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Abstract 

Background Poor agricultural practices have drastically threatened insect pollinators’ biodiversity. Little is known 
in Tanzania about how different agricultural practices affect pollinators’ foraging behavior. This study investigated 
the effects of the agroecological zone, season, cucurbit species and management practices on visitation frequency, 
visitation rate and time spent on cucurbit flowers by five pollinator species viz. Apis mellifera, Eristalinus megacepha-
lus, Mesembrius caffer, Paragus borbonicus and Toxomerus floralis. The experiment was designed as a 5 × 3 × 3 × 2 × 2 
factorial arrangement in a Randomized Complete Block Design (RCBD) with four replications. GAMOUR-Agroecology 
was tested against conventional practices and untreated control.

Results This study revealed significant effects of agroecological zone × season × cucurbit species × management 
practice on pollinators’ visitation frequency (p = 0.007) and time spent on flowers (p = 0.005). Also, agroecological zone 
× season × cucurbit species × pollinator species significantly (p < 0.0001) affected pollinators’ visitation frequency. 
Agroecological zones × season × cucurbit species × cucurbits management practices × pollinators significantly 
(p = 0.001) affected pollinators’ visitation rate. Apis mellifera was the most frequent visitor in Cucurbita moschata 
plots treated with GAMOUR- Agroecology in the plateau zone, also, visited higher number of Cucumis sativus plots 
under GAMOUR-Agroecology practices in the mountainous zone during the October–November season. Further-
more, it has been found that pollinators spent much in cucurbit flowers on plots with GAMOUR-Agroecology prac-
tices and control.

Conclusions Pollinators’ foraging behavior were enhanced by GAMOUR-Agroecology practices. Therefore, this study 
recommended that cucurbit growers should consider management practices that positively influence pollinator 
foraging activities for sustainable cucurbit production.
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Introduction
Insect pollinators are of economic importance in numer-
ous cross-pollinated crops including cucurbits for sus-
tainable food production [1]. They contribute to growth, 
improvement of fruit quality and setting of seeds [2]. This 
is because, for successful pollination, a female stigma has 
to be visited several times for the deposition of enough 
pollen [3]. Poor pollination service can result in a low 
fruit set, small, contorted fruit and in the absence of pol-
lination, fruit abortion occurs [3–5]. Globally, about 85 
to 90 % of cultivated flowering crops depend on insect 
pollinators for yield enhancement [6]. This has been esti-
mated to contribute to about USD 200 billion annually to 
the global agricultural economy [7].

Cucurbits are among the fruit vegetables whose pro-
duction is increasing worldwide due to an elevated mar-
ket demand motivated by consumers’ health concerns 
[8]. However, the production of cucurbits is hampered by 
several factors including insufficient pollination services 
[9]. Pollination processes of most of cucurbit species 
require insect pollinators because, male flowers produce 
sticky and heavy pollen grains which are difficult to be 
carried by wind [2, 10]. The deficit of pollination services 
is linked to various issues, including poor agricultural 
practices that have reduced the number of insect polli-
nators and threatened their foraging behavior [11]. The 
global meta-analysis by the Intergovernmental Science-
Policy Platform for Biodiversity and Ecosystem Services 
(IPBES) on the status and threats against pollinators 
and pollination has identified intensive agriculture as a 
major threat against pollinators [12]. Farm management 
directly affects the availability and quality of foraging and 
nesting resources for pollinators in the agricultural fields 
[13]. Since the 1960s, modern agriculture has rapidly 
intensified, and the dominant agriculture in many parts 
of the world uses large amounts of chemical fertilizers, 
pesticides and other technologies that direct or indirect 
affect insect pollinator biodiversity negatively [14–16].

Many studies have explored the effect of different 
agricultural management practices on insect pollinator 
biodiversity. For example, the investigation by Kovács-
Hostyánszki et  al. [17], Montoya et  al. [18] and Kara-
maouna et  al. [11] revealed that a reduction inorganic 
fertilizer and pesticides coupled with a more diverse edge 
vegetation have substantially affected pollinator com-
munities with subsequent positive effects on agricultural 
productivity. According to Deguine et al. [19] GAMOUR-
Agroecology practice in cucurbits is environmental agri-
cultural approach which creates suitable habitats that 
provide food and shelter to pollinators and natural ene-
mies of insect pests in agroecosystems. GAMOUR-Agro-
ecology is an approach that was developed to manage 
fruit flies of cucurbits in the Reunion Island. The package 

aimed at improving soil health, the habitat of natural 
enemies, pollinators and increasing plant biodiversity in 
agroecosystems. Sanitation, trap plants, mass trapping 
and augmentation biological control were among the 
pillars of GAMOUR-Agroecology assessed during the 
implementation of the project [20].

In Tanzania, the emphasis on the agricultural sector is 
greatly given to soil fertility improvement, pest control 
and irrigation water availability [21]. On the other hand, 
the production of cucurbits rely heavily on conventional 
practices which pose negative impacts to both insect pol-
linators and consumers [22, 23]. Less attention has been 
paid to insect pollinator conservation during crop pro-
duction. This was revealed from the survey conducted by 
Mkenda et al. [24] and Sawe et al. [25] in Northern Tan-
zania which documented that the majority of the local 
farmers are aware of neither the role of pollinating insects 
nor their conservation strategies and unable to distin-
guish beneficial insects from insect pests. Sawe et al. [21] 
pointed out the importance of pollinators in cucurbit 
production while, Lasway et al. [6] reported how agricul-
tural intensification affects pollinator diversity. Still there 
was a need to investigate how different management 
practices affect the cucurbit-pollinator interaction, in 
order to come up with the best management practices for 
sustainable production. Therefore, this study assessed the 
effects of GAMOUR-Agroecology (new approach in the 
country which is environmentally friendly) and conven-
tional practices (common method) in cucurbits produc-
tion on the foraging behavior of pollinators. The foraging 
behavior of pollinators were assessed in terms of visita-
tion frequency (number of visits on a single cucurbit 
flower by individual pollinator), visitation rate (number 
of cucurbit flowers visited by individual pollinator) and 
handling time (time spent on a flower by individual pol-
linators). We focused on five major insect pollinators in 
the region as revealed by Kabota [26]. These included: - 
Apis mellifera Linnaeus, Eristalinus megacephalus Rossi, 
Mesembrius caffer (Loew), Paragus borbonicus Macquart 
and Toxomerus floralis (Fabricius). We hypothesized that 
pollinators foraging behavior on cucurbit flowers are 
affected by crop species, altitude, season and their inter-
action. Since agroecology is a production method that 
encourages biodiversity and natural pest control, we fur-
ther hypothesized GAMOUR-Agroecology practice posi-
tively impacts pollinator foraging behavior.

Material and methods
Description of the study area
The study was carried out in two agroecological zones of 
Morogoro region, Eastern-Central Tanzania, namely Pla-
teau and Mountainous, from March to June 2021 (rainy 
season) and September to November 2021 (dry season). 
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The area’s climatic conditions are characterized by a 
bimodal rainfall pattern, with short rains from October 
to December and long rains from March to May. Eleva-
tion and average annual rainfall in the mountainous zone 
ranges from 800 to 2000 m a.s.l and 1000 to 1200 mm 
respectively, whereas in the plateau zone ranges from 200 
to 600 m a.s.l and 800 to 1000 mm respectively. During 
the period of study for the May–June season, the average 
temperature and relative humidity ranged, respectively, 
from 18 °C to 24 °C and 70 to 89% in the mountainous 
zone, and from 22 °C to 25 °C and 69 to 82% in the pla-
teau zone. While during the October–November sea-
son, average temperature and relative humidity ranged, 
respectively, from 20 °C to 25 °C and 70 to 80% in the 
mountainous zone, and from 26 °C to 30 °C and 63 to 71% 
in the plateau zone. The experimental plots were estab-
lished between 06°47′26″S 37°38′08″E and 06°51′01″S 
37°39′17″E, in the plateau zone and between 06°52′32″S 
37°40′16″E and 06°53′20″S 37°40′14″E, in the moun-
tainous zone.

Experimental layout and crop establishment
An experiment was designed as a 5 × 3 × 3 × 2 × 2 facto-
rial in a Randomized Complete Block Design (RCBD) 
with four replications. Where five pollinating species 
(A. mellifera, E. megacephalus, M. caffer, P. borbonicus 
and T. floralis) were assessed under three cucurbit man-
agement practices (GAMOUR- Agroecology, Conven-
tional and control) on three cucurbit species; cucumber 
(Cucumis sativus Linnaeus), watermelon (Citrullus lana-
tus (Thunb.) Matsum. & Nakai) and squash (Cucurbita 
moschata Duchesne), in the two agroecological zones 
of Morogoro (Plateau and Mountainous zone) for two 
cucurbit growing seasons (March–June and September – 
November 2021 (rainy and dry season, respectively)).

GAMOUR-Agroecology practices involved the use of 
border crop (maize) for attracting insect pollinators and 
trapping cucurbit fruit flies, mass trapping and killing of 
fruit flies using success bait GF120 (Spinosad 0.24 g/l) and 
Bio lure placed on border crop, use of organic mulches, 
use of augmentorium for field sanitation, and the use of 
organic fertilizers (farmyard manure). GF120 was sprayed 
on the border crop at the interval of seven (7) days from 
when the cucurbits started to flower (24th April, 2021 
and 8th October, 2021, for rainy and dry, respectively) 
until 7 days before harvest. We mixed GF120 and water 
at a dilution ratio of 1 L GF120:7 L water. 0.016 L of a 
mixture was sprayed on the upper side of maize leaves 
on a 0.4  m2 spot and after every 10 m. Bio lure was also 
placed on the border crop and changed weekly until 7 
days before harvesting. Conventional practices involved 
the use of insecticide AMADINE 40EC (Dimethoate 
400 g/l, manufactured by Shandong Binnong Technology 

Co. Ltd), fungicide DACONIL® 720SC (Chlorothalonil 
720 g/l, manufactured by Syngenta Crop Protection Ag-
Switzerland) with the application rate of 2.5 L/Ha and 
2.0 L/Ha, insecticide and fungicide, respectively and 
industrial fertilizers (N: P: K 15:9:20 and CAN 15:4:26, 
basal and top dressing fertilizers, respectively). A tank 
mix of fungicide and insecticide was sprayed 6 times per 
season at the interval of 14 days from when 75% of the 
crops had emerged (4th April, 2021 and 15th September, 
2021 for rainy and dry season, respectively) up to 14 days 
before harvest. In a 20 L sprayer tank, 0.125 L and 0.05 L 
of Chlorothalonil and Dimethoate, respectively, were 
mixed in a 20 L of water and sprayed on the cucurbits. 
Plots without any management practices except irriga-
tion during the dry season and weeding were used as 
controls. Watermelon “crimson sweet” variety, Cucum-
ber “Ashley” variety, Squash “Waltham butternut” variety 
and Maize “Tumbili” variety used in this study were pur-
chased from Agro-dealer in Morogoro town.

Sowing of maize (as a border crop in the GAMOUR 
fields) was done 30 days prior to the sowing of cucur-
bit seeds. The spacing of maize and cucurbits were 
0.3 m × 0.3 m and 1.5 m × 1.0 m, respectively. One seed 
and two seeds per hole for maize and cucurbits respec-
tively, were sown. The investigation started from 23rd 
March 2021 for the rainy season and 2nd September 
2021 for the dry season on a 45 m × 45 m plot per treat-
ment. Each experimental plot contained the three cucur-
bit species per specific management practice was located 
at least 100 m away from each other to avoid spray drift 
from the conventional plots.

Assessment of honeybees’ and hoverflies’ foraging 
activities
The assessment of the foraging activities of the cucurbits 
flowers visitors began when the crop attained 10% flow-
ering and continued until the end of the flowering period.

The investigation was conducted through visual obser-
vation in three phases between 0800 and 1700 hours, i.e. 
at 0800–0900, 1200–1300 and 1600–1700 hours on eight 
spots of 4  m2 each which were established after every 5 m 
within the experimental plot per cucurbit species per 
management practice. The observations were conducted 
weekly following the procedures adopted from Meerabai 
[27] and Yogapriya et al. [28].

Data collection
We assessed both the abundance of pollinators and their 
visitation frequency. To measure pollinator abundance, 
we counted the total number of pollinator species visit-
ing the cucurbit flowers. Visitation frequency was deter-
mined by closely observing a single flower for up to 1 
minute and recording the number of visits made by each 
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pollinating species. On each cucurbit management prac-
tice, a total of 72 flowers were observed per day in which 
24 flowers were selected from each cucurbit species. 
An average number of visits on a single cucurbit flower 
per cucurbit species per management practices by indi-
vidual pollinating species was calculated by the formula 
described by Zameer et al. [7]:

Where: VF is visitation frequency, TNV is total number 
of visits and TFO is the total number of flowers observed.

Visitation rate was determined by tracking an individ-
ual pollinating species for a maximum of 1 minute from 
the time it arrived on the first flower within a 4  m2 spot 
and the following information was recorded: the total 
number of flowers visited, time (seconds) spent on each 
visited flower and time spent in flight between consecu-
tive flowers. A total of nine observations were performed 
for each pollinating species per cucurbit management 
practice per day in which each pollinating species was 
observed three times per cucurbit species. An average 
number of flowers visited per pollinating species was 
determined following the formula described by Meerabai 
[27]:

Where: VR is the visitation rate, TNFV is the total 
number of flowers visited, TSF is the total time spent on 
flowers and TFBCF is the time in flight between consecu-
tive flowers.

The average time spent on each visited flower (handling 
time) was processed as per the formulas described by 
Meerabai [27].

Where: HT is handling time, TSF is the total time spent 
on flowers and TNFV is the total number of flowers 
visited.

Statistical analysis
The processed response variables were subjected to 
normality test using Shapiro-Wilk test. Since they were 
not normally distributed, then, the analysis of variance 
(ANOVA) was performed using Generalized Linear 
Mixed Models (GLMMs) procedures to check the effect 
of agroecological zones, seasons, cucurbit species and 
cucurbits management practices on honeybees and hov-
erflies foraging behavior at a 5% level of confidence. This 
is because, GLMMs incorporate non normal data that 

(1)VF =
TNV

TFO

(2)VR =
TNFV

TSF+ TFBCF

(3)HT =
TSF

TNFV

involve both fixed and random effects without transfor-
mation [29]. Fixed factors included agroecological zones, 
seasons, cucurbit species, cucurbits management prac-
tices and their interactions while, sampling week was 
used as a random factor. We performed model selection 
using Akaike’s information criterion. To validate the sig-
nificance of the factors post hoc test was performed, and 
means were compared using Tukey’s Honest Significant 
Difference at 5%. All statistical analyses were carried out 
using R software version 4.1.0 [30].

Results
Abundance of honeybees and hoverflies on cucurbit 
flowers across the three cucurbits management practices
A total of 43,510 visit counts of honeybees and hover-
flies were recorded on cucurbit flowers for the whole 
study period in all the plots of each management practice 
(GAMOUR-Agroecology, conventional and control. The 
number of visits by individual flowers visitors was in the 
proportion of 60.3% A. mellifera, 25.14% T. floralis, 7.56% 
P. borbonicus, 6.0% E. megacephalus and 1.0% M. caffer.

Effects of agroecological zones, seasons, cucurbit species 
and cucurbits management practices on the visitation 
frequency
Our results showed non-significant effects of the inter-
action of agroecological zone, season, cucurbit spe-
cies, management practice and pollinator species on 
the visitation frequency of the pollinators. However, the 
four-way interactions: agroecological zone × season × 
cucurbit species × management practice had signifi-
cant  (F4, 5033 = 3.56, p = 0.007) effects on visitation fre-
quency of pollinators on cucurbit flowers (Fig.  1a and 
b). Further examination showed the variations in visita-
tion frequency were significant within both seasons. We 
found that visitation frequencies in C. moschata and C. 
lanatus plots in the plateau zone, during the May – June 
season were not significantly different among manage-
ment practices, but were significantly higher than the 
visitation frequencies in all practices and cucurbits in the 
mountainous during the May – June season and in both 
zones during October–November season. Generally, the 
highest visitation frequency was recorded in C. moschata 
plots treated with GAMOUR- Agroecology in the plateau 
zone, while the least was recorded in C. lanatus plots 
treated with conventional practices in the mountainous 
zone during May–June season.

The effects of agroecological zone × season × cucur-
bit species × pollinator species were also significant  (F8, 

5033 = 7.42, p < 0.0001) (Fig. 2a and b). Apis mellifera was 
significantly the most frequent visitor during both sea-
sons and agroecological zones (. A notable exception 
was the visitation frequency of T. floralis to C. lanatus 
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plots, in the plateau zone during the May – June season 
(Fig. 2a).

Effects of agroecological zones, seasons, cucurbit species 
and cucurbits management practices on the visitation rate
There were significant effects of the five-way interac-
tion of agroecological zone × season × cucurbit spe-
cies × cucurbits management practice × pollinator  (F16, 

5033 = 2.55, p = 0.001) on the visitation rate of pollina-
tors on cucurbit flowers. The variations were significant 
within both seasons. Visitation rates by A. mellifera in 
C. sativus plots were similar among management prac-
tices but were significantly higher than all other combi-
nations in the mountainous zone). A notable exception 

was the visitation rate of T. floralis to C. moschata 
plots, in the plateau zone during the May – June sea-
son (Fig.  3a). A similar situation was observed in the 
October – November season, rates by A. mellifera were 
significantly higher regardless of zone and cucurbit 
species. Variations among practices, in that case, were 
not significantly different except in C. sativus. High-
est visitation rates were revealed by A. mellifera in C. 
sativus plots under GAMOUR-Agroecology practices 
in the mountainous zone during the October–Novem-
ber season (Fig.  3b). In contrast, visitation rates were 
the lowest for E. megacephalus and M. caffer in C. lana-
tus, under all practices in the mountainous zone during 
both seasons (Fig. 3a and b)

Fig. 1 a and b Visitation frequency of pollinators on cucurbit flowers as affected by agroecological zones, cucurbit species and management 
practices



Page 6 of 13Rweyemamu et al. BMC Ecology and Evolution            (2024) 24:9 

Effect of agroecological zones, seasons, cucurbit species 
and cucurbits management practices on thehandling time
The four-way interactions of agroecological zone × sea-
son × cucurbit species × management practice signifi-
cantly  (F4, 5040 = 3.78, p = 0.005) affected the time spent 
by pollinators on cucurbit flowers. The differences in 
time spent by pollinators were significant among factors 
when analyzed by season. Time spent by pollinators in 
C. sativus under control in the mountainous zone, dur-
ing the May–June season was significantly the longest 
(Fig. 4a). Furthermore, time spent by pollinators in crops 
under GAMOUR - Agroecology and control practices 
was statistically similar, but significantly higher than in 
crops under conventional practices during the October 
– November cropping season (Fig. 4b). Exceptions were 

time spent in C. lanatus in plateau zone and C. moschata 
in mountainous zone.

In general, pollinators spent more time in C. sati-
vus under control in the mountainous zone, and the 
least time in C. moschata under conventional and 
GAMOUR-Agroecology practices, in both zones During 
the May–June season (Fig. 4a). Furthermore, during the 
October–November season, pollinators spent more time 
in C. lanatus under GAMOUR-Agroecology practices in 
the plateau zone and the least time in C. moschata under 
conventional practices in the plateau zone (Fig. 4b).

Furthermore, three-way interactions involving pollina-
tor species as a factor, we found that;. 1) Time spent by 
a pollinator species was significantly dependent on agro-
ecological zone × season  (F4, 5040 = 2.93, p = 0.02) as well 

Fig. 2 a and b Visitation frequency of pollinators on cucurbit flowers as affected by agroecological zones and cucurbit species
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as agroecological zone × cucurbit species  (F8, 5040 = 3.81, 
p < 0.0001). T. floralis spent more time in C. sativus and 
C. lanatus in the mountainous zone during the season 
October–November and the least time by A. mellifera 
in C. sativus in the plateau zone during the season of 
May – June (Figs. 5 and 6). 2) Season × cucurbit species 
also determined the time spent by a pollinator species 
on cucurbit flowers  (F8, 5040 = 5.26, p < 0.0001). The time 
spent by T. floralis in C. lanatus was significantly higher 
than the time spent by the rest with the lowest time spent 
by A. mellifera in C. sativus during the season of May – 
June (Fig. 7). 3) The time spent by a pollinator species sig-
nificantly  (F16, 5040 = 2.06, p = 0.007) varied with cucurbit 
species × management practices (Fig. 8).

Discussion
The present study found that honeybees were abundantly 
visiting cucurbits than hoverflies in each experimental 
plot. This is because, honeybees are major pollinators 

of cross-pollinated crops including cucurbits and it has 
been discovered to contribute 80% of insect pollina-
tion [31, 32]. Pollinating insects improve the quality and 
quantity of cucurbits [33]. However, this study mainly 
focused on the determinant factors of cucurbits quality 
and quantity which were visitation frequency, visitation 
rate and time spent on cucurbit flowers. The contribution 
of pollinators to pollination on cucurbits was beyond the 
scope of this study.

Visitation frequency of honeybees and hoverflies on 
cucurbit flowers was significantly affected by interac-
tions of the agroecological zone, season, cucurbit spe-
cies and management practice. Likewise, the interaction 
of agroecological zone, season, cucurbit species and 
pollinator species significantly affected their visita-
tion frequency on cucurbit flowers. All cucurbit flowers 
per management practice were more frequently visited 
by pollinators during May – June season in the plateau 
zone compared to the rest. In the mountainous zone and 

Fig. 3 a and b Visitation rate of pollinators on cucurbit flowers as affected by agroecological zones, cucurbit species and management practices. 
Key: Am is A. mellifera, Em is E. megacephalus, Mc is M. caffer, Pb is P. bobornicus and Tf is T. floralis 
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during October –November, pollinator abundance had 
low number because of the presence of few flowers com-
pared to the plateau zone [34], this translated to fewer 
visits. Pollinator abundance and visitation frequency to 
flowers are influenced by weather conditions [35–37] and 
the presence of floral resources [38–40]. These findings 
correlate with the findings in the studies by Doyle et al. 
[41], Mertens et  al. [42] and Pi et  al. [43] who reported 
the presence of a low number of pollinators at a higher 
elevation and during the dry season. Furthermore, the 
visitation frequency was higher in cucurbits under 
GAMOUR-Agroecology practices and control. This is 
because, the presence of flowering border crops and 
lack of use of synthetic inputs provided additional floral 

resources and created favorable conditions for pollinators 
hence contributing to their visitation frequency [44–48].

The study findings also revealed significant effects of 
the interaction of agroecological zones, season, cucur-
bit species, cucurbits management practice and polli-
nator species on visitation rates. The visitation rate of 
A. mellifera was significantly higher in C. sativus plots 
under GAMOUR-Agroecology practices in the moun-
tainous zone during the October–November season 
compared to the rest. The high visitation rate of A. mel-
lifera is attributable to its feeding mechanism involv-
ing the engagement of several bee workers to exploit 
the nutritional resources of the colony [49]. Also, the 
higher visitation rate of A. mellifera in plots under 

Fig. 4 a and b Time spent on flowers by pollinators as affected by agroecological zones, cucurbit species and management practices
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GAMOUR-Agroecology occurred because of the use 
of low synthetic inputs and additional flower strips at 
the borders creating a pollinator-friendly habitat thus, 
stimulating their foraging activities [50–52]. Pesticide 
application in the fields when coming into contact with 
insect pollinators reduces their foraging performance 
including flight time and visitation rate [53, 54]. Like-
wise, the pollen/nectar on flowers treated with pes-
ticides have higher neonicotinoids residuals which 
consequently have negative effects on the central nerv-
ous system of pollinators [47, 52, 55].

From this study, we further found that the interac-
tion of agroecological zone, season, cucurbit species and 
management affected the time spent on cucurbit flowers 
by honeybees and hoverflies. Pollinators spent more time 
on cucurbit flowers on the control plots and the plots 
under GAMOUR-Agroecology in which A. mellifera 
stayed longer on C. moschata flowers and hoverflies on 
C. lanatus and C. sativus flowers. The shorter time spent 
by pollinators on cucurbit flowers on the plots were syn-
thetic inputs were applied could be related to the deter-
rent of pollinators to the residual effect of pesticides. This 

Fig. 5 Time spent on flowers by pollinators as affected by agroecological zones and season. Key: Am is A. mellifera, Em is E. megacephalus, Mc is M. 
caffer, Pb is P. bobornicus and Tf is T. floralis 

Fig. 6 Time spent on flowers by pollinators as affected by agroecological zones and cucurbit species
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finding is consistent with findings in other studies which 
reported that systemic pesticide application to crops 
translocate throughout the plant tissues and accumulates 
in plant nectar and pollen, thus once taken by pollina-
tors it brings negative effects on their foraging behavior 
[56–59].

Time spent on a crop by a pollinator species was sig-
nificantly dependent on season and cucurbit species as 
well as season and agroecological zone. Furthermore, 
interactions between cucurbit species and agroecological 
zone as well as cucurbit species and management prac-
tices affected pollinator species’ time spent on crops. A. 

mellifera spent more time on C. moschata flowers due to 
the availability of more nectars compared to in C. lanatus 
and C. sativus flowers because honey bees prefer more 
nectar to pollen [3, 60]. Hoverflies spent more time on 
C. lanatus and C. sativus flowers than on squash flowers 
due to the easy accessibility of pollens [61, 62].

Conclusions
In conclusion, we found that cucurbit management prac-
tices affected the number of flowers visited by pollinators 
and the time spent on the individual flowers but had a 
slight effect on the number of visits per cucurbit flower. 

Fig. 7 Time spent on flowers by pollinators as affected by season and cucurbit species

Fig. 8 Time spent on flowers by pollinators as affected by cucurbit species and management practices. Key: Cu is C. sativus, Sq is C. moschata 
and Wm is C. lanatus 
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GAMOUR - Agroecological practices enhanced the for-
aging activities of pollinators. Agroecological zones, and 
seasons also significantly affected the foraging behaviour 
of pollinators. The number of visits per flower and the 
number of flowers visited was higher in the plateau zone 
during the May–June season. Therefore, cucurbit grow-
ers should consider management practices that might 
positively influence pollinator foraging activities for sus-
tainable cucurbit production and grow cucurbits in the 
plateau zone during the season of May–June when pol-
linators are abundantly available.

Acknowledgements
We thank the Agroecological Methodology in VEGetable crops (AGROVEG, 
funded by Belgian Development Cooperation within the framework agree-
ment with the Royal Museum for Central Africa) project team for logistics 
support and allowing us to conduct this study on the plots established under 
the project. We also extend our gratitude to the project research assistants for 
their help with the field data collection.

Authors’ contributions
All authors designed the experiment; EWR, PMB and SK collected the data, 
EWR and SK performed the analysis, EWR wrote the first draft of the manu-
script; MWM, MDM and GMT facilitated the data collection, reviewed and 
amended all versions of the manuscript.

Funding
There were no separate funds received for conducting this study, but logistic 
support was provided by AGROVEG (cf acknowledgements).

Availability of data and materials
All data supporting the findings of this study are available at https:// osf. io/ 
kt74b/? view_ only= 5584a 49305 304a9 5b5b3 df196 98f26 3d.

Declarations

Ethics approval and consent to participate
Permission for collection of data on maize and cucurbits was guaranteed 
by the Agroecological Methodology in VEGetable crops (AGROVEG) project 
leaders.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Crop Science and Horticulture, Sokoine University of Agri-
culture (SUA), P.O. Box 3005, Chuo Kikuu, Morogoro, Tanzania. 2 Research, 
Consultancy and Publication Unit, National Sugar Institute (NSI), P.O. Box 97, 
Kidatu-, Morogoro, Tanzania. 3 Royal Museum for Central Africa, Invertebrates 
Section and JEMU, Leuvensesteenweg 13, B-3080 Tervuren, Belgium. 4 Tanzania 
Tobacco Board, P.O. Box 227, Morogoro, Tanzania. 

Received: 18 May 2023   Accepted: 11 January 2024

References
 1. Das A, Sau S, Kumar Pandit M, Saha K. A review on: importance of pollina-

tors in fruit and vegetable production and their collateral jeopardy from 
agro-chemicals. J Entomol Zool Stud. 2018;6(4):1586–91. https:// doi. org/ 
10. 13140/ RG.2. 2. 18277. 24807.

 2. Atibita E, Djieto-Lordon C, Fohouo FNT. Insects associated with cucum-
bers (Cucumis SativusL.) at Bamunka-Ndop (north west region, Cam-
eroon). J Adv Agric. 2020;11:145–59. Accessed: Sep. 01, 2022. [Online]. 
Available: https:// core. ac. uk/ downl oad/ pdf/ 33526 4261. pdf

 3. Knapp JL, Osborne JL. Cucurbits as a model system for crop pollination 
management. J Pollinat Ecol. 2019;25(9):89–102. https:// doi. org/ 10. 
26786/ 1920- 7603(2019) 535.

 4. Fijen TPM, Scheper JA, Boom TM, Janssen N, Raemakers I, Kleijn D. Insect 
pollination is at least as important for marketable crop yield as plant qual-
ity in a seed crop. Ecol Lett. 2018;21(11):1704–13. https:// doi. org/ 10. 1111/ 
ele. 13150.

 5. Bashir MA, et al. Role of pollination in yield and physicochemical 
properties of tomatoes (Lycopersicon esculentum). Saudi J Biol Sci. 
2018;25(7):1291–7. https:// doi. org/ 10. 1016/j. sjbs. 2017. 10. 006.

 6. Lasway JV, Peters MK, Njovu HK, Eardley C, Pauly A, Steffan-Dewenter I. 
Agricultural intensification with seasonal fallow land promotes high bee 
diversity in Afrotropical drylands. J Appl Ecol Ecol. 2022;59(12):3014–26. 
https:// doi. org/ 10. 1111/ 1365- 2664. 14296.

 7. Zameer S, Bilal M, Fazal M, Biol AS. Foraging behavior of pollinators leads 
to effective pollination in radish Raphanus sativus L. Asian J Agric Biol. 
2017;5(4):221–7. Accessed: Sep. 27, 2022. [Online]. Available: https:// www. 
acade mia. edu/ downl oad/ 58998 219/ OA- AJAB- 2017- 07- 066_ OK_ 22019 
0422- 25743- yl4ttd. pdf

 8. Nordey T, et al. Protected cultivation of vegetable crops in sub-Saharan 
Africa: limits and prospects for smallholders. A review. Agron Sustain Dev. 
2017;37(6):1–20. https:// doi. org/ 10. 1007/ S13593- 017- 0460-8/ TABLES/2.

 9. Willis Chan DS, Raine NE. Population decline in a ground-nesting solitary 
squash bee (Eucera pruinosa) following exposure to a neonicotinoid 
insecticide treated crop (Cucurbita pepo). Sci Rep. 2021;11(1):1–11. 
https:// doi. org/ 10. 1038/ s41598- 021- 83341-7.

 10. Dorjay N, Abrol DP, Shankar U. Insect visitors on cucumber and Bit-
tergourd flowers and impact on quantity of crop production by different 
pollination treatment. J Apic. 2017;32(2):77–88. https:// doi. org/ 10. 17519/ 
apicu lture. 2017. 06. 32.2. 77.

 11. Karamaouna F, Jaques JA, Kati V. Practices to conserve pollinators and 
natural enemies in agro-ecosystems. Insects. 2021;12(1):31. https:// doi. 
org/ 10. 3390/ INSEC TS120 10031.

 12. Kim H, et al. A protocol for an intercomparison of biodiversity and 
ecosystem services models using harmonized land-use and climate sce-
narios. Geosci Model Dev. 2018;11(11):4537–62. https:// doi. org/ 10. 5194/ 
GMD- 11- 4537- 2018.

 13. Vanbergen AJ, et al. Threats to an ecosystem service: pressures on pol-
linators. Front Ecol Environ. 2013;11(5):251–9. https:// doi. org/ 10. 1890/ 
120126.

 14. Millard J, et al. Global effects of land-use intensity on local pollinator 
biodiversity. Nat Commun. 2021;12(1):2902. https:// doi. org/ 10. 1038/ 
s41467- 021- 23228-3.

 15. Eggleton P. The state of the world’s insects. Annu Rev Environ Resour. 
2020;45:61–82. https:// doi. org/ 10. 1146/ annur ev- envir on- 012420- 050035.

 16. Brittain CA, Vighi M, Bommarco R, Settele J, Potts SG. Impacts of a pesti-
cide on pollinator species richness at different spatial scales. Basic Appl 
Ecol. 2010;11(2):106–15. https:// doi. org/ 10. 1016/J. BAAE. 2009. 11. 007.

 17. Kovács-Hostyánszki A, Espíndola A, Vanbergen AJ, Settele J, Kremen 
C, Dicks LV. Ecological intensification to mitigate impacts of conven-
tional intensive land use on pollinators and pollination. Ecol Lett. 
2017;20(5):673–89. https:// doi. org/ 10. 1111/ ELE. 12762.

 18. Montoya D, Gaba S, de Mazancourt C, Bretagnolle V, Loreau M. Reconcil-
ing biodiversity conservation, food production and farmers’ demand in 
agricultural landscapes. Ecol Model. 2020;416:108889. https:// doi. org/ 10. 
1016/J. ECOLM ODEL. 2019. 108889.

 19. Deguine J-P, Rousse P, Atiama-Nurbel T. Agroecological crop protection: 
concepts and a case study from Reunion. In: Integrated Pest manage-
ment and Pest control: current and future tactics. San Antonio: Intech 
Publisher; 2012. p. 63–76.

 20. Deguine JP, Gloanec C, Laurent P, Ratnadass A, Aubertot JN. Agroecologi-
cal crop protection; 2017.

 21. Sawe T, Eldegard K, Totland Ø, Macrice S, Nielsen A. Enhancing pollina-
tion is more effective than increased conventional agriculture inputs for 
improving watermelon yields. Ecol Evol. 2020;10(12):5343–53. https:// doi. 
org/ 10. 1002/ ECE3. 6278.

https://osf.io/kt74b/?view_only=5584a49305304a95b5b3df19698f263d
https://osf.io/kt74b/?view_only=5584a49305304a95b5b3df19698f263d
https://doi.org/10.13140/RG.2.2.18277.24807
https://doi.org/10.13140/RG.2.2.18277.24807
https://core.ac.uk/download/pdf/335264261.pdf
https://doi.org/10.26786/1920-7603(2019)535
https://doi.org/10.26786/1920-7603(2019)535
https://doi.org/10.1111/ele.13150
https://doi.org/10.1111/ele.13150
https://doi.org/10.1016/j.sjbs.2017.10.006
https://doi.org/10.1111/1365-2664.14296
https://www.academia.edu/download/58998219/OA-AJAB-2017-07-066_OK_220190422-25743-yl4ttd.pdf
https://www.academia.edu/download/58998219/OA-AJAB-2017-07-066_OK_220190422-25743-yl4ttd.pdf
https://www.academia.edu/download/58998219/OA-AJAB-2017-07-066_OK_220190422-25743-yl4ttd.pdf
https://doi.org/10.1007/S13593-017-0460-8/TABLES/2
https://doi.org/10.1038/s41598-021-83341-7
https://doi.org/10.17519/apiculture.2017.06.32.2.77
https://doi.org/10.17519/apiculture.2017.06.32.2.77
https://doi.org/10.3390/INSECTS12010031
https://doi.org/10.3390/INSECTS12010031
https://doi.org/10.5194/GMD-11-4537-2018
https://doi.org/10.5194/GMD-11-4537-2018
https://doi.org/10.1890/120126
https://doi.org/10.1890/120126
https://doi.org/10.1038/s41467-021-23228-3
https://doi.org/10.1038/s41467-021-23228-3
https://doi.org/10.1146/annurev-environ-012420-050035
https://doi.org/10.1016/J.BAAE.2009.11.007
https://doi.org/10.1111/ELE.12762
https://doi.org/10.1016/J.ECOLMODEL.2019.108889
https://doi.org/10.1016/J.ECOLMODEL.2019.108889
https://doi.org/10.1002/ECE3.6278
https://doi.org/10.1002/ECE3.6278


Page 12 of 13Rweyemamu et al. BMC Ecology and Evolution            (2024) 24:9 

 22. Materu CL, Losujaki EW, Zain I, Chalamila B. Farmers Knowledge On Inter-
grated Pest Management In Cucurbit Production. Int J Res Granthaalayah. 
2018;6(12):70–6.

 23. Kabote SJ, et al. Knowledge of vegetable insect pests, diseases and 
control measures in Morogoro and Iringa regions in Tanzania: a call for 
integrated pest management. African J Agric Res. 2021;17(12):1505–16. 
https:// doi. org/ 10. 5897/ AJAR2 020. 14974.

 24. Mkenda PA, et al. Knowledge gaps among smallholder farmers hinder 
adoption of conservation biological control. Biocontrol Sci Tech. 
2020;30(3):256–77. https:// doi. org/ 10. 1080/ 09583 157. 2019. 17071 69.

 25. Sawe T, Nielsen A, Eldegard K. Crop pollination in small-scale agriculture 
in Tanzania: household dependence, awareness and conservation. Sus-
tain. 2020;12(6):2228. https:// doi. org/ 10. 3390/ SU120 62228.

 26. Kabota SA. Flower visiting flies (insecta: diptera) communities in cucurbit 
production systems in Morogoro region, eastern Central Tanzania. Moro-
goro: Sokoine University of Agriculture; 2021.

 27. Meerabai G. VISITATION RATE, EFFECTIVENESS AND EFFICIENCY OF 
POLLINATORS TO CADABA FRUITICOSA (LINN) DRUCE. The Bioscan. 
2012;7(3):483–5. Accessed: Sep. 02, 2022. [Online]. Available: www. thebi 
oscan. in

 28. Yogapriya A, Usharani B, Suresh K, Vellaikumar S, Chinniah C. Foraging 
behaviour of major pollinators in bitter gourd. Int J Curr Microbiol Appl 
Sci. 2019;8(6):947–54. https:// doi. org/ 10. 20546/ ijcmas. 2019. 806. 114.

 29. Yu D, Zhang X, Yau KKW. Information based model selection criteria for 
generalized linear mixed models with unknown variance component 
parameters. J Multivar Anal. 2013;116:245–62. https:// doi. org/ 10. 1016/j. 
jmva. 2012. 12. 005.

 30. R Core Team, “R: A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austria. URL https:// 
www.R- proje ct. org/.,” 2021. https:// cir. nii. ac. jp/ crid/ 15742 31874 04357 
8752 (accessed Sep. 04, 2022).

 31. Dorjay N, Abrol DP. Insect pollination in cucurbit crops. J Palynol. 
2022;58:63–77.

 32. Reddy PVR, Rajan VV, Mani M, Kavitha SJ, Sreedevi K. Insect pollination in 
horticultural crops. In: Mani M, editor. Trends in horticultural entomology. 
Singapore: Springer Nature; 2022. p. 491–516.

 33. Mondal B, Mondal CK, Mondal P. An Introduction to Cucurbits. In: Stresses 
of Cucurbits: Current Status and Management. Singapore: Springer; 2020. p. 
1–46.

 34. Kumar R, Reddy KM. Impact of climate change on cucurbitaceous veg-
etables in relation to increasing temperature and drought. In: Solankey 
DSS, Kumari DM, Kumar M, editors. Advances in research on vegetable 
production under a changing climate, vol. 1. Cham: Springer; 2021. p. 
175–95.

 35. Forcella F, et al. Weather and landscape influences on pollinator visitation 
of flowering winter oilseeds (field pennycress and winter camelina). J 
Appl Entomol. 2021;145(4):286–94. https:// doi. org/ 10. 1111/ JEN. 12854.

 36. Kehrberger S, Holzschuh A. How does timing of flowering affect 
competition for pollinators, flower visitation and seed set in an early 
spring grassland plant? Sci Rep. 2019;9(1):1–9. https:// doi. org/ 10. 1038/ 
s41598- 019- 51916-0.

 37. Lu ML, Huang JY. Predicting negative effects of climate change on 
Taiwan’s endemic bumblebee Bombus formosellus. J Insect Conserv. 
2022:1–11. https:// doi. org/ 10. 1007/ S10841- 022- 00415-1/ FIGUR ES/4.

 38. Lucas A, Bull JC, de Vere N, Neyland PJ, Forman DW. Flower resource and 
land management drives hoverfly communities and bee abundance in 
seminatural and agricultural grasslands. Ecol Evol. 2017;7(19):8073–86. 
https:// doi. org/ 10. 1002/ ECE3. 3303.

 39. Sentil A, Lhomme P, Michez D, Reverté S, Rasmont P, Christmann S. ‘Farm-
ing with alternative pollinators’ approach increases pollinator abundance 
and diversity in faba bean fields. J Insect Conserv. 2022;26(3):401–14. 
https:// doi. org/ 10. 1007/ S10841- 021- 00351-6/ FIGUR ES/4.

 40. Kolkman A, Dopagne C, Piqueray J. Sown wildflower strips offer 
promising long term results for butterfly conservation. J Insect Conserv. 
2021;26(3):387–400. https:// doi. org/ 10. 1007/ S10841- 021- 00347-2.

 41. Doyle T, Hawkes WLS, Massy R, Powney GD, Menz MHM, Wotton KR. Pol-
lination by hoverflies in the Anthropocene: pollination by hoverflies. Proc 
R Soc B Biol Sci. 1927;287:2020. https:// doi. org/ 10. 1098/ rspb. 2020. 0508.

 42. Mertens JEJ, et al. Elevational and seasonal patterns of butterflies 
and hawkmoths in plant-pollinator networks in tropical rainforests of 
Mount Cameroon. Sci Rep. 2021;11(1):1–12. https:// doi. org/ 10. 1038/ 
s41598- 021- 89012-x.

 43. Pi HQ, Quan QM, Wu B, Lv XW, Shen LM, Huang SQ. Altitude-related shift 
of relative abundance from insect to sunbird pollination in Elaeagnus 
umbellata (Elaeagnaceae). J Syst Evol. 2021;59(6):1266–75. https:// doi. 
org/ 10. 1111/ JSE. 12685.

 44. Azpiazu C, et al. The role of annual flowering plant strips on a melon crop 
in Central Spain Influence on Pollinators and Crop. Insects. 2020;11(1):66. 
https:// doi. org/ 10. 3390/ INSEC TS110 10066.

 45. de Oliveira AC, Junqueira CN, Augusto SC. Pesticides affect pollinator 
abundance and productivity of sunflower (Helianthus annuus L.). J Apic 
Res. 2018;58(1):2–8. https:// doi. org/ 10. 1080/ 00218 839. 2018. 14944 41.

 46. Ostandie N, et al. Multi-community effects of organic and conventional 
farming practices in vineyards. Sci Rep. 2021;11(1):1–10. https:// doi. org/ 
10. 1038/ s41598- 021- 91095-5.

 47. Pecenka JR, Ingwell LL, Foster RE, Krupke CH, Kaplan I. IPM reduces 
insecticide applications by 95% while maintaining or enhancing crop 
yields through wild pollinator conservation. Proc Natl Acad Sci U S A. 
2021;118(44):e2108429118. https:// doi. org/ 10. 1073/ PNAS. 21084 29118/ 
SUPPL_ FILE/ PNAS. 21084 29118. SAPP. PDF.

 48. Souza CS, et al. Temporal variation in plant–pollinator networks from 
seasonal tropical environments: higher specialization when resources are 
scarce. J Ecol. 2018;106(6):2409–20. https:// doi. org/ 10. 1111/ 1365- 2745. 
12978.

 49. Ghosh S, Jeon H, Jung C. Foraging behaviour and preference of pollen 
sources by honey bee (Apis mellifera) relative to protein contents. J Ecol 
Environ. 2020;44(1):1–7. https:// doi. org/ 10. 1186/ S41610- 020- 0149-9/ 
TABLES/1.

 50. Image M, et al. Does Agri-environment scheme participation in England 
increase pollinator populations and crop pollination services? Agric 
Ecosyst Environ. 2022;325:107755. https:// doi. org/ 10. 1016/J. AGEE. 2021. 
107755.

 51. Pfiffner L, Ostermaier M, Stoeckli S, Müller A. Wild bees respond comple-
mentarily to ‘high-quality’ perennial and annual habitats of organic farms 
in a complex landscape. J Insect Conserv. 2018;22(3):551–62. https:// doi. 
org/ 10. 1007/ S10841- 018- 0084-6.

 52. Chen K, Fijen TPM, Kleijn D, Scheper J. Insect pollination and soil organic 
matter improve raspberry production independently of the effects of 
fertilizers. Agric Ecosyst Environ. 2021;309:107270. https:// doi. org/ 10. 
1016/J. AGEE. 2020. 107270.

 53. Boff S, Scheiner R, Raizer J, Lupi D. Survival rate and changes in foraging 
performances of solitary bees exposed to a novel insecticide. Ecotoxicol 
Environ Saf. 2021;211:111869. https:// doi. org/ 10. 1016/J. ECOENV. 2020. 
111869.

 54. Tamburini G, et al. Fungicide and insecticide exposure adversely impacts 
bumblebees and pollination services under semi-field conditions. Envi-
ron Int. 2021;157:106813. https:// doi. org/ 10. 1016/J. ENVINT. 2021. 106813.

 55. Tschoeke PH, Oliveira EE, Dalcin MS, Silveira-Tschoeke MCAC, Sarmento 
RA, Santos GR. Botanical and synthetic pesticides alter the flower visita-
tion rates of pollinator bees in Neotropical melon fields. Environ Pollut. 
2019;251:591–9. https:// doi. org/ 10. 1016/J. ENVPOL. 2019. 04. 133.

 56. Thompson LJ, Smith S, Stout JC, White B, Zioga E, Stanley DA. Bumble-
bees can be exposed to the herbicide glyphosate when foraging. Environ 
Toxicol Chem. 2022;00:1. https:// doi. org/ 10. 1002/ ETC. 5442.

 57. Uhl P, Brühl CA. The impact of pesticides on flower-visiting insects: a 
review with regard to European risk assessment. Environ Toxicol Chem. 
2019;38(11):2355–70. https:// doi. org/ 10. 1002/ ETC. 4572.

 58. van der Sluijs JP, Vaage NS. Pollinators and global food security: the need 
for holistic global stewardship. Food Ethics. 2016;1(1):75–91. https:// doi. 
org/ 10. 1007/ S41055- 016- 0003-Z.

 59. Heller S, Joshi NK, Chen J, Rajotte EG, Mullin C, Biddinger DJ. Pollina-
tor exposure to systemic insecticides and fungicides applied in the 
previous fall and pre-bloom period in apple orchards. Environ Pollut. 
2020;265:114589. https:// doi. org/ 10. 1016/J. ENVPOL. 2020. 114589.

 60. LH KIILL, Feitoza ED, Siqueira K, Ribeiro MD, EM SILVA. Evaluation of 
floral characteristics of melon hybrids (Cucumis melo L.) in pollinator 

https://doi.org/10.5897/AJAR2020.14974
https://doi.org/10.1080/09583157.2019.1707169
https://doi.org/10.3390/SU12062228
http://www.thebioscan.in
http://www.thebioscan.in
https://doi.org/10.20546/ijcmas.2019.806.114
https://doi.org/10.1016/j.jmva.2012.12.005
https://doi.org/10.1016/j.jmva.2012.12.005
https://www.r-project.org/
https://www.r-project.org/
https://cir.nii.ac.jp/crid/1574231874043578752
https://cir.nii.ac.jp/crid/1574231874043578752
https://doi.org/10.1111/JEN.12854
https://doi.org/10.1038/s41598-019-51916-0
https://doi.org/10.1038/s41598-019-51916-0
https://doi.org/10.1007/S10841-022-00415-1/FIGURES/4
https://doi.org/10.1002/ECE3.3303
https://doi.org/10.1007/S10841-021-00351-6/FIGURES/4
https://doi.org/10.1007/S10841-021-00347-2
https://doi.org/10.1098/rspb.2020.0508
https://doi.org/10.1038/s41598-021-89012-x
https://doi.org/10.1038/s41598-021-89012-x
https://doi.org/10.1111/JSE.12685
https://doi.org/10.1111/JSE.12685
https://doi.org/10.3390/INSECTS11010066
https://doi.org/10.1080/00218839.2018.1494441
https://doi.org/10.1038/s41598-021-91095-5
https://doi.org/10.1038/s41598-021-91095-5
https://doi.org/10.1073/PNAS.2108429118/SUPPL_FILE/PNAS.2108429118.SAPP.PDF
https://doi.org/10.1073/PNAS.2108429118/SUPPL_FILE/PNAS.2108429118.SAPP.PDF
https://doi.org/10.1111/1365-2745.12978
https://doi.org/10.1111/1365-2745.12978
https://doi.org/10.1186/S41610-020-0149-9/TABLES/1
https://doi.org/10.1186/S41610-020-0149-9/TABLES/1
https://doi.org/10.1016/J.AGEE.2021.107755
https://doi.org/10.1016/J.AGEE.2021.107755
https://doi.org/10.1007/S10841-018-0084-6
https://doi.org/10.1007/S10841-018-0084-6
https://doi.org/10.1016/J.AGEE.2020.107270
https://doi.org/10.1016/J.AGEE.2020.107270
https://doi.org/10.1016/J.ECOENV.2020.111869
https://doi.org/10.1016/J.ECOENV.2020.111869
https://doi.org/10.1016/J.ENVINT.2021.106813
https://doi.org/10.1016/J.ENVPOL.2019.04.133
https://doi.org/10.1002/ETC.5442
https://doi.org/10.1002/ETC.4572
https://doi.org/10.1007/S41055-016-0003-Z
https://doi.org/10.1007/S41055-016-0003-Z
https://doi.org/10.1016/J.ENVPOL.2020.114589


Page 13 of 13Rweyemamu et al. BMC Ecology and Evolution            (2024) 24:9  

attractiveness. Rev Bras Frutic. 2016;38(2):e-531. https:// doi. org/ 10. 1590/ 
0100- 29452 016531.

 61. Cook DF, Voss SC, Finch JTD, Rader RC, Cook JM, Spurr CJ. The role of flies 
as pollinators of horticultural crops: an Australian case study with world-
wide relevance. Insects. 2020;11(6):341. https:// doi. org/ 10. 3390/ INSEC 
TS110 60341.

 62. Dunn L, Lequerica M, Reid CR, Latty T. Dual ecosystem services of syrphid 
flies (Diptera: Syrphidae): pollinators and biological control agents. Pest 
Manag Sci. 2020;76(6):1973–9. https:// doi. org/ 10. 1002/ PS. 5807.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1590/0100-29452016531
https://doi.org/10.1590/0100-29452016531
https://doi.org/10.3390/INSECTS11060341
https://doi.org/10.3390/INSECTS11060341
https://doi.org/10.1002/PS.5807

	Impact of cucurbit crop management techniques on the foraging behavior of honeybees and hoverflies in Morogoro, Tanzania
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Description of the study area
	Experimental layout and crop establishment
	Assessment of honeybees’ and hoverflies’ foraging activities
	Data collection
	Statistical analysis

	Results
	Abundance of honeybees and hoverflies on cucurbit flowers across the three cucurbits management practices
	Effects of agroecological zones, seasons, cucurbit species and cucurbits management practices on the visitation frequency
	Effects of agroecological zones, seasons, cucurbit species and cucurbits management practices on the visitation rate
	Effect of agroecological zones, seasons, cucurbit species and cucurbits management practices on thehandling time

	Discussion
	Conclusions
	Acknowledgements
	References


