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 tfreasure 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

e 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
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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, CGTAR

* 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



mailto:colin.hughes@systbot.uzh.ch

The Effects of the Domestication Bottleneck on Genetic Diversity
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Cultivated rice

Cultivated tomato

Tanksley & McCouch 1997

* 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



The Effects of the Domestication Bottleneck on Genetic Diversity

Wild species —» Early domesticates —» Modermn varieties

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

teosint




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.
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Directed selection
after Domestication
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Landrace potato cultivars are highly diverse. In the Andes, thisc
a cornucopia of potato races developed by pre-Inca farmers - the
reds, pinks, yellows and oranges, all manner of thin and fat ones, smoo
rough, short-season and long, drought-tolerant and water-loving, swe
ones, starchy potatoes and others almost buttery in texture -%me 3,000

races in all. This extravagant harnessing of wild diversity in the Andes,

lexity translates into

potatoes under, Of“r‘en-hqfsh, extremely variable, gnd u
different altitudes and orientations that demand diversity - a dififerent tuber for every,..
enviponment. A polyculture. From Michael Pollan "The | ]
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#0°8 An industrial monoculture feeding global fast food
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Local adaptation and productivity

Seed saving mmm) 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
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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 horm 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.
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~ 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
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>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 F++++++ +++ + - + 12
Maize + - - - - 2
Sunfl +++ + - - + 7
Lettuce +++ - - - - 2
Banana ++ - - - - 2
Potato  ++++++ - - - - 12
Peanut + - - - - 1
Tomato +++++++++++ ++ - ++ - hH
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
tfomato, 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

Zea diploperennis (Gramineae): A New Teosinte from Mexico

Abstract. A perennial teosinte or “*wild maize'" endemic to the Cerro de San Mi-
guel, Sierra de Manantlan, Jalisco, Mexico differs from Zea perennis by dimorphic
rhizomes, robust habit, and a larger number of longer, laxer tassel branches, The
Jact that it is a diploid (20 = 20) has taxonomic and agronomic significance. The

seeds are used locally for food.,

Earlier this year, Guzmdn (/, 2) re-
ported his remarkable rediscovery of pe-
rennial teosinte, thought extinct in the
wild since 1921 (7), at two sites in south-
e Jalisco, Mexico, Subsequently, both
sites were visited by three of us (H.H.1.,
JLED., and R.G.M.), and sp

ducing one to several culms from short
lateral shoots, or (i) thick and tuberous,
ovoid to obovoid short shoots 110 4 cm
long, 9 to 15 mm in diameter, each of
these produced horizontally from the
lowest two or three nodes of the primary

culms, clothed when young with tri-
1 " I

seeds, and rhizomes were collected and
initial analyses were made. This report

& 'S lusion regard-
ing the Ciudad Guzmédn population—that

ov:ﬂappins. eo:nivem scales, at times
growing upward (into a long shoot?) and

it is, indeed, conspecific with the tetra-
ploid (2n = 40) Zea perennis (Hitchcock)
Recves and Mangelsdorf, originally dis-
covered in this area by Hitchcock in
1910. However, the plants from the
second location, Cerro de San Miguel,
though similar in many ways, are a
clearly distinct diploid taxon, here de-
scribed for the first time:

Zea diploperennis lltis, Doebley & Guz-
min. sp. mov.

Similis a Zea perennis sed robustior, culmis
1-2 em diam., rhizomatibus perennibus di-
morphis (gracilioris non nisi $-15 cm x 5-10
mm, brevioris crassis, tuberosis 1-4 cm x 9-
15 mm), utergue cum internodiis brevibus 2-6
mm longis, foliis multo majoribus (40-80 x 4-
5 cm), inflorescentiis & cum 3-13 ramis, ro-
bustioribus et 6-15 cm longis. Typus: Ihis,
Doebley & Guzmin 450,

Robust. erect, maizelike, loosely
clump-forming perennial, with five to
ten, or more, primary culms from onc
rhizome system; rhizomes of two inter-
grading sonts, (i) cordlike long shoots, S
to 15 ¢cm long, 5 to 10 mm in diameter,
these with many dense short (2 to 6 mm)
internodes, scaleless when mature, usu-
ally vertical or strongly ascending and
changing abruptly into the much thicker
culms, or less often horizontal and pro-

0186500.500  Copyright © 1979 AAAS

producing a culm, or sometimes remain-
ing dormant to eventually produce one to
four lateral short or long shoots (or
both).

Primary culms 10 to 25 dm tall, 1 10 2
cm in diameter, unbranched (or with one
to three i i lateral branches).
the nodes, internodes, and leaf sheaths
glabrous throughout except for a more
or less dense fringe of long hairs on up-
per sheath margin and auricles of the up-
per leaves; ligule a thin membrane 1 10 2
mm long, the collar prominent; leaf
blades linear-lanceolate, the major cen-
tral or lower ones 40 10 80 cm long, 4 10 5
com wide ., subcordate, glabrous, or sub-
glabrous, except for a few marginal long
hairs near base.

Male inflorescences with (2 to) 3 1o 13
* divergent to nodding branches; these
6 to IS cm long, 12 to 20 mm wide, the
central one barely exceeding the others;
branching axis 1 to 4 cm long; spikelets
in sessile or pedicellate pairs (pedicels
1.5 to 3 mm long), crowded and over-
lapping (for ple, 14 spikelet pairs in
4 cm); the branch internodes short (2 to 6
mm); the branch rachis about | mm
wide, in cross-section triangular with cil-
iate edges; spikelets 8.5 10 11.5 mm
long, about 3 mm wide; outer glumes
very thin and translucent, often purple-

SCIENCE, VOL. 203, 12 JANUARY 1979

Downloaded from wwwy.sciencemag.org on September 30, 2011
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2000 - Hugh Iltis & the discovery of Zea
nicaraguensis, 0-20m, Pacific coastal Nicaragua
Iltis & Benz (2000) Novon



BOtarly Amencan Journal of Botany 93(9): 1537-1548. 2011.

THREE NEW TEOSINTES (ZEA SPP., POACEAE) FROM MEXICO!

Wl Id maize makes J.J. SANcHEZ G.2, L. DE La Cruz L.2, V. A. ViIDaL M.4, J. RoN P.2, S. TABAZ,

more headllnes |n F. SanTacrUZ-RUvaLcaBAZ S. SooD®, J. B. HoLLaND?®, J. A. Rufz C4, S. CARVAJALZ
2011 F. ARAGON C.4, V. H. CHAVEZ T.%, M. M. MoRALES R.2, sND R. BARBA-GONZALEZ®

*Cantro Univarsitario dz Clancias Bioldgicas y Agropecuarias, Universidad de Guadalgjara. K. 15.5 Carretara Guadal 4 ara-
Nogales, C.P. 45110, Las Agujas, Zapopan, Jalisco, Maxico; *Cantro Intemacion al da Majoramiznto de Matz ¥ Trigo, Unidad da
Recursas Genaticas, Apartado Postal 6-641 06600 Mexico, D F. México; *Institato Nacional de Invastigaciones Farastalas
Agrioolas y Pecuarias, Parqua Los Colomos S/N, Cal. Providencia, Guadalajara 44660 Jaliseo, Mexico, SUSDA-ARS Plant
Scienca Ressarch Unit, Department of Crop Scizncz, Bax 7620, Narth Carolina State Univarsity, Ralzigh, Narth Carclina
276957620 USA; and ®Cantro de Investigacidn y Asistencia en Tecnalogfa ¥ Disefio del Estada de Jalisco 4.C., Av. Narmalistas

MIIICAN JOURNAL OF No. 800, Cal. Calinas dz 1a Normal, CP 44270 Guadalajara, Jalisco, Mexico
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ies of Phaseolus from Mexico in 2000

Seven new spec

Delgado-Salinas (2000)




The global richness of Crop Wild Relatives

Adapting agriculture to climate change: ;
. . . . . MILLENNTUM
collecting, protecting and preparing crop wild relatives @Sf&%ﬁh‘v"?ﬁm Q%me ?:) CIHT croplia
e EW  remmasom oo Py

. |Taxon Species Richness for Priority Crop Genepools
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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 t
17th Century. These now taking over from Quinoa and Tarwi.




Buckwheat Jackfruit
(Fagopyrum (Artocarpus

esculentum) heterophyllus)

Pearl millet Mangoesteen

(Pennisetum (Garcinia

glaucum) mangostana)
Quinoa Chinese leek
(Chenopodium (Allium
quinoa) tuberosum)

Kiwicha Caigua

(Amaranthus (Cyclanthera
caudatus) pedata)
Underutilized Crops

Mashua tuber Winged bean

(Tropaeolum (Psophocarpus

tuberosum) tetragonolobus)
Rootstock h‘d]egng
(Smallanthus (Archi ICnoLat
sonchifolius) pauciflorum)

Taro Petai

(Colocasia (Parkia

esculenta) Yad R speciosa)
(Dioscorea groundnut

(Vigna subterranea)

Massawe et al (2016)
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10log(population size (n ind))

Hyperdominance and rarity in the Amazonian tree flora

10

RAD for estimated populations

Amazon Hyper-dominants
Just 227 species make

up 50% of all individuals
inthe Amazon

Close to 6000 speciesare expected
to have populations < 1000

NEig:
~_ e
62% of all species are expected to \\f’et‘/‘es
have populations under a million individuals S, L
andare equivalent to 0.12% of all trees in the B, SpevssIkchrass
A s on \\\ / of the Amazon
| | | |
5000 10000 15000 20000
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Ter Steege et al (2013)




Hyperdominance of domesticated tree species in the Amazon

A Bertholletia excelsa :RelAb=0 - 7.09;fit: 0 - 0.8 B Inga ynga :RelAb=0 - 6.1;fit: 0 - 2.36 C Pourouma cecr ia :Rel - ; fi
° | .
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Levis et al (2017)



Amazonian Dark Earth Anthropogenic soils and early
Amazohian maize cultivation
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Inga spp. - Ice
cream bean

-




Chocolate Tree
~Fruit of Gods~

Cacao

Theobroma cacao

Pouteria calmlto abiu Theobroma cacao
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Phase 3: after 2,500 cal Bp

Phase 2: 5,000-2,500 cal Br

Amazonian polyculture
agroforestry

Phase 1: before 5,000 cal srp

Maezumi et al. (2018)



NATURAL PROCESSES
PRISTINE FORESTS

HUMAN PRACTICES
OLD-GROWTH FORESTS

1. Non-useful 2. Useful plant ; 3. Disperser
plant removal protection attraction

4. Human
transportation
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Old-growth forests Domesticated Forests Fallows/Swiddens
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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.
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Bactris grasipes - Pejibaye - Peach Palm
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Evidence for mid-Holocene rice domestication in

the Americas

Lautaro Hilbert', Eduardo Gdes Neves?, Francisco Pugliese?, Bronwen S. Whitney ©3, Myrtle Shock?,
Elizabeth Veasey®, Carlos Augusto Zimpel® and José Iriarte @™

November 2017
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Growing the lost crops of eastern North America's
original agricultural system

Natalie G. Mueller™, Gayle J. Fritz!, Paul Patton?, Stephen Carmody?® and Elizabeth T. Horton*

a. Goosefoot - Chenopodium berlandieri
b. Sumpweed / Marsh Elder - Iva annua
c. Little Barley - Hordeum pusillum

d. Erect Knotweed - Polygonum erectum
e. Maygrass - Phalaris carolinum
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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
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Growing the lost crops of eastern North America's
original agricultural system

Natalie G. Mueller™, Gayle J. Fritz", Paul Patton? Stephen Carmody? and Elizabeth T. Horton*

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/

~7RBST

Rare Breeds Survival Trust

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
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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



i AP Zea diploperennis and the Sierra
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Vavilov Institute threatened with closure

e '
28 The Guardsan Weekly 1510.10

+ Weekly review

The fruits of protest

Plun gene bank... the fruit trees, berries and flowers collected by Nikolai Vi
Russia has shelved ;ﬁa_ns to
break up the historic Pavlovsk
seed bank, writes Marie Jégo

Petersburg,

behind rusty fences and rampant weeds, the gar- :
denwithits12,000 plant species is inary |
Place. It isthe “open-air, genebank” forthe Institute :
of Plant Industry founded in 1926 by the geneticist

W

= e
| = hectares of fertile soil planted-with | iciste at the. institute:
fruit trees, berries and fiowers, This * beable to wozk there

¢ Vavilov gardens spraw] down an

lov are vital to biodiversity Jokn Marshall AgStock Images/Corbis

" ; bus, subway, suburban train and another bus). Her 2
 colleague Natalia Poupkova is responsible for 300 *
: types of goaseberry, and Olga Tikhonovaloo
: 1,000 varieties of blackcurrant, 2
i Enthusiasmisa key factor here. The wages are :
pitiful, averagingabout $270 per month, equipment

ksafter :

xposed, gently sloping hill: 500 : ruln. City

w5

collections? Shall we go too?” one woman asks, Her
fellow workers tell her to keep quiet as the officials
enter the buil

In his office on the first floor Fyodor Mikhovich,
the manager of the gardens, is beside himself. He
has just returned from Moscow where he had a

: meeting with the president at the Kremlin, “He
i : told me I'should stick to my guns and he'd support

being prepared *to fork out to :

. i the collections, which would take 10 to 15 years,”

me. He suggested ] insist on the need to transplant

haven of biodiversity is located near © P

Pavlovsk, about 30km south of St : estinthe fate of the Pavlovsk gardens. Th
 the site of a palace where tsar Paul I : community, at home and abroad, has al:
(1754-1801) liked to spend the summer. Hidden :

e scientific
ito ; handsonthel d: “They couldn’t care less aboutus.

says excitedly.
He has no time for the people trying to get their

Me itself heard, with petitions sent to Presid,

Dmitry

channels, the

ing tel

Y flead-
officlals’ big German
cars drive up in a cloud of dust. g

“Here they are! Are they going to look at the H

They just want to line their pockets with no effort

- atall.” As an afterthought, he adds: “1 hope Iwon't
get sacked.”

Legally speaking, it is quite legitimate to sell part
of the land. Under Soviet law there was no concept

Nikolai Vavilov and based in St Petersburg. : of land ownership as such and the gardens were
But this unique collection is under threat, A Pioneer § : entrusted to the institate for its use. In 1995, the
federal housing agency is waiting impatiently for oibinderlty : state recovered the land, conveying it much later
permission toauction off 91 hectares of the precious © Nikolai Vavilov was born on 13November1887  : tothe housing agency. The scientists at Pavlovsk,
land, which should sell for about $33m. Developers - into a family of well-off Muscovite traders, After their eyes giued to thelr plants, seem to have been
are eager to make a killing by buiiding cottage-style : dying at Moscow Institute h ivi i { In August, acourtof
homes for rich buyers, ¢ made many botanical expeditions to Enrope, the : arbi theagency itled
The 300-strong staff of the instituteare ina state - United States, Latin America, Iran and Ethi
of shock. Since April the federal housing agency !  In1g21hewas appointed head of the {then) hetide had ed,
has been demanding they move cut of the relevant | Petrograd Agricultural Institute, Realising the It all started when Medvedev posted a message on

plots. The first auction, due to be held on 23 Sep.
tember, has been postponed until at least the end
of this month after widespread protests. “It make

mesirkzothmkthebuuduursamsoingmdmay and he was accused of supporting the

my collection of plum trees,” says Olga Radchenko, © bourgeois science of genetics.

a slim woman with spectacles, wearingalabcoat ©  Vavilov was eventually arrested in 1940,
ts. i Hewas tzied and condemned to death, but

and
+ Each scientist at the gardens is in charge of a © the

collection.

varieties of plum. From her home n the city she !
has along journey to work every day (two hours by ¢

importance of biodiversity he sot about Creating
amassive seed bank for wild and cultivated
plants. But in 1933 further foreign travel was
banned

: particular he wake of the unprece-
i dented firesthat engulfed much of Russia this sum-
i mer. Between June and August, 13m hectares of
: P { cedh i

¢ Twitter. Now the auction has been postponed. The
< i Fe 1

oodland

plants and flowers to ashes.

sentence was

Radchenko takes care of 370 different at Sarato (on the Volga). There he died of

15 Oct 2010

starvation 26 Tanuary 1943, MJ

lng to permanently preserve the gardens. 'V‘;‘;;e
- hoping against hope’, With. money like that at stake
I wejust don'thunt,"?wpkovasays. LeMonde

Millennium Seed Bank, Kew Gardens, London

30 Sept 2010
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[ Bioversity International
Bioversity

International

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
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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

Mean importance score of associated crops (logw)

10.00

8.00
6.00 -

4.00

2.00 +

1.00

0.80
0.60

0.20 +

0.10
0.08

0.06 4

0.04 4

0.02 +

Wheat

Rice Number of crop wild
4 relative taxa per
Maize crop gene pool
10
Soybean‘ Sugarcane,
Potato 0
Barley Banana and plantain 0
Tomato Groundnut Cassava
® 90
Bean Apple @t iX
e & \(" Sorghum
Sugar beet Sweet potato 130
N
Mango
N
o A Crop type
Chickpea Cereals
Forages
Grass pea bendt i
P ‘)QRQ\ Faba bean Fruits
Pigeon pea =
Qil crops
Papaya
Pulses
Safflower Spices
Yautia
Starchy roots
Vetch Sugar crops
Quinoa Vegetables
2 3 4 5 6 7 8 9 10

Mean priority score (FPS) for collecting and conserving crop wild relatives

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

ze, beans, chili, squash Morocco: durum wheat, barley, Hungary: beans Nepal: rice, barley, squash, taro
¥ > faba bean e 3o

{

o e TR
) Burkina Faso: sorghum,
Peru: maize, beans, pearl millet, cowpea, ' : 4
chili, peanut, cassava okra, peanut Vietnam: rice, taro

Jarvis et al. (2008)



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

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.

Jarvis et al. (2008)



On-Farm Conservation of crop Diversity

Technology

Taxonomy

Circa-situm conservation

Ex situ conservation
Germplasm acquisition
Interspecific introgression
Introgression of weedy races
Gene technology

Screening germplasm

Farmer-based

Folk

Yes

Some community seed banks
Neighbour exchange / informal
Limited to natural crosses
Common

No

For local, not wide adaptation

Formal Crop breeding

Scientific

Virtually none

Gene banks, long and short-term
Global / commercial

Expanded via species techniques
Sometimes used

Yes

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.
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Willkommen bei ProSpecieRara

ProSpecieRara...

Rettet und behdtet die Vielfalt der Kulturpflanzen und Nutztiere
= Erhalt und vermittelt das Wissen und die kulturellen Werte der
traditionellen Sorten und Rassen

®* Vermittelt den Zugang zu Saatgut und Zuchttieren fur
jedermann

* Starkt die gefahrdeten Sorten und Rassen Uber die Forderung
der Vermarktung von Spezialitaten

= |eistet mit der Erhaltung der Kulturpflanzen- und
Nutztiervielfalt einen wichtigen Beitrag an die Sicherheit unserer
Nahrungsmittelversorgung

Mehr Uber die Ziele von ProSpecieRara.

Newsletter abonnieren

Schweizerische Stiftung
flir die kulturhistorische
und genetische Vielfalt

von Pflanzen und Tieren

T W P

Wenn rare Rohstoffe mit altem Seifenhandwerk
veredelt werden...

...entstehen wertvolle Duschseifen. Diese sind aus der
Zusammenarbeit von ProSpecieRara mit der Freiamter
Seifenmanufakt...

mehr

Buchtipps

Die ProSpecieRara-Experten empfehlen ihre
Buchfavoriten zu verschiedenen Themen....
mehr

Riickblick auf den Reutenmarkt

Bratwirste vom Engadinerschaf, Most frisch ab Press
und Uber 40 Birnensorten zum Degustieren - dies die
Kurzzusammenfass...

mehr

Gelungene zweite Auflage der Tier-Expo in
Brunegg

Am 1. und 2. Oktober 2011 war die Vianco-Arena fir
einmal mehr das Mekka der Freunde rarer Nutztiere.
Mit der Tier-Expo ...

mehr




Schweizerische Stiftung
flir die kulturhistorische
und genetische Vielfalt

von Pflanzen und Tieren
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Willkommen bei ProSpecieRara

Swiss Fruit varieties

At the start of the 20th Centrury there were ¢.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

Am 1. und 2. Oktober 2011 war die Vianco-Arena fir
einmal mehr das Mekka der Freunde rarer Nutztiere.
Mit der Tier-Expo ...

mehr




Fondation suisse pour
la diversité patrimoniale
et génétique liée aux
végétaux et aux animaux

Végétaux Découvrir Participer Faire undon Achats

Apercu
Bovins
Moutons
Chévres
Volaille
Lapins
Autres races

Autres théemes:

Entremise animale:
animaux-rares.ch

& Qu'est-ce qu'une race
v -
"B ProSpecieRara?

>

Ou puis-je trouver des races
de rente ProSpecieRara?

o4 Entretien du paysage et
conservation des races de
ferme

“ Garder et élever des

r{ovem e,

animaux-rares.ch

Le marché des animaux de rente rares

Mouton de Saas

Les moutons de Saas sont une type local du mouton
Bergamasque. Ces moutons a viande sont grands,
sans cornes, aux nez busqués bien marqués et des
oreilles tombantes.

Trouver des animaux rares

Chévre du Simplon
La Capra Sempione (ou chévre du Simplon) fait

Chévre col gris
Comme son nom l'indique en dialecte haut-valaisan
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FRUCTUS

Die Vereinigung zur Férderung alter Obstsorten
Lasgociation pour la sauvegarde du patrimoine fruitier

SHOP MITGLIEDSCHAFT UBER UNS NEWS ARCHIV

WILLKOMMEN BEI FRUCTUS

FRUCTUS will die genetische Vielfalt einheimischer Obstsorten fur die nachsten

Generationen erhalten und die Offentlichkeit auf deren Werte aufmerksam machen.

Obstsorten-Erhaltungsprojekte

Was macht Fructus?

b Alte Sorten suchen, erhalten, vermehren und weitergeben
» Sorten beschreiben und erfassen

» Sortenausstellungen organisieren

» Informieren und beraten

» Exkursionen und Kurse durchfiihren

» 4 xpro Jahr ein Bulletin herausgeben

» Pomologien suchen, erhalten und weitervermitteln

» Ernennung Obstsorte des Jahres

¥ Fihrungen auf dem Obstlehrpfad und beim Infopavillon

Flrunsere Arbeit sind wir auf Ihre Unterstitzung angewiesen. Helfen Sie mit!
FRUCTRUS ist offiziell eine gemeinnitzige Vereinigung, das heisst Ihre Spenden
an uns kdénnen Sie von den Steuern abziehen.

Schweizer Obstsorte des Jahres 2010
FRUCTUS hatam 13. 7. 2010 die Kirschensorte
"Schdéne von Einigen® zur Schweizer Obstsorte des
Jahres 2010 erkoren. Nach der Sorte
.Schneiderapfel® 2008 und der Birnensorte _Sept-
en-gueule® 2009 erfolgte diese Ernennung zum 3.
Mal in Folge. Die diesjahrige kleine, slisse,

SONNTAG. 31. OKT. 2010
IN HORHAUSEN/TG

TAG DER NUSS

Kbstichrbtad

Bildung & Erlebnis

www.fructus.ch



Rechercher...

Rétropomme

Association et fondation pour la sauvegarde du patnmoine frutier de Suisse Romande

Association

Présentation de 'association
Dans les années 1980, la Suisse avait déja perdu plus des deux tiers de son verger traditionnel

* L'écran de verdure des villages disparait, le paysage rural traditionnel s’uniformise
* La faune spécifique liée a ces milieux est en péril
* La diversité fruitiére s'appauvrit. Des coutumes, des recettes, des saveurs quittent ainsi notre mémoire...

Interpellés par ce constat, quelques Neuchatelois fondent en 1987 'association appelée aujourd’hui :

Rétropomme

Association pour la sauvegarde
du patrimoine fruitier de
Suisse romande

Les buts de I'association sont :

* Le maintien du verger traditionnel en faveur du paysage et d'une faune et flore spécifiques
* La conservation des anciennes variétés locales et le patrimoine socioculturel qui leur est lié

Le contexte socio-économigue moderne focalisé sur le rendement met en évidence le réle fondamental que peut jouer une association
comme Rétropomme, défendant la diversité biologique. Ce réle, elle entend I'assumer avec l'aide de tous ceux et celles qui pensent avoir la
responsabilité de préserver et de remettre en valeur I'héritage du passé pour les générations a venir.

Sur le plan national, Rétropomme participe activement a la réflexion sur la gestion moderne des ressources génétiques dans le cadre du
Plan d’Action National pour la conservation des ressources phytogénétiques pour Iagriculture et I'alimentation (PAN).




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

\sr‘ < i’. €

David Szalatnay ', K
Markus Kellerhals Fesun: Ve

e LE PATRIMOINE U =
i FRUITIER .
)} DE SUTSSE éﬁ
7 ROMANDE

Fruits d'anjourd’hui g
et pomologie
ancienne

b\ - ‘

Friichte, Beeren, Niisse

Die Vielfalt der Sorten — 800 Portrats

Jubildumsausgabe 20 Jahre FRUCTUS

ProSpecieRara / Fructus VERLAG

= | La Eiblir

Fructus
ProSpecieRara



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

(Schweiz)

Verbreitung
Ostschweiz

Anfang Okt Feb.

[ e [ @2

Etersktond Lageamg

Rigler

Baum
Wiichst mittelstark, bringt mittlere Ertrige. Wenig schorfanfallig. Biuht mittel:

spat.
Frucht

Klein bis mittelgros, 50-65mm hoch, 60-75mm breit, kugelig bis rechteckig

8 Baum
Béume werden ziemlich groB. Bt relativ frih.
Frucht

Mittelgros, 55-65 mm hoch, . breitk
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Herkunt
Eriswil, Kanton Bem
(Schweiz)

Regelformis, ceutliche Kanten und stark ausgepragte Kelchhocker, Kelchgrube

oder stumpf kegelformig, oft unregelmiBig gebaut. Kanten breit und unregel
miifig stark ausgepragt. Kelchhocker schwach bis mittelstark. Kelchgiubt
mitteltief, schmal, etwas gerippt. Kelch klein, geschlossen bis halb offen. Stiels
grube tief, mittelbreit, schwach bis mittelstark berostet, Stiel 15-25 mm langy
milteldick bis dick. Grundfarbe grngelb, Deckfarbe rot bis dunkelrot verwa:
schen, marmoriert und gestreift, bis ¥ Lentizellen wenig zahlreich, grof, hel
umhst. Kelchhohle dreieckig, Staubblatter mittig. Kernhaus Kiein bis mittel
groB, zwiebelfdrmig, teils auch kugelférmig, Achse spaltig zu den Kemfichem
hin offen. Kerne braun, ldnglich, teilweise entwickelt. griinlich,

Mielier und schmal. Kelch mitelgros, geschiossen, it zlemiich langen und
it Stiel kurz und
dick. Grundfarbe griingelb. Deckfarbe fehlend oder orangerot verwaschen bis
amoriert und fein geflammt, bis %. Lentizellen griin umhoft. Kelchhshle breit
dreieckig, Staubblitter mittig. Kemhaus mittelgroB, zwiebelférmig, halb offen
Bisoffen. Keme mittelgros, linglich oval, voll entwickelt. Fruchtfieisch grinlich
WeiB, fest, etwas zellulosig, knackig, mittelsaftig, sG8, fein aromatisch.

5 Masensuertes

mittelfest, grobzellg, saftig, magig gehaltvollin Zucker und Saure, fein aroma=

aus der Gemeinde Erisvil gau, Kanton Bem
(Schwe.z) Den Namen Roggenapfel erhielt me Sorte auf Grund der gleichzeitig

Emtezeit und Lagerung
Ende Jull; Mitte Aug.,
nur kurz lagerbar

Synonyme
e, . Michel 46,
e ulllet,

Doyenn
Doyenné d'éte
précoce, Roi
Herkunft
Frankrelch

Emtezeit und
Mitte-Ende Ju
haltbar

olimont

gerung
8-10Tage

Juli-Dechantsbirne

Klein, 35-40mm hoch, 30-40mm breit, ei- bis kreiselfGrmig. Stiel mittellang,
mitteldick bis dick, fieischig in die Frucht ibergehend. Kelch offen. Kelchgrube
fehlend oder flach. Kelchrhre kurz trichterformig. Kemhaus iein, kugelformigy
kelchwiirts, Achse geschlossen. MittelgroBe, bauchige, hellbraune Samen i
Dom, manchmal weib. Haut glatt, trocken, einzelne Rostllecke, scnst obne!
Berostung, Grine bis gelbe Grundfarbe. Deckfarbe Y4 bis %, leucitend @l
verwaschen. Fleisch gelblich, halb schmelzend, saftg, maig gewis2, asch

Wuchs sehr schwach, Baum sehr Klein, séulenformi, gedeiht auch in Hohens

lagen. Auf Quittenunterlage unvertraglich. Ertrage gut und regelmafig. Wealg

ey schorfanfallig. BIUht frdh, diploid, Pollen gut.
Frucht

schorfbefall, feuerbrandanfallig. Bint mittelspat bis spat, diploi
he

Mitelgrof bis groB, 90-120mm hoch, 55-80mm brei, flaschenférmis, kelch-
Bauchig, stielwarts lang gespitzt und eingezogen. Stiel lang, dinn, holzig,
25-4cm, meist gebogen, Stiel aufsitzend und fleischig in die Frucht uberge-
hmd Stielgrube fehlend. Kelch offen oder halb offen. Kelchrhre kurz richter-
108, spi vollen

el aber iin, dunkelbraun, bauchis Haut rau,tocken, yplsch ganzfichig

mehlig. Interessant wegen der friihen Reife, sofort zu
Wissenswertes

Von der Baumschule Baltet in Troyes (Frankreich)

Fleisch gelb-
5 |m, halb schmelzend, feinkbmig, saftig, S0 mit angenehm wiirzigem Aroma.

rnft
Franzsische Selektion
us der Region lsére
Verbreitun

In den ewropsischen
Nussanbaugel
sehrverreitets, bellebte
Sorte

Emtezed
Antang Ok

Franquette

| I R e R <3 |

Baum

Spat austrelbend, wenig Spatfrostschsden, stark wiichsig. RegelmaBig mittere
& Bl

tich, Wahl der Befruchtersorte wichtig. Meylanaise oder Ronde de Montignac.

Mnlcmvoﬂ ca. qomm hoch, ca. 30mr breit, linglich, zugespitzt, Nabel abge
undet, maBig gefurcht bis knonig. vollkemig, gut knack- und auskermbar,
ausgmk neter Geschmack.

N

Gansingen

 starkwilch: . Enrag regelmaig
sut,auchin ter. Mutterb;
Xrankheitsanzeichen. Blite mittelfroh, weibliche 8liiten vor mannlichen. Daten
2010: Kelche offen 3. Dekade April, Kitzchen stauben 1. Dekade Mai. Blitenstand
in Gruppen.

Nuss.
Mittelgro, ca. 37mm hoch, ca. 32 mm breit, dinne Schale, kaum gefurcht, Mehr

issenswer als Y4 gefulk, leich bis mittl knackbar, mitel bis gut auskembar. Intensiv
Sehr gute Tafelnuss. Kaum , di h auch fi nussig. 3 i
Klimatisch unglinstigere Lagen elgnet, relativ spter . Sehr

verbreitete und beliebte Sorte,

Sorte

anglebigkelt.

o i
Sinig s Gandogen A, !

Johannisbeeren

Herkunft
Frankreich, 1854. Samiing
on Rose de Champagne

Verbreitung

Gelegentlich n alten Haus-
und Liebhabergarten
Emtezeit

Mittel

Gloire des Sablons

<« [ERRERERs e conne. T

Pflanze
Mittelstarker, aufrechter bis halbaufrechter Wuchs. Austrieb mittelfrih, Junge
Blitter und Triebe nur mit schwacher Anthocyanfrbung, 4ltere Blattet hel
m:(lelgrun unterseits mittelstark flaumig behaart, mit offener Blattbas 5. MaSig
a Bliten mittelgrof bis gro, tellerft Ibgran,
Inder Abblite deutich rot, langgestielt, in lockerem, bogig abstehendem Blatens
stand, Bliitenstandachse griin.

MittelgroB, 2um Traubenende hin kontinuierlich Kieiner, kugelig bis abgeflacht
kugelig, am Traubenende zum Teil auch angedeutet feigenfomig, ros3, mittek
fest, in mittellangen bis langen, locker besetzten Trauben, Fein parfimiertef
auffallend siiBer Geschmack

Wissenswertes
Maiger Ertrag. Verlangt ausreichend feuchte und nahrstoffreiche Biden in
milder Klimalage. Ahnlich der Sorte Rose de Champagne (vg|. 5. 861), aber die

Pllanze
Schwacher, eher lockerer,

Wuchs, maBige Regenerationsfahi
keit. Winterknospen klein, kaum bereift. Austrieb und Blite friih. junge Blatter

s Hoch- und Niederstamm geeignet, Wachst mittelstark, etwas auskahlend.
Btragseintritt mittelspat, bringt gute Ertrage, neigt etwas zu Alternanz. Mit
Quittenuntertagen nicht vertriglich. Ma8ig blattschorfanfallig, haufig Frucht:
Pollen gut.

[ |

Synonyme

Boscs Flaschenbime,

Beuné Bosc, Kaiserbirne,

Beurté d'Apremont
Herkunft

Frankreich

Verbreitung
Wichtige Handelssorte
Erntezeit und Lagerung
Witte Sept.; Warz

Herkunft
Deutschland, 1912, selt

1927 im Handel. Abstam:
mung unbekannt, gefun.

a
sene Blitter gros, auffallend stumpflappig, mit grob gekerbtem, etwas nach

" unten gebogenem Blattrand. Blattbasis offen bis fast gerade, Hauptadern im

* Sommer oft rétlich. Mittelstark anfallig fir Blattfallkrankheit. Bliten groB, teller-

Formig, in der Abblute nicht rotlich, gelbgriin, in bogig hangenden Blitenstén-

den, Bliitenstandachse griin

Beere

Grofs, kugelig bis abgeflacht kugelig, mittelrot, eher weich, in meist langen,

8 nur mgig dicht besetzten Trauben. Ziemlich aromatisch, si-sauerlicher

l Geschmack,

_ Wissenswertes

1 Mitterer Ertrag, gute PRUckbarkell. Nicht transportfest. Beeren am Strauch nicht

i
! hell-bis mittelgrin, mit schwacher bis maiger usgewach

Laxton's Pesfection, in den
Handel gebracht von

H. Rosenthal In Rotha bei
Leipzig

Verbreitung

Verelnzeltin alten
Hausgrten

Erntezeit
Mittelfrih
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BIOZ235 Course Assessment

Course Assignment = 50%

Exam = 50%

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

