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Wheat Evolutionary Pathway
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The Two Considered Species

A. Triticum monococcum subsp. aegilopoides (syn. Triticum boeoticum)
< » Commonly named as wild einkorn wheat

> Donor of A genome at cultivated wheat (2n = 2x = 14)

> First record in Greece (in Argos region) from Link at 1833

» At 1844 Boissier finds it in Boeotia region (Greece) and records it as Triticum boeoticum

» Primary distribution in the fertile crescent (north Syria, southeast Turkey, north Iraq, west
Iran)

Primary (shaded areas) and secondary distribution of wild
" einkorn wheat (Triticum monococcum subsp. aegilopoides)
Photo courtesy: Greek Genebank (modified from Harlan and Zohary, 1966)




The Two Considered Species

< From the wild to domesticated einkorn Triticum monococcum subsp. monococcum

» Domesticated einkorn (non-shattered) started to emerge ~10,400 years BCE in the Near East
region

> Many neolithic settlements in Greece, where seeds of domesticated einkorn occurred
» Forms of Triticum timopheevii also found in neolithic settlements in Greece

Gentiki 6000 - 5000

Argissa 6000 - 5000

Archontiko 3000 X

Makri 5300 - 4500 X

Arkadikos 5300 - 4500 X

Makriyallos 5300 - 4500 x SR o o e s T
Assiros 3000 X

source: Renfrew, 1969; Jones et al., 2000



The Two Considered Species

B. Aegilops speltoides var. ligustica

> Donor of B genome at cultivated wheat (2n = 2x = 14)

» Primary distribution in the fertile crescent (Israel, Palestine, Syria, southeast Turkey, Iraq)
» Very narrow secondary distribution

» Open pollinated species

» First record in Greece by Zamanis et al. at 1987 in the area of Mesti, Evros prefecture in co-
existence with Triticum monococcum subsp. aegilopoides
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Photo courtesy: Greek Genebank

Primary (shaded areas) and secondary distribution of
(Aegilops speltoides var. ligustica) (modified from Harlan and
Zohary, 1966)



The Area of Mesti, Evros Prefecture

< > Key characteristics of the area
v A low hilly pasture area along a provincial road network of approximately 20 km length

v Four nearby communities of mixed populations (Muslims and Christians) that ftend to
decline

v" The forest of rare bush type black pine tree (approx. ~200 ha)
v Being part of the ancient Egnatia road constructed by Romans

Mesti
(Triticum boeoticum &

Aegilops speltoides) Photo courtesy: Greek &
Genebank
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Preparatory Phase

< » 2004: Desk survey and collection of related information
v" The climate of the area
v" The soil parameters

v" The agricultural production, the primary source of income and the economic development
of the region

v" The population structure
v" The distribution of the species under study in other areas in Greek territory

However, the desk survey revealed...

The latest records of the populations in the area were dated back in the year 1987



Action Phase

» On site visit during the period 2004 - 2008 (three to four visits per year)
v Survey of the area and identification of target species populations

v Setting semi-permanent quadrats and measuring demographic parameters of the populations
under study (determine the dynamic, the threats and the direction of the populations)

v Collecting representative seed samples for ex situ field trials and conservation.
v Collecting soil samples at the defined populations sites

v Collecting data on agricultural production, the primary sources of income and the economic
development of the region

v Investigation of the potential interest of local communities for in situ conservation actions
v Meeting with local authorities for potential collaboration

Photos courtesy:
Greek Genebank




Action phase: Survey of the area for the target species

» A thriving population(s) of Triticum monococcum subsp. aegilopoides were found along the main
road and up to 600 m wide inside the Quercus forest, occupying also parts of the ancient Egnatia
road

» Individuals of Aegilops speltoides var. ligustica found in relatively disturbed environments (e.g.,
roadsides), with decreasing density towards the interior of the pasture, being absent inside the
Quercus forest

Part of ancient Egnatia road in the area of Typical habitat for Aegilops speltoides var.
Mesti, where plants of Triticum monococcum ligustica in disturbed site with close proximity
subsp. aegilopoides occurred to the roadside



Action phase: Site description and demographic parameters

» Six semi-permanent sites for population monitoring were established along the road (two
additional for Triticum monococcum subsp. aegilopoides inside the Quercus forest)

» Data compilation and registration of Aegilops speltoides var. ligustica at the Red data book of
rear and threatened species of Greece under the status "vulnerable”

'I » Demographic parameters measured in each site visit to monitor the populations dynamic
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Aegilops speltoides Tausch
var. ligustica (Savign.) Fiori

Gramineae

Tpwro (VU)

Aegilops speltoides Tausch var. ligustica (Savign.) Fiori, Fl. Italia 4: 33 (1907).

Tonog: (unobeixdnke and tov van Slageren, 1994):
[Ieahia, Aryoupla] “dri (tr1?) coll frear la porta Mantaldo
pressa Genova®, 1847, Savignone s.n. (Nedtunog: Fl, Io-
vedtunog: LY-Gandoger)

Tuvevupa: Aegilaps ligustica (Savign) Coss., App. fl. juv.
alt, Bull. Soc. Bot. France 11: 164 (1864).

Ae. speltoides (Tausch) subsp. ligustica (Savign.) Zhuk.,
Bull. Appl. Bot.. Gen. & PL. Breeding 18(1): 530 (1928).

Ae. speltoides Tausch . ligustica (Savign) Hammer,
Feddes Repert. 91: 231 (1980)

Triticum ligusticum (Savign) Bertol, FL Ital 6: 622
(1847).
. speltoides (Tausch) Gren. ex K. Richt. subsp. liqusti-
cum (Savign) Asch. & Graebn. In Aschersan, Magyar Bot.
Lapok 1 (6): 12 (1902)

T. speltoides (Tausch) Gren. ex K. Right. f. ligusticum
(Savign) Bowden, Can. ). Bot. 37: 665 {1959)

T. speltoides (Tausch) Grén. ex K, Richt. subsp /var.
ligustica {Savign) Kimber & Feldman,, Wild Wheat 26
(1987).

Meprypagh: Movoethc nba oxnpatifovaa ouaTase, pe
Ay €05 apKeté Aentogufi otehxn, Gyoug 30-75 cm e6al-
PoUpEVOU Tou oTéxewc, DUAWYR Apald, NEPLOCOLERD Nu-
Kv6 ot Blon tou BAaotod. Aenides pUMOU ypappoeidels
OEUANKTES, 5100TACEWY 6-13 X 0,2-0,4 cm e nepiBopia
KoAeod uahdbn, eviote PAepapibwrd. Tagiavbla Aemeo
KUAWBPIKGG OTAXUC, BlaTIXDG, EAagpux NENAQTUDEVOS
nAeupixd, Siactdoewy 7-10 x 0,3-0,6 cm xwpic ta dyava.
TraxiBia Katd ty wplpavan opnvoeibis apBpatd e To
&yovo aTaxdbio TG Aong f 1o xapnAGLEpo Yovio ata-
X010 v NapayévEl NPOTAPTIEVD OT0 OTEAEXOG, TTGXUC
B 7-15 yovipa otaxsbia kat Kavéva fi eviote éva dyovo,
Aénupa 2 o€ kGBE OTaxU6t0, BEpATAIBN, TTEVA EANENYO-
€1bi-axpdtopa, pfikoug 5-7 mm, npdova £ NopeUPG-
npaowa, pe Tpaxid EMQAvEl, Kopuprh twv Aendpwy o
nAEupIKG otaxubia akpoTopn, auxvA pE IKDES TPIXEC Kal
otevd uaAGBEG nEpIBGpIo, KopuA v AENGpGwY oTa Ka-
pugpaia otaxtbia apBAela, QUEQVOREVOU NEXOUK, i pKpES
Tpixes, xwpls aups. Aenibec yovpov avibiay ota nheu-
pIKd KaL 0Ta Kopugala OTaxuSia pE Gyava oTny KopuH,
Gyava pe Bpaxties tpixe, xuwpls MAEUPIKOUS 0BGVTES OTR
Béion, auEavoptvou piikous and 2,5 cm otn Péon Tou oté-
Xeog péxpt 10 cm oty Kopupf. Xitvag otevd woerbiic-
eMenpoeibiic, e 500 avpnpéc, akavBwTEC Kaplves, nou
kataAfiyouv g€ pla ofeia kopuph. Kapdoyn piixous 6-7
‘mm, npoaxoAnyEvn otic AEnIBEC Kal oTtov XiTdva.

Xpwpoowpatkés apiBpée: 21 = 2x = 14 (Chennavee-
raiah 1960, we A. aucheri kai A speltoides, Waines &
Barnhart 1992, Jones & PaZakinskiené 2005).

NepioBog avBopopiac: Kty ENAGB, and ta wehn Mal-
ou £ ta téAn louviou.

Fewypague e€anAwon: O Acgilops speltoides katdye-
a1 and TV nEpLOXi tou T8E0U G “Edgopng npIoEARVOU”,
BnAabih v nepiaxi nou exteiveral ané to lopard, t Lu-
pia, T A. Toupkia. T0 Ipdv, To Ipé péxpt v Appievia Kat
tov N. Kadkaoo. I aviifeon pe ty tumikf 1opoh tou
£iBouc (var. speltoides), nou nepiopiZetat oxeB6v anokhet-
ouKd 010 1660 autd, o Ae. speltoides var. ligustica enc-
Kuelvexal oxpt Ta votioavatoAxd Gpia ¢ Eupunaikds
Hnelpou, KkaBix emonpdvinke aa épn T A, Padonng,
aun Boukyapia (Stojanov & Stefanoff 1948, Stojanoy &
al. 1966, Delipaviov 1992, dnau fpénke va avariaoe-
a1 ounw (6ia nepIoXf e 10 aUTopUEG BINAOEIBES orip,
Trnv EANGQ enianyvBnkE Yia npcm popt and pékn
g Tpénedag Nevenkod YAwou (EO.LATE) oto nAaioio
v anootoAay nou
ané 1o 1987 xai Katémw (Zamanis & al. 1988, Ixaupd-
nouhag k6. 2008) ot eupdtepn nepioxii g Méotng, ota
olvapa twv vopdv EBpou kai PoSénnc. Exei ouvundpxet
€ t0 autoguéc Sinhoeibéc oidp Triticum monococcum
subsp. bocoticum kai anoTeAEl To povabik péxpr ofpe-
pa yvward onieio kataypagc Tou atov eMaBIKG xipo
Kat éva and ta EAGNIOTa Onpela OTOV EupwNGTKG Xdpo.
Qotéoo, agiZe va onyewdel 6 olypwva P otoneia

e

Tewypagu e€dniwon tou taxon Aegilops speltoides var. ligustica
ouw EMdbo.

Capture of marking sites of the two species under study
in the area of Mesti

®, Aegilops speltoides var. ligustica

®, Triticum monococcum subsp. aegilopoides



Action phase: Site description and demographic parameters
N
Geographical coordinates:  40°56°018° 'N; 25°39°980" 'E
Altitude: 190 m

Related flora: Paliurus sp., Aegilops spp., Onobrychis sp., Trifolium campestre, Haynaldia villosa,
Vicia spp., Medicago minima, Cardus sp.

Habitat and soil elements:  Site along the provincial road, in the kennels, without high vegetation presence,
where plant communities of Aegilops speltoides subsp. ligustica and Triticum
monococcum subsp. boeoticum coexist. Silty-sandy soil with neutral to alkaline pH
and poor in organic matter. It is characterized by particularly low concentrations of
potassium and trace elements, which makes it almost borderline even for the
development of any form of plant vegetation.

_ Triticum monococcum subsp. aegilopoides Aegilops speltoides var. ligustica

Date: 23/05/2008 29/06/2008 23/05/2008 29/06/2008
Plant density (at 20 plants/m? 28 plants/m? 6 plants/m? 53 plants/m?
heading)

Mean plant height 60 cm 65 cm 30 cm 58 cm
Spike length 9.5 cm 9.0 cm 55 cm 7.0 cm

Awn length 8.0 cm 8.0 cm 6.0 cm 7.0 cm



Mechanical texture
pH

CaCO; (%)

Ec (mS/cm)

Organic matter (%)
P (ppm)

K (ppm)

Exchange Ca?* (ppm)
Exchange Mg?* (ppm)
B (ppm)

Mn (ppm)

Zn (ppm)

Fe (ppm)

Cu (ppm)

Action phase: Collec‘ring soil samples for analysis

| site1 | Site2 _Site3 / Wide variation on soi

Organic
7,04
1,3
0,513
4,56
65,29
260
1213
134
0,58
8,95
1,90
11,59
0,54

6,90
0,9
0,340
1,96
57,5
70
1000
153
0,24
12,79
0,43
5,87
0,55

7,68
4.4
0,299
0,55
60,9
40
1310
150
0,04
2 54
0,17
3,68

0,20/

6,99
1,3
0,440
1,46
57,7
160
1050
104
0,17
19,62
0,39
9,50
0,48

types between the
different sites in terms of
soil texture and chemical
properties

v Site 3: Marginal soil for
plant growth and
development




Action phase: Assessing the major threats

» Three major threats were identified:
v Overgrazing
v Fire
v" Competitive development risks (e.g. widening or construction of new road network)

Photos courtesy: Greek Genebank



Action phase: Collecting seed samples for ex situ field trials

» Spikes from 10-15 plants within each quadrat for each of the two species were collected (~200
seeds/quadrat/species)

» Field trials at the Greek Genebank (ex situ) were established for each growing season
» Phenotypic description and assessment of morphological diversity

> Seed collection from ex situ trials for ex situ conservation

Preliminary assumptions...

Each of the species constitutes a distinct population in the region, with the detectible
genetic diversity as expressed for many morphological traits.




Action phase: Assessing morphological diversity of
populations

Differences in spike density within the population of
Aegilops speltoides var. ligustica

Differences in spike morphology for Triticum Differences in stem and auricle coloration within the population of Aegilops speltoides var. ligustica
monococcum subsp. aegilopoides population



Action phase: Investigation of the potential interest of local
communities and authorities

» Meeting with local communities to ensure the consent and participation of the local community or
individual site owners = incentives needed (such as subsidies)

» Meeting with governing body of Evros prefecture to set a plan for the in situ conservation of
Triticum monococcum subsp. aegilopoides and Aegilops speltoides var. ligustica in the area of
Mesti that will include also the forest of bush type black pine tree

» Meeting with the archeological services for setting a management plan within the sites in ancient
Egnatia road




Recommended Management Plan

spread of populations and the distinct elements of the site.

C Needed approach should take into consideration the limited size of the arear and
v" No core area, buffer zone and transition zone to be defined

< Basic elements of action plan

v" Detailed mapping of the populations distribution of the two protected species in the
region and in the country (if elsewhere occurred)

v Periodic monitoring and recording of the demographic parameters of their populations
(number and size of populations, spread, direction, etc.)

v" Periodic observation and recording of ecogeographical parameters (flora, soil, climate,
hydrological basin and water reserves, threats, etc.) (employment of appropriate
software, e.g. ArcGIS)

v" Study of phenotypic and genetic diversity of the populations, genetic constitution of
populations, determining Ne, (crossability within and between populations and
subpopulations, etfc.)

v" Necessary protection interventions (e.g., management of grazing, weed removal,
minimization of other risks) for the targeted populations and their associated habitats



Recommended Management Plan

< Basic elements of action plan

v" Complementary ex situ conservation as a security back up for long term conservation at
the premises of the Greek Genebank’

< Use for restoring populations in case of destruction by fires, diseases and enemies or
unforeseen human interventions

< Use for reinforcement of the populations in the protected area, when necessary

< Use for relocation of the populations to safer sites at the same habitat (e.g., at sites
that are out of private land, where population management and conservation presents
less legal and bureaucratic difficulties)

v" Establishment of ex situ field trials for phenotypic, agronomic and genetic studies for
the populations under consideration

v" Maintenance of appropriate documentation system that can host all the data collected
for the populations and the habitats and interventions according to management plan
(e.g., weed removal, grazing management, etc.)




Recommended Management Plan

< Basic elements of action plan

v" Generating governmental financial support for the local community and through the
development of a wider agro-environmental program in the region

v" Promoting a new type of touristic development for the region - scientific tourism
(schools, students, researchers from different disciplines, such as archeology, history,
botanist, agronomist)

< Diligent interventions in ancient Egnatia road to highlight its importance and
scientific value (weed cleaning, selection of appropriate lighting along the ancient
pathway, information kiosks nearby the protected populations to aware the public,
etc.)

< Estimated budget

v" For 10 defined observation sites for each of the two species and 6 observation sites for
the mixed populations > 130.000 Euros/year

/

<+ Includes only equipment needs, transportation, cost for defining and marking the
populations, collection, ex situ conservation, field trials, genetic and reproductive
biology studies (based on Iriondo, 2008), as well as subsidies for local community.




THANK YOU FOR YOUR KIND
ATTENTION!
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