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In southeast Niger, the degradation of the environment led to the reactivation of moving dunes that 
threatens infrastructure, fields, and river with silting. To stabilize the dune cordon of Namaro, which is 
heavily cultivated and grazed, anti-erosion devices: living hedges and grassland has been developed. 
The objectives of this work are then to characterize the impact of grassland and hedges on floristic 
diversity and to highlight the herbaceous species that are most induced a better ecological restoration 
in this dune environment. The soil cover, floristic diversity, and phytomass yield were determined on 
the control surfaces (rangelands), as well as on a grassland and living hedges areas. It appeared that 
the highest biomass yield was recorded in the hedges areas (61.74 kg.ha

-1 
of dry matter). The density of 

herbaceous in the hedgerow and grassland is increased of at least 2 times of the relative to the 
rangeland. The inventory of herbaceous families showed that Corchorus Tridens Incidentally 
Schwenckia americana marked a decrease in pressure and an improvement in the conditions for the 
development of vegetation on the dune. Evolvulus alsinoides and Zornia glochidiata are the most 
resilient species and marked the adaptation of the vegetation on the heavily grazed dune.   
 
Key words: Namaro, dune cordon, vegetation, land use.  

 
 
INTRODUCTION 
 
Vegetation plays a vital role for terrestrial environments. It 
influences carbon and nutrient cycling (Freschet et al., 
2018; Leroy, 2019 ; Hain, 2020), crop productivity and 
soil erosion (Ouatara et al., 2018;  Abdourhamane  et  al., 

2019; Moreau et al., 2019). In the case of wind erosion in 
particular, the height and rate of cover of the soil surface 
by vegetation plays a crucial role. This is because 
vegetation protects  the  soil  for  a  distance equivalent to  
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ten times its height (Webb et al., 2020). A soil cover of 2 
to 10% by plant residues reduces erosion of Sahelian 
sandy soils by more than 3 times compared to bare soil 
(Abdourhamane, 2011; Okothomas, 2019). It has also 
been shown that a vegetation cover of 40% almost 
annihilates wind erosion of soils (Fryrear, 1985).   

However, vegetation is under pressure and degradation 
in the Sahel. Indeed, the Sahel is a very sensitive 
environment to climatic variations (Ozer et al., 2010; 
Brüning and Piquet, 2018). Rainfall variability has been 
marked, for example, by recurrent droughts that were 
particularly severe in the 1970s and 1980s (Descroix et 
al., 2015; Brüning and Piquet, 2018). One year out of two 
is rainfall deficient causing a degradation of the 
biophysical environment (Idrissa et al., 2020). The effect 
of this climatic pejoration has been accentuated by 
human pressure (Gemenne et al., 2017; Baldé et al., 
2020). The Sahel is the region of the world that has 
experienced the largest population increase in recent 
years (Garenne, 2016a, b; Dramani and Mbacké, 2017; 
Guengant and Delaunay, 2019). The rate of degradation, 
which is highly variable, is therefore following a trend that 
is accelerating under the combined effect of periodic 
droughts and the ever-increasing anthropogenic pressure 
on resources that have become scarce and fragile 
(Gbetkom, 2020; Tacon, 2021). The degradation of 
vegetation is particularly important on fragile surfaces 
such as dunes. These are heavily grazed and/or 
cultivated (Idrissa et al., 2020). In Southeast Niger, 26% 
of the cultivated surfaces have been lost from 1985 to 
2005 and have been taken over by mobile dunes due to 
sand remobilization (Tidjani, 2008). The reactivation of 
sand dunes surfaces have been observed on ancient 
cultivated and/or overgrazed area in the east of Niger 
(Moussa et al., 2014). These pressures have notably led 
to the reactivation of moving dunes in eastern Niger 
(Malam et al., 2018; Boureima et al., 2019). The current 
evolution of these landscapes is therefore characterized 
by a desertification marked by an advance of the dune 
fronts of an average of 5.60 ± 2.02 m / year (Tidjani et al., 
2017).  

However, mobiles dunes cause many environmental 
and socio-economic problems. They bury crops, 
pastures, water points and infrastructures (Tidjani et al., 
2017). Thus, to protect these assets, mechanical dune 
fixation has been undertaken in several localities of SE 
Niger. These fixations consisted of the construction of 
mechanic hedges. The hedges are maintained for the 
first three years to allow herbaceous vegetation to grow 
naturally at the hedge lines.   

The dune cordon of Namaro is a particular ecosystem 
because it is located along the river in a relatively humid 
environment (525 mm of rain per year). The degradation 
of its surface by heavy cultivation and grazing led to the 
reactivation of moving dune which threatens 
infrastructure, field and river with silting. So to restoration 
and  protect  the  dune  area,  anti-erosion  devices  have  
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been developed since 2006 by the program to fight 
against silting of the Niger River (PLCE/BN, 2006). It has 
therefore carried out developments with the aim of 
developing vegetation on the dune cordon of Namaro. 
These managements consisted in the construction of 
grassy surfaces and hedges. However, the ecological 
role and impact of management has not been evaluated 
after more than 10 years of implementation. The 
objective of this work is to characterize the vegetation the 
Namaro dune in relation to land use. Specifically, it is to: 
i) characterize the impact of the anti-erosion devices 
(grassy surfaces and hedges) on the vegetation in terms 
of coverage, yield and floristic diversity and ii) for the 
rangelands surfaces most sensitive to wind erosion, to 
characterize the dynamics of the soil cover by vegetation, 
which is a fundamental parameter of the dissipation of 
the energy of the erosive winds. 
 
 
MATERIALS AND METHODS 
 

Study site 
 

The Namaro dune cordon on which this study is conducted is a 
sandy accumulation 25 m thick, 2 km wide and 44 km long 
(PLCE/BN, 2006). The intensification of cultivation and grazing on 
its surface has increased the winds erosivity and the reactivation of 
moving dune in some places. Woody vegetation, essentially 
shrubby, is very sparse and dominated by Faidherbia albida and 
Annona senegalensis (PLCE/BN, 2006). 

The climate is semi-arid. The average annual rainfall recorded 
between 1950 and 2007 is 525 mm (Lebel and Ali, 2009). The 
rainfall recorded in rainy season between June and September is 
often deficient (one year out of two) and is marked by recurrent 
droughts. The essentially sandy and nutrient-poor soil supports the 
main activities of the population. This population, with a density of 
43 hbts/km², is 96% rural and its main activities are agriculture and 
livestock (PLCE/BN, 2006). The study site is located on the dune 
cordon of Namaro at 30 km northwest of Niamey and 2 km from the 
village of Bangou Koiré (13°33'34''N-1°54'28'') (Figure 1). The 
measurements were made on four types of land use:  
 

(i) Rangeland of nearly 40 ha: the grazing is free on its surface 
every season (Photo 1). The presence of the animals is 
approximately 660 small ruminants and 425 big ruminants per day 
(Photo 2). The grazing area is dominated by grasses that grow 
naturally during the rainy season (June to September).   
(ii) The anti-erosion devises on the dune surface includes grassy 
and living hedges areas. These devises cover 26 ha and were built 
and protected by the Program to Combat Silting of the Niger River 
in 2006.  
 

The grassed areas aim to protect the surface of the dunes from 
erosion but also to constitute a stock of food for the livestock (Photo 
3). Twelve endogenous herbaceous species were planted on the 
grassy areas in 2006. In the years following 2006, theses grasses 
have been seeding in 2007 and 2008. This devices is only partially 
protected. In fact, the grasses that do grow are not grazed and are 
only harvested at the end of the dry season (May) and sold in 
bunches to agropastoralists by the village management committee. 
The living hedges are made up of Euphorbia lamarckii planted in 
the form of a square mesh of about 20 m on each side (Photo 4). In 
the square natural grasses grow up (Photo 4). At this level, there is 
total defensiveness: no grazing or grass collection is authorized by 
the management committee. 
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Figure 1. Location and mapping of geomorphological units in the study area. The 
dune cordon runs along the Niger River for more than 40 km in a NW-SE direction. 
Source: Authors  

 
 

 

 
 

Photo 1. Variation in millet field surface cover: (A) rainy season dominated by millet plants, (B) dry season dominated 
by crop residues. 
Source: Authors  

Niger 

A B
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Photo 2. Variation in herbaceous cover of rangeland area (A) rainy season, (B) dry season 
Source: Authors  

 
 
 

 
 

Photo 3. Variation in grass cover of the grassed area (A) rainy season, (B) dry season 
Source: Authors  

 
 
 
Vegetation sampling 
 
Vegetation cover   
 
This was determined on the rangelands. Two types of cover were 
determined according to seasons and the appearance of the 
vegetation. These were the rate of cover by green vegetation during 
the rainy period (June-October) and a rate of cover by dry residues 
during the dry period (December-June).   

The vegetation cover rate was determined using photographs 
taken at 1 m from the soil ground. To  take  of  the  variability of  the  

plot, twenty points were photographed every week. The 
photographs were processed on CANEYE © (Diawara et al., 2020) 
(Photo 5) and ImageJ © (Abdourahamane Touré et al., 2011) 
(Photo 6) to determine the green vegetation cover rate and the 
residue cover rate respectively.  
 
 
Quantification of biomass yield 
 
Biomass yield was quantified on rangeland, grassy area and in the 
live hedgerow area. Quantification  was conducted at the end of the 
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Photo 4. Aerial view of Euphorbia lamarckii clays on the dune cordon (Google Earth image). The white 
circles indicate the positions of the biomass measurement points. 
Source: Authors  

 
 
 

 
 

Photo 5. (A) photograph of the grass layer in the rainy season taken at 1 m from the surface of the rangeland; (B) cover 
rate (6.54%) determined by photo processing in CANEYE. 
Source: Authors  

 
 

 
rainy season (October), when the grasses have reached maturity.  

A 1 m×1 m quadrant (Photo 6) was used to quantify biomass 
yield. Sampling was conducted along two orthogonal transects on 
the open rangeland and grassy area. Each transect had ten 
sampling points spaced 10 m apart. The same quadrant was used 
in the hedgerow area where two types of transects were delimited: 
the first is located two meters and the second 10 m from the 
hedgerow line. In the hedgerow area, eight transects were 
delineated. Each transect had 5 sampling points spaced 5m apart 
(Photo 4).  

Grasses were collared on the rangeland, grassy area and 
hedgerow areas. The collected grasses were then dried at room 
temperature for 21 days and the dry residue yields were  calculated 

(Equation 1). It should be noted, however, that prior to collection of 
the grasses, the inner surface of the quadrant was photographed 
and then the vegetation cover was determined under CAN EYE.  

 
RS= M/S                                               (1) 
 
Where RS: dry residue yield; M: average of dry herbaceous masses 
collected in the transect; S: area of the (1 m × 1 m). 
 
 
Inventory of herbaceous species on uses 
 
It  was  carried  out  concomitantly   to   the   measurements   of  the 
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Photos 6. (A) Photograph of crop residue taken at 1 m from the soil surface in the field; (B) Crop coverage (3.152%) 
determined by photo processing in ImageJ CANEYE. 
Source: Authors  

 
 
 
biomass on the course, and the area of the living hedges. It was 
thus determined in 20 point quadrants of 1 m² on the rangeland as 
well as on the grassy area and on 40 point quadrants in the area of 
the living hedges. Herbaceous species were identified and their 
numbers and relative frequencies (Pe) were calculated in each soil 
use (Equation 2).  
 

Pe= Σ𝑛𝑖/N                                                                           (2) 
 

Where Σni= number of the individuals of specie i on the land use; 
N= number of the individuals of all species on the land use.  

For each species, a mean density (number of the individuals of 
specie i per m² on the land use) has been calculated (Equation 3). 
A statistical test (ANOVA, with a threshold of 5%) was performed to 
compare the mean densities calculated for each land use. 
 

de = Σ𝑛𝑖/S                                                                           (3) 
 

Where de = a mean density of specie i on the land use; Σni= 
number of the individuals of specie i on the land use; S = surface of  
the measurement which is 20 m² on the rangeland and grassy area 
and 40 m² in the hedges.   

 
 
RESULTS AND DISCUSSION 
 

Dynamics of soil cover by vegetation on the 
rangeland  
 

Vegetation cover showed a unimodal annual evolution 
marked by an expansion of grasses during the rainy 
season (July-October) (Figure 2). The greatest expansion 
of herbaceous occurs in July after the monsoon jump and 
the regularity of rainfall (Figure 2). In the Sahel, it has 
been shown that the development of herbaceous cover is 
particularly sensitive to rainfall distribution (Hiernaux et 
al., 2010). On the rangeland, grasses reached their 
maximum cover of 7.76% and 1.86% respectively in the 
middle and end of the rainy season in 2019 and 2020 
(Figure 2). Green herbaceous cover showed inter-annual 
variability.  Indeed,   it  is  recognized  that  in  the  Sahel, 

herbaceous cover can vary on the same site from one 
year to another depending on climatic conditions 
(Hiernaux and Le Houérou, 2013): during the 2019 rainy 
season, cover was 4 times greater than in 2020 (Figure 
2). The lower herbaceous cover in the 2020 rainy season 
than in 2019 is opposite to that of recorded rainfall 
(Figure 2). This would most likely be related to greater 
pastoral pressure in 2020. Rangeland surface cover was 
less dense than on the Kilakina (East Niger) and Gourma 
Malien rangelands where it exceeded 30% (Mougin et al., 
2014; Abdourhamane et al., 2019; Diawara et al., 2020). 
During the dry season, the cover for herbaceous residues 
decreased steadily. It decreased from 5% in November to 
less than 1% in June in 2019 and from 1.5% in December 
to less than 1% in June 2020 (Figure 2). The decline in 
residue cover is particularly rapid during the first few 
months after the rainy season, as it has been observed 
on both the Niger and Mali rangelands (Hiernaux and Le 
Houérou, 2013; Abdourhamane et al., 2019). The 
decrease in residue cover is therefore classic on sahelian 
rangelands. It is mainly explained by pastoral pressure 
and secondarily by the burial of residues by wind 
deflation. 

The interannual variability of residue cover is closely 
linked to the rainy season. Indeed, the rate of residue 
cover in the dry season is related to the rate of cover 
developed during the previous rainy season. The higher 
growth of the rainy season in 2019 induced a higher 
residue cover in the following dry season (Figure 2).   
 
 
Variation in biomass yield by land use  
 
Biomass yield varied greatly by soil use. The biomass 
yield of the Hedgerow was 6.3 and 2.6 times higher than 
those of the rangeland and the grassland area 
respectively.  Plant  production  in  the  Hedgerow can be  
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Figure 2. Evolution of mean soil cover by the herbaceous on the rangeland (the vertical lines indicate 
the standard deviation).  The cover increases and reaches its maximum value in rainy season then 
decreases in dry season to reach less than 1%. 
Source: Authors  

 
 
 

 
 

Figure 3. Relationship between the dry mass of herbaceous plants and their cover rate on the different 
land uses present on the dune cordon. The green vegetation of the range is respectively 2 and 4 times 
more covering than those of the grassland and hedges. 
Source: Authors  

 
 
 
therefore a major source of animal feed and fodder stock  
in the dry season. On the rangeland, the biomass 
measured at the end of the rainy season was 9.79 kg.ha

-

1
: the yield on this  land  use  would  probably  have  been 

higher taking into account the removal due to grazing.  
Figure 3 has allowed us to discriminate between the 
different land uses. It shows a linear increase in the cover 
of  the  rangeland  and  the  grassed area as a function of  



 
 
 
 
the mass of the herbaceous plants. In the living hedges, 
a linear increase in cover is also apparent for low 
herbaceous masses (less than 80 g.m

-
²). For larger 

masses, the efficiency of ground cover by grasses 
decreased in the live hedges (Figure 3). Comparing the 
various land use, it appears that the rangeland plants are 
2 and at least 4 times more covering than those of the 
grassed areas and the hedgerows (Figure 3).   
 
 
Variation of herbaceous families and species 
according to land use  
 
Twenty-four species divided into 17 families were 
inventoried on the dune cordon under an average rainfall 
of (525 mm). This diversity is lower than that observed on 
the Toukounous rangelands (West Niger) and close to 
Sayam rangelands (East Niger), where 75 and 27 
species were counted respectively (Idrissa et al., 2020). 
Annual rainfall in Toukounous and Sayam is at most 350 
mm over the last 60 years. Rainfall in these areas is less 
than at Bangou Koiré where floristic diversity is relatively 
low. The difference in floristic diversity could therefore be 
related to the nature of the soils. Indeed, the rangelands 
in Bangou Koiré are located at the top of the dune while 
in Toukounous, for example, they are distributed between 
lowlands and plains (Saidou and Ambouta, 2013).  

Herbaceous plants on all land uses (rangelands, grassy 
area, hedgerows) were marked by differences in the 
number of families and species (Table 1). In fact, in the 
area of living hedges, 15 families were listed that is, 2 
and 4 more than in the grassy area and rangelands 
respectively (Table 1).  

On the rangeland, seventeen species inventoried with a 
total 493 individuals counted. The most diversified 
families: Fabaceae and Poaceae with 3 species; 
Convolvulaceae and Papilionaceae with 2 species (Table 
1). All these species are natural. Four of the species 
(Evolvulus alsinoides, Zornia glochidiata, Sida cordifolia 
and Cenchrus biflorus) have a density greater more than 
one individual per m². The cumulated relative frequency 
of these species represents more than 78% on the 
rangeland.  

On the grassed surface, nineteen species were 
recorded with a total of 1086 individuals counted. The 
most diversified families on the grassed areas are, 
Fabaceae, Papilionaceae, and Convolvulaceae, with 2 
species and Poaceae with 3 species (Table 1). Twelve 
endogenous species were sown between 2006 and 2008, 
but they did not develop harmoniously. Indeed, only four  
species have an average density higher than one 
individual per square meter. These are Pergularia 
tomentosa, Z. glochidiata, Alysicarpus ovalifolius and 
Eragrotis tremula (Table 1). These species represent 
more than 90% of the relative frequency of species 
inventoried on the grassed areas. 

Indeed,   nineteen   species   divided   with  a total 2457  
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individuals were counted on the living hedges. The most 
diversified families are: Malvaceae, Poaceae, 
Papilionaceae and Rubiaceae which count two species 
each (Table 1). It should be remembered that all the 
species grew naturally in the area of the hedgerows. Nine 
of these species have an average density greater than 
one individual per m² (Table 1). These are particularly Z. 
glochidiata, A. ovalifolius, E. tremula and Mitraearpus 
villosus which has a density of more than 10 individuals 
per square meter. These four species represent more 
than 75% of the relative frequency of species inventoried 
on the living hedges (Table 1). The role of the devices in 
ecological restoration is thus apparent, with an increase 
in the number of families and species in the hedgerow 
and grassy areas relative to the grazed range. Thus, the 
number of grasses was 61, 54 and 25 individuals per m² 
respectively in the hedgerow area, the grassy areas and 
the rangelands. The density of grasses that are close on 
the landscapes (grassy areas and hedges) are more than 
twice that of the rangelands. The role of managed areas 
in the diversity and the floristic richness quantitatively and 
qualitatively was also observed in the pastoral spaces of 
the semiarid area (Benaradj and Boucherit, 2014; Idrissa 
et al., 2020). 

The herbaceous families inventoried on the rangeland 
with high grazing pressure, were observed on all the 
other two land uses (grassy area and living hedges) 
(Table 1). These families, mainly dominated by Poaceae, 
Malvaceae, Papillonaceae and Convolvulaceae, appear 
to be the resilient forbs on the dune. The most resilient 
species are E. alsinoides and Z. glochidiata which have a 
relative frequency of 33.47 and 29.25% respectively in 
the rangeland. Z. glochidiata, however, remains a major 
species at least 20% of relative frequency on each of the 
land uses (Table 1). This species belongs to the 
Malvaceae family which is recognized for its resistance to 
the various environmental disturbances recorded in the 
Sahel (Saidou and Ambouta, 2013; Kaou et al., 2017). 
Malvaceae have however been identified as markers of 
environmental restoration in equatorial Africa (Kaboneka 
et al., 2020). Convolvulaceae particurally E. alsinoides 
was more prevalent on rangelands (8.25 individuals per 
m²) in contrast to grasslands (0.3 individuals per m²) and 
hedgerows (0 individual per m²) (Table 1). The increase 
in the proportion of E. alsinoides on the rangeland marks 
the adaptation of the vegetation to grazing pressure. 
Corchorus Tridens (Tiliaceae) inventoried only on the 
restored areas (grassed area and hedgerow area) 
appears to be marker of a decrease in pressure and an 
improvement in the conditions for the development of 
vegetation on the dune cordon of Namaro. On the soils of 
Mainé Sorao (East Niger), Tiliaceae were markers of 
average environmental fertility (Kaou et al., 2017). 
Incidentally, Schwenckia americana (Solanaceae) 
inventoried on only on the grassland could be secondary 
markers of a decrease in pressure and an improvement 
in  the  conditions  for  the   development   of   vegetation.  
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Table 1. Number and mean density of species recorded on the different land uses.  
 

Families Species 

Rangeland Grassland Hegdes 

Number 
Mean density 

(individuals/m²) 
t 

Standard 
deviation 

Number 
Mean density 

(individuals/m²) 
t 

Standard 

deviation 
Number 

Mean density 
(individuals/m²) 

t 
Standard 
deviation 

Convolvulaceae 
Merremia pinnata* 7 0.35 a 0.53 6 0.3 a 0.42 32 0.8 a 1.12 

Evolvulus alsinoides 165 8.25 a 5.78 0 0.05 b 0.10 0 0 b 0.00 

              

Commelinaceae Commelina forskalae 3 0.15 a 0.27 0 0 a 0 6 0.15 a 0.29 

Solanaceae Schwenckia americana 0 0 a 0 13 0.65 b 1.04 0 0 a 0.00 

Cucurbitaceae Maerua crassifolia 0 0 a 0 0 0 a 0 5 0.125 a 0.23 

Tiliaceae Corchorus Tridens*  0 0 a 0 17 0.85 b 1.275 2 0.05 b 0.09 

Scruphulariaceae Striga hermontheca  0 0 a 0 0 0 a 0 6 0.15 a 0.27 

              

Rubiaceae 
Spermacoce ruelliae 0 0 a 0 6 0.3 a 0.51 18 0.45 a 0.79 

Mitraearpus villosus  10 0.5 a 0.55 6 0.3 a 0.48 411 10.275 b 10.64 

              

Amaryllidaceae Zephyranthes candida 2 0.1 a 0.18 9 0.45 a 0.72 0 0 b 0.00 

              

Poaceaes 

Eragrotis tremula* 11 0.55 a 0.66 149 7.45 a 4.875 488 12.2 b 13.23 

Aristida pallida* 6 0.3 a 0.45 12 0.6 a 0.78 0 0 b 0.00 

Cenchrus biflorus* 51 2.55 a 2.015 2 0.1 a 0.18 82 2.05 a 3.59 

              

PedaliIaceaee Ceratotheca Sesamoides  2 0.1 a 0.18 1 0.05 a 0.095 80 2 a 3.10 

              

Papilionaceae 
Tephrosia lupiniifolia* 13 0.65 a 0.65 1 0.05 a 0.095 28 0.7 a 1.02 

Alysicarpus ovalifolius*   17 0.85 a 0.935 48 2.4 a.b 2.18 472 11.8 b 15.98 

              

Fabaceae 

Trephosia linearis* 8 0.4 a 0.6 13 0.65 a.b 0.91 0 0 a.c 0.00 

Sesbania sericea 0 0 a 0 0 0 a 0 21 0.525 a 0.92 

Zornia glochidiata* 144 7.2 a 8.6 627 31.35 b 18.12 510 12.75 a 15.94 

              

Apocynaceae Pergularia  tomentosa* 16 0.8 a 0.8 161 8.05 a 6.565 62 1.55 a 1.55 

Cyperaceae  Cyperus olopecuroides* 10 0.5 a 0.65 11 0.55 a 0.715 10 0.25 a 0.48 

Euphorbiaceae Euphorbia aegyptiaca* 2 0.1 a 0.19 2 0.1 a 0.18 142 3.55 a 3.07 

Malvaceae Sida cordifolia 26 1.3 a 2.01 1 0.05 b 0.095 52 1.3 b 1.74 

Sterculiaceae Walteria indica 0 0 a 0 0 0 a 0 30 0.75 a 1.43 
 

An Anova test, t, (5% threshold) was applied to compare the mean density of each specie (mean densities that are not significantly different for the same specie according to land use have 
the same letter; if the letter is different, the difference in mean densities is significant). * indicates the species sown between 2006 and 2008 on the grassed areas. 
Source: Authors  



 
 
 
 
Indeed, the Solanaceae family has been highlighted as 
markers of ecological restoration (Kaboneka et al., 2020). 
 
 

Conclusion  
 

The herbaceous on the rangeland were 2 and 4 times 
more covering than those in the grassy area and 
hedgerows. Soil cover by vegetation showed a unimodal 
evolution. The maximum cover by the more important 
green vegetation was 7.76% on the rangeland. These 
rates were decisive for the cover by residues, which 
decreased to less than 2% in the middle of the dry 
season, from January-February. Biomass yields also 
varied according to land use. At the end of the rainy 
season, the vegetation yield was 61.74 kg.ha

-1
 on the 

hedgerows, that is, 6.3 and 2.6 times that of the 
rangeland and grassed area respectively. On the rangeland, 
with daily grazing on its surface, the biomass measured 
at the end of the rainy season was 9.79 kg.ha

-1
.  

The herbaceous diversity is low to moderate. Twenty-
four species in 17 families were identified. The role of the 
devices in ecological restoration appears with an 
increase of the species in the hedgerow and grassy 
areas relative to the grazed range: it’s reached 61, 54 
and 25 individuals per m² respectively in the hedgerow 
area, the grassy areas and the rangelands. The most 
resilient herbaceous species which show the adaptation 
of the vegetation on the heavily grazed dune are E. 
alsinoides and Z. glochidiata. While C. Tridens 
Incidentally, S. americana inventoried on the restored 
areas (grassed area and hedgerow area) appears to be 
marker of a decrease in pressure and an improvement in 
the conditions for the development of vegetation on the 
dune cordon of Namaro.  

It should be noted that the results of this study will be 
used to better restore the ecology of degraded dune 
lands. Indeed, the use of species that are palatable to 
animals and highly resilient, such as E. alsinoides and Z. 
glochidiata, could lead to a better result. It would be 
interesting to verify the effectiveness of these two species 
in stabilizing dunes in the pastoral zone of Niger (less 
than 300 mm of rainfall per year) where wind silting and 
desertification processes are more pronounced. 
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The existence of honeybees within the ecosystem is crucial in worldwide agricultural production. 
Exposure of these insects to residues of many contaminants or poisonous materials like plant 
protection products (pesticides) causes death or reduces their activity. This study aims to assess the 
status of pesticide application, its use and possible impacts on bee communities in East Wollega 
Zone of Oromia Regional State, Ethiopia. A simple structure questionnaire and key informant 
interviews were conducted to generate qualitative and quantitative data. A pre-developed model 
called Pesticide Risks In the Tropics for Man, Environment and Trade (PRIMET) was used to determine 
risks to bees when beehives are in the in-crop and off-crop situations. Results of the analysis 
indicated that pesticides, particularly carbaryl, malathion, diazinon, fipronil, chlorpyrifos and  
profonefos are highly risky to bees when used in the in-crop situations (ETRs 3254-120000); while 
they are possibly risky when used in the off-crop scenario (ETRs 91-335). The result also revealed 
that farmers are not aware of how to protect bees while applying pesticides. Developing proper risk 
communication strategies (selecting time of application when honey bees are inactive, covering 
hives during application, notifying beekeepers before pesticide application) and awareness creation 
are recommended to avert damage.  
  
Key words: Pesticides, risk assessment, PRIMET, bees, Ethiopia. 

 
 

INTRODUCTION 
 

Pesticide use definitely helps to improve crop productivity 
and quality if the right type is used at the right time with 
the correct dose (Khan  et  al.,  2010).  Farmers  in  Africa 

have long adapted to climatic and other risks by 
diversifying their farming activities (Ebi et al., 2011).  

The  uncontrolled  use of pesticides has become one in  
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every of the foremost alarming challenges when pursuing 
sustainable development. Although pesticides are directly 
applied in soils and plants, just few amount of pesticide 
sprayed is delivered to the intended target. An accidental 
release of pesticides due to leaking pipes, spills, waste 
dumps, underground storage tanks, and groundwater 
may lead to their persistence within the environment for a 
protracted time (due to long half-lives). For proper 
management of pesticides, one should accurately assess 
the status of their contamination in soil, water, and air 
(Knapton et al., 2006). Multiclass environmental endocrine 
disruptor compounds (EDCs), like organochlorine 
pesticides (OCPs), phthalate esters (PAEs), and 
polybrominated diphenyl ethers (PBDEs) may coexist in 
soils and accumulate in crops and human bodies through 
food chains, posing risks to human health and thus the 
ecosystem (Net et al., 2015). 

Insecticides may kill not only the target species but also 
other invertebrates on which birds rely on for their food. 
Additionally, herbicides are designed to manage weed 
species which also kill many other plant species in fields, 
including the essentially beneficial species, which give 
both shelter and food for the members of wildlife. 
Amphibians are now considered as the foremost 
threatened and rapidly decreasing species on earth 
(Brühl et al., 2013). 

In Ethiopia, due to the intensification of agricultural 
activities, inputs like pesticides and fertilizers use are 
increasing at an alarming rate (Mengistie 2016; Amera 
and Abate, 2008). The influence of pesticides on the 
environment consists of the harmful and toxic effects of 
pesticides to non-target plants and animals. Residues of 
pesticides may contaminate all the environmental 
compartments including soil, air and surface or ground 
water (Gupta et al., 2003; Konstantinou et al., 2006). 
Thus, the global use of pesticides may have contributed 
to environmental degradation and depletion of 
biodiversity negatively impacting the wellbeing of the 
global flora and fauna (Al-Shaalan et al., 2019; Naik and 
Wanganeo, 2014; Zhang et al., 2011; Ali and Jain, 1998). 

Among the widely impacted non-target animals by 
pesticide application, bees are the main concern. There 
are 20,000 species of bees on earth, pollinating 90% of 
the 107 main crops in the world. Bee numbers have 
declined dramatically in recent years (Sheridan, 2017). It 
is estimated that 75% of the world's honeybees have 
been found to have traces of bee-damaging insecticides, 
particularly to neonicotinoids, such as acetamiprid, 
clothianidin, imidacloprid, thiacloprid, and thiamethoxam 
(Sheridan, 2017).  

Ethiopia is known for its immense variety of agro-
climate and biodiversity conditions that favored the life of 
diversified honeybee flora and large numbers of colonies 
of honeybees (Nuru, 2007). Thus, beekeeping may be a 
long-standing tradition in Ethiopia's rural communities 
(Yirga and Teferi, 2010). Being  an  export  commodity,  it 

 
 
 
 
has significant contribution for household wealth and 
poverty reduction as well as the economy of the country. 
Central Statistical Agency (2011) report shows that 
Ethiopia is among the four largest beeswax producing 
countries. For example, the honey export in 2010/2011 
production year was estimated to be 620,101 kg from 
which the country on average generated 420 million 
Ethiopian Birr on annual basis from the sale of honey. It 
is estimated that the overall honeybee colonies 
population in the country is estimated to be10 million, of 
which 7.5 million are tamed, while the remaining are from 
wild colonies found in forests (Kenesa, 2018).  

However, with the introduction of pesticides in Ethiopia, 
the poisoning effect of the agro-chemical on honeybees 
has been increasing over time, where some beekeepers 
have even lost all their colonies (Kerealem et al., 2009). 
In connection to this, Melaku et al. (2008) attributed 
colonial death and absconding with insecticides and 
herbicides. Chauzat et al. (2006) also showed that 
improper use of insecticides results in the demise of 
honeybee. Study conducted by Fikadu (2020) attributed 
the declining of honeybees’ pollinators with unwise use 
and practices of pesticides to lack of knowledge of pest, 
and predators’ management causes the misuse of 
pesticide.  

Pesticides are harmful compounds with a common 
mode of action, which means that they are primarily 
engineered to regulate a target group of species by 
interacting with certain biochemical pathways. Pesticide 
effect on species can be categorized based on the lethal 
dose (LD50) values which determine the dose that kills 
50% of the exposed animal after a given time of 
exposure. The sub-lethal effect induced by the chemical 
to the exposed organisms can also cause other 
irregularities in their behavioural and physiological 
activities including stress paralysis or irregular habits 
without killing them like exposure to neurotoxic 
insecticides. This effect works for bees as it does for any 
other organism (Chakrabarti et al., 2015; Zaluski et al., 
2015; De Grandi-Hoffman et al., 2013).  

Various tools are used to determine risks of 
agrochemicals to non-target organisms. Among them is 
an already developed pesticide risk assessment tool for 
an Ethiopian situation known as Pesticide Risks In the 
Tropics for Man, Environment and Trade (PRIMET). This 
tool was developed in collaboration with Wageningen 
University of the Netherlands, considering specific 
scenarios in Ethiopia and can be taken as a pioneer in 
Africa. It can estimate risks of pesticides currently 
registered or to be registered in Ethiopia for non-target 
organisms including bees. The software calculates the 
Exposure Toxicity Ratio (ETR) for each chemical 
pesticide for both off-crop and in-crop scenarios (Wipfler 
et al., 2014). 

The impact of harmful pesticides on bees and 
assessment  of risks need to be studied in Ethiopia. Even
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Figure 1. Location and agro-ecological map of Gudeya Bila: (a) Oromia region in Ethiopia, (b) Gudeya Bila wereda in 
Oromia region and (c) agro-ecology of Gudeya Bila wereda 
Source: Authors  

 
 
 
though there are some studies that tried to show the 
impact of pesticides on bees in Ethiopia, they cannot 
objectively quantify the level of risks to bees via 
application of pesticides for the control of other pest 
incidences. For example, Fikadu (2020) studies 
pesticides use, practice and its effect on Ethiopian 
honeybee; nevertheless, the study was based on 
secondary data and thus the finding was more general. 
The objective of this study is to assess pesticide 
application, use and its implications on honey bees. 
 
 
MATERIALS AND METHODS 
 
The study was conducted in Gudeya Bila wereda/district, which is 
among the weredas in the East Wollega zone in Oromiya Region, 
Ethiopia (Figure 1). The wereda has 13 rural kebeles (lowest 
administration structure below district/wereda in Ethiopia) and 2 
local councils (Bila and Jare). Geographically, the wereda is located 
between 9°11'00'' - 9°30'00'' North latitude and 36°42'00'' to 
37°10'30'' East longitude (Figure 1). The elevation of the wereda 
ranges from 1370 to 2996 m a.s.l. Thus, according to local 
classification (Hurni, 1998), the  wereda  has  three  agro-ecological 

zones, that is, dega (cool, humid highlands, 2300 to 2996 m a.s.l.), 
weyna dega (mild, sub-humid highlands, 1500 to 2300 m a.s.l.), 
and kolla (warm, semi-arid, lowlands, 1370 to 1500 m a.s.l.) that 
cover about 13.5, 67 and 19.5%, respectively (Figure 1). Gudeya 
Bila wereda has two rainy seasons, where the main rainy season 
occurs between June and September while the second occurs 
between October and May, with an average annual rainfall of 1100 
to 1950 mm. The temperature of the district varies between 11 and 
23°C, respectively. Major crops grown in the wereda include maize 
(Zea mays), teff (Eragrostis tef), beans (Phaseolus vulgaris) and 
some kinds of fruit and vegetables. 

The study followed a quantitative and qualitative approach. 
Questionnaire focusing on socio-demographic, beekeeping status, 
pesticide use and application practice, implications of pesticides to 
beekeeping and other various data collection methods such as 
household surveys, focus group discussions (FGDs), and key 
informants interviews (KIIs) and field observations were used to 
observe seasons of pesticide application, topographies of study 
area, and beekeeping status, circumstance or community like 
actions, opinions, skills, values, and expertise. The use data of 
most frequently applied pesticide by farmers through the survey 
were analysed for risks to bees using software PRIMET (Pesticide 
Risks In the Tropics for Man, Environment and Trade). It was done 
to have a more refined estimation of risks pose d to bees from the 
application   of     these    pesticides    based    on   the   conceptual 
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Figure 2. A conceptual framework of the study. 
Source: Authors 

 
 
 
framework indicated in Figure 2. 
 
 
Target population, sampling design and sample size 
 
The sampling frame for this particular study was rural farmers found 
in Gudeya Bila wereda. Multi- stage sampling technique was used 
to select the representative samples. The study area was selected 
purposefully and carefully so as to represent the wereda in terms of 
economic, socio-cultural, and physical factors like agro-ecology, 
and familiarity of the researcher to the study area. Therefore, at the 
first stage, the rural kebeles of the wereda were stratified by agro-
ecology as dega, weyna dega and kolla and then the sample rural 
kebeles were selected randomly to represent the agro-ecological 
zones (Figure 1) by lottery method. Households or respondents 
were selected randomly from the sample kebeles agriculture office 
lists of farmers engaged in beekeeping. In addition to this, pesticide 
retailers were included in the sampling for FGD and KII to get 
information on pesticides selection and use status. Hence, it was 
appropriate to have a deep understanding of the pesticides use 
practice, application practice and beekeeping status of the study 
area. 

The sample size of the study was determined or calculated using 
Taro Yamane sample size determination formulas with household 
number of sample kebeles, as given in Equation 1. 
  

                              (1) 

 

   

 

n = 312 sample sizes used for this study 

 
where n-sample size, N-is number of households of sample 
kebeles, and e-the precision or sampling error which is 0.005.  

As the proportion of respondents/households that is food secure 
is not known, 0.5 was used as p-value to obtain the sample size 
(312).  

Out of the total respondents involved in the questionnaire survey: 

respondents were pesticide traders from whom data on pesticides 
were obtained and 304 respondents were farmer households who 
were interviewed in relation to pesticide use.  
 
 
Data analysis 
 
Qualitative and quantitative techniques were used to analyse the 
study data. Information obtained from key informant interview, focus 
group discussion and personal observation was analysed 
qualitatively. The SPSS software version 20 was used to analyse 
the quantitative data obtained from household survey.  

For the risk assessment of in crop and off crop, an oral LD50 and 
a contact LD50 were available and taken from Pesticide Properties 
Data Base (PPBD) from which the lowest value was determined. 
Moreover, pesticide application rate was obtained from Ministry of 
Agriculture (Ethiopian) Plant Health Regulatory Directorate 
database (Equations 2 and 3) (Wipfler et al., 2014). The European 
Union (EU) trigger value of 50 was used, which was established 
based on empirical research. An assessment of observed bee 
killings (colony sound effects) for various pesticides and different 
application rates showed that for sprays a factor of the Exposure 
Toxicity Ratio (ETR) below 50 is always safe as no field incidents at 
ETR < 50.  While a trigger value of above 400 for the ETR is 
considered highly risky for bees. This value is taken as the upper 
limit of the risk classification as shown for in-crop and off-crop 
situations of beehives from the pesticide application spots (Wipfler 
et al., 2014). 
 
ETRin-crop = dose rate/ LD50                             (2) 
  
ETRoff-crop = (dose rate × drift factor)/ LD50              (3) 

 
where Low risk: if ETR in-/off-crop situation is < 50, possible risk: if 
ETR in-/off-crop situation is between 50 and 400, gigh risk: if ETR 
in-/off-crop situation > 400. 

Thus, risks of some frequently used pesticides were assessed 
using PRIMET software version 1.1.1.1 (Wipfler et al., 2014) and 
the household survey data as an input. 

Depending on the ETR values, decision was made regarding the 
pesticide  application  using  PRIMET software to determine the risk  
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Table 1. Type of beehives and income farmers obtained per production season. 
  

Type of beehive survey 
households owning 

Households reported Households income from honey production 

Frequency % Income (US dollars/season)   
Households reported 

Frequency % 

Traditional only 207 66.4 50 to 75 42 13.5 

Transition only 71 22.7 76 to 100 16 5.1 

Tradition, modern and transition 26 8.33 101 to 125 32 10.3 

System Missing 8 2.6 >126 214 68.5 

Total 312 100 System Missing 8 2.6 

   Total 312 100. 
 

Source: Author 

 
 
 
level of a given chemical (pesticide) to honeybee. Hence, 
quantitative household survey data were analysed in Statistical 
Package for Social Sciences (SPSS) and the outputs of SPSS such 
as frequency of application, time interval for application, and 
methods of applications were subjected to PRIMET test. Among 
most frequently used pesticides, insecticides and herbicides were 
widely used. Insecticides are the more damaging types of 
pesticides to honeybees (Leska et al., 2021). Therefore, six types of 
insecticides which are most frequently used in the study area and 
anywhere in Ethiopia were selected and their risks were analyzed 
using PRIMET Version 1.1.1. Following Wipfler et al. (2014) 
method, LD50 name of pesticide chemical, name of the target crop, 
number of application, application methods, time interval of the 
application, scenarios of exposure (in-crop or off-crop), category of 
risk (as chronic or acute risk), pesticide drift factors, rate (that is, 
concentration of active ingredient per hectare) and target organism 
were entered into PRIMET software for risk assessment. 

 
 
RESULTS AND DISCUSSION 
 
Beekeeping status and income of survey households 
from beekeeping  
 
The study area communities have been using different 
type of beehives, where most of the survey households 
(66.4%) have traditional hives (Table 1). As per FGD and 
KII, there were two forms of traditional beekeeping in the 
study area, which are forest and backyard based 
beekeeping. The communities have been practicing 
forest beekeeping by hanging traditional beehives on 
trees. This production method is marked by terribly low 
honey production. Commonly, the average amount of 
crude honey obtained from conventional (traditional) 
beehives is about 8 to 15kg/beehive/year (Beyene and 
David, 2007). Traditional husbandry is practiced with 
many fixed comb beehives, particularly in remote areas. 
The traditional beekeeping is carried out with minimum 
expense and labor input, thus farmers consider it as 
beneficial particularly for individuals leading a marginal 
life (Tessega, 2009). The second most widely used hives 
in the study area is transitional hive as reported by 22.8% 
households. A transitional framework type beehive  is  an 

intermediate form, which is characterized between 
conventional and modern beehive type. Kenyan Top-Bar 
(KTB) is a well- known and commonly used hive in the 
study area. Nearly 8.3% have three types of hives, while 
the rest 2.6% respondents did not engage in the 
beekeeping; they were pesticide retailers.  

Honey bee could be produced two times in a year. As 
shown in Table 1, the survey revealed that the 
households obtain some income from beekeeping by 
selling the produced honey. Considerably larger 
proportion (68.6%) of respondents reported that they 
earn over 5,000 birr (125 USD) in one production season, 
while the remaining earn below this amount; that is, 13.5, 
5.1 and 10.3% respondents reported that they earn 50 to 
75 USD, 3001-4000 birr (76 to 100 USD) and 4000 – 
5000 birr (101 to 125 USD) in each production season, 
respectively. This is in line with Ajebush (2018)’s finding 
who studied economic and ecological importance of 
beekeeping in Ethiopia. 
 
 

Pesticides use and application practices 
 

The two important activities for smallholder farmers in 
relation to pesticides are pesticide use (handling) and 
procurement (buying and selecting) practices (Mengistie 
et al., 2015). Concerning pesticides use all survey 
respondents (100%) reported that they use chemical 
pesticides in the regular agricultural activities purchasing 
from local dealers. Among the respondents very few 
(10.6%) know legality status of the suppliers and 
purchase from the legal source; while the remaining 
(89.4%) do not know even what illegal pesticide suppliers 
means (Table 2). Those who reported that they knew the 
illegal pesticides they have wrong perception on how to 
identify the illegal pesticides. As they do not know how to 
identify illegal pesticides by identifying registration 
number, lists of registered and label pesticides have to be 
written in English and their local language (Amharic). 

The other important issue in pesticide management 
and  use  is reading application instructions written on the  
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Table 2. Survey household perception on inclusion of pesticide use in agricultural extension. 
 

Questions  Responses Frequency Percent 

Status of respondents on buying 
pesticides with and without labels 

With label 106 34.0 

Without label 198 63.5 

Missing (system) 8 2.5 

Total 312 100 

    

Do you read the instruction/label on the 
container during purchasing?   

Yes 75 24 

No 237 76 

Total 312 100 

    

Where do you mix pesticides? 

Near water sources (river, canal, other sources) 226 72.3 

In the field 86 27.7 

Total 312 100 

    

Fate of pesticide containers 

 

Reuse 257 82.3 

Dispose in the field 55 17.7 

Total 312 100 

    

What material do you use to mix the 
pesticide?   

Knapsack 67 10.6 

open headed plastic containers 245 89.4 

Total 312 100 

    

Are pesticide uses included in extension 
service package? 

Yes 37 11.9 

No 275 88.1 

Total 312 100.0 

    

Do you have sufficient and appropriate 
information on how to use pesticides 

Yes 50 16 

No 262 84 

Total 312 100 

    

Have you seen punished pesticide dealer 
for selling illegal pesticides by 
inspectors? 

Yes 0 0 

No 8 2.6 

Don’t know 304 97.4 

Total 312 100 

    

Do pesticide inspectors visit pesticide 
shops and you in the field while applying 
pesticides? 

Yes 0 0 

No 312 100 

Total 312 100 

    

Do you consider appropriate timing to 
apply pesticides in relation to 
beekeeping? 

Yes 130 41.7 

No 174 55.7 

Missing (System) 8 2.6 

Total 312 100 
 

Source: Author 

 
 
 
pesticide containers. In this regard most of the 
respondents (76%) indicated that they never read the 
label during purchasing and do not strictly follow the 
instruction on the package while applying  the  pesticides; 

about 24% respondents read the label while purchasing. 
In addition, about 63.5% of the respondents purchase 
unlabeled pesticides. This means majority of the study 
area smallholder farmers purchase pesticides without any  



 
 

 
 
 
 
instruction or information. In converse, the Ethiopian 
Government Pesticide Registration and Control 
Proclamation Number 674/2010 part four (b) emphasized 
that pesticide importers or dealers have to prominently 
display a legible label approved by concerned body both 
in Amharic and English languages that cannot easily be 
detached (Negarit, 2010). Therefore, this indicates the 
legally registered pesticides always have labels in both 
Amharic and English and are approved by Ministry of 
Agriculture (regulatory body). This survey result on the 
reading and use of pesticide labels is much lower than 
the study conducted by Gesesew et al. (2016) in 
Southwest Ethiopia, which reported that 63.2% of 
smallholder farmers usually follow the instructions/labels 
written on pesticide containers. 

The FGD participants indicated that some retailers sell 
pesticides with material having safety sheet but most 
retailers (62.5%) sell pesticides by pouring from the 
original containers into other container based on the 
customer request. This is illegal action according to 
pesticide registration and control proclamation number 
674/2010.  

The Agricultural Office has given little emphasis in 
incorporating pesticide use in agricultural extension 
services. As shown in Table 2, only 11.9% of the 
respondents know that pesticides use has been included 
in agricultural extension package. Therefore, very few 
(16%) survey respondents had sufficient and appropriate 
information on how to use pesticides.  

Based on the FGD and KII, there are eight pesticide 
retailers in the study area but only five of them had 
certificate of competency and other legal requirements. 
All pesticide dealers replied that they began pesticide 
market in the last two years. All of them have agricultural 
education background, but all do not have information 
and knowledge about pesticide registration and they do 
not have list of registered pesticides in Ethiopia.  

The result of household survey and qualitative research 
also revealed that there were no pesticide inspectors 
from Agricultural Office to control illegal pesticides and 
mode of their application. In relation to this, all 
respondents indicated that they never seen any 
inspectors and no pesticide dealer has been punished for 
selling illegal pesticides. Moreover, 56.3% the 
respondents reported that they apply agro-chemicals 
(pesticide, insecticide or herbicide) whenever their farm 
gets infested with weed, insect or disease without due 
consideration to the natural honeybee production 
calendar.  This means they spray the chemicals even at 
blooming or flowering stage of the crop although this 
stage is very acute time for bee to make honey. The 
other pertinent activity that might affect beekeeping and 
other environmental factor is the pace and materials to 
prepare agro-chemical for application. In this regard, 
most of the farmers (72.7%) mix pesticides near water 
sources (mainly rivers, canal  or  other  community  water  
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source) which are used by bees and local residents for 
drinking and cooking; while the rest 27.3% mix pesticides 
in the field where they spray the chemicals by fetching 
water used for missing the pesticides. This show there 
might be contamination of water from the containers used 
to mix pesticides and during the mixing process. This 
finding is in line with the research conducted by Belay 
and Alemayehu (2016) in the Central Rift Valley of 
Ethiopia on agro-chemical management and application 
practice.  Majority (89.4%) of the survey households 
replied that they mix the pesticide in a knapsack and the 
rest mix in locally available open headed plastic 
containers. The other environmental and human health 
concern is the feat of the container, where 82.3% of the 
respondents indicated that they reuse the pesticide and 
other agro-chemical containers without enough rinsing 
methods.  The rest respondents dispose the container in 
the field without considering where and how to dispose it. 
The practice of the community in managing pesticide 
container in the environment including beekeeping is 
worst compared to Belay and Alemayehu (2016)’s 
finding, who reported about 48% of the farmers reuse the 
container without enough rinsing methods. This finding 
supports the idea forwarded by Fikadu (2020) in the 
review on pesticide use practice and its effects on honey 
bee in Ethiopia. The author indicated that majority of 
Ethiopian beekeepers do not use any control measures 
for poisoning honey bees with chemicals. 
 
 
Implications of pesticide use on beekeeping 
 

The household survey and qualitative research (FGD and 
KIIs) revealed that the use of agro-chemicals including 
pesticide creates problem in beekeeping. Accordingly, 
31.7% of the household survey respondents said they 
have seen bees die during or after application of 
pesticides and the bees also show different behaviour 
(Table 3). For example, the survey respondents (52.9 
and 15.4%) indicated that the bees show aggressiveness 
symptoms and anomalous behaviour besides the 
observed deaths after and/or during the chemicals spray 
on crops. The survey result also showed that beekeepers 
and farmers think that bee colonies have been declining 
overtime due to their exposure after or during pesticides 
application. This is evidenced in the observed deaths, 
aggressiveness, and anomalous behavior of worker 
bees.  

Different findings have also documented that the use of 
different pesticides could lead to a significant reduction of 
foraging activity of honeybees (Marinelli et al., 2004; 
Henry et al., 2012). In this regard, Henry et al. (2012) 
underlined that droplets and dust from the agro-chemical 
applications will fall directly on the bees traveling through 
or around the treated fields and wind will bring the small 
droplets  and  soil  particles several meters away from the 
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Table 3. Implication of pesticide use on beekeeping. 
  

Questions  Responses Frequency Percent 

Which of the following will be observed 
after pesticides application around hives? 

Aggressiveness 165 52.9 

Deaths 99 31.7 

Anomalous behaviour of worker bees as rolling 48 15.4 

Total 312 100.0 

    

Do you displace your hives when 
applying pesticides nearby hive? 

No 304 97.4 

Missing (System) 8 2.6 

Total 312 100.0 
 

Source: Author 

 
 
 
flower. Similarly, Marinelli et al. (2004) verified that one 
insecticide droplet of agro-chemicals could destroy a bee 
since the spray solutions contain concentrated doses of 
pollutant compounds, which could be the most 
commoncause behind the bee outbreaks. 

The current study showed that almost all farmers 
(97.4%) did not move their hives to safe place during 
pesticide application (Table 3). This implies that 
honeybees are exposed to the damage of agro-chemicals 
related with application methods and safety measures. 
This result is supported by Fikadu (2020)’s finding who 
indicated that majority of Ethiopian beekeepers do not 
use any control measures for poisoning honey bees with 
chemical. Likewise, Sánchez-Bayo and Goka (2016) 
indicated that most of the time, bees are exposed to 
pollutants by the ingestion of pollen and nectar residues 
from infected seeds, whether from crops or from weeds 
across the fields.  It is important to note that bees eat 
chemicals wherever they go and search for the most 
fitting flowers that provide ample pollen and nectar. Such 
crops are also more attractive than others; for example, 
canola (rape seed oil) yellow flowers, sunflowers, and 
many of the weeds that grow in and around the crops are 
more attractive to bees than potato plant flowers (Dötterl 
and Vereecken, 2010). In converse, farmers apply 
chemicals to these crops to control pest, insect, disease 
and weed. The forager bees take pesticide residues in 
pollen and nectar to their colonies and live inside the 
beebread and honey for quite some time (Orantes-
Bermejo et al., 2010). These residues are then fed to the 
larvae and the queen as well, that are influenced by the 
forager bees in comparable ways. Bees also consume 
water in addition to sugar, to control their temperature 
(Schmaranzer, 2000). Pesticide compounds in the soil 
gradually get into the water and emerge in and above the 
lakes, creeks and rivers in rural areas; they are polluted 
with a combination of agrochemicals that can eventually 
be consumed by bees (Belden et al., 2007; Sánchez-
Bayo and Goka, 2016; Zhu et al., 2014). Additionally, 
water pollution from spray  applications,  particularly  from 

insecticides can impact honey bees. This is very critical 
for bumblebees and wild bees that prefer to drink from 
puddles, drainage ditches, rivers and lakes, and they are 
often eaten by forager bees if these waters are polluted 
with pesticide residues (Woodrow et al., 1989). Thus, 
these exposures of honey bees to pesticides cause the 
collapse of bee colonies.  
 
 
Risk assessment results of selected pesticides using 
PRIMET software  
 
According to FGDs and KII, carbaryl, chlorpyrifos, 
diazinon, fipronil, malathion and profenofos are among 
the most frequently used insecticide in the study area. 
Other similar works also confirmed the frequent use of 
these pesticides in Ethiopia (Teklu et al., 2021). Of these 
investigated pesticides that are risky to bees, carbaryl 
and chlorpyrifos are mostly used for the treatment of 
maize stalk borer. The risk assessment of carbaryl and 
chlorpyrifos using PRIMET software in this study area 
revealed 9107 and 3254 Exposure Toxicity Ratio (ETR) 
value respectively for carbaryl and chlorpyrifos in-crop 
scenario (Table 4). This showed that both insecticides 
are highly risky to honey bees. Similarly, assessment in 
United Kingdom by Mineau et al. (2008) revealed 50% 
probability of bee mortality at a trigger value of 400 for 
the ETR for numerous pesticides at different application 
rates.  

Likewise, for off-crop scenario, the ETR value was 255 
for carbaryl and 91.12 for chlorpyrifos sprayed on maize. 
This implies that there is possible risk if expected from 
both insecticides (Table 4). Pesticide exposure can have 
a sizable impact on the nutritional composition of royal 
jelly produced by honey bees and as a result can 
influence queen development. Oral exposure to 
pesticides in adult workers has been shown to influence 
nurse bee glandular physiology and could therefore 
impact royal jelly production (Böhme et al., 2018). As 
shown  in  Tables  2 and 3, the study area farmers do not  
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Table 4. Summary of risk assessment to bees in an in crop and off crop situation. 
 

Pesticide Crop 
Application 
rate (kg/ha) 

LD50 
Oral/contact 

(µg/bee) 

PNEC 
(g/ha) 

PEC in 
crop 

PEC of 
crop 

In-crop 
ETR=PEC/

PNEC 

off-crop 
ETR=PEC/PNEC 

Carbaryl Maize 1.275 0.14 0.14 1275 35.7 9107 255 

Chlorpyrifos Maize 0.192 0.059 0.059 192 5.376 3254 91.12 

Diazinon Maize 0.6 0.09 0.09 600 16.8 6667 186.7 

Fipronil Cabbage 0.05 0.00417 0.00417 50 1.4 120000 335.7 

Malathion Potato 0.75 0.16 0.16 750 21 4688 131.3 

Profonefos Faba bean 0.72 0.095 0.095 720 20.16 7579 212.2 
 

ETR < 50 = low risk, 50<ETR < 400 , medium Risk, ETR >400 = high risk. 

Source: Author 

 
 
 
displace (move) beehives and select appropriate time 
during pesticide applicant. These practices would expose 
honey bees to pesticide poisoning. Both pesticides are 
used foliar in controlling crop pest and have a relatively 
high toxicity to bees compared to other pesticides 
(Johnson et al. 2010). Worker honey bees can forage in 
range up to 12 km around hive and, therefore, are 
frequently exposed to a dispersal of pesticide residues 
present in water, nectar and pollen (Mullin et al., 2010). 

Diazinon is an insecticide registered to treat maize and 
sorghum stalk borers and armyworm in Ethiopia. In the 
study area, it was mainly used to treat maize and 
sorghum stalk borer. The ETR value of diazinon for in-
crop scenario was 6667 and this value shows that 
diazinon is highly risky to honey bees (Table 4). For off-
crop scenario the value of ETR was 186.7 and this value 
indicated diazinon can be classified in possible risk 
category. As a matter of fact, diazinon was known to be 
highly toxic to terrestrial invertebrates, bees and other 
beneficial insects following acute contact exposure, 
where acute LD50 for bees was 0.22 μg/one bee as per 
University of Hertfordshire (2013). In general, the toxicity 
of insecticides to honey bees increased with increase in 
the exposure time.  

Fipronil is among the insecticides used mainly to treat 
termites in rice and aphids on cabbage. Fipronil ETR is 
12×E4 or 120,000 and this value indicates fipronil was 
highly risky to honey bees for in-crop scenario (Table 4). 
For off-crop scenario, the ETR value of fipronil is 335.5 
which can be classified under possible risk for honey bee. 
According to Narahashi et al. (2010), fipronil has an 
antagonistic action on gamma amino butanoic acid 
(GABA) neurotransmitters and glutamate-activated 
chloride channels (GluCls). Therefore, this pesticide/ 
insecticide can cause interactive changes in bees that 
embrace agitation, spasms, tremors, and paralysis 
(Zaluski et al., 2015). Fipronil is more noxious in sublethal 
doses, spoiling the motor activity of bees. Experimental 
exposure to dietary fipronil caused dose-dependent 
reductions in the longevity (days of exposure survived)  of 

adult honey bees and fipronil can be lethal to honey bees 
in dietary exposures to the trace residues that typify 
those in nectar and pollen from treated crops (Mullin et 
al., 2010). Including fipronil, all insecticides assessed as 
indicator by PRIMET software were risky to honey bee. 
Therefore, protection measures must be taken to keep 
honey bees from pesticides poisoning during or after 
application.   

Malathion is one of the most frequently used pesticides 
and is formulated locally by Adamitulu Pesticide 
processing company of Ethiopia in addition to imported 
ones. According to FGDs and KIIs, Malathion, in form of 
50% EC formulation type, was mostly used in the study 
area to treat maize and sorghum stalk borer. For the in-
crop scenario, the ETR value of malathion was 4688 
which can be categorized as highly risky to honey bee 
(Table 4). Concerning off-crop scenario, the ETR of 
malathion was 131.3 that can be classified under 
possible risk to honey bee. As indicated earlier, bees eat 
chemicals including malathion wherever they go and 
search for the most fitting flowers that provide ample 
pollen and nectar. 

Profenofos is another pesticide categorized under 
organophosphate chemical group. As shown in Table 4, 
the ETR values of profenofos for in-crop and off-crop 
scenario were 7579 and 212.2 respectively and thus 
categorized under high and possible risk to honey bees in 
the respective order.  From the above PRIMET output as 
an ETR value showed that all (six) pesticides types 
namely: carbaryl, chlorpyrifos, diazinon, malathion, 
fipronil and profonefos are highly and possibly risky to 
honey bees for in-crop and off-crop scenarios considering 
each chemical (Table 4).  

Other exposure routes of bees to pesticides come from 
water pollution due to drift from spray applications, 
particularly from insecticides (Woods et al., 2003). Honey 
bees, bumblebees and wild bees prefer to drink from 
puddles, drainage ditches, rivers and lakes, and they are 
often eaten by forager bees if the waters are polluted with 
pesticide  residues.  These  facts indicate that when bees  
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are exposed to pesticides their colonies are under risk of 
damage by pesticides poisoning. Wild bees (Osmia 
bicornis) exposed to thiamethoxam and clothianidin sub 
lethal levels had their reproductive performance reduced 
by 50% (Sandrock et al., 2014a), while honey bee 
queens experienced exceptionally high supersede rates 
(60%) (Sandrock et al., 2014b); colonies of bumble bees 
(Bombus terrestris) exposed to thiamethoxam sub lethal 
levels did not perform and produced 85% (Whitehorn et 
al., 2012). In forager bees, sub lethal doses of 
neonicotinoid insecticides often induce disorientation in 
the state of mind (Decourtye and Devillers, 2009). Recent 
global decline on pollinators including honey bees has 
been reported owing to several factors and unwise use 
and practices of pesticides honey bee productivity is 
affected by the indiscriminate use of agrochemicals, lack 
of knowledge, pest and predators (Fikadu, 2020).  
 
 

CONCLUSION AND RECOMMENDATIONS 
 

In this study, six pesticides were identified to be used 
frequently by farmers that are considered to be used 
frequently and at the same time risky to bees namely, 
carbaryl, chlorpyrifos, diazinon, malathion, fipronil and 
profonefos. Farmers’ awareness in considering the 
presence of bees in pesticide applications and caring for 
bee hives that are present in/off-crop situation is found to 
be less. Moreover, concern to protect human and 
environmental health in general is minimal. The dominant 
type of bee hive present in the study area is traditional 
followed by transitional one. Thus it is common to see 
bee hives hanged in trees in the middle of farming areas. 
Thus, in-crop risks form application of pesticides is found 
to be high. This is evidenced by farmers reporting to 
observe serious physical, behavioural and physiological 
changes of the honey bees after application of pesticides 
in the area.  

Risk assessment for the selected six pesticides 
revealed that all the six pesticides pose high risk to bees 
if applied in an in-crop situation. Possible risks are also 
indicated for bee hives available in an off-crop situation. 
Therefore, farmers and retailers need to be constantly 
informed about hazards of theses pesticides so that the 
current haphazard handling of pesticides is improved. 
Concerning application practice, there must be legal 
bindings or directives that obligate pesticide users and 
farmers to notify beekeepers of the neighbouring areas 
before application of these pesticides. Protection 
measures like removing or covering beehives during 
application, avoiding application of pesticide on time of 
flowering of either to main or fodder crops, application 
only after sunsets need to be adopted for honey bees 
risky pesticides. Pesticide registration and control 
department of Ministry of Agriculture should notify and 
regulate the registrants or agents of pesticides traders to 
indicate    on   the   labels   clearly   the  toxicity  status  of 

 
 
 
 
pesticides. Moreover, it is important to translate labels to 
languages appropriate to local situation. 
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