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Agricultural biodiversity is widely recognised to be essential for adapting successfully to climate change, 
particularly the conservation and use of landraces and crop wild relatives (FAO 2010; Cardinale et al. 2012; 
Hooper et al. 2012; HLPE 2012). Despite wide recognition for the importance of agricultural biodiversity for 
adaptation, the policies (and budgets) of most governments, research institutes and international agencies 
continue to favour breeding and marketing of single varieties. Single varieties can yield well under ideal 
conditions, but this means the manufacturing of “ideal” environments through the use of chemicals and 
great amounts of water. Rapidly increasing on-farm biodiversity is a matter of urgency in an era of climate 
change.

These policies benefit the companies that produce such varieties – as well as the toxic pesticides and 
chemical fertilisers that they are dependent on (out of the 12 most dangerous chemicals, 9 are pesticides). 
However, they do not benefit the millions of farmers who are searching for low-cost solutions that promote 
not only the health of their ecosystems, but also their own health and that of the consumers who depend 
on their production.

A production system that produces healthy food, sustainable ecosystems and livelihoods for small farmers 
is achievable through the use of biodiversity, but one major challenge is that farmers' access to genetic 
resources is very limited. Farmers need greater access to the genetic material in research stations and gene 
banks (which would not exist without their own investments in on-farm research over millennia). They 
also need the collaboration of sympathetic scientists who are willing and able to draw on their respective 
strengths to create knowledge together. Both access to genetic resources, and genuine collaboration with 
scientists, is lacking in most parts of the world.

The programme on Participatory Plant Breeding (PPB) and Evolutionary Plant Breeding (EPB) in Iran is one 
example of what can be achieved when these challenges are overcome. We have developed a model for 
giving a large number of farmers access to a great amount of biodiversity in a relatively short time. Farmers 
participating in the PPB trials developed a greater appreciation for biodiversity and this led to a move 
beyond single lines and varieties to working with mixtures of several varieties, and finally to cultivating  
“evolutionary populations” – mixtures of mega-diversity (see map of all trials in Iran).







Making the best of “left over” experimental seed

One day talking to a group of farmers in Iran, Dr. Salvatore Ceccarelli shared 
the story of Syrian farmers engaged in a PPB project. Their experiment had 
started with 160 different lines of barley in 200 plots. Each year the breeders 
would harvest only a small, representative sample from each plot, leaving the 
rest of the plot for the farmers to harvest and use as they wished. During one 
visit, he asked the farmers if they were happy with the lines that they had 
selected. They responded that they were, but that nothing was better than 
the mixture. “Which mixture?” asked Salvatore. The farmers explained that 
after the breeders had taken their samples, they had harvested the entire 
field – all 200 plots – with a combine harvester and instead of using it as 
animal feed (as the breeders had assumed they would), they had decided to 
plant it as a mixture. The result was a mixture that was better than any of the 
individual lines – and the commercial varieties – on their own.
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From single lines to mixtures

The first PPB trials started in Iran in 2006 with the cooperation of CENESTA, local farmers, ICARDA, the 
Department of Agriculture of Kermanshah province, and the Dryland Agriculture Research Sub-Institute 
(DARSI, at Sararood station). The trials of wheat and barley were conducted on several farms in the 
provinces of Kermanshah and Semnan. As with most PPB trials, we started with a large number of lines. 
Four years of selection by farmers successively narrowed these down to a handful of locally adapted 
varieties and farmers cultivated these as single varieties. 

During the second year a parallel line of work started to develop. Dr. Salvatore Ceccarelli who helped us 
start the PPB programme in Iran and who launched ICARDA's work on PPB, shared experiences of farmers 
from other parts of the world. Many farmers he had met insisted that mixtures of several different varieties 
(and sometimes even several crops) led to good yield stability and in some cases to a higher quality 
product. They believed that the enhanced genetic diversity of the mixtures brought greater stability to their 
yields over time (see text box, left). In fact, the benefits of crop diversity have been well documented in 
the scientific literature. Di Falco and Chavas (2006) review literature which shows that cultivating several 
varieties that respond differently to weather and temperature randomness contributes to resilience, 
including to drought, pests and diseases. Both pest populations and weeds are more likely to grow and 
spread when they face a genetically uniform crop.

This led the Iranian farmers to sow mixtures of their selected lines from the PPB trials. At harvest time they 
were pleased with the results and many farmers have continued experimenting with making their own 
mixtures. There are now so many different mixtures of wheat and barley that they have decided to start 
trials of mixtures which include 16 distinct mixtures of wheat and 21 distinct mixtures of barley. Some of 
these mixtures contain only a handful of varieties, some several hundred, some contain only landraces, 
some new lines and commercial varieties, and others contain both. 

Syrian farmer Ali Turkye with 
ICARDA's Michael Michael in a field 
of “Yana” – the name Ali gave to the 
mixture of the leftovers 6
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Our ideas evolve, as do our seeds

Since creating mixtures, we have found a way to bring even greater biodiversity into farmers' fields:  
Evolutionary Plant Breeding (EPB). EPB represents a dynamic and inexpensive strategy which will quickly 
enhance the adaptation of crops to climate change (Ceccarelli et al. 2013;  2010). The idea of EPB is not 
new. In 1929, Harlan and Martini proposed the Composite Cross method (CC method) of breeding barley. 
The method relies on the bulking of F1 progenies, obtained by hybridization of varieties of diverse origin 
and genetic make-up, to generate an heterogeneous population of recombinant genotypes. The population 
should then be multiplied in the specific environments where locally adapted varieties are needed. The 
procedure should guarantee that the frequencies of adapted genotypes increase without creating a uniform 
population. Suneson further developed the idea into a formal “evolutionary plant breeding method” 
(Suneson 1956). Using this method, Suneson registered nine barley composite crosses meant to be used 
for the generation of new varieties, as parent lines and material for the study of population genetics. The 
success of such breeding methods depends upon recombination and segregation and the extent to which 
survival over many generations in mass-propagated populations is positively correlated with agricultural 
value (Allard and Hansche 1964).

We implemented the first participatory-evolutionary breeding programs in 2008 by planting a mixture of 
nearly 1600 barley F2. This represented ICARDA’s entire barley crossing program of that year and included 
a wide range of germplasm: from the wild progenitor, Hordeum spontaneum, to landraces from several 
countries and to modern breeding materials. Besides Iran, this barley population was planted in Syria, Jordan, 
Algeria, and Eritrea, and two years later in Italy. The barley population, together with two wheat populations 
are currently evolving in a multitude of environments, chosen by the farmers and characterized by single 
abiotic or biotic stresses or combinations of stresses and under different types of agronomic management. 

In EPB, farmers can plant and harvest a small (4-5kg) sample of seed in the same place for successive years. 
The expectation is that the frequency of genotypes with adaptation to local conditions will gradually increase. 

It is also possible and actually desirable, to plant samples in other locations affected by different stresses 
or different combinations of stresses by sharing the population with other farmers. For example, in Iran the 
barley population which was planted by two farmers in two provinces in 2008, spread to 50 farmers in nine 
provinces in the cropping season 2010-2011 and is currently grown on more than 40 ha by 80 farmers. In 
Italy the evolutionary populations of wheat and barley were grown in more than 10 provinces in 2014.
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Field of an evolutionary 
population of barley
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EPB represents an attempt to make the process of in situ conservation more dynamic by combining 
participation and evolution in participatory- evolutionary breeding programs. One way of exploiting the 
progressive adaptation of the evolutionary populations is to consider them as evolving sources of new 
cultivars, progressively better adapted to the evolving agronomic and climatic conditions – in other words, 
a living gene bank in farmers' fields. To do this, farmers (by themselves or jointly with scientists) can select 
the most desirable spikes and use them in participatory breeding programs. For farmers who prefer to sow 
mixtures rather than single varieties, the selecte spkies for creating new mixtures.  The importance of having 
the evolutionary population as a secure access to germplasm is illustrated by the case of PPB in Jordan: 
ICARDA was the only source of breeding materials for Jordanian breeding programmes and with the civil 
war in Syria (where ICARDA was based), and the change in priorities of the research programme which led 
to an end in the flow of breeding materials from ICARDA, farmers and scientists in Jordan are turning to the 
evolutionary populations as sources of germplasm for their PPB trials. On the positive side there is the fact 
that the material derived from the populations which are evolving in Jordan is most likely to be even better 
than any material coming from outside.  

Another approach to dynamic in situ conservation would be to create new evolutionary populations by 
making mixtures of landraces obtained from gene banks. While gene banks perform an important role in the 
conservation of landraces, it is recognised that one of their limitations is that they freeze not only seeds, but 
also their evolution at the time of collection. Landraces and wild relatives must therefore also be conserved 
in situ, i.e. in their own native environment. Farmers in Garmsar who have evaluated a collection of landraces 
of wheat and barley (160 accessions of each) have made their own evolutionary populations by creating 
mixtures of these landraces.
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Many people who hear about EPB are concerned about the quality of the 
final product. Is the final product of suitable quality or even usable? In Iran, 
we have so far worked only with wheat and barley and we have not come 
across reasons for concern. In the case of barley, which is mostly used as 
an animal feed in Iran, there are no concerns about cooking quality. In 
terms of quality as animal feed, farmers in Garmsar (some of whom also 
raise livestock) requested a protein analysis of several varieties of barley 
in their PPB trials. The results showed that the evolutionary population of 
barley had more protein than the local barley variety (an improved variety 
from the national research system).

In the case of wheat, farmers and bakers in the provinces of Seman and 
Kermanshah have tried making bread from the evolutionary populations 
and have been pleased with the results. Some are even marketing the 
bread in local artisanal bakeries. Farmers we have met in meetings in both 
France and Italy (associated with the Reseau Semences Paysannes and 
the Rete Semi Rurali respectively) confirmed that creating mixtures not 
only brings greater yield stability, but also greater aroma and quality to 
the bread.

Obviously the suitability of evolutionary populations as the main crop 
depends on the use of the crop and the cultural preferences of local 
farmers and consumers. What is clear is that in the case that the crop 
does not lend itself to being consumed as a mixture (such as in the case of 
many vegetable varieties), the evolutionary populations can still serve as 
living gene banks and the source of new, adapted germplasm that can be 
multiplied as single lines. For example, the use of EPB with vegetables is 
currently underway in Italy with tomato, beans and zucchini.

Evolutionary populations and the question of the consumer
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Farmers make up an important portion of the Iranian population (%25) and economy (%20). The vast 
majority of Iranian farmers are small holders (%75 of farmers have less than 5 hectares of land) and rely 
mainly on farm-saved seed for the vast majority of cereals, legumes, paddy rice and forage crops. These 
crops make up the major part of the crops grown in the country: %86 of the total area under cultivation. 

Iran`s seed law (SPCRI 2003) states that all registered seed must uphold the criteria of being new, distinct, 
uniform and stable. It is clear that evolutionary populations could never meet these criteria: it is precisely 
their diversity and dynamic evolution that are their main advantages. However, this law only addresses 
seed that is marketed and since the evolutionary populations are not marketed, but simply exchanged 
between farmers, there is currently no legal impediment to this work. According to the Seed and Plant 
Policy Document of the Islamic Republic of Iran (SPCRI), “Farmers who produce farm-saved seed and plants 
have the right to store, use, exchange, and distribute their own plant materials.” 

The negative impacts on biodiversity of seed laws that benefit breeding companies have become the cause 
of concern from the perspective of farmers' rights. According to the Special Rapporteur on the Right to 
Food, “The expansion of IP rights can constitute an obstacle to the adoption of policies that encourage the 
maintenance of agrobiodiversity and reliance on farmers’ varieties” (Special Rapporteur on the Right to 
Food 2009). If Iran were to join UPOV (and there is interest among some breeders in Iran to do so) then 
there would be major limitations on evolutionary populations. First, while the 1961 and 1978 versions of 
UPOV automatically allow the use of farm-saved seed by farmers, the 1991 version (which Iran would have 
to accept if it decided to join UPOV) would allow the use of farm-saved seed only as an optional exception 
and only if royalty is paid on seed (GRAIN 2007). Second, in many countries that have developed seed laws 
based on the UPOV system, marketing of seeds is based on the prerequisite of registration and certification. 
IPR regimes such as UPOV require that all certified seed adhere to the criteria of distinctness, uniformity 
and stability. As already mentioned, the evolutionary populations are useful precisely because they do not 
adhere to these criteria that favour uniformity and outlaw diversity.  
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Where next?



The evolutionary populations of wheat and barley continue to be spread throughout Iran, both through 
farmer-to-farmer exchanges and through exchanges organised through DARSI, the Department of Agriculture 
of Fars province, and CENESTA. Our main challenge is to keep up with the fast spread of these seeds in terms 
of tracking the spread and the outcomes, giving support to farmers (explaining what these populations are 
and how they can be used), etc. The first national workshop on EPB was organised in Shiraz in January 2013 
in which farmers from several provinces shared their experiences with each other. Regular local, regional 
and national workshops and field visits are needed to strengthen farmers' knowledge about how to use 
these populations. At the same time, it is important to develop awareness of the potential impacts of 
different seed laws and policies on farmers' rights to save, exchange, develop and sustainably use their seeds.
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