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Disclaimer 
This Mini Paper has been developed within the frame of the EU CAP Network Focus Group 
‘Crop associations including milpa and protein crops’ with the purpose of providing input to the 
Focus Group discussions and final report.  
The information and views set out in this Mini Paper are those of the author(s) and do not 
necessarily reflect the official opinion of the Commission. The Commission does not guarantee 
the accuracy of the data included in this Mini Paper. Neither the Commission nor any person 
acting on the Commission’s behalf may be held responsible for the use which may be made 
of the information contained therein.  
If you wish to cite this Mini Paper, please refer to it as ‘Annex to the final report of the EU CAP 
Network Focus Group ‘Crop associations including milpa and protein crops’, 2024’. 
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Summary  
 
This mini paper offers a step-by-step search strategy for practitioners interested in crop 
associations. It offers advice on how to turn motivations into search terms, suggests search 
tools, and provides some insight into how results of a search can be evaluated for suitability. 
Each step in the process corresponds to a section of the mini paper. 
 

Introduction 
 
While there is quite some evidence that growing crop mixtures can 1) improve productivity per 
unit land, 2) enhance the use of soil nutrients and allow for reduced nutrient inputs, 3) reduce 
pest, disease and weed pressure and 4) when used for longer times enhance soil organic 
carbon and nitrogen, their use is currently limited within the EU. The only real widespread use 
is mixed pastures, which falls out of the scope of this mini paper. For one thing, to arrive at the 
above-mentioned advantages, different mixture designs are required: thus obtaining all 
advantages simultaneously is not possible. There is as much evidence to state that a wrong 
species combination can lead to major disadvantages as there is evidence of combinations 
that can maximise the advantages. While there is currently more experience on the use of crop 
associations among farmers in parts of China, Africa and middle and southern America, there 
is also evidence that farmers in Europe used to grow more mixed stands than they currently 
do. In a companion mini paper (MP4, ‘Integrating Crop Associations into Farming Systems’), 
the general reasons why crop associations can be useful is spelled out in more detail. 
 
This mini paper seeks to help in the search for crop association practices based on what 
practitioners are interested in growing in their crop portfolio and what production problems they 
face (Fig. 2). This will be done by helping contextualize the search before zooming in on the 
search strategies that may be used. There are many terms we use, like crop, mixture, crop 
association or agroforestry, that may require definitions. For the way we use terms please see 
the glossary in Appendix 1. 
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Figure 1. Visual summary of the search strategy with steps 2 and 3 expanded, depicting the multiple pathways available from this paper. Source: European 
Commission 
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Figure 2. A visual representation of our proposed 
search strategy. The motivation for searching for a 
crop association is placed firmly at the start, while 
the circular nature of the steps reinforces the need 
for continual evaluation. The colours used for each 
step are repeated throughout this minipaper. 
Source: Robin van Schie (2024).  
 
 
 
 
 
 
 
While not precisely part of the search strategy1, 
putting the crop association into practice is an 

important part of the process (Fig. 2, Step 5). It might also be that no satisfying answer is 
obtained. In that case one may want to revise the search again based on an analysis of why 
the earlier search was not satisfactory. Best practices and sound advice regarding crop 
associations vary. Some practices, such as cover cropping, offer more data driven choices to 
be made than others, such as mixed cropping. Those who implement these ideas are 
encouraged to continually evaluate their work. Advice on the practice of crop associations is 
beyond the scope of this minipaper; however, MP’s 1 and 2, provide insights into important 
technical aspects. 
 
 
Three main motivations to use crop associations 
 
We can group motivations practitioners may have for seeking crop association practices 
roughly into three types: 1) the practitioner has production problems in a current system that 
may require solutions beyond the standard monocrop based 'toolkit', 2) the practitioner wants 
to increase the range of ecosystem services fields provide for the farm and beyond, 3) the 
practitioner is interested in expanding the portfolio of crops grown and their configurations on 
the farm. Each of these will lead to a slightly different search strategy. We have illustrated the 
first two motivations in Figure 3. For the third motivation, the practitioner would need to decide 
which crops are of interest, which configuration and potentially which ecosystem service, and 
desired income it should provide. This implies a combination of the steps from the first two 
types of reasons, eliminating the need to illustrate it separately. 
 

 
1 A sequence of steps to find answers to a question including: 1) a method to define keywords 
to enter the search, 2) a method to select the most fit search tool. 
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Figure 3. “Looking for Crop Associations” expands on Step 2 of Figs. 1 & 2. This flow chart provides a 
visual representation of how the answer to “why” changes the questions one will ask during their work 
to identify “search terms.” Source: Robin van Schie and Joshua Finch (2024). 
 
 

From an interest in crop associations to a search 
strategy 
The goal of this section is to help define the needs and related search terms to be used in 
the Active Search Phase (Section III). To make such a list, we find it is helpful to first gather 
preliminary information about a farm (see: “Preliminary Farm Inventory/Analysis”). Then, 
general advice on types of crop associations related to each motivational category (Fig. 3). 
Outlining the practitioner's goals and defining the problem better help prevent the practitioner 
from starting the active search phase “empty handed”. For this and other steps in the search, 
a practical example is provided at the end of Section III.  
 
We encourage practitioners to approach the task of generating the keywords for their search 
from multiple angles to help broaden the solution space. 
 
 

1. Preliminary farm inventory/analysis 
 
The first suggestion we have is to lay the groundwork for your search by creating a farm 
inventory and basic context analysis. Practitioners have experience with, as well as access to 
machinery for, a certain number of crops. Possible markets will also help define what they can 
produce. Make an inventory of such expertise, technical infrastructure, and market options. 
This inventory can serve as an aide-mémoire while conducting the search: having this 
information readily available will facilitate comparison between a farm’s context and the context 
of scientific trials or farm case studies. Consider at least the following: 
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• Climate 
o Precipitation amount, pattern of distribution 
o Growing Degree Days 
o Frost-Free Days 

• Biogeographical region 
• Soil Type(s) 

o Including key parameters such as soil organic matter 
• Currently grown crops and reared animals 

o On the own farm 
o On neighbouring farms 

• The output and input (markets) you have access to 
o Manure, seeds, crop protection and fertilisation products 
o Values chain (actor)s you work with and you consider ‘within reach’.  

 
It is best to critically apply the inventory at a later stage in the strategy, typically when selections 
need to be made among ‘all that could be possibly of interest’. In this way, the 'windows are 
opened’ first ‘allowing some fresh air' and inspiration before options are discarded based on 
current limitations.  
 

2. Motivation specific considerations 
 
When embarking on a search for crop association practices, it’s essential to compile relevant 
terms. We propose three primary categories that comprehensively cover motivations 
practitioners explore crop associations (Fig. 3): 
 

a) Addressing existing production problems 
b) Improving the farm’s provision of ecosystem services 
c) Introducing new crops or farm enterprises (not in Fig. 3) 

 
In providing these categories and their accompanying aides for identifying key words, we have 
kept in mind the phrase: “How to ask the right question?” A robust search strategy not only 
directs you towards what you wish to find, but also directs you away from information that is 
not likely to be relevant. 
 

a. Tackling existing production problems 
 
Crop associations are often introduced on farms to help resolve or mitigate production related 
problems. Methods for determining which problem is the best candidate in a practitioner's 
context is beyond the scope of our paper. However, we can offer guidance on how to ask the 
right question about your problem in relation to crop associations (See the comprehensive 
example at end of Section III).  
 
What scale does the problem manifest itself or stem from? 
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Figure 4. Focus frame on the Existing Problem motivational pathway, from Figure 3. Source: European 

Commission 
 
The scale at which the problem occurs can be the field, the farm or beyond the farm at the 
landscape level (Fig. 4). Clarifying this will help to more readily identify what types of 
associations might be of interest. Please note that while we have attempted to place crop 
associations to the scale at which they are typically practiced, this chart cannot capture the full 
range of applicability and is meant as a guide to understanding a crop association’s spatial 
aspect.  
 
We can use “intercropping” to illustrate this: while an intercrop can address production 
problems at the field scale, implementing it on a single field will not solve issues at landscape 
level. Only concerted action of all farmers in a landscape could in cases make that the use of 
intercropping solves an issue at landscape level. We suggest narrowing your initial search 
terms to crop associations which are broadly appropriate for the spatial scale of the problem. 
 
What kind of function is most applicable to my problem? 
 
The more clearly you can identify the nature of the problem, the more readily you can decide 
what category of crop association function is likely to hold a potential answer (Fig. 4). 
Evaluating a crop’s “chain of production” is a powerful tool in diagnosing a problem and 
determining whether a crop association will make the greatest positive impact. 
 
A basic understanding of the potential function of each type of crop association, which is 
addressed in some more detail in Minipaper 4 “Integrating Crop Associations Into Farming 
Systems” is especially useful here. In brief, crop associations can either a) directly support the 
production or quality of a crop (or introduce new crops) or b) provide indirect services which 
may improve production.  
 
Which category do you believe would address the weakest link in your crop’s chain of 
production? Looking back at Figure 4, we can see that making such a distinction reduces 
complexity by narrowing the options. At the end of Section III an example is worked out about 
preventing lodging in legumes with tendrils- like lentils and peas- by intercropping to provide 
structural support (therefore search terms ‘lodging’ and ‘support crop’ are included). One may 
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wish to combine those search terms with crop associations such as ‘companion cropping’ or 
‘intercropping.’ 
 

b. Providing an additional ecosystem service to the farm output 
 
Crop associations offer opportunities for farmers to improve ecosystem services as many of 
the practices are proactive measures which can improve, for example, biodiversity, soil and 
water issues, and microclimates. If you are a practitioner looking for ways to improve your local 
ecosystem, we wish to offer advice on how that motivation can be realized through finding 
appropriate crop associations. Although the provision of improved ecosystem services can be 
considered as a response to a problem (e.g., low biodiversity), we frame this motivation 
separately from production problems.  
 
Practitioners will be familiar with other reasons for changing than improving crop production. 
Farmers often adopt new practices because of other motivations, especially those related to 
personal, familial, or cultural interest. Questions related to quality of life, enjoyment, or 
meaningful work often relate to the quality of the environment we call home. Practitioners may 
wish to improve the overall quality of their local environment and crop associations can help 
them accomplish this. As mentioned in the “preliminary farm inventory” section above, opening 
the window of possibility to new ideas is particularly useful when searching for crop 
associations that can begin to provide ecosystem services. 

 
Figure 5. Focus frame on the Ecosystem services motivational pathway from Figs 1 & 2. Source: 

European Commission 
 
In Figure 5 we have provided a visual means of quickly determining which crop associations 
are generally considered good options for addressing different types of ecosystem services. 
Some, like agroforestry, can be tailored to provide many kinds of services. Others, such as 
cover crops, are- comparatively- more constrained in the kinds of services they provide. While 
it may appear that only crop associations whose primary function is to provide services would 
be useful here, it should be noted that production-oriented crop associations (e.g. strip 
cropping or intercropping) can also provide ecosystem services (e.g. pollination). Also it should 
be noted that many crop associations are complementary: there is no reason why strip 
cropping cannot be practiced in such a way that it includes cover cropping, relay cropping, 
nurse cropping, or even agroforestry. 
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Considering that we have provided broad categories, one would benefit from adding more 
specific terms to the list of keywords. Some additional points to consider for those categories 
are: 
 

• Biodiversity  
o Habitat. What kinds of habitats would you like to create, which crop 

associations could create these? 
o Are you looking to support specific organisms? 

 Beneficial insects, bats, birds, plants? 
• Soil 

o Protection against wind or water erosion?  
o Soil organisms (worms, beneficial nematodes, etc)? 
o Nutrient cycling/utilization/efficiency (eutrophication)  

• Water  
o Improving aquatic habitats? 
o Water quality (sedimentation, nutrient load/eutrophication, microbiology) 

• Mesoclimate 
o By inserting a shorter crop/plant in the canopy of a taller crop with for instance 

disease problems the microclimate can be made less moist reducing disease 
pressure. 

 
c. Introducing new crops or farm enterprises  

 
Some practitioners will be looking to crop associations to add new crops or enterprises to their 
farm. If this matches your motivation, we suggest hybridizing the first two motivational 
pathways. With your preliminary farm analysis on hand, consider what you would like, what 
interests you, and begin asking questions about scale, function, and the resources you feel 
comfortable bringing to bear (see also MP4). In general, you will be aiming to produce a solid 
“why” you want something new. If, for example, you wish to introduce a new crop to provide 
additional cash flow in the first year, you can probably leave out agroforestry systems from 
your initial search. Agroforestry could be attractive if you have a different set of motivations. 
For example, if most of your crops are parcelled out to individual fields and you do not have 
enterprises which are expansive across your farm, perhaps then agroforestry could be a way 
to unite the fields through green corridors, providing ecosystem services, tree fodder, shade, 
and additional cash crops simultaneously. This would provide something new through crop 
associations. 
 

Active search phase 
The active search phase corresponds with Step 3 in Figures 1 & 2. The purpose of this step is 
to use search tools to produce names of specific kinds of crop associations that meet your 
goals. Evaluating the results is considered a discrete step in our search strategy and will be 
described in Section IV.  
 
Until now, our search strategy has emphasized the importance of collecting preliminary 
information so that the practitioner is equipped for conversations with fellow farmers, 
researchers, or to use other search options such as digital tools or books. During this phase of 
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the search strategy, we advise practitioners to use different search options. The tools one may 
use have been grouped according to option (Figure 6): 
 

• Conversations with other people 
• Digital options 
• Printed sources 

 

 
Figure 6. Visualisation of the three broad search options and the related people, tools or version one 

may think of. Source: Joshua Finch and Robin van Schie (2024) 
 
The end of this chapter provides an example and how to use the different search tools that are 
described here. 
 

Option 1: Engage with people 
 
Reaching out to people in your community/network is a logical first step: a lot of knowledge 
and experience is waiting close at hand. Even if talking with neighbours and local advisors 
does not yield advice on which crop associations work best, conversations with your farming 
community or network through your farmer organisation can lead to important questions about 
the viability of a crop association you may find. Knowing potential limitations to crop 
associations that others have identified can be useful when evaluating search results. 
 
By using our search strategy, you will have produced a solid basis for conversation or written 
correspondence with the community of practitioners and researchers involved with crop 
associations. 
 
In Appendix 2, a proposal is made for a “database/contact list” which we envision serving as 
source of contact information for practitioners and research groups that are focused on crop 
association practices. 
 
Another way to find people from outside your direct social network could be through social 
media, such as Instagram/TikTok/LinkedIn. Many social media platforms host user created 
groups around crop associations such as cover cropping, agroforestry and other practices. 
These places can be useful places to meet other people and to see what they are doing. Most 
scholarly work still conveys information largely through data and written text. Social media, on 
the other hand, often leverages the power of multimedia, which can be more approachable. 
Users uploading videos in high quality can help provide a better understanding of what these 
crop associations look like in practice.  
 

Option 2: Digital tools 
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How one finds information stored online greatly depends on what kind of information one is 
searching for. Here, we have compiled a list of different digital search tools which, broadly 
speaking, have either different means of producing results or produce very different kinds of 
results. 
 
In this active search phase, the formulated questions and/or keywords are put into different 
search tools to yield salient results. There are several search tools to choose from. These go 
from broad searching to very specific questions and from tools targeting all possible information 
in cyber space to tools purely targeting information from the domain of science. These search 
tools include: 
 
Reported research 

• The currently most useful and publicly available research-oriented search engines 
is Google Scholar 

• Scholarly tools have limited (CAB abstract) or paid access (Scopus, Web of science) 
but might be accessible from university libraries. 

AI/Large language model-based tools 
• ChatGPT 
• Other emerging tools? 

Generic/universal search engines: 
• Common search engines such as Google, DuckDuckGo, Ecosia or Bing 
• Video platforms such as Youtube, Vimeo, etc. 

 
d. Finding scholarly information 

Publicly available scholarly search engines 
To search for research report it is recommended to use search engines designed for research. 
Google scholar is open access and provides references to research reports and books. Some 
expertise is needed to evaluate the quality of the information. In addition, although the tool can 
provide you with links to academic work, be aware that full access to those papers and journals 
will often require paid access. Many universities and even some public libraries may have 
access to these journals, so it is worthwhile to network within your community. Access to 
abstracts tends to be free and provides you with an insight in whether content could be 
interesting, furthermore often the email address of a corresponding other is provided which 
could be used to ask for a free copy. In Box 1 at the end of this section an elaboration is given 
of the way to use search strings. 
 

Subscription tools for scholarly information searching 
Scholarly search engines such as Scopus, Web of Science and CAB Abstract require paid 
access. These engines are fully geared towards providing a replicable answer to a search. This 
means that results of a search are identical between all users - your past behaviour does not 
alter the appearance of the results. Also, the scholarly papers that are suggested are from 
verified origin. Unfortunately, among scholarly journals there is an increasing number which 
publish papers that are not based on thorough research. These will be suggested to you by 
Google Scholar but are excluded by these other search engines. Results from Google scholar 
thus require more checks on the validity of the reports. The logic for searching is not 
fundamentally different from the example in Box 1. 
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Both finding academic articles and evaluating them can pose a significant challenge. Even 
trained professionals can find comprehending a publication time consuming and difficult. Even 
so, we encourage all practitioners to also use these tools in their search. When in doubt, reach 
out to your community, local universities, advisors, and even the authors of the research itself. 
Many of these researchers are willing to correspond. 
 

e. AI-based systems 
 
AI-based chat bots are increasingly popular, while other forms of AI are being integrated into 
everyday programs such as internet browsers, search engines, and office software. Large 
language models can engage in a form of dialogue with the user in everyday language. Some 
of these tools can not only produce text, but also make lists of crops that could be of interest, 
to list places in the world with similar climates to yours, and to generate lists of research papers 
that deal with certain topics. Follow-up questions about the crops or asking about crop 
associations used in these similar climates is possible due to the conversational nature of AI-
based chat bots. 
 
These types of tools are best used early on in your search. The strength of these tools is that 
they are not limited to a language you speak. The tools are often trained on many languages, 
which they can read natively and translate to you with a summary. 
 
However, depending on the tool, the AI may not refer to the sources of information it used to 
create its response. Some tools have even been known to generate false information. It is 
important to fact check the results with other search tools once the provided answers seem of 
interest. 
 

f. Common search engines 
 
Most people use internet search engines like Google, Bing, DuckDuckGo and Ecosia to help 
them find information or answer questions. These tools are very good at looking for newspaper 
or magazine articles, blogs and specialised websites about the topic that you are looking for. 
When using search engines, you often find articles emphasizing practical aspects, as many 
online resources tend to focus on such topics, with less technical detail. This can be easier to 
understand and implement on the farm. A downside of these search engines is that the 
algorithms they use typically return more of the same information as you have clicked on in the 
past. Looking well beyond the first page (20 hits) is essential. When abstracts from reports 
found with Google Scholar have given you suggestions of possible good solutions, you may 
want to make a more dedicated search using these more generic tools to search for images, 
videos or people working with those solutions. Many also support search strings (Box 1) to help 
constrain the algorithms. 
 

g. Video platforms 
 
For example, YouTube is a search tool for getting a visual picture of the topic. With YouTube 
it is possible to see an actual example of farming practices. Many farmers and researchers 
post long-form content where they explain what they are doing, why and how in a great amount 
of detail.  
 
If you find a crop association being grown by farmers who speak a language other than your 
own, try using a translation tool to form keywords or questions in the native language. Using 
the search tools here you can find more content to get a broader impression of their farming 
practices. This information can be hard to get from the other search tools. Be aware that despite 
translation tools, it might be hard to understand the translated description; the automatic 
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subtitle tool does not always get the translation just right. YouTube is complementary to textual 
information produced by other tools. 
 
 

Option 3: Printed sources 
 
While fast developing technologies like artificial intelligence and high-quality visual media offer 
many advantages, printed sources of information remain valuable to those in search of crop 
associations. In the practical sense, not all printed materials are available digitally. 
 
Printed sources of material have a few distinct advantages. Besides not needing electricity or 
internet access, research demonstrates that we retain information from printed materials more 
readily than from words on a screen. Printed materials can also be viewed easily during 
meetings and carried into the field. 
 
Written sources also allow us to access people who have been writing about agriculture in the 
past. Although some journals have digitized their pre-Internet era proceedings, this is not the 
case with all of them. And if we consider books and journals whose publishers are no longer 
operating, there is a large amount of information waiting to be found on the shelves of libraries. 
Reading material from the past allows us to consider ideas and practices that are no longer 
used or have become rare. 
 
There are likely crop associations that have a) not been researched in modern times, or b) fell 
out of use for reasons that have nothing to do with their efficacy. Turning to historical sources 
to learn about past farming practices may provide insights into crop associations that you find 
interesting enough to try, or to use as the basis for further research. 
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Example of the active search phase 
 
Motivation for researching crop associations? Existing Problem with Production (Figure 2) 
Problem? Lodging in legumes with tendrils (e.g. pea or lentil), resulting in low yield and quality 
Scale at which the problem manifests? at the Field Level 
Search terms:  
- Crop association; mixed cropping; intercropping; polyculture; etc. (you may want to combine all for a 
broad search or select the term that is most likely to provide a solution to your condition) 
- Lentil; Lens culinaris; pea; Pisum sativum (for formal searches always also look up the name in Latin, 
next to the common name [here in English]).  
- Support crop; Lodging (as lodging is the problem, support is what is needed) 
 
The example is based on two legumes that have similar structures (tendrils) they use to support 
themselves in a stand. When grown as sole stands then rather easily lodge over large parts of 
a field making the harvesting problematic and developing mould. These grow in different zones 
within Europe, with lentils only growing in the warmer areas and seasons and pea in cooler 
areas or seasons. The problem with lodging and subsequent harvesting are similar. 
 
Below, we will use the search terms listed above while employing each of the search options. 

 
Figure 7. A variation of Figure 2 highlighting the step of the search strategy currently in employ in this 
demonstration. Source: European Commission 
 
Engaging with people 
 
Ivar van Dorst, a Dutch farmer, shared from his own experience that legumes with tendrils (see 
image below) to support them, such as lentils, peas and vetches, should be mixed with an 
equal height or slightly taller crop that provides structure for them to hold onto. Crops to 
combine lentils with are cereals like oat, wheat and barley or oilseed crops like flax or camelina. 
As an example he said that he sowed 20% of a monoculture of oats into a full lentil stand. 
Through tillering the oats produced 50-60% of a monoculture harvest. So, besides preventing 
lodging of the lentils - which could severely damage the crop - the system produced an 
additional 50-60% yield. This makes a land equivalent ratio of 1.5-1.6. With this kind of 
combination a common challenge is the separation of the different seeds after harvest. There 
are some machines available for this purpose nut this challenge can also be avoided by making 
a product with the combined seeds from the mixture. Lentils and durum wheat make an 
excellent protein rich pasta. 
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Figure 8. Lentils and wheat as a crop association where the lentil tendrils are holding onto the wheat 
stalks. Source: Robin van Schie (2024). 
 
Scholarly literature 
Google Scholar was used to create search for research reporting options to use crop 
associations to avoid lodging in legumes such as lentils and peas. For this it is recommended 
to search with search strings of keywords. Below, we offer an example of how to build search 
strings for the best results. 
The outcome of a search is determined by both the search terms one uses and the way they 
are combined with the words OR and AND, the placement of brackets and the use of hyphens 
as explained. 
Use the string [a OR b] when you want the machine to provide a range of papers where: only 
‘a’ is to be found, where only 'b' is to be found and where both ‘a’ and 'b’ are to be found. Use 
the string [a AND b] when you want the machine to provide only those papers where both ‘a’ 
and 'b’ will be found. 
When you want a word combination to be found in a paper (like “crop association”), use the 
quotation sign to introduce the start and the end of the word combination. In principle, a paper 
that only uses one of the included terms but not the combination will not be shown in the search 
results when using this formatting. So, with the string "crop association” you exclude papers 
that use ‘crop’ or ‘association’ as terms by themselves, but not the combination ‘crop 
association’. If you wish to combine the use of different search strings, you can group functions 
together by using parentheses. 
 
Box 1 An example of using search strings in Google Scholar  
 
Using a search string can look like this:  
(lentil OR “lens culinaris” OR “vicia lens”) -> 180.000 hits 
(lentil OR “lens culinaris” OR “vicia lens”) AND lodging -> 7.970 hits 
(lentil OR “lens culinaris” OR “vicia lens”) AND lodging AND “crop association” -> 35 hits 
(lentil OR “lens culinaris” OR “vicia lens”) AND lodging AND (“crop association” OR polyculture OR 
intercropping OR “support crop”) -> 1.400 hits 
 
While looking at more than just the first few hits, the first hit of the last string seems already an interesting 
lead with suggestions to use wheat, barley, oat, linseed or buckwheat (Wang et al., 2012). Also the next 
hits all seem to provide relevant information about reducing lodging in lentils through some form of crop 
association. 
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Extending the search to include pea next to lentil could be done in Google Scholar as: 
(lentil OR “lens culinaris” OR “vicia lens” OR pea OR “pisum sativum”) -> 1.300.000 hits 
(lentil OR “lens culinaris” OR “vicia lens” OR pea OR “pisum sativum”) AND lodging -> 42.800 hits 
(lentil OR “lens culinaris” OR “vicia lens” OR pea OR “pisum sativum”) AND lodging AND “crop 
association” -> 146 hits 
(lentil OR “lens culinaris” OR “vicia lens” OR pea OR “pisum sativum”) AND lodging AND (“crop 
association” OR polyculture OR intercropping OR “support crop”) -> 4.380 hits 
 
In other words, there is a lot more information available on pea than on lentil. If one is interested in 
companions that work on both lentil and pea the search could be reformulated as (in a single search 
now): 
 
(lentil OR “lens culinaris” OR “vicia lens”) AND (pea OR “pisum sativum”) AND lodging AND (“crop 
association” OR polyculture OR intercropping OR support crop”)  
 
This search string results in 2.130 hits. This also shows the flaws there are when searching with Google 
Scholar. While in principle the number of hits could never have been more than for lentil alone, it is 
providing 730 extra hits, and the second paper for instance is not about lentil, only about pea. Despite 
this flaw which does not exist with the more formal scholarly tools, there are definitely very relevant hits 
related to the starting question. The advantage is the access is free. 
 
Online and digital tools 
AI-based systems 
For this example, ChatGPT was used. The first question that was asked was: “How can lodging 
with peas or lentils be prevented?” The AI answered this with a list of eight factors for possible 
solutions: provide support, choose dwarf varieties, optimal spacing, healthy soil, watering 
practices, timely harvest, crop rotation and windbreaks. The proposed solutions were mostly 
around two themes, external support or protection and plant health. 
But intercropping or another type of crop association wasn't mentioned. So, a follow-up 
question was asked: “Can you include intercropping into the measures?” The AI again gave 
me a list of eight suggestions: companion planting, mix tall and short crops, diversify root 
structures, nitrogen-fixing crops, succession planting, crop rotation, polyculture and 
observation and adaptation. These suggestions again can be summarized into two main 
themes external support and plant health, but this time the external support is other plants. At 
this point it becomes interesting to know which species lentils or peas could be mixed with. 
Therefore, the AI was asked to make a list of species to intercrop with lentils or peas to prevent 
lodging. The species that the AI gave were sunflower, corn, buckwheat, oats, barley, alyssum, 
tall fescue, clover, lupins, radishes, comfrey and chamomile. When you are familiar with these 
species it is easy to see that not all species will provide a good structure. It is important to 
assess these species on their usefulness. 
This process of asking questions and follow-up questions was done multiple times and the 
answers were really similar. 
 
Visual tools 
For this example, YouTube was used. But with the keyword “lodging” (or the translation of it 
into other languages) wasn't fruitful. However, YouTube was able to provide videos of different 
lentil or pea mixes with the keywords “intercropping lentils” or “intercropping peas”. These kinds 
of videos give a sense of how the crop mixes that are suggested in the early search examples 
look in the field. Besides this, the videos give anecdotal or science-based reviews about the 
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mix and the process or growing and harvesting. 

 
Photograph 1: ‘A field of linseed and lentil’. Source: Stefano Bortolussi. 
 

Evaluating the findings 
After conducting the active searching for information, it is important to evaluate the quality of 
the findings. This can be done in roughly three phases. The first evaluation will be on the quality 
of the information, second the suitability of the information in one’s context and lastly the 
implementation in the field. It is not within the scope of this mini-paper to provide 
comprehensive means of evaluating your findings, so we have compiled starting points for 
each of these three phases to help initiate the process. 
 

1. Suitability of the results 
 
When the source of the information is assessed and of proper quality, the next step will be to 
evaluate the suitability of the information to the context of the case. The evaluation can also be 
done by asking questions about the results and the context of the information. Now is the time 
to bring the preliminary farm inventory and analysis (see Section II) to bear on your results. 
 
It is important to question: “why could this information be implemented on the farm?” Is there, 
for example, a similarity in climate or the global range of a pest or disease? The interaction 
between crop species as well as the growth and the productivity of species can differ a lot 
depending on the local climate. So, the results of a study conducted in Spain about the 
productivity of two species grown in a mix won’t necessarily give information about the 
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productivity of the same species grown in Denmark due to the climatic difference. Things to 
be conscious about could be: 
 

• Local climate   
• Soil type 
• Ground water level 
• Soil fertility 
• Was it practiced in the past? If so, why has it fallen out of practice? 
• Locally available and adapted cultivars 

 
Besides the local abiotic context, the global range of pests or diseases is also important to 
keep in mind. For example, if you are looking for companion crops to deter pests, it is critical 
that your source explains why the deterrence occurs. Some companion crops work for very 
specific reasons and those mechanisms cannot be generalized to other pests, crops and 
sometimes cultivars. 
 

2. Implementation on the farm 
 
The last step in the evaluation of the found information is to put it into practice. Conducting 
tests on the farm is the only sure way to assess the suitability of suggested crop associations. 
If the results of the tests are desirable, the practice can be scaled up on the farm. When the 
results of the test are undesirable, the results provide new insights that can be used to refine 
the earlier search, look for more appropriate information or adjust the practice in the field (Fig. 
1). So, this step is not always the last step in finding the right information. Successful adoption 
of crop associations requires continual evaluation and change. Mini papers 1, 2 and 3 go 
deeper into how to implement crop associations on the farm. 
 

Conclusion 
The current mini-paper set out to provide insight into options to search for crop associations. 
The first step in this search should be to determine why crop associations are of potential 
interest to what one is looking for. A distinction is then made between searching to alleviate 
current problems, searching for broadening the ecosystems services on farm or beyond or the 
search for inclusion of a new enterprise. As preamble to the search proper, it is advocated to 
make a farm inventory, problem or motivation analysis and translate findings into key words 
for the search. For the active search phase, a distinction is made between engaging physically 
or online with people, searching for online written texts and images using different tools and 
platforms. To support use of this information an example is elaborated using the different 
approaches. In the final section reference is made to options to evaluate search findings prior 
to an actual testing of any plausible solution.  
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Appendix 1. Glossary 
This glossary is the same as the one provided in Minipaper 4, “Integrating Crop Associations 
Into Farming Systems” The glossary has been developed together between the two groups of 
authors to provide a common starting point for understanding the crop association practices 
our Focus Group as a whole has been tasked with. 
 
Name Mainly a 

product 
or 
service 
provider 

Short description Timescale Spatial scale 

Companion 
and Trap 
cropping 

Service Service plant (or 
plants) which 
support the growth 
of a target cash crop 
(harvested). This 
includes trap crops 
which may be 
planted around field 
edges as well as 
within field to trap 
insects. 

Within 
season 

Field or field 
borders 

Nurse 
cropping 

Service Service plant (or 
plants) which 
support the growth 
of a target cash crop 
(not harvested) 

Part of 
season only 

Field 

Cover or catch 
cropping 

Service Provide services 
within a crop 
rotation, often 
related to soil 
protection 

Between 
cash crops 

Field 

Agroforestry Product or 
service 

Trees and crops in a 
spatial arrangement. 
Silvopastoral 
integrates 
trees/pasture and 
livestock. 
Silvoarable 
integrates arable 
crops and trees 

Multiple 
years 

Field/farm/landsc
ape 

Multispecies 
hedgerow 

Product or 
service 

Provides shelter and 
helps prevent 
erosion while 
producing diverse 
products 

Multiple 
years 

Landscape 

Intercropping  Product Combines two or 
more cash crops 
simultaneously. 

Within 
season 

Field 
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Relay 
cropping 

Product Combines crops, 
staggered in time 

Multiple 
season 

Field 

Strip cropping Product Wide strips of crops 
– may be similar or 
very different  

Multiple 
season 

Field/farm 

Milpa Product Complex systems 
that use the 
principles of many 
crop associations at 
once 

Multiple 
years 

Landscape 

 

Appendix 2. Database 
An secondary output of the mini-paper can be a meta-list of some crop association experiences 
carried on around the world. This list would be filled with some records sourced from the search 
strategies proposed in the mini-paper. Such a list, to our knowledge, is not yet implemented 
as a supranational repository. 
 
What is proposed here is to think a very basic database structure, it can be just a table. This 
database should be accessible through EIP-AGRI relevant web pages, or also through other 
relevant EU projects (e.g. those funded through the Horizon Europe program). 
 
The purpose of the database is to connect practitioners directly to one another, which we 
believe is one of the most important ways to begin increasing adoption and research into these 
practices. 
 
The records can be added by anyone that has made, and is willing to share, intercropping 
experiences. This should be a work in progress (while recognizing that there are many 
drawbacks here). There are already relevant web sites that we may need to check against or 
merge with depending on also the interest of those maintaining these, e.g.: 
 
- https://organic-farmknowledge.org/ 
- https://inventory.oper-8.eu/en?pillar=all&country=all&countryId=all 
- https://www.cropdiversification.eu/working-groups.html 
 
but what is proposed here is to open the updating of this list also to farmers (qualified, 
registered), who more often than not, have not the background/time to read research paper 
and want to go straight to field “tips”. 
 
This mini-paper contribution will be: 

- to define the structure of such a list; 
- propose a possible entry-point website in the EU CAP websites; 
- insert some list records; 

- ... 
 
E.g.             

Country Year Record 
inserted 
by 
  

Type(1) Crop 
combin
aiton 

Notes Link / Contact  

https://organic-farmknowledge.org/
https://inventory.oper-8.eu/en?pillar=all&country=all&countryId=all
https://www.cropdiversification.eu/working-groups.html
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France 
 

 
 
 

 
 
 

Database 
 

 
 
 

A global dataset of 
experimental intercropping 
and agroforestry studies in 
horticulture 

https://www.nature.co
m/articles/s41597-
023-02831-7#ref-
CR211 
 
https://entrepot.reche
rche.data.gouv.fr/data
set.xhtml?persistentId
=doi:10.57745/HV33
V1 
 

Italy 
 

2023 
 

AIAB FVG 
APS 
 

On-farm 
trial 
 

Lentil/ 
Linseed 
 

Linseed growing season is 
longer than that of lentil. 
Reduced lodging and weed 
biomass.   
  
 

info@aiab.fvg.it 
 

EU 
 

2017 
 

 
 
 

Website 
 

 
 
 

The Organic Farm 
Knowledge platform 
provides access to a wide 
range of tools and resources 
about organic farming that 
can help improve 
production. It also aims to 
serve as a virtual meeting 
place for cross-border 
learning 
 

https://organic-
farmknowledge.org/ 
 

EU 
 

 
 
 

FiBL 
 

Website 
 

 
 
 

The cluster projects are 
working together to 
demonstrate the benefits of 
crop diversification 
 

https://www.cropdiver
sification.eu/working-
groups.html 
 

EU 2017 AGFORW
ARD 

Website/r
esearch 
project 

Agrofor
estry 

Multi-year research project 
covering agroforestry in 
Europe including arable, 
livestock, forestry, and other 
systems 

https://www.agforwar
d.eu/ 

EU (ong
oing) 

Agrofores
try 
Business 
Innovatio
n Network 
(AF4EU) 

Website/r
esearch 
project 

Agrofor
estry 

 https://af4eu.eu/ 

EU (ong
oing) 

Digital 
Tools to 
Boost 
Agrofores
try 
(DigitAF) 

Website/d
evelopme
nt project 

Agrofor
estry 

DigitAF provides tailored, 
user-friendly and open-
source digital tools for 
everyone involved in the 
farming industry, from 
policymakers and 

https://digitaf.eu/ 

https://www.nature.com/articles/s41597-023-02831-7#ref-CR211
https://www.nature.com/articles/s41597-023-02831-7#ref-CR211
https://www.nature.com/articles/s41597-023-02831-7#ref-CR211
https://www.nature.com/articles/s41597-023-02831-7#ref-CR211
https://entrepot.recherche.data.gouv.fr/dataset.xhtml?persistentId=doi:10.57745/HV33V1
https://entrepot.recherche.data.gouv.fr/dataset.xhtml?persistentId=doi:10.57745/HV33V1
https://entrepot.recherche.data.gouv.fr/dataset.xhtml?persistentId=doi:10.57745/HV33V1
https://entrepot.recherche.data.gouv.fr/dataset.xhtml?persistentId=doi:10.57745/HV33V1
https://entrepot.recherche.data.gouv.fr/dataset.xhtml?persistentId=doi:10.57745/HV33V1
mailto:info@aiab.fvg.it
https://organic-farmknowledge.org/
https://organic-farmknowledge.org/
https://www.cropdiversification.eu/working-groups.html
https://www.cropdiversification.eu/working-groups.html
https://www.cropdiversification.eu/working-groups.html
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farmers to final 
consumers. 

 
Choose among: Website, Database, On-farm trial, On-farm production, Historical, development 
project, research project 
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