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INTRODUCTION 
 
Pollination services provided by insects contribute to the productivity of >75% of crop 

species at global scale (Klein et al., 2007). The world’s value of pollinator-dependent crops 

has been estimated annually at US$ 235-577 billion (IPBES, 2016). Thus, the decline of 

abundance and/or diversity of pollinators could cause a sharp reduction in crop yields 

(Garibaldi et al., 2009; Richards, 2001). 

Several pollinators (e.g., bees, birds, bats, etc.) have a positive effect on crops, but bees 

(Apiformes) are the most important pollinator group in most geographical regions (Potts 

et al., 2010). Many crops are pollinated by managed honey bees (Apis mellifera), but 

several studies have shown that pollination and yields are often enhanced by wild 

pollinators (mainly wild bees), even in the presence of honey bees (Breeze et al., 2011; 

Garibaldi et al., 2013; Greenleaf and Kremen, 2006). Wild bee communities provide 

insurance against honey bee scarcity (Kremen et al., 2002), with their pollination services 

potentially exceeding those provided by honey bees (Garibaldi et al., 2013; Winfree et al., 

2007). 

In spite of their relevance, there is ample scientific evidence of a massive descrease in wild 

pollinators, both in species richness and abundance at the global, regional and local scales 

(especially in Europe and North America). Several drivers are behind the decrease in wild 

pollinators, namely the use of pesticides in crops, the destruction of natural and semi-

natural habitats and climate change (IPBES, 2016). Further, intensive agricultural 

practices negatively affect the abundance, diversity, health and stability of pollinators 
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(Kearns et al., 1998). The so-called "pollination crisis" affects not only ecological and 

evolutionary processes, but also the production and yield of many crops that require the 

presence of and interaction with pollinators. 

The crisis of wild pollinators is of major concern because although the global number of 

honey bee hives has increased by about 50 percent due to beekeeping activity, crops 

dependent on pollinators have grown faster (Aizen et al., 2008). Although honey bees are 

very generalist, they do not always ensure a good pollination of some crops, with negative 

consequences on agricultural production (Ortiz-Sánchez and Belda, 1994). Therefore, the 

decrease of wild pollinators might compromise the sustainability of crops and production 

systems (Garibaldi et al., 2012). 

Oleaginous crops are highly dependent on pollinators for seed production. Although 

honey bees are usually the main flower visitors, wild bees have often been found to be 

more effective pollinators (Garibaldi et al., 2012). Oleaginous plants are very important 

in regions such as the Mediterranean and South America, where there are extensive areas 

of oleaginous crops (rapeseed, sunflower, soybeans, etc.) for the extraction of oils. In the 

European Union (EU) around 4.1M ha of sunflower and 6.5M ha of rapeseed are 

cultivated. These figures highlight the importance of oleaginous crops in both the 

agricultural economy and the production of biofuels in the EU.  

Agricultural policies have led to increased research on oilseed crops due to their global 

importance. However, our knowledge about the linkages between pollinators and crop 

productivity still remains limited (Breeze et al., 2014). Thus, reviewing the current status 

of research on this topic can be an interesting starting point to raise future priorities in 

the study of interactions between pollinators and oleaginous crops. 

In this synthesis report, we present the results of a systematic literature review intended 

to explore the current state of knowledge on the functional role of pollinators in 

oleaginous crops, identifying existing knowledge gaps and providing insights for future 

research. 
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METHODS 

Literaturesearch 

We conducted a Web of Science survey up to 2016, using search terms related to the role 

of pollinators in oleaginous crops production. The complete list of the keywords used in 

the systematic review was:  

Topic: (Pollinat* AND bee OR bees OR Apis OR "honey bee*" OR "wild bee*" OR 

Apoidea) 

AND  

Topic: (Sunflower* OR "sunflower* crop*" OR "oleaginous crop*" OR oleaginous* OR 

rape* OR Brassica OR Helianthus) 

AND  

Topic: (“seed set” OR producti* OR "empty seed*") 

 

The literature search resulted in a sample of 331 scientific papers, of which 37 fit the 

criteria for inclusion, that is, papers that have empirically tested the functional role of 

pollinators on oleaginous crops production (Appendix A). 

Data collection and analysis 

Following the content analysis of these selected papers, we created a database (N= 37 

papers), used to characterize the current state and trends of the research, including 

information on: 1) publication characteristics (i.e., year of publication, type of research); 

2) study area; 3) methodological approach used (e.g., data source, theorical or analytical 

approach); 4) pollinator type studied; 5) crop type; 6) crop management type; 7) variables 

used to measure crop production; 8) pollinator effect on crop production. 

To address the current status and trends of research in this field, we performed frequency 

analyses on the variables selected (Table 1).  
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Table 1. Summary of variables used in the systematic review. 

Name of variable Type of 
variable 

Description 

Type of research Qualitative Theoretical/Analytical/Unspecified 
Country(ies) of 
research 

  

Year of publication   
Spatial scale Qualitative Global/Regional/National/Subnational/Local 

Unspecified 
Method of research Qualitative Punctual/Monitoring 
Pollinators 
analyzed 

Qualitative Honey bees/Wild bees/ Others pollinators 
Unspecified 

Predominant genus 
of pollinators 

Qualitative Apis/Bombus/Osmia/Other 
Unspecified 

Type of sampling 
method 

Qualitative Pan Traps/Visual surveys/Others 

Type of crop Qualitative Rapeseed/Sunflower/Other 
Unspecified 

Crop management Qualitative Intensive/Extensive/Unspecified 
Use of pesticides in 
the crop 

Qualitative Yes/No 

Use of fertilizers in 
the crop 

Qualitative Yes/No 

Valuation method Quantitative Variables of production used 
Relation between 
crops and 
pollinators 

Qualitative Positive/Negative/Unspecified 

Efects on 
production 

Quantitative Magnitude of the effect 

Location of crop 
analyzed 

Qualitative  

 

 

RESULTS 

 

Temporal trends in our sample show that this topic is an emerging research field, with an 

exponential increase in the number of papers. Although the first empirical study was 

published in 1988, the number of papers has been growing exponentially between 2009 

and 2014 (Figure 1).  
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Figure 1. Trends in the scientific literature exploring the links between pollinators and 
oleaginous crops production. 

 

Most of the research was conducted in Europe (42%), followed by South America (17%), 

North America (14%) and Asia (14%) (see Figure 2). 
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Figure 2. Percentage of studies conducted at different geographical regions. 

 

Most studies were conducted at a local (73%) or regional (11%) scale, with very few being 

conducted at subnational or global scale (Figure 3). 
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Figure 3. Percentage of studies conducted at different spatial scales (In the legend, NA means “Not 
available”). 

 

Regarding the methodological approach, most of the studies were performed using visual 

count sampling (N=20), followed by pan traps (N=6) and other methods (N=8) that 

include nesting traps, sweep netting, etc.  (Fig. 4). 
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Figure 4. Number of studies conducted using several methodologies. 

 

Honey bees represent the group of pollinators that have been most studied in oleaginous 

crops (N=29), followed by wild bees (N=28), while few papers have studied other 

pollinators (e.g. butterflies, flies, birds, etc.) (Fig. 5). 
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Figure 5. Number of studies exploring different groups of pollinators. 

 

Regarding pollinator genus, Apis, specifically Apis mellifera (honey bees) has been the 

most studied, followed by the genus Bombus, Osmia and Lasioglossum (Fig. 6). 

 

 

Figure. 6. Percentage of studies conducted focusing on different genus. (In the legend, 
NA means “Not available”) 
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Regarding the crops analyzed in the scientific papers, the two predominant crops were 

rapeseed and sunflower (Fig. 7), two of the most important oleaginous crops for oil 

production, used both in the food sector and for the production of biofuels. 

 

Figure 7. Number of studies focusing on different oleaginous crops. 

 

Most studies were conducted using seed set or seed weight as proxies of crop production 

(N=37). However, other variables were used in some studies, such as crop yields per Ha 

or germination percentage (Fig. 8). 
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Figure 8. Percentage of studies conducted using several variables as proxy of crop production. 

 

Finally, we found that most studies reported a positive relationship between the presence 

of pollinators and crop production (N=35 papers). In the case of sunflower crops, studies 

that quantified the effect of pollinators on crop production found significant increases in 

production that ranged from 11% to more than 50%, compared with production values 

without the presence of bee pollinators (particularly honey bees). On the other hand, the 

studies that analyzed the effect of pollinators on rapeseed crops found similar increases 

in production variables analyzed (ranged from 15% to more than 60%), mostly related to 

the presence of honey bees and bumble bees. 

 

DISCUSSION AND CONCLUSIONS 

In recent years, the number of papers that explore the links between pollinators and 

oleaginous crops production has grown notably. However, our review highlights the 

existence of important gaps of information for several geographical areas and pollinator 

groups.  
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An important finding that emerged from this review is the lack of a standardized 

methodology to measure crop production and the effect of pollinators on this parameter. 

Seed set is the most used variable to estimate production, but other variables have also 

been used in different studies, which makes it difficult to conduct comparisons among 

sites or to perform meta-analyses. 

Regarding pollinator sampling methods, visual counts were the most used methodology, 

which also hampers comparisons among studies and introduces potential biases 

associated with the sampling effort and the skills of the observers, or with the periods of 

the day when sampling takes place. The scarcity of studies on the interaction between 

honey bees and wild bees is also particularly relevant taking into account recent findings 

that highlight the importance of this interaction and its potential effect on wild bees’ 

visual counts (Geldmann and González-Varo, 2018). 

Of note is the fact the most of the studies in the review did not control for the use of 

insecticides in crops. This is an important limitation for comparisons among sites and for 

a correct interpretation of results, particularly taking into account the demonstrated effect 

of neonicotinoids on bee populations (Woodcock et al., 2017). Exploring the effect of 

insecticides application and seed production mediated by wild bees would be an 

important research challenge in oleaginous crops. 

In spite of the limitations mentioned above, all the studies reviewed report significant 

improvements in oleaginous crop production mediated by bees, being this effect more 

evident in rapeseed (where wild bees also play a more important functional role) than in 

sunflower crops.  

To advance our knowledge on the functional role of pollinators in oleaginous crops, 

standardized protocols for measuring production are needed. It is also important to 

conduct studies at different spatial scales (65% of the studies reviewed were conducted at 

a local scale), taking into account that the effect of wild pollinators diversity and 

abundance highly differs depending on the spatial scale analyzed (Winfree et al., 2018). 



	

	

13	

Rural green infrastructure Rural green infrastructure 
promo!ng pollina!onpromo!ng pollina!on

secretary@pollolegi.eupollolegi.eu
European Regional Development Fund

Finally, it would also be important to explore the effect of honey bee hives mobility on 

crop production. At least in Mediterranean Spain the transhumance of hives is a 

customary practice and sunflower crops are highly dependent on this activity. Hives are 

moved periodically throughout the country to take advantage of the blooming season of 

different crops (e.g., sunflower, almond, apple, watermelon). Thus, sunflower crops are 

highly vulnerable as they depend on the arrival of transhumant bee hives during the peak 

of blooming. Strategies to increase resilience of oleaginous crops might include fostering 

local wild bee populations that can provide insurance against a decrease in hive 

transhumant activities. 
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