M. Sc. 

Thesis, Fac. Agri., Al Azhar Univ., Egypt. 

Elleuch, M., Besbes, S., Roiseux, O., Blecker, C., Attia, H. 2007. Quality 

characteristics of sesame seeds and by-products. F.Chemi, 2(103):641-650.           

Faegri, K.,Vanderpijl, L.1979. The principles of pollination ecology. 3rd ed. Oxford: 

Pergamon Press. P-223-228. 

FAO-2012.Available from: <http://www.faostat.fao.org/site/567/default.aspx# 

ancor>. Access on: Nov. 6. 

Free, J. B. (1993). Insect pollination of crops. 2nd ed. London: Academic Press. 

Freitas, B. M.; Paxton, R. J.1998. A comparison of two pollinators: the introduced 

honey bee (Apis mellifera) and indigenous bee (Centris tarsata) on cashew 

(Anacardium occidentale L.) in its native range of NE Brazil. J.A.Ecol, 

35(1):109-121. 

Fuller, D. Q.2003. (University college London)-Further Evidence on the Prehistory of 

Sesame. 

Fidalgo, A. O. and Kleinert, P. A. M.2010. Floral preferences and climate influence in 

nectar and pollen foraging by Melipona rufi ventris Lepeletier (Hymenoptera: 

http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/978-0-8493-3538-9
http://en.wikipedia.org/wiki/Special:BookSources/978-0-8493-3538-9


43 
 

Meliponini) in Ubatuba, São Paulo State.Brazil.Neotropical Entomol, 

39(6):879-884.  

Frederic,R.2004. The Book of Edible Nuts. Dover Publications. ISBN 978-

0486434995. 

FAOSTAT.2011.database:(Food and  Agriculture Organization of the United 

Nations).FAOSTAT.2007.Dataavailableat http://faostat.fao.org/site/526/defaul

t.aspx .Accessed January 2008. 

Fitzpatrick Ú, Murray TE, Paxton RJ, Breen J, Cotton D, Santorum V,2007. Rarity 

and decline in bumblebees – A test of causes and correlates in the Irish 

fauna. Bio Conser.;136:185–194. 

Fernandez,P.C.,Farina,W.M.2005.Collective nectar foraging at low reward conditions 

in honeybees Apis mellifera. Apidologie, 36: 301–311.  

Fohouo, F.T., Djonwangwe, D., Bruckner, D.2008. Foraging behavior of the African 

honey bee (Apis mellifera adansonii) on Annona senegalensis, Croton 

macrostachyus, Psorospermum febrifugum and Syzygium guineense var. 

guineense flowers at Ngaoundere (Cameroon). Pakistan J. Bio. Sci,11:719–

725.  

Free,J.B., Pickett, J.A., Ferguson, A.W., Simpkins, J.R., Smith, M.C.1985a. Repelling 

foraging honeybees with alarm pheromones. J. of Agric. Sci, 105: 255–260.  

Free, JB, Ferguson AW, Simpkins JR.1985b. Influence of virgin queen honeybees 

(Apis mellifera) on queen rearing and foraging. Physio. Entomol,10: 271–274.  

FAOSTAT.2012. "Production Crops: sesame seeds". 

FAO.2012.Available from: <http:// www.faostat.fao.org/site/567/default.aspx# 

ancor>. Access on: Nov. 6, 2013.          

Free, J. B. 1993. Insect pollination of crops. 2nd ed. London: Academic Press. 

Freitas, B. M.; Paxton, R. J. A.1998. comparison of two pollinators: the introduced 

honey bee (Apis mellifera) and a indigenous bee (Centris tarsata) on cashew 

(Anacardium occidentale L.) in its native range of NE Brazil. J. A. 

Ecol,35(1):109-121.          

http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/978-0486434995
http://en.wikipedia.org/wiki/Special:BookSources/978-0486434995
http://faostat.fao.org/site/526/default.aspx�.Accessed%20January%202008
http://faostat.fao.org/site/526/default.aspx�.Accessed%20January%202008
http://faostat.fao.org/site/526/default.aspx�.Accessed%20January%202008
http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor


44 
 

Fulop A, Menzel R.2000. Risk-indifferent foraging behaviour in honeybees. Animal 

Behaviour,60: 657–666.  

Girling RD, Lusebrink I, Farthing E, Newman TA, Poppy GM ,2013. Diesel exhaust 

rapidly degrades floral odours used by honeybees. Scientific Reports 3, 2779. 

DOI:10.1038/srep02779.  

Gallai, N., Salles, J-M., Settele, J., Vaissière, B.E.2009. Economic valuation of the 

vulnerability of world agriculture confronted with pollinator 

decline. Ecological Economics.68:810–821. 

Ghazoul,J.2005. Buzziness as usual? Questioning the global pollination crisis. Trends 

in Ecology & Evolution. 20:367–373. 

Holden,C.2006. Report warns of looming pollination crisis in North America. Sci.  

314:397. 

Hurlbert, S.H.1971. The nonconcept of species diversity: a critique and alternative 

parameters. Ecol. 52:577–585. 

Haftom, G., Alemayehu, T. and Tesfay, B.2005. Relating climatic factors to foraging 

behavior of honeybees (Apis mellifera) during blooming period of Guizotia 

abyssinica (L.F.) Livestock Research for Rural Development .26 (4) 2014 

Hagler JR, Mueller S, Teuber LR, Machtley SA, Van Deynze A.2011. Foraging range 

of honey bees, Apis mellifera, in alfalfa seed production fields. J.Insect Sci.11, 

144; available online: insect sci.org/11.144.  

Hooper, T.1976. Guide to bees and honey. Emauss, PA: Rodale Press. 

Higginson AD, Barnard CJ, Tofilski A, Medina L, Ratnieks F (2011). Experimental 

wing damage affects foraging effort and foraging distance in honeybees Apis 

mellifera. Psyche 2011. DOI:10.1155/2011/419793.  

Huang ZY, Robinson GE.1996. Regulation of honey bee division of labor by colony 

age demography. Behavioral Ecology and Sociobiology. 39:147–158. 

Holanda-Neto, J. P.; Freitas, B. M.; Bueno, D. M.; Araújo, Z. B. (2002). Low seed/nut 

productivity in cashew (Anacardium occidentale):effects of self 

incompatibility and honey bee (Apis mellifera) behaviour. J.Horti. Sci and 

Biotech,72(2):226-231.          



45 
 

Hwang, L. S. Sesame oil.2005. In: Shahidi, F. (Ed.). Bailey's industrial oil and fat 

products. 6th ed. New York: Wiley-Inter sci, p. 537-575.          

Hunt G.J, Page RE, Fondrk MK, Dullum CJ.1995.Major quantitative trait loci 

affecting honey bee foraging behavior. Genetics ,141:1537–1545.  

Joshi N.C, Joshi PC.2010.Foraging behaviour of Apis Spp. on Apple Flowers in a 

subtropical environment. New York Sci. J.3:71–76.  

James L. Gould & Carol Grant Gould.1995. The Honey Bee. Scientific American 

Library. p. 19. ISBN 978-0-7167-6010-8. 

Kamakura M.2011. Royalactin induces queen differentiation in honeybees. Nature 

473: 478–483. 

Kather R, Drijfhout FP, Martin SJ.2011. Task group differences in cuticular lipids in 

the honey bee Apis mellifera. J.Chemi. Ecol.37: 205–212.  

Keitt G.W.1941.Transmission of fire blight by bees and its relation to nectar 

concentration of apple and pear blossoms. J.Agric.Res. 62:745–775.  

Kirk W.D.J, Ali M, Breadmore KN.1995. The effects of pollen beetles on the 

foraging behaviour of honeybees. J.Apic. Res.,34: 15–22.  

Kamel, S.M.1997.Occurrence and activity of hymenopterous insects on sesame 

flowers with special reference to their effect on crop production. A. Agric.Sci, 

Moshtohor, 35(3): 1713-1725. 

Klein B.A, Seeley T.D.2011.Work or sleep? Honeybee foragers opportunistically nap 

during the day when forage is not available. Animal Behaviour 82:77–83.  

Kearns,C.A.,Inouye,D.W.,Waser,N.M.1998.Endangered mutualisms: the conservation 

of plant-pollinator interactions. Annual Review of Ecology and Systematics. 

29:83–112. 

Koca, H.; Bor, M.; Ozdemir, F.; Turkan, I.2007.The effect of salt stress on lipid 

peroxidation, antioxidative enzymes and proline content of sesame cultivars. 

Environmental and Experimental Botany, 60(3):344-351. 

Klein, A.M., Vaissière, B.E., Cane, J.H., Steffan-Dewenter, I., Cunningham, S.A., 

Kremen, C.2007. Importance of pollinators in changing landscapes for world 

crops. Proceedings of the Royal Society B: Bio.Sci. 2007;274:303–313. 



46 
 

Kluser S, Peduzzi P.2007.Global pollinator decline: a literature review. Geneva: 

UNEP/GRID. 

Kremen,C.,Ricketts,T.2000.Global perspectives on pollination 

disruptions. Conservation Biology. 14:1226–1228. 

Kremen, C, Williams, N.M., Aizen, MA, Gemmill-Herren, B, LeBuhn, G, Minckley, 

R.2007. Pollination and other ecosystem services produced by mobile 

organisms: a conceptual framework for the effects of land-use 

change. Ecology Letters. 10:299–314. 

Kralj J, Fuchs S.2006. Parasitic Varroa destructor mites influence flight duration and 

homing ability of infested Apis mellifera foragers. Apidologie ,37:577–587.  

Kumar SS, Govindaraj M.2013. A detailed study about foraging behavior of artificial 

bee colony (ABC) and its extensions. Inter. J.Engi.Techno, 5:992–997.  

Lindauer, M.1961.Communication Among Social Bees. Cambridge, Massachusetts: 

Harvard University Press. 

Langham, D.R.2007. Phenology of sesame. Reprinted from: Issues in new crops and 

new uses. J. Janick and A. Whipkey (eds.) ASHS Press, Alexandria, VA pp. 

144-182. 

Liang ZS, Nguyen T, Mattila HR, Rodriguez-Zas SL, Seeley TD, Robinson GE.2012. 

Molecular determinants of scouting behavior in honey bees. Science 335 

(6073), 1225–1228.  

Langham, D. R.2007.Phenology of sesame. In: JANICK, J.; WHIPKEY, A. (Ed.). 

Issues in new crops and new uses. Alexandria: ASHS Press, p. 144-182.      

Losey, J.E., Vaughan, M.2006.The economic value of ecological services provided by 

insects. Bio Science. 56:311–323. 

McGregor, S.E.1976. Insect pollination of cultivated crop plants. U.S.D.A. 

Agriculture Handbook. 496:93–98. 

Morandin, L.A., Winston, M.L.,2006.Pollinators provide economic incentive to 

preserve natural land in agroecosystems. Agriculture, Ecosystems and 

Environment. 116:289–292. 



47 
 

Morse, R.A., Calderone, N.W.,2000. The value of honey-bees as pollinators of US 

crops in 2000. Bee Culture.2000;128:1–15. 

Murtaugh, P.A.,2007.Simplicity and complexity in ecological data analysis. Ecology.  

88:56–62.  

Mackenzie KE.1994.The foraging behavior of honey bees (Apis mellifera L) and 

bumble bees (Bombus spp.) on cranberry (Vaccinium macrocarpon Ait.). 

Apidologie 25:375–383.  

McKean, D.g. IGCSE and GCSE Biology Teaching and Learning Resources.2004. 

web 4 Apr 2012 http://www.biology-resources.com/bee-01.html. 

Maria C. Arias & Walter S. Sheppard.2005.―Phylogenetic relationships of honey bees 

(Hymenoptera:Apinae:Apini) inferred from nuclear and mitochondrial DNA 

sequence data‖. Molecular Phylogenetics and Evolution, 37 (1): 25–35. 

Michael S. Engel, I. A. Hinojosa-Diaz & A. P. Rasnitsyn.2009. ―A honey bee from 

the Miocene of Nevada and the biogeography of Apis (Hymenoptera: Apidae: 

Apini)‖ 

Mutti NS, Wang Y, Kaftanoglu O, Amdam GV. Honey bee PTEN – description, 

developmental knockdown, and tissue-specific expression of splice-variants 

correlated with alternative social phenotypes. PLoS ONE. 2011;6:e22195. 

Malerbo-Souza DT.2011.The corn pollen as a food source for honeybees. Acta 

Scientiarum Agronomy,33: 701–704.  

Mattu VK, Raj H, Thakur ML.2012. Foraging behavior of honeybees on apple crop 

and its variation with altitude in Shimla hills of western Himalaya. Inter. 

J.Sci.N, 3: 296–301.  

Mayer DF, Lunden JD.1988. Foraging behavior of honey bees on Manchurian 

crabapple and red delicious apple. J.Entomol. Society of British Columbia 83: 

67–71.  

Mostajeran MA, Edriss MA, Basiri MR.2006. Analysis of colony and morphological 

characteristics in honey bees (Apis mellifera meda). Pakistan J. Bio. Sci. 9: 

2685–2688.  



48 
 

Mott CM, Breed MD.2012. Insulin modifies honeybee worker behavior. Insects 3: 

1084–1092.  

Mas AH, Dietsch TV.2004. Linking shade coffee certification to biodiversity 

conservation: butterflies and birds in Chiapas, Mexico. Ecological 

Applications 14: 642-654. 

Mayer C, Adler L, Armbruster WS, Dafni A, Eardley C, Huang S, Kevan PG, 

Ollerton J, Packer L, Ssymank A, Stout JC, Potts SG.2011. Pollination 

ecology in the 21st Century: Key questions for future research. J.Pollination 

Ecology 3: 8-23. 

Manning.1991. "Sesame". Purdue University.  "Sesame Allergy". Institute of Food 

Research, UK. 

Moguel P, Toledo VM.1999. Biodiversity conservation in traditional coffee systems 

of Mexico. Conservation Biology 13:11-21. 

Mayer, D. F., Britt, R. L. and Lunden, J. D.,1989. An evaluation of Bee scent as a 

honey bee attractant. Good Fruit Grower, 40: 40. 

Mayer, D. F. and Johansen, C. A., (1982). Field evaluation of chemical pollinator 

attractants on tree fruits. Am. Bee J., 122;287-289. 

Mcgourty, M. A.,1992. Field evaluation of ―bee-here a pheromonebased forage 

attractant for honey bees, Apis mellifera L., applied to red clover, Trifolium 

pratense L. M. Sc. (Agri) Thesis, Oregon State Univ., Corvallis, USA. 

Mahfouz, H. M.; Kamel, S. M.; Belal, A. H.; Said, H.2013. Pollinators visiting 

sesame (Sesamum indicum L.) seed crop whit reference to foraging activity of 

some be especies. Cercetari Agronomice in Moldova, 45(2):150. 

Mazzani, B. Cultivo y mejoramiento de plantas oleaginosas. Venezuela: Fondo 

Nacional de Investigaciones Agropecuarias, 1983. 

Moretto, E.; Alves, R. F.1986.Óleos e gorduras: processamento e análise. 

Florianópolis: UFSC.  

Namiki, M.2007.Nutraceutical functions of sesame: a review. Critical Reviews in 

Food Science and Nutrition,47(7): 651-673. 

http://www.hort.purdue.edu/newcrop/afcm/sesame.html
http://foodallergens.ifr.ac.uk/food.lasso?selected_food=49#summary


49 
 

Naik, D. G., Dandge, C., Puntambekar, H. and Patil, T.2005. Attractant and repellent 

properties of Swertia densifolia leaf extract towards Apis cerana indica. J. 

Apic. Res., 44:116–118. 

Naik, D. G., Dandge, C. and Puntambekar, H.,2007. Swertia densifolia leaf extract as 

a dose-dependant attractant or repellent for Apis florae J. Apic. Res., 46;15-18. 

Ngo HT, Mojica AC, Packer L.2011. Coffee plant-pollinator interactions: a review. 

Canadian J.Zoology, 88: 647-660. 

Nest BNV, Moore D:2012.Energetically optimal foraging strategy is emergent 

property of time-keeping behavior in honey bees. Behavioral Ecology,23:649–

658.  

Nicholson and Wiersema.2004. "Sesame profile". Agricultural Marketing Resource 

Center.  

Omoloye, A. A. and Akinsola, P. A.2006. Foraging sources and effects of selected 

plant characters and weather variables on the visitation intensity of honeybee, 

Apis mellifera adansonii (Hymenoptera: apidae) in the Southwest Nigeria. 

J.apic.sci. 50(1).  

Pelto, G.H., Pelto, P.J.1983. Diet and delocalization: dietary changes since 1750. J. 

Interdisciplinary History. 14:507–528. 

Pielou, E.C.,1969. An introduction to mathematical ecology. New York: Wiley. 

Page RE, Waddington KD, Hunt GJ, Fondrk MK.1995. Genetic determinants of 

honey bee foraging behaviour. Animal Behaviour 50:1617–1625.  

Paleolog J.2009. Behavioural characteristics of honey bee (Apis mellifera) colonies 

containing mix of workers of divergent behavioural traits. Animal Science 

Papers and Reports 27: 237–248.  

Pankiw T.2004. Brood pheromone regulates foraging activity of honey bees 

(Hymenoptera: Apidae). J.Econ. Entomol.97:748–751.  

Page R. E., 1988. Behavioral Ecology and Sociobiology , 23(2):117-126 

Pankiw T.2005. The honey bee foraging behavior syndrome: quantifying the response 

threshold model of division of labor. Proceedings of Swarm Intelligence 

Symposium, 8–10 June, 1–6.  

http://www.agmrc.org/commodities__products/grains__oilseeds/sesame_profile.cfm


50 
 

Pankiw T, Page R E.2000. Response thresholds to sucrose predict foraging division of 

labor in honeybees. Behavioral Ecology and Sociobiology,47: 265–267.  

Pankiw T, Tarpy DR, Page RE.2002. Genotype and rearing environment affect 

honeybee perception and foraging behaviour. Animal Behaviour 64: 663–672.  

Peat, J. and Goulson, D.2005. Effects of experience and weather on foraging rate and 

pollen versus nectar collection in the bumblebee, Bombus terrestris. 

Behavioral Ecology and Sociobiology, 58(2): 152-156.  

Pearce FCR, Couvillon MJ, Ratnieks FLW.2013. Hive relocation does not adversely 

affect honey bee (Hymenoptera: Apidae) foraging. Psyche 2013; 1–8.  

Prata, F. C. Gergelim,1969. In: Prata, F. C. (Ed.). Principais culturas do Nordeste. 

Fortaleza: Imprensa Universitária do Ceará, 1, 153-162.           

Pernal SF, Currie RW.2010. The influence of pollen quality on foraging behavior in 

honeybees (Apis mellifera L.). Behavioral Ecology and Sociobiology 51: 53–

68.  

Picard-Nizou AL, Pham-Delegue MH, Kerguelen V, Douault P, Marilleau R, Olsen 

L, Grison R, Toppan A, Masson C (1995). Foraging behaviour of honey bees 

(Apis mellifera L.) on transgenic oilseed rape (Brassica napus L. var. oleifera). 

Transgenic Research 4;270–276.  

Pilling E, Campbell P, Coulson M, Ruddle N, Tornier I.2013. A four-year field 

program investigating long-term effects of repeated exposure of honey bee 

colonies to flowering crops treated with thiamethoxam. PLoS ONE 8(10): 

e77193. DOI:10.1371/journal.pone.0077193.  

Reyes-Carrillo JL, Eischen FA, Cano-Rios P, Rodriguez- Martinez R, Camberos UN 

2007. Pollen collection and honey bee forage distribution in Cantaloupe. Acta 

Zoologica Mexicana 23: 29–36.  

Riley JR, Smith AD.2002. Design considerations for a harmonic radar to investigate 

the flight of insects at low altitude. Computers and Electronics in Agriculture 

35:151–169.  

Rahman, A. and Rahman, S.2000. Effect of honeybee (Apis cerana indica) pollination 

on seedset and yield of buckwheat (Fagopyrum esculentum). Indian J.Agric. 

Sci. 70 (3): 168-9.  



51 
 

Raven, P. H.; Evert R, F.; Eichhorn, S. E.2007.Biologia Vegetal. 7. ed. Rio de 

Janeiro: Guanabara Koogan S.A.  

Roubik, 1989. An evaluation of selected commercial bee attractants in the pollination 

of cucumbers and watermelons. J. Apic. Res., 135; 267-272. 

Raghav, R., David, C., Juan, R., and Craig, C.1990. "Sesame: New Approaches for 

Crop Improvement". Purdue University. 

Riley JR, Chapman JW, Reynolds DR, Smith AD.2007. Recent applications of radar 

to entomology. Outlooks on Pest Management 18, 62–68. DOI: 

10.1564/18feb00.  

Richards, A.J.2001. Does low biodiversity resulting from modern agricultural practice 

affect crop pollination and yield? Annals of Botany. 88:165–172. 

Ricketts, T.H., Daily, G.C., Ehrlich, P.R., Michener, C.D.2004. Economic value of 

tropical forest to coffee production.Proceedings of the National Academy of 

Sciences of the USA. 2004;101:12579–12582. 

Ricketts T, Regetz J, Steffan-Dewenter I, Cunningham SA, Kremen C, Bogdanski A, 

et al. (2008). Landscape effects on crop pollination services: are there general 

patterns? Ecology Letters.11:499–515. 

Robinson, W.S., Nowogrodzki, R., Morse, R.A., (1989). The value of honey bees as 

pollinators of US crops. II.American Bee J.  129:477–487. 

Roubik, DW. 1995. FAO Agricultural Services Bulletin 118. Rome: FAO. Pollination 

of cultivated plants in the tropics. 

Schneider CW,Tautz J, Grünewald B, Fuchs S.2012. RFID tracking of sublethal 

effects of two neonicotinoid insecticides on the foraging behavior of Apis 

mellifera. PLoS ONE 7(1). e30023. DOI:10.1371/journal.pone.0030023.  

Schulz DJ, Barron AB, Robinson GE.2002. A role for octopamine in honey bee 

division of labor. Brain, Behavior and Evolution 60:350–359.  

Sharma VP, Kumar NR.2010. Changes in honeybee behaviour and biology under the 

influence of cellphone radiations. Current Science 98:1376–1378.  

Silva DP, Moisan-De-Serres J, Souza DC, Hilgert-Moreira SB, Fernandes MZ, Kevan 

PG, Freitas BM (2013). Efficiency in pollen foraging by honey bees: time, 

http://www.hort.purdue.edu/newcrop/proceedings1990/v1-225.html
http://www.hort.purdue.edu/newcrop/proceedings1990/v1-225.html
http://www.hort.purdue.edu/newcrop/proceedings1990/v1-225.html


52 
 

motion, and pollen depletion on flowers of Sysirinchium palmifolium 

(Asparagales: Iridaceae). J.Pollination Ecology, 11:27–32.  

Shaw, I.2003. - Oxford University Press,ISBN 0192804588 Retrieved 2012-06-17. 

Seegeler,1983. Handbook to Life in Ancient Egypt Oxford University Press, 28Oct 

1999 ISBN 0195132157 Retrieved 2012-06-17 

Simone-Finstrom M, Gardner J, Spivak M.2010. Tactile learning in resin foraging 

honeybees. Behavioral Ecology and Sociobiology 64:1609–1617.  

Sarker, A. M.2004. Effect honeybee pollinasation on the yield of rapeseed, mustard 

and sesame. Geobros (Jodhpur), 31(1):49-51. 

Steffan-Dewenter I, Kuhn A.2003. Honeybee foraging in differentially structured 

landscapes. Proceedings of the Royal Society B,270:569–575.  

Semida, F. and Elbanna, S.2006. Impact of Introduced honeybees on native bees At 

St. Katherine Protectorate, South Sinai, Egypt. Inter. j.agric. bio,8(2).  

Soliman, M. Kamel, &, Hatem, M. Mahfouz, 2012. Foraging Activity of Four Bee 

Species on Sesame Flowers During Two Successive Seasons in Ismailia 

Governorate, Egypt. Pestic. Phytomed. (Belgrade), 28(1), 2013, 39–45. 

Sushil SN, Stanley J, Hedau NK, Bhatt JC (2013). Enhancing seed production of three 

Brassica vegetables by honey bee pollination in north-western Himalayas of 

India. Uni.J.Agric.Res.,1:49–53.  

Whitfield, C. W., Y. Ben-Shahar, C. Brillet, I. Leoncini, D. Crauser, Y. LeConte, S. 

Rodriguez-Zas, and G. E. Robinson. ―Inaugural Article: Genomic Dissection  

Wolschin F, Mutti NS, Amdam GV.2010. Insulin receptor substrate influences female 

caste development in honeybees. Biology Letters, 7:112–115. 

Wijnands,1983. "The Evolution of Feeding Behavior." Animal Behavior: An 

Evolutionary Approach.7th ed. Sunderland: Sunderland Associates, Inc. 2001. 

Watanabe, M.E.1994.Pollination worries rise as honey bees decline. Sci.265:1170–

1170. 

Waller, C. D.,1970. Attracting honey bees to alfalfa with Citral, Geraniol and Anise. 

J. Apic. Res., 9: 9-12. 

http://books.google.co.uk/books?id=092jP1lBhtoC&printsec=frontcover#v=onepage&q=Ptolemy%20I&f=false
http://books.google.co.uk/books?id=092jP1lBhtoC&printsec=frontcover#v=onepage&q=Ptolemy%20I&f=false
http://books.google.co.uk/books?id=092jP1lBhtoC&printsec=frontcover#v=onepage&q=Ptolemy%20I&f=false
http://books.google.co.uk/books?id=RulD63Y3BlAC&pg=PA42&dq=Ptolemaic+period&hl=en&sa=X&ei=iRDeT6-aC8Sc8gPXvdTHCw&ved=0CDYQ6AEwAA#v=onepage&q=Ptolemaic%20period&f=false
http://en.wikipedia.org/wiki/Special:BookSources/0195132157


53 
 

Winters, L.A., Yusuf, S. 2007. Dancing with giants: China, India, and the global 

economy. Washington, DC: World Bank Publications. 

Withgott J.1999. Pollination migrates to top of conservation agenda. Bioscience.  

49:857–862. 

Wiess, E. A.1983.Sesame. In: WEISS, E. A. (Ed.). Oilseed crops. London: Longman, 

1983. p. 282-340.year. 

Yang EC, Chuang YC, Chen YL, Chang LH.2008. Abnormal foraging behavior 

induced by sublethal dosage of imidacloprid in the honey bee (Hymenoptera: 

Apidae). J.Econ.Entomol,101:1743–1748.  

Young HJ, Dunning DW, Von Hasseln KW.2007. Foraging behavior affects pollen 

removal and deposition in Impatiens capensis (Balsaminaceae). American J.B. 

94:1267–1271.  

Yermanos, D. M.1980. Sesame. In: Fehr, W. R.; Hadley, H. H. (Ed.). Hybridization of 

crop plants. Madson: ASA, p. 549-563.       

Yucel B, Duman I.2005. Effects of foraging activity of honeybees (Apis mellifera L.) 

on onion (Allium cepa) seed production and quality. Pakistan J.Bio. Sci.8: 

123–126. 

 



54 
 

APPENDICES 

Appendix I. The physical and chemical characteristics of soil of  the experimental site as          

(0-15 cm depth). 
 

Mechanical composition:  

Soil parameters Observed values 

Organic carbon (%) 0.45 

Organic matter (%) 0.78 

Total N (%) 0.07 

Phosphorus 22.08 µg/g soil 

Sulphur 25.98 µg/g soil 

Magnesium 1.00 mcq/100 g soil 

Boron 0.48 µg/g soil 

Copper 3.54 µg/g soil 

Zinc 3.32 µg/g soil 

 

Source: Soil Resources Development Institute (SRDI), Khamarbari, Dhaka. 

 

Appendix II: Monthly record of air temperature, rainfall and relative humidity of the    

                      experimental site during the period from April 2013 to July 2013  

 

Month 
Temperature Relative 

Humidity (%) 

Total  Rainfall 

(mm)  Max Min 

April 33.9 23.6 71 156.3 

May 32.9 24.5 76 339.4 

June 32.1 26.1 82 340.4 

July 31.4 26.2 83 373.1 

 

Source: Climate and Weather Division, Bangladesh Meteorological Department, Agargoan, 

Dhaka- 1207. 
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Appendix III. Experimental location on the map of Agro-ecological Zones of Bangladesh. 

 

 

Source: Bangladesh Agricultural Research Council, Khamarbari, Dhaka. 


