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Abstract—Flower scarcity outside coffee flowering periods leads to a decline of pollinators’ 
abundance and diversity possibly through death or migration. The objective of this study was to 
assess whether other flowering plants within and around coffee farms act as alternative floral 
resources that may impact on abundance and diversity of pollinators of coffee flowers. Bee 
pollinators of coffee were assessed and identified for a period of 27 months. Their abundance and 
diversity were examined within and around organically and conventionally managed coffee farms in 
Kiambu District in Kenya. This study provides evidence that 42 plant species from 19 families were 
alternative floral resources for bees that pollinate coffee. Bee pollinators of coffee were observed to 
visit coffee flowers as well as other flowering plants close by. Significant relationship existed between 
plant species and bee species richness in the organic farming (R2=0.5918; P<0.0001) and in 
conventional farming (R2=0.6744; P<0.0001). Therefore in coffee monocultures, presence of other 
flowering plants should be encouraged to support bee pollinators when coffee is not flowering and to 
enhance abundance and diversity of bees visiting coffee flowers. 
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INTRODUCTION 

Plant-pollinator interactions have faced increasing 
threats from man especially through agricultural 
intensification (Ricketts 2004). Tropical ecosystems 
are characterized by agroecosystems and there is 
expanding conversion of natural habitats to 
agroecosystems. Loss of native habitats within 
agricultural landscapes may be of particular 
importance, because crop pollination by wild bee 
species is provided locally when there are wild plants 
around cropped areas (Richards 2001). Loss of 
natural habitats constrains the foraging ranges of bees 
(Kearns 2001; Richards 2001; Kremen et al., 2002 & 
Ricketts 2004). 

Efforts to conserve biodiversity have been focused 
primarily on the remaining areas of natural 

ecosystems. However, only 5% of terrestrial 
environment is uninhabited and unmanaged. 
Therefore, most pollinator species that remain in the 
natural habitats interact with agricultural ecosystems. 
However, the contribution of management type to 
these species survival is often ignored, as is the 
potential value of agroecosystems for conservation 
(Klein et al. 2002; Power & Flecker 2000).  

The repercussions of interrupted plant pollinator 
relationship are potentially serious (Rathcke & Jules 
1993). Plants may experience lower and inferior 
pollinator visitation and depressed reproductive 
output in absence of remnant habitat fragments as a 
result of changes in the pollinator community (Murcia 
1996). Pollination studies have revealed that presence 
of wild habitats enhances pollinator activity in the 
surrounding agricultural fields. Most pollinators and 
especially bees need natural plant remnant habitats for 
foraging purposes, nesting or oviposition, source of 
water, mating and roosting caves (Roubik 1995; 
Ricketts 2004).  
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This study sought to investigate the plants 
surrounding coffee farms that supply floral resources 
to pollinators of coffee. Previous pollination studies 
in Kenya have been carried out on only a few crops 
e.g. pollination of indigenous crops in Mwingi 
(Njoroge et al., 2008), pollination of Citrullus lanatus 
(Thunb) Mansf. Nakai (water melon) at Yatta 
(Njoroge 2005) and bottle guard (Lagenaria siceraria) 
(Morimoto et al. 2004). The economic value of 
pollinators for crop pollination in Kakamega has also 
been investigated (Kasina 2007). However, wild floral 
resources that serve to sustain pollinators outside the 
flowering period of the crop are not well documented 
(Njoroge 2005; Morandin et al. 2007; Black et al. 
2007). 

METHODOLOGY 

Study area 

This study was carried out for 27 months from October 
2005 to December 2007 in Kiambu District which lies 
between latitudes 0°75’ and 1° 20’ south of Equator 
and longitudes 36° 54’ and 36° 85’ east. The district is 
adjacent to the northern border of Nairobi and it 
covers an area of 1324 km2 with 90% being high 
agriculture potential land (G.O.K. 1994; Muchena et al. 
2004). Two study sites with well managed coffee 
plantations were selected. The two study sites bordered 
an indigenous forest. These included an organically 
(Paradise Lost) and a conventionally (Evergreen) 
managed farm.  

The main idea behind organic farming is 'zero impact' 
on the environment. Organically grown means grown 
without use of synthetic agrochemicals and inorganic 
fertilizers for at least three years. Conventional 
farming systems involve use of whatever means to kill 
pests and maximize output: It involves use of chemical 
plant protectants, chemical fertilizers, synthetics and 
even genetically-modified organisms (Ponte 2002).  

Quantification of wild plants visited by bees 

in coffee farms  

Diversity of flowering wild plant species used as 
floral resources by bees in the organic and 
conventional farms was recorded. At both sites, 1.5 
km transects were laid with 4 plots of 100m2 placed 
randomly within each transect. Flowering plants 
within a coffee plot and those at a 40 m radius from a 
coffee plot were recorded. Sampling within the coffee 
plots was done 3 days a week for 27 months. 
Sampling was done after every hour from 07h30 to 
15h30. A ten minutes interval per hour was taken for 
random walks to record all the plants visited by bees. 
Ten more minutes per sampling hour were taken to 
capture the bees. If a plant was visited by a bee 

species, both the plant and the bee were collected for 
identification. Voucher specimens of plants were 
pressed, dried, identified and deposited at Jomo 
Kenyatta University, Botany Department Herbarium, 
while the bee specimens were deposited at National 
Museums of Kenya. Bees were identified and notes 
made whether their occurrence was on both coffee 
flowers and other plants. Data analysis on abundance 
of flowering plant species was done by frequencies 
and plant richness analysis by Rényi’s diversity index 
was calculated using R 2.6.1 program (Kindt & Coe 
2005). Analysis of the relationship between wild 
plants’ floral resources and bee species was analysed 
using linear regression.  

RESULTS AND DISCUSSION 

Diversity of wild plants visited by bee 

pollinators of coffee 

A total of 42 plant species represented in 19 plant 
families were recorded as plants visited by bees in the 
study area. The organic farm had all the 19 families of 
plants and 40 species while the conventional farm had 
14 families and 25 wild plant species (Appendix 1). 
The organically managed farm had a higher 
abundance and richness of both the rare and common 
plants collected in this study (Tab. 1; Fig. 1).  

For the first time in Kenya, this study has 
documented the important plant families in proximity 
to coffee farms that provide floral resources to bees 
when coffee is not flowering or enhance the number 
of bees visiting coffee flowers (Appendix 1). An 
important finding in this study is that wild plants act 
as alternative floral resources for bees visiting coffee 
flowers. Bidens pilosa L., Galinsoga parviflora Cav. 
and Justicia uncinulata Oliv. were found to be very 
common and attracted the highest number of bees. 
The families Acanthaceae and Asteraceae act as 
reliable source of floral resources due to their 
availability throughout the year, and their wide 
distribution in forest gaps, secondary forests and 
bushlands (Gikungu 2006).  

TABLE 1: Diversity of flowering plant families sampled 
in the coffee farms    

Diversity index Organic Farm Conventional 

Richness 19 (100%) 14 (73.6) 

Shannon index 3.123 2.505 
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FIG. 1: Rényi wild plants richness profile in the study areas: 
The value of species richness is on a scale parameter ‘alpha’ 
whose value ranges from 0 to infinity. The profile value is 
the logarithm of species richness. The profile value 0 reflects 
richness of the rare species in the study while the profile 
value infinity reflects value of the most abundant species. 

When both coffee and surrounding plants were 
flowering, more bees were sampled from coffee flowers 
in comparison to when coffee was flowering alone. The 
abundance and diversity of bees visiting coffee was also 
higher than those visiting other plant families (Fig. 2). 
This may be because coffee is a mass flowering plant 
with dense inflorescences that have a sweet attractive 
aroma and the flowers produce high amounts of nectar 
and pollen grains (Klein et al. 2008; Klein et al. 2002; 
Coste 1992). Studies elsewhere have indicated that bees 
are likely to visit dense patches of flowering species to 
minimize on the foraging costs (Hegland & Boeke 
2006). The results of this study give evidence that 
flowering wild plant families enhance bee visits to the 
surrounding coffee farms. 

Correlation between bee species and wild 

plants floral resources diversity 

Wild plant floral resources richness has a positive 
impact on bee richness in conventional farming. 
Higher bee abundance and diversity were recorded 
where there was high plant species diversity (Fig. 3). 
The relationship between plant species richness and 
bee diversity in the conventional farming was highly 
significant (R2=0.6744; P<0.0001). In this study, 
bees found visiting coffee flowers were also noted 
visiting other flowering plant species surrounding the 
coffee farm. 

In organic farming, bee diversity was found to 
increase with an increase in wild plants floral resources 

diversity (Fig. 3). The relationship between other 
plants near coffee farms and bee diversity was highly 
significant with bees visiting coffee flowers also 
visiting flowers of other plant species (R2=0.5918; 
P<0.0001). 

 

FIG. 2: Bee abundance in major plant families in coffee 
farms under different management practices at different 
seasons. Key: OFC - Coffee flowering alone in Organic 
farm, OFW - Organic farm with weeds flowering alone, 
OFWC - Both weeds and coffee flowering in the 
organic farm, CFC - Coffee flowering alone in 
Conventional Farm, CFW - Weeds flowering alone in 
Conventional Farm, CFWC - Both weeds and coffee 
flowering in Conventional farm 

The above findings are important because they 
give an indication that absence of other flowering 
plants when coffee is not flowering may lead to a loss 
of bees and compromise pollinator visitors in 
subsequent seasons when coffee is flowering. 
Pollinators have been found to be noticeably less 
diverse and less numerous when natural habitats are 
either highly fragmented or completely absent 
(Richards 2001). A study in England showed that 
species richness of the fauna in field boundaries and 
crop centres was significantly greater in boundaries of 
margins sown with diverse plant species. Analysis of 
total bees caught showed highly significant positive 
effects of sown margins. Overall diversity of bees was 
lower in the field centres where the 6m margin strips 
were absent (Marshal et al. 2006).  

Coffee farms under different management

 and flowering regimes

OFC OFW OFWC CFC CFW CFWCP
e
r
c
e
n
t
a
g
e
 
o
f
 
b
e
e
s
 
s
a
m
p
l
e
d
 
f
r
o
m

 
d
i
f
f
e
r
e
n
t
 
p
l
a
n
t
 
f
a
m
i
l
i
e
s

0

2

4

6

8

10

12

14

16

18

20

Acanthaceae 

Asteraceae 

Rubiaceae (Coffee only) 
Other families 



10 KARANJA ET AL. J Poll Ecol 2(2) 

 

 

 

0

1

2

3

4

5

6
1 2 3 4 5 6 7 8 9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

2
5

2
6

2
7

R
e
l
a
t
i
o
n
s
h
i
p
 b
e
t
w
e
e
n
 
n
u
m
b
e
r
 
o
f
 
 
b
e
e
s
 
s
a
m
p
l
e
d
 
i
n
 

p
l
a
n
t
 
s
p
e
c
i
e
s
 p
e
r
 
m
o
n
t
h

Average number of plant and bee species arranged from the 

highest to the lowest

Bee richness-organic farm

Wild plant richness-organic farm

Bee richness-Conventional farm

Wild plants-Conventional farm

Linear (Bee richness-organic farm)

Linear (Wild plants-Conventional farm)

 

FIG. 3: Relationship between wild plants floral resources and bee richness in an organic and a conventional farm

 

ACKNOWLEDGEMENTS  

We wish to acknowledge Jomo Kenyatta 
University of Agriculture and Technology for the 
support accorded during the study period. We are 
grateful to DAAD and ANAFE for the financial 
support during the study period. 

 

 

REFERENCES 

Black HS, Hodges N, Vaughan M & Shepherd M (2007) 
Pollinators in natural areas; a primer on habitat 
management. Invertebrates conservation fact sheet. The 
Xerces society for invertebrates conservation. 
www.xerces.org.  

Coste, R. (1992) Coffee: The plant and the product. 
Macmillan Press Ltd. London and Basingstoke. 

Gikungu MW (2006) Bee diversity and some aspects of 
their ecological interactions with plants in a successional 
tropical community. Dissertation, Bonn University. 



September 2010 BEE INTERACTIONS ON COFFEE FARMS IN KENYA  11 

 

G.O.K. (Government of Kenya) (1994) Kiambu District 
Development Plan: 1994-1996. Rural Planning 
Department, Ministry of Planning and National 
Development, Nairobi, Kenya.  

Hegland SJ & Boeke L (2006) Relationship between the 
density and diversity of floral resources and flower visitor 
activity resources in a temperate grassland community. 
Ecological Entomology 31: 532-538. 

Kasina JM (2007) Bee pollinators and economic importance 
of pollination in crop production: Case of Kakamega: 
Western Kenya. Ecology and development series (54). 
Dissertation, University of Bonn. 

Kearns CA (2001) North America Dipteran: pollinators; 
assessing their value and conservation status. Conservation 
Biology 10: 188-202. 

Kindt R&Coe R (2005) Tree diversity. A manual and 
software for common statistical methods for ecological 
and biodiversity studies. World Agroforestry Centre, 
ICRAF. 

Klein AM, Steffan-Dewenter IS, Buchori D & Tscharntke T 
(2002) Effects of land-use intensity in tropical 
agroforestry systems on coffee flower-visiting and trap-
nesting bees and wasps. Conservation Biology 16(4): 
1003-1014. 

Klein AM, Vaissiere BE, Cane, JH, Steffan-Dewenter I, 
Cunningham SA, Kremen C & Tscharntke T (2008) 
Advances in Pollination ecology from tropical plantation 
crops. Ecology 89(4): 935-943. 

Kremen C, Bugg JP, Nicola N, Smith SA, Thorp, RW 
&Williams, NM (2002) Native bees, native plants and 
crop pollination in California. Fremontia, 30: 1-4. 

Marshall EJP, West TM & Kleijn D (2006) Impacts on 
agri-environment field margin prescription on the flora 
and fauna of arable farmland in different landscapes. 
Agriculture, Ecosystems and Environment 113: 36-44. 

Morandin LA, Winston ML, Franklin MT & Abbot V 
(2007) Can pasturelands increase wild bee abundance in 
agriculturally intense areas? Basic and Applied Ecology 8: 
117-124. 

Murcia, C (1996) Forest fragmentation and the pollination 
of Neotropical plants. Pages 19-36 in J. Schelhas & R. 

Greenberg (Eds). Forest patches in tropical landscapes. 
Island Press, Washington, D.C., USA. 

Morimoto Y, Gikungu M & Maundu P (2004) Pollinators 
of bottle guard (Lagenaria siceraria) observed in Kenya. 
International Journal of Tropical Insect Science Vol. 24: 
73-78. 

Muchena FN, Onduru DD & Gachimbi, LN(2004) 
Introduction: process adopted in INMASP (integrated 
nutrient management to attain sustainable productivity 
increases in East African farming systems) sites in Kenya. 
ETC-East Africa, KARI (NARL) Nairobi. 

Njoroge GN (2005) Pollination Biology of Citrullus 
lanatus (Thunb) Mansf. Nakai (Watermelon) and 
associated Ethnobiology. PhD Thesis. Jomo Kenyatta 
University of Agriculture and Technology. 

Njoroge GN & Kioko, EN (2006) Bee keeping in Kenya: 
Status, lessons and experiences from BCP Supported 
projects. CDTF, Nairobi. 

Njoroge GN (ed), Ngamau, K, Wanjala, C & Karanja RHN 
(2008) Pollination studies and cropping systems at 
Mwingi-Kenya. Case study in Agro-biodiversity. 
Professional publishing services, Nairobi. 

Ponte, S. (2002) Trade and Standards, Equity: Lessons 
from the Specialty Coffee Industry. Working Paper Sub 
series on Globalisation and Economic Restructuring in 
Africa. No. xxi. Centre for Development Research, 
Denmark. 

Power AG & Flecker AS (2000) Agroecosystems and 
Biodiversity. Smithsonian Institute, Washington, D.C.  

Rathcke B & Jules E (1993).Habitat fragmentation and 
plant-pollinator interactions. Curriculum Science. 65: 
273-277. 

Richards AJ (2001) Does low biodiversity resulting from 
modern agriculture practice affect crop pollination and 
yield? Annals of Botany 88: 165-172. 

Ricketts HT (2004) Tropical forests fragments enhance 
pollinator activity in nearby coffee crops. Conservation 
Biology 18: 1262-1271. 

Roubik DW (Ed) (1995) Pollination of cultivated plants in 
the tropics. Food and Agriculture Organization, Rome. 



12 KARANJA ET AL. J Poll Ecol 2(2) 

 

APPENDIX 

APPENDIX 1: Wild plant species visited by bees in coffee farms 

Plant family Plant species Present in Organic 
Farm 

Present in 
conventional farm 

Acanthaceae Asystasia schimperi T.Anderson √ √ 
Justicia uncinulata Oliv.ex C.B. Clarke √ √ 

Amaranthaceae Amaranthus hybridus L. √ √ 
Amaranthus graecizans L. √ - 

Commelinaceae Commelina benghalensis L. √ √ 

Compositae Ageratum conyzoides L. √ - 
Bidens pilosa L. √ √ 
Conzya schimperi L. √ √ 
Conzya bonariensis L √ √ 
Erlangea cordifolia (Benth.) S. Moore √ - 
Galinsoga parviflora Cav. √ √ 
Sencis diosmifolius L √ - 
Sonchus exauriculatus (Oliv. & Hiern) O. Hoffm. √ √ 
Sonchus oleraceus L. √ √ 
Sonchus schweinfurthi L. √ - 
Tagetes minuta L √ √ 

Cruciferae Raphanus raphanistrum L. √ - 

Euphorbiaceae Euphorbia hirta L. √ - 

Graminae Dactyloctenium aegyptium  √ - 
Digitalia velutina (Forssk.) P. Beauv. √ √ 
Digitaria abysinnica (Hochst. ex A. Rich.) Stapf √ √ 
Pennisetum clandestinum (Hochst. ex Chiov.) Chiov. √ √ 
Setaria Verticillata (L.) P. Beauv. √ - 

Labiatae Plectranthus barbatus L. √ - 
Plectranthus lonuginosus L. - √ 

Leguminosae Physeolus vulgaris L. √ √ 

Malvaceae Sida cuneifolia A.Gray. √ √ 
Sida rhombifolia L. √ - 

Oxalidaceae Oxalis latifolia Kunth. √ √ 
Oxalis corniculata L. √ √ 

Papilionaceae Indigofera spicata Forssk. √ √ 

Papilionoideae Rhynchosia elegans A.Rich √ - 

Polygonaceae  Polygonum convolvulus L. - √ 
Oxygonum sinuatum (Meisn.) Dammer. √ √ 

Portulacaceae  Portulaca oleracea L. √ - 

Rubiaceae Richardia brasiliensis Gomez √ - 
Rubia cordifolia L. √ √ 

Solanaceae Cestrum aurantiacum Lindl. √ - 
Solanum nigrum L. √ √ 
Solanum tuberosum L. √ √ 

Verbenaceae Lantana camara L. √ - 

Zygophyllaceae  Tribulus terrestris L. √ - 

 


