
Why Does Crop Diversity Matter?

‘Crop diversity  is a life insurance for crops (and the people who eat them)‘

‘The susceptibility of monocultures is the Achilles tendon of global food 
production‘

‘We need to keep redundancy in our crops‘

‘Crop diversity replaces boredom with delight‘

‘Our world would taste very different without diversity‘

‘Sameness leads to monotony and limits (culinary) creativity‘

‘Nature can be understood as an immense pool of information with 
unprecedented benefits for our economy‘

‘Genetic material is a treasure which we should use in a clever way‘



Why Does Crop Diversity Matter?

‘These plants will be so pushed to perfectly meet our needs that they can 
no longer meet their own. Their genepool will be so small, that they can‘t 
propagate alone, can‘t adapt to the environment, they grow when we want 
them and they are alone, with no more wild relatives – the genetic dead end. 
Evolution has become a spectator‘

‘Why fight a war for the crop when it is best fought for itself‘

‘This [genetic engineering] will lead inescapably to problems with monopoly 
of seed production and big companies making a lot of money from poor 
farmers‘

‘To monopolize diversity is hard, if not impossible‘

‘The focus on diversity is a luxury‘



Why Does Crop Diversity Matter?

Diversity as a luxury or a necessity? Different strategies for subsistence 
smallholder farmers vs intensive large scale industrial agriculture? – uniformity 
achieved via high inputs of fertilizer / pesticide / breeding / energy

• Insurance against pests and diseases & climate change – bananas, potatoes, either 
directly or for future crop breeding – economic value for crop breeding

• Local adaptation, site matching, crop rotation, soil maintenance, sustainability, 
risk reduction

• Extend season of production (early / late ripening) in relation to markets, 
processing, storage

• Associated biodiversity, > diverse ecosystems = > sustainable?, wider 
environmental benefits

• Health & nutrition

• Aesthetics – taste, shape, colour, texture, culinary richness of human experience

• Cultural as well as biological heritage of our ancestors – knowledge, history, 
cultural diversity, sense of place, sense of community, common ground

• Ethical responsibility, ownership issues, monopolies and control



Lecture 10 - Genes in the Field -
Crop Genetic Diversity and 
Conservation

• domestication as a genetic 
bottleneck
• selection after domestication, crop 
genetic diversity, traditional and 
modern varieties, crop wild relatives;
• diversity and risk
• erosion of crop genetic diversity
• ex situ, in situ and circa situm
conservation
• germplasm banks, the Vavilov
Institute
• Convention on Biological Diversity, 
CBD
• Consultative Group on International 
Agricultural Research, CGIAR
• genes in the field, growing diversity 
and on-farm conservation of crop 
diversity
• Fructus , ProSpecieRara, 
Retropomme

Colin Hughes
Institute of Systematic Botany
colin.hughes@systbot.uzh.ch

BIO 235 
Plants & People

Evolution & 
Domestication 

of Crops

mailto:colin.hughes@systbot.uzh.ch


The Effects of the Domestication Bottleneck on Genetic Diversity

Doebley et al 2006 Cell

• Rice: cultivated rice contains 22-28% of the total haplotype diversity 
found in wild rice (Londo et al., 2006)
• Maize & wheat: cultivated maize and wheat contain c. 65% of the genetic 
diversity found in wild maize and wheat (Buckler et al., 2001)
• For most crops, domestication appears to have involved an intense 
genetic bottleneck

Tanksley & McCouch 1997



The Effects of the Domestication Bottleneck on Genetic Diversity

Soya bean: Glycine max
220 million metric tonnes on 92 million hectares
>86% of genes present in modern-day N. American cultivars traced to 
just 17 lines used in initial breeding programme; 19,000 accessions in 
USDA germplasm collections
Roundup Ready Genetically-Modified soybean accounts for 91% USA, 
98% Argentina, 53% Brazilian production



Selection after 
domestication / crop 
diversification

teosinte maize



Selection after domestication & crop diversification

Selection after domestication has led to the immense diversity in 
varieties  and phenotypes that characterizes many domesticated plant 
species, which, as Darwin pointed out, can exceed the range of phenotypic 
variation in their wild ancestors. Selection for crop diversification leads 
to local adaptation, driven by human groups developing varieties with: 

• preferred cooking, processing and storage qualities
• the ability to grow in new environments and adapt to variable 
environments
• different growing periods and seasons of production – early & late 
varieties
• desirable visual or gustatory features 

Examples: Darwin’s pigeons, dogs & chickens; bananas, maize, chiles, 
potatoes, tomatoes

Unlike domestication traits, however, selection for crop diversification 
may involve a greater level of conscious selection, as human cultures 
deliberately chose varieties with the desired characteristics.



Selection after domestication / crop diversification









Directed selection 
after Domestication



Directed selection after Domestication





Landrace potato cultivars are highly diverse. In the Andes, this complexity translates into 
a cornucopia of potato races developed by pre-Inca farmers – the Peruvian blue potato, 
reds, pinks, yellows and oranges, all manner of thin and fat ones, smooth-skinneds and 
rough, short-season and long, drought-tolerant and water-loving, sweet tubers and bitter 
ones, starchy potatoes and others almost buttery in texture – some 3,000 different land 
races in all. This extravagant harnessing of wild diversity in the Andes, owes partly to the 
early Andean farmer’s desire for variety, partly due to their flair for experimentation, 
and partly the complexity of their agriculture, the most sophisticated in the world at the 
time of the Spanish conquest. The Incas had figured out how to grow impressive yields of 
potatoes under often harsh, extremely variable, and uncertain conditions encompassing 
different altitudes and orientations that demand diversity – a different tuber for every 
environment. A polyculture.  From Michael Pollan ‘The Botany of Desire’



Potatoes in Modern Agriculture – Idaho, USA
An industrial monoculture feeding global fast food



Local adaptation and productivity

Seed saving                  local adaptation

Experimental verification using a synthetic population of 28 barley 
varieties sown in a large plot in 1929. Subsequently allowed to 
reproduce by natural crossing without artificial selection, with a 
random sample of seeds collected and sown annually.

Over the ensuing decades, they documented dramatic changes in 
gene frequencies, resulting in higher and more stable grain yields, 
with more compact and heavier spikes, with larger numbers of 
seeds.

Suggests adaptation via incorporation of increasing numbers of 
favourably interacting alleles into large synergistic complexes. This 
also accompanied by striking ecogenetic differentiation among local 
populations that occupy unlike habitats.



Local adaptation & 
traditional maize seed 
systems

• 80% of maize in Mexico is 
planted with recycled seed, i.e. 
seed selected from the previous 
harvest by farmers

• > 90% of seed obtained within 
<10km and < 50m elevation

• >1 seedlot per farmer; 
communities maintain 5x diversity 
of individuals

• role of improved varieties and 
formal seed system is minimal

• stable and consistent selection 
pressures on maize populations 
both from farmers and 
environment and hence strong 
selection for local adaptation

Bellon et al. (2011)



Traditional maize seed 
systems

• Seed saving is motivated by trust of one’s 
own seed, close matching to sites and 
markets generating a demand for diversity as 
one part of managing risk; security; saving 
money; social norm of a good farmer with 
losing seed = humiliation; elements of 
inheritance and seed held in trust and a link 
to ancestors with seed saving as a way of 
conserving and honouring important ties.

• Seed system is fundamentally a moral system based on trust and community and 
social responsibility for mutual assistance, rather than ownership, commerce and 
maximising profits

• Not closed / static - >25% of farmers experiment, but retention is low. Motivations 
for obtaining seed from outside: lack of sufficient saved seed; experimentation –
curiosity, but small scale and on the periphery of the seed system.

• Fundamentally conservative but with elements of innovation, generating overall 
resilience. 





Rice in the Cordillera region of 
the Philippines

400-2,000 year-old terrace 
system

Cultivated by smallholder 
farmers who use at least 40 
different varieties of rice

Stable systems spanning 
generations of farmers

Gruber (2016)



>4,000 cultivated varieties of 
potatoes in the Peruvian Andes



Nutritional value of crops & micronutrient 
malnutrition

Green Revolution – strong emphasis on yield and taste at the 
expense of nutritional value such that major crops such as the most 
widely cultivated and highly bred varieties of rice, wheat and maize 
have significant nutritional deficiencies

The importance of traditional / heirloom varieties and crop wild 
relatives for making crops more nutritious

Rice – huge reliance on rice for calory intake while heralded as one 
of the major success of the Green Revolution, masks a hidden 
hunger of micronutrient malnutrition – iron, zinc, vitamin A, vitamin 
B.



Use of Wild Relatives in Crop Improvement

Pest & disease Abiotic stress Yield Quality Male sterility Total

Cassava + - - + - 3
Wheat +++++++++++ - + + - 9
Millet + - - - + 3
Rice +++++++ +++ + - + 12
Maize + - - - - 2
Sunfl +++ + - - + 7
Lettuce +++ - - - - 2
Banana ++ - - - - 2
Potato ++++++ - - - - 12
Peanut + - - - - 1
Tomato +++++++++++ ++ - ++ - 55
Barley - + - - - 1
Chickpea - + - - - 2

• Releases of cultivars containing genes from crop wild relatives
• Dominated by genes conferring pest and disease resistance introgressed into crops such as 
tomato, potato, rice and wheat.
• Looking for phenotype vs looking for the gene
• Overall contribution of crop wild relatives remains limited, esp for complex yield traits
• Crop breeding and modern agriculture still reliant on a very narrrow genetic base

Hajjar & Hodgkin (2007)



Hugh Iltis (1988) –
Serendipity in the exploration 
of biodiversity – what good 
are weedy tomatoes?

Lycopersicon chmielewskii genes 
worth $8 million per year to the 
tomato industry



Recent botanical exploration and discovery of 
maize relatives

1979 – Rafael Guzman and the discovery 
of Zea diploperennis, 2200-2400m, 
Sierra de Manantlan, western Mexico
Iltis et al (1979) Science

2000 - Hugh Iltis & the discovery ofZea 
nicaraguensis,  0-20m, Pacific coastal Nicaragua
Iltis & Benz (2000) Novon



Wild maize makes 
more headlines in 
2011



Seven new species of Phaseolus from Mexico in 2000

Delgado-Salinas (2000)



The global richness of Crop Wild Relatives



Erosion and Loss of Crop Genetic Resources

75% of crop diversity has been lost
One animal breed is lost every month

Modern Agriculture
• simplification
• specialization
• mechanization
• uniformity
• high inputs
• risk management via pesticides, irrigation and fertilizers, 
globalization
• monocultures

• Modern agriculture is the biggest threat to crop genetic 
resources – i.e. the advances in modern agriculture are destroying 
the very resources upon which future crop breeding depends.



Lost Crops of the Incas - Little-Known
Plants of the Andes with Promise for 

Worldwide Cultivation.
Displacement of indigenous Andean crops by Old World crops, 
such as wheat and broad beans introduced by the Spanish in the 
17th Century. These now taking over from Quinoa and Tarwi. 

Faba bean – Vicia faba

Wheat



Underutilized Crops

Massawe et al (2016)



Potato
Solanum tuberosum
Solanaceae



The Amazonian Rain Forest



Terra firme

Varzea

Campina



Hyperdominance and rarity in the Amazonian tree flora

Ter Steege et al  (2013)



Hyperdominance of domesticated tree species in the Amazon

Levis et al (2017)



Amazonian Dark Earth Anthropogenic soils and early 
Amazonian maize cultivation

Maezumi et al. (2018)



Bactris grasipes – Pejibaye – Peach Palm

Inga spp. – Ice 
cream bean



Bertholettia excelsa – brazil nut

Pouteria caimito – abiu Theobroma cacao



Domestication of the 
Amazon

Maezumi et al. (2018)



Amazonian polyculture 
agroforestry

Maezumi et al. (2018)



Levis et al. (2018)



1492 and the Loss of Amazonian Crop Genetic 
Resources

• 1492 - 4-5 million people lived in Amazonia

• at least 138 plant species at that time. 

• Demographic collapse of Amazonian Amerindian population 
to around 0.5 million. 

• Concomitant decline in Amazonian crop genetic diversity

• An order of magnitude loss of crop genetic resources that 
is continuing today.

Bactris grasipes – Pejibaye – Peach Palm



November 2017



a. Goosefoot – Chenopodium berlandieri
b. Sumpweed / Marsh Elder – Iva annua
c. Little Barley – Hordeum pusillum
d. Erect Knotweed – Polygonum erectum
e. Maygrass – Phalaris carolinum



X X X X X

Lost Crops of eastern North America

Polygonum erectum – largely replaced by invasive Eurasian P. aviculare

Phalaris carolina – under threat from expanded herbicide use and 
elimination of field margins

Chenopodium berlandieri threatened by herbicides used to target 
goosefoot in agricultural fields and spread of herbicide-resistant Eurasian 
C. album



3 of the 5 relict ENA crops are now rare due to:
- Competition from their invasive cousins
- Shrinking field margins
- Increased herbicide use

These species are disappearing from increasingly homogeneous and 
intensively cultivated agricultural landscapes where they were once 
common

Symptomatic of global loss of biodiversity in and around agroecosystems 
related to agricultural intensification

Lost Crops Garden Network   http://lostcrops.org/

http://lostcrops.org/


Throughout the world one breed of farm animal becomes extinct every month. 

Between 1900 and 1973, 26 native breeds of livestock were lost in the UK, in addition 
to many varieties of poultry. Breeds with evocative names such as the Goonhilly ponies, 
Somerset Sheeted cattle, Lincolnshire Curly Coated pigs, and Limestone sheep, have all 
gone. Others are now rare.



The Auroch – an extinct type of wild cattle and 
thought to be the ancestor of domestic cattle





Genetic Conservation

In situ – protection of natural vegetation in biological reserves

Ex situ – longterm seed storage (seed banks) or living collections (botanic 
gardens, agricultural research centres

Circa-situm = on-farm conservation, farmer-based conservation, 
conservation in hortus, Growing Diversity

‘Use it or lose it‘



Zea diploperennis and the Sierra 
de Manantlán Biosphere Reserve



Nikolai Vavilov 1887-1943

http://www.vaviblog.com/



15 Oct 2010 30 Sept 2010

Vavilov Institute threatened with closure            Millennium Seed Bank, Kew Gardens, London



Gene Bank Entries
Wheat 410,000
Rice 215,000
Maize 100,000
Soybean 100,000
Potato 42,000
Tomato 32,000
Cotton 30,000



IRRI – Philippines - rice CIMMYT – Mexico – maize + wheat

CIP - Peru - potatoes

ICRISAT – India – millet, sorghum, pulses



Bioversity International uses agricultural biodiversity to 
improve people's lives.

We carry out global research to seek solutions for three key 
challenges: Sustainable Agriculture, Nutrition, Conservation.

Previously known as the International Plant Genetic Resources 
Institute, IPGRI, Rome, Italy

http://www.bioversityinternational.org/about_us.html
http://www.bioversityinternational.org/research/sustainable_agriculture.html
http://www.bioversityinternational.org/research/nutrition.html
http://www.bioversityinternational.org/research/conservation.html


Doomsday Seed Vault, Svalbard

500,000 crop varieties
A global insurance policy, ensuring that a diverse variety of food crops survive threats such 
as disease, pests, droughts and other natural disasters, and global warming. Harrison (2017)



Breithoff & Harrison (2018)



Global conservation priorities for crop wild relatives

1,076 plant species 
identified as important 
wild relatives of 81 
important crops

313 (29%) species 
associated with 63 crops 
not represented in 
existing germplasm 
collections

257 (24%) represented 
by fewer than 10 
accessions

Castaneda-Alvarez et al (2016)



Genetic Conservation

In situ – protection of natural vegetation in biological reserves

Ex situ – longterm seed storage (seed banks) or living collections (botanic 
gardens, agricultural research centres

Frozen in time, disconnected from farmers knowledge of crop selection 
and management inherent in the evolution and development of local 
cultivars

Circa-situm = on-farm conservation, farmer-based conservation, 
conservation in hortus, Growing Diversity

A Living System – Genes in the Field. Farmer management of diversity 
is itself part of a self-adapting system, e.g. The belief that a named 
recognizable population is adapted to a particular soil or disease 
regime, leads to particular actions by farmers based on that belief. 
This is likely to set up a powerful selection routine that will work to 
improve that population for the farmers preferred trait, leading to 
diversification and a self-adapting system

‘Use it or lose it‘



On-Farm Conservation of crop Diversity



Global assessment of traditional crop-variety diversity maintained by 
farming communities

Jarvis et al. (2008)



Global assessment of traditional crop-variety diversity maintained by 
farming communities

Jarvis et al. (2008)

10 year, coordinated global partnership measured the amount and 
distribution of genetic diversity present among 27 crop species in farmers 
fields

• Traditional varieties dominate planting at most sites, except for rice
• On average farmers grow 1.38-4.25 traditional varieties
• There are larger numbers of varieties at the community level – 8x 
individual level - ranging from 4 (durum wheat) to 60 (cassava), suggesting 
that different farmers grow different mixes of traditional varieties 
reflecting different choices of diversity. This underscores the 
importance of divergence between farms within a community.
• Results underscore the importance of large numbers of small farms 
adopting distinctive varietal strategies as a major force in retaining crop 
genetic diversity on farm.
• Well-intentioned interventions that unify landscapes genetically may 
threaten such diversity in the longterm.



On-Farm Conservation of crop Diversity

Technology Farmer-based Formal Crop breeding

Taxonomy Folk Scientific

Circa-situm conservation Yes Virtually none

Ex situ conservation Some community seed banks Gene banks, long and short-term

Germplasm acquisition Neighbour exchange / informal Global / commercial

Interspecific introgression Limited to natural crosses Expanded via species techniques

Introgression of weedy races Common Sometimes used

Gene technology No Yes

Screening germplasm For local, not wide adaptation For wide, not local adaptation



Traditional maize seed systems in S-C Mexico & on-
farm conservation

80-90% dominance of seed saving 

Demand for diversity from farmers; interest in experimentation, but 
most outside seed sources tested rapidly discarded

Revolving portfolio, resilient system that is highly conservative, but that 
can innovate as well.

Each farmer is essentially creating and maintaining their own almost 
unique maize varieties. Maintenance of diversity depends on maintenance 
of the integrity of the seed system and continued reliance of farmers on 
saved seed, and this in turn on maintenance of the social and cultural 
fabric of farming communities.





Swiss Fruit varieties

At the start of the 20th Centrury there were c.3,000 fruit varieties in 
Switzerland

Now only around 2,000 remain

>100 growers throighout the country are currently growing c. 1,800 varieties

On-farm conservation here in Switzerland





www.fructus.ch





Fructus – the Swiss Association for the Protection of Fruit Diversity: http://www.fructus.ch/

ProSpecieRara - http://www.prospecierara.ch/Generator.aspx?tabindex=0&tabid=128&palias=fr

Retropomme – Asociation et fondation pour la sauveguarde de le patrimoine frutier du Suisse 
Romande - http://www.retropomme.ch

http://www.fructus.ch/
http://www.prospecierara.ch/Generator.aspx?tabindex=0&tabid=128&palias=fr
http://www.retropomme.ch/nouveau/








http://lostcrops.org/

http://lostcrops.org/


BIO235 Course Assessment

Course Assignment = 50%

Exam = 50%

Exam will be on Tuesday 18th  Dec  10:15-11:45 = 1.5 hrs

Mix of short answer questions and short essay questions covering the 
whole course

All of them will be easy & straightforward!



BIO 235 Plants and People - Evolution and 
Domestication of Crops

Student Course Evaluation (LVB) - (Nr. 15573)

– Link to survey: https://qmsl.uzh.ch/en/AMNWA

– Survey period: Nov 19 – Dec 9, 2018 (Reminder: Dec 3)

– Number of participants, who receive the access data automatically: 
26 participants

https://qmsl.uzh.ch/en/AMNWA

