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Abstract
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In the recent years, the number of insect pollinators has declined significantly. This, on the one hand, is explained by ur-
banization, which reduces the blooming resources available to pollinators and on the other, the widespread use of pesticides 
for pests control in industrial farming.

Considering this, the preservation and restoration of plant strips in and around arable land is essential to provide a wide 
variety of flowering species, which serve as food resources,  nesting and hibernate sites for pollinators.

With the aim of associating the earlier pollinators in the crop, it was betting field experience with different grass mixtures of 
different species composition, and time of sowing at the Experimental field of the Agricultural University in Plovdiv, Bulgaria.

From 1055 numbers of pollinators registered in grass mixtures, the highest number was from genus Megachile – 500 number, 
honey bee (Apis mellifera L.) – 303 and Flower flies – 214.
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Introduction

The integrated approach to tackling crop pests requires 
restricting the use of chemical agents, using the resource of 
the natural environment. This resource can be considered in 
two aspects. The first one is the construction of sustainable 
food chains in agrocenoses, and the second one is the impact 
of entomofauna on the quality and quantity of the yield.

The enrichment of agrocenoses with insects leading to 
environmental sustainability includes: creating favorable 
conditions for their appearance and development, stimulat-
ing their activity by building landfills for multiplication and 
using the methods and pests that do not have a negative im-
pact on their vital activity and reproduction.

Pest control systems on crop plants are built over time. 
This leads to the loss of habitat and disturbance of the bal-

ance in the environment shift towards integrated plant pro-
tection and organic farming.

The International Convention on Biological Diversity 
identifies pollination as a key service in the ecosystem that is 
threatened globally (Abrol, 2012).

According to the Food and Agriculture Organization 
from 100 crops, which provide 90% of the world‘s food – 
71% are pollinated by honey bees.

The importance of insects, such as pollinators, is men-
tioned in works a number of authors Kevan, (1972), Roubik 
(1995), Proctor et al. (1996) Klein et al. (2007), Ollerton et 
al. (2011). It has been shown that the yields of insect-polli-
nated plants are 10-15 times greater in bee’s participation 
than without them. The plants are 80% pollinated by honey 
bees and only 20% of the remaining insects. Thus, from the 
visit of the honey bees, the yield increases with the 50-60% 
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of the sunflower, 60-80% of the fruit trees, 250% of the sain-
foin, 300% of the red clover and 500% of the vegetable crops 
(Donchev et al., 1958).

According to a number of authors Watanabe (1994), Wil-
liams (1994), Delaplane & Mayer (2000), Galai et al. (2008), 
Hung et al. (2018) the honey bee (A. mellifera) is the best 
pollinator on crop plants. The species Osmia and Megachile 
are used for pollination of fruit, vegetable and field crops. 
Representatives of the genus Megachile are important pol-
linators of legumes crops (Bohart, (1960), Suzanne & Batra, 
(1967), Williams, (1996).

Studies show, that the increase in the number of habi-
tats on farms is crucial for rebuilding the populations of wild 
bees and for the maintenance of good pollination of culti-
vated crops (Kennedy et al., 2013).

Carvell et al. (2004) recommend the creation of addition-
al resources of native perennial wild flowers and grass spe-
cies in the fields. Flower beds on the edge of arable fields can 
provide bee food throughout the season if the right colored 
flowering species are selected.

In Germany, wild colored strips are advertised as a flow-
ering landscape. In Sweden, experiments have shown that 
flower colors strip can improve diversity and abundance of 
bees and are suitable for inclusion in intensive agricultural 
areas (Haaland & Gyllin, 2012).

In England, color flower mixes contain at least four main 
families of plants that attract bees (Potts et al., 2009; Carvell 
et al., 2007).

It has been found that some flowering plants, such as: 
claw, phacelia and others enable the useful entomofauna, 
build its genetic products to maximize reproductive capacity. 
These crops influence the attraction of flower colors, which 
is particularly important for her orientation and concentra-
tion of beneficial species and pollinators.

On the behavior of insects pollinators influences have a 
number of factors, whichever color and light are essential 
(Hakim & Muis, 2016).

One of the first color effects studies was by Exner & 
Exner (1910). At this stage, little is known about ultraviolet 
reflection of color. Knuth (1891a, 1891b) examines several 
colors with respect to the insect sight in the ultraviolet rays. 

According to a number of authors Mcalpine (1965), 
Hocking (1968) and Kevan (1972), the colors are attractors 
for attracting insect pollinators.

Later Ari Utami et al. (2014) are trapped the insects in 
two colors: red and white. The results obtained show that 
insects prefer white in comparison with the red one and ex-
plain it with the wavelength of the two colors. The red color 
wavelength ranges from 625 to 40 μm and white between 
300-400 μm.

According to Donchev et al. (1958) the bees distinguish 
four colors: yellow, bluegreen, blue and ultraviolet. As far 
as the last color is concerned, the vision of the honey bees is 
more perfect than that of the human being, as the ultraviolet 
light-emitting color is unknown to the human eye.

Between insects only the beards differ in the red col-
or.  Bees often visit the red poppy, but its coloring is per-
ceived not as red, but as ultraviolet. 

To the white color the bees also have unequal treatment 
with man. They perceive the white color as colored by the 
absorbed ultraviolet rays.

Establishing the colors that attract insects and their plants 
make it possible to build colored flowering strip to attract 
pollinators to agricultural agrocenoses.

Material and Methods

Studies have been carried out at the Experimental field 
of the Agricultural University in Plovdiv, Bulgaria. They hit 
two grass mixtures: Laitamag (Hungary) and of Agricultur-
al University in Plovdiv, including species: white mustard 
(Sinapis alba L.), white clover (Trifolium repens L.), phacelia 
(Phacelia tanacetifolia Bentham), crimson clover (Trifolium 
incarnatum L.), Egyptian clover (Trifolium alexandrinum 
L.), red clover (Trifolium pretense L.), wild oast (Avena sati-
va L.), alfalfa (Medicago sativa L.), buckwheat (Fagopyrum 
esculentum Moench), sainfoin (Onobrychis viciifolia Scop.) 
and coriander (Coriandrum sativum L.). The experimental 
design was used with 4 replications for each flower strip.  

To establish the species composition the pollinators were 
used standard entomological methods (entomological bag, 
yellow plates and one square meter). In interval of 7-10 days 
observations were made throughout the growing season. The 
collected insects were put in plastic bags and were deter-
mined in the laboratory.

Results and Discussion

As a result of the experiments, were found 1055 polli-
nators. The highest density species was registered of genus 
Megachile – 500, followed by the honey bee (Apis mellifera 
L.) – 303 and Flower flies 214 number. Other pollinators: Cer-
atina cucurbitina Rossi, Anthidium manicatum L., Macropis 
europaeae Warn., Halictus scabiosae Rossi, Melitta leporina 
Panzer, Lasioglossum xanthopus Kirby and Andrena flavipes 
Panzer were recorded at negligible density (Table 1).

The appearance and multiplication of pollinators in grass 
mixtures are directly related to the conditions of the environ-
ment. The first species were found in early of April, with a 
sustained increase in the mean daily temperature above 14°C 
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and beginning of flowering of the plant species included in 
the grass mixture.

From them which the earliest blooms   white mustard 
– from early of April to the beginning of May, observed 
one-story flowering with a dominant yellow colored. 

No pollinators were identified in the crops, despite the 
availability of insect attraction information of the yellow col-
or  (Table 2).

From the end of April to the end of May, the phacelia 
blooms, as a result of which an upper purple colored floor is 
formed. The honey bee (Apis mellifera L.) was increased his 
number in the mixed grass with predominantly purple color 
during the study period. At the beginning of May, A. mellifera 
registered a high density – 143 numbers. At that time more 
than 70% of the phacelia were open, new flower buds were 
visible. The phacelia blooms for a long time and attracts with 
its purple colors the honey bee. By blossoming the phachelia 
the density of A. mellifera began to decline and single individ-
uals were recorded at the beginning of June (Figure 1).

Since the beginning of June, the white color is formed 
when the Egyptian clover, the white clover and the coriander. 
This resulted in the emergence of the following pollinators: 
the genus Megachile and Flower flies.

The first species were registered at the beginning of May. 
Their density was low – 12 number of genus Megachile and 
14 numbers in the flower flies, which remains in the period 
of blooming.

Gradually, with warming of weather and the occurrence 
of full blooming of the coriander, the white clover and the 
Egyptian clover, their numbers began to increase. Genus 
Megachile peaks were established in the third decade of May 
– 207, and in the case of the Flower flies earlier – during sec-
ond decade of May respectively – 142, when the white color 
is formed in the mixed grass. At the end of June, one unit was 
reported (Figure 2).

Conclusions

The formation of flower colors strip in and around ara-
ble land should include plants with purple and white colors 
attracting major pollinators, such as phacelia, white clover, 
Egyptian clover and coriander.

An appropriate period for growing flowering species to 
attract pollinators is from the beginning of April to the end 
of June.

Table 1. Species of the pollinators found in mixed grass 
during the study period
Species Number
Megachile sp. 500
Apis mellifera L. 303
Fam. Syrphidae 214
Ceratina cucurbitina Rossi 14
Anthidium manicatum L. 7
Macropis europaeae Warn. 6
Halictus scabiosae Rossi 5
Melitta leporina Panzer 3
Lasioglossum xanthopus Kirby 2
Andrena flavipes Panzer 1
Total: 1055

Table 2. Flowering of the species in the mixed grass – 
time of flowering and color of flowers 
Color of flower Time of flowering

April May June
Yellow (white mustard)
Purple (phacelia) 
White (coriander, white 
clover, Egyptian clover)

Fig. 1. Multiplication of the honey bee (A. mellifera)  
in the purple color

Fig. 2. Multiplication the population in white color
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Plants with purple color attract mainly the honey bee – 
Apis mellifera L.

Plants with white color (сoriander, Egyptian clover and 
white clover) attract predominantly genus Megachile and 
Flower flies.

Acknowledgements
The present study was funded by “SYNGENTA BUL-

GARIA” LTD. Project 13/2013 at the Agricultural university 
in Plovdiv, Bulgaria.

References 

Abrol, D. P. (2012). Pollination Biology: Biodiversity Conserva-
tion and Agricultural Production. Springer Dordrecht, Heidel-
berg, 251-257. Bali. Udayana. Can. J. Bot., 50, 2289-2316.

Ari Utami, N.A.T., Wijaya, I. N., Siadi, I. K., Nyana, I. D. N  & 
Suastika, G. (2014). Effect of barier colored nets to abundance 
of Aphis gossypii on Cayenne Pepper (Capsicum frutescens L.), 
E-Journal Agroekoteknologi Tropika, ISSN: 2301-6515 Vol. 3, 
No. 4, 251-258.

Bohart, G. E. (1960). Insect pollination of forage legumes. Bee 
World, 41, 57-64, 85-97.

Carvell, C., Meek, W. R., Pywell, R. F. & Nowakowski, M. 
(2004). The response of foraging bumblebees to successional 
change in newly created arable field margins. Biological Con-
servation, 118, 327-339.

Carvell, C., Meek, W. R., Pywell, R. F. D., Goulson, D. & Nowa-
kowski, M. (2007). Comparing the efficacy of agri-environ-
ment schemes to enhance bumblebee abundance and diversity 
on arable field margins. Journal of Applied Ecology, 44, 29-40.

Delaplane, K. S. & Mayer, D. F. (2000). Crop pollination by bees. 
CAB, New York.

Donchev, N., Nedyalkov, St. & Toshkov, L. (1958). Practical Bee-
keeping Guide, Sofia, in Bulgarian.

Exner, F. & Exner, S. (1910). The physical foundation of flow-
er colors. Sitzerberber. Kais. Akad. Wiss., Math.-Naturw. CI., 
Dept. 1, 119 (1), 191-245 “G“.

Gallai, N., Salles, J. M.. Settele, J. & Vaissière, B. E. (2008). Eco-
nomic valuation of the vulnerability of world agriculture con-
fronted with pollinator decline. Ecol. Econom., 68, 810–821.

Haaland, C. & Gyllin, M. (2012). Sown wildflower strips – a strat-
egy to enhance biodiversity and amenity in intensively used ag-
ricultural areas. http://www.intechopen.com/books

Hakim, L. & Muis, A. (2016). Alternative control of insect pests in 
vegetable plants using local wisdom approach. Journal Ilmiah 
Peuradeun, 4 (1), 53-64.

Hocking, B. (1968). Insect-flower associations in the high arctic 
with special reference to nectar. Oikos. 19, particularly 359-
387.

Hung, K-L. J, Kingston J. M., Albrecht, M., Holway, D. A. & 

Kohn, J. R. (2018). The worldwide importance of honey bees 
aspollinators in natural habitats. Proc. R. Soc. B285: 20172140.
http://dx.doi.org/10.1098/rspb.2017.2140.

Kennedy, C. M., Lonsdorf, E., Neel, M. C., Williams, N. M., Rick-
etts, T. H., Winfree, R., Bommarco, R., Brittain, C., Burley, 
A. L., Cariveau, D., Carvalheiro, L. G., Chacoff, N. P., Cun-
ningham, S. A., & Danforth, B. N. (2013). A global quantitative 
synthesis of local and landscape effects on wild bee pollinators in 
agroecosystems. Ecology Letters, 16(5), 584- 599. 

Kevan, P. G. (1972). Insect pollination of high arctic flowers. J. 
Ecol., 60 (3). 

Klein, A., Vaissiere, B. E., Cane Steffan-Dewenter, J. H. I., Cun-
ningham, S. A., Kremen, C. & Tscheulin, T. (2007). Impor-
tance of pollinators in changing landscapes for world crops. 
Proceedings of the Royal Society of London Biology, 274, 
303–313.

Knuth, P. (1891a). The effect of bleeding colors on the photog ra-
phis plate. Bot. Centralbl., 48, 160-165 “G“.

Knuth, P. (1891b). Further observations on the attractants of the 
flowers of Sicyos atgratc Lr. and Bryotria rlioica L. Bot. Cen-
tralbl. 48, 314-318 “G“.

Mcalpine, J. F. (1965). Observations on anthoohilous Diptera at 
Lake Hazen, Ellesmere Island. can: Field-Nat., 79, 247-252. 

Ollerton, J., Winfree, R. & Tarrant, S. (2011). How many flow-
ering plants are pollinated by animals? Oikos, 120, 321–326.

Potts, S. G., Woodcock, B. A., Roberts, S. P. M., Tscheulin, T., 
Pilgrim, E. S., Brown, V. K. & Tallowin, J. R. (2009). En-
hancing pollinator biodiversity in intensive grasslands. Journal 
of Applied Ecology, 46, 369-379.

Proctor, M., Yeo, P. & Lack, A. (1996). The natural history of pol-
lination. London: Harper Collins Publishers, London.

Roubik, D. W. (1995). Pollination of Cultivated Plants in the Trop-
ics, Food and Agriculture Organization of the United Nations, 
Bulletin 118. Food and Agriculture Office of the United Na-
tions, Rome, Italy.

Suzanne, W. & Batra, T. (1967). Crop pollination and the flower 
relationships of the wild bees of Ludhiana, India (Hymenop-
tera: Apoidea). Journal of the Kansas Entomological Society,  
40 (2), 164-177.

Veromann, E., Mand, M. & Karise, R. (2012). Pollination – the 
indispensible ecosystem service in agriculture. In: ELN-FAB.

Watanabe, M. E. (1994). Pollination worries rise as honey bees 
decline. Science, 265, 1170–1170.

Williams, I. H. (1994). The dependence of crop production within 
the European Union on pollination by honey been. Agricultural 
Science Reviews, 6, 229-257. 

Williams, I. H. (1996). Aspects of bee diversity and crop pollina-
tion in the European Union. In: Matheson A, Buchmann SL, 
O‘Toole C, Westrich P, Williams IH (eds). The Conservation of 
Bees (based on the symposium organized jointly by the Inter-
national Bee Research Association and the Linnean Society of 
London, held in April 1995). London: Academic Press, 63-80. 
(Linnean Society Symposium Series, 18)

Received: February, 4, 2019; Accepted: July, 15, 2019; Published: February, 29, 2020


