BREEDING FORAGES TO COPE WITH
ENVIRONMENTAL CHALLENGES IN THE LIGHT OF
CLIMATE CHANGE AND LIMITED RESOURCE
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(FOLEY ET AL. NATURE 2011)
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PROJECTED CLIMATE CHANGE IN EUROPE 1990-2090
SCENARIO A1B
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KOPPEN CLIMATE REGIONS 1961-1990

Warm climate
= Dry

1 Verydry
Mild climate

Polar climate
] Tundra
1 lce/snow

(JYLHA 2007; BORROWED FROM OLESEN 2014)



KOPPEN CLIMATE REGIONS 2080 (A2)

Warm climate
= Dry
[ Verydry

Mild climate

Polar climate
1 Tundra
1 lce/snow

(JYLHA 2007; BORROWED FROM OLESEN 2014)



« OBTAIN MORE PER LAND
UNIT

— IMPROVE THE QUALITY THROUGH BREEDING

— OPTIMISE D-VALUES THROUGH MANAGEMENT
STRATEGIES

 REDUCE THE RELIANCE ON

— INTRODUCE N-FIXING SPECIES INTO FORAGE
MIXTURES



THE ROLE OF PLANT BREEDING FOR ADAPTING

TO
AND
DEVELOP NEW VARIETIES OF
AND IDENTIFY USEFUL TRAITS
AND/OR
INTRODUCE AND ADAPT IT TO THE NEW

ENVIRONMENT






NORDIC ENVIRONMENT:

TRAITS TO SECURE HIGH YIELDS UNDER CHANGED
OVERWINTERING CONDITIONS

TIMOTHY AND PERENNIAL RYEGRASS

MARITIME, OCEANIC EUROPE.:
ROOT SYSTEMS TO IMPROVE NUTRIENT AND WATER USE
FESTULOLIUM AND TRIFOLIUM HYBRIDS

TEMPERATE AND SOUTHERN EUROPE:

TRAITS TO SURVIVE LONG DROUGHT PERIODS AND QUICK
RECOVERY AFTER AUTUMN RAINS

LUCERNE, COCKSFOOT



THE NORDIC ENVIRONMENT




PROJECTED CHANGES (A1B SCENARIO)

INCREASED PRECIPITATION IN WINTER



POSITIVE IMPLICATIO
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How IS

GROWTH CESSATION
RELATED TO

LATE AUTUMN GROWTH
PHOTOSYNTHETIC ACTIVITY

WINTER DAMAGE
S




HOW TO SELECT FOR GROWTH CESSATION?

FREEZING TESTS: CHLOROPHYLL FLUORESCENCE
CROWN TISSUE / LT, MEASUREMENTS IN THE FIELD

NDVI — MEASURES PHOTOSYNTHETIC
ACTIVITY




RYEGRASS

TIMOTHY FESTULOLIUM




AGROCLIMATIC
ZONES FOR TIMOTHY

(FROM HOLMGEIR BJORNSSON, 1993)



YIELD POTENTIAL
TONN HA™!
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WARMER AUTUMNS?

EFFECTS ON HARDENING — LT,

PRE-ACCLIMATION TEMPERATURE TREATMENT, °C

9 12 15
NORTHERN -19.3 -14.8 -14.1
SOUTHERN -14.7 -14.7 -12.2

(DALMANNSDOTTIR ET AL. 2015)



WARM SPELLS DURING WINTER?

EFFECTS OF DEHARDENING — LT,
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LIMITED RISK OF WINTER INJURIES RELATED TO
FROST AND ICE ENCASEMENT IN

e
X
~
2
<
<
O
o

0,2

e
N

o

WITH THE EXPECTED CHANGES

WINDAM
D. ‘_.
A |}

FLEAFL <o
a FLEAFW

INFNUM LWIDTH

- A

+D‘
o A GHAROQ
| | [e)

0 0,2
PCA Axis 1 (33%)

+

+NGB1332
uNGB722
ANGB1118
®NGB4140
oNGB7596
©NGB14403
oNGB17198
aNGB14467
+NGB4053
©14G2400116
+14G2400152
®IHAR151908
4I1HAR149814
©IHAR149739
©oPL315489
0lHAR151536
aPL381926
*xPLA06317
+PL345665
mRCAT41183
©ABYBD3267
+RCAT040682
APL204480
©PL325460
oPL371957
02007PHLPR1A7EO
ASVGB4667
xPL199262
xPL204478
+PL204909
-PL210426
=PL251595
©PL251670
= PL319080
APL325461
+IHAR151191
= PL539034
4 PL539037
+ABYBD3199

(Fjellheim et al. 2015)

PRESENT TO DEAL

Nordic
populations

Central
European
populations

Southern
European
populations

Eastern
populations




SITUATION LESS CLEAR FOR THE LESS HARDY
PERENNIAL RYEGRASS / FESTULOLIUM

THE SAME PROBABLY APPLIES TO THE
FODDER LEGUMES



LOLIUM PERENNE PERENNIAL RYE-GRASS U

P03 ¥ by W B o Selamee & wvdin. Sagiond. 3434
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PERENNIAL RYEGRASS
AND
FESTULOLIUM

GROWN IN THE MILDER LOWLAND

REGIONS SOUTH OF 60°N

SUPERIOR BIOMASS PRODUCTION
AND FODDER QUALITY



POOR WINTER SURVIVAL IN THE NORTH
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095 - ICELAND (Zone 5) NORWAY (Zone 2)
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GROWTH CESSATION IN NORILD IS GOVERNED BY PHOTOPERIOD
NON-ADAPTED POPULATIONS ARE SENSING TEMPERATURE

Festulolium
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CAN WE EXPAND THE CULTIVATION FURTHER
NORTH WITH A WARMER CLIMATE?
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LOCAL ADAPTATION IS CONTROLLED BY
TEMPERATURE X PHOTOPERIOD

THE PROJECTED CLIMATE WILL LEAD TO

INCREASED T:

CMP.

CRATUR

BUT THE

SAME SEASONAL PHOTOP;

S

CRIOD



BREEDING STRATEGY =

CESSATION IS CONTROLLED BY
PHOTOPERIOD
RATHER THAN TEMPERATURE YET
PHOTOSYNTHESISE SUFFICIENTLY TO
BUILD UP ENOUGH
RESERVES FOR WINTER



WE NEED TO RECOMBINE

NEW TRAITS FROM
EXOTIC MATERIAL

WITH EXISTING BREEDING
POPULATIONS



THE NORDIC PUBLIC PRIVATE PARTNERSHIP
FOR PRE-BREEDING IN PLANTS

AARHUS
/ W UNIVERSITY

ADAPTING PERENNIAL RYEGRASS
TO NORTHERN CONDITIONS




Field tests
WP 7

393 accessions

MANY

1

Multiplication Genotyping

WP 2

Recombination
WP 4
DK, NO

ADAPTED FROM ROGNLI (2013)



FLOW-CHART OF THE PPP FOR PRE-BREEDING PROGRAMME IN PERENNIAL RYEGRASS (LOLIUM PERENNE L.)
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TEMPERATE MARITIME
ENVIRONMENT




PROJECTED CHANGES

1961-1990

-
WARMER AND WETTER WINTERS

HOTTER AND DRIER SUMMERS









EXPLOITATION OF
INTERGENERIC AND
INTERSPECIFIC HYBRIDS




FESTULOLIUM




FESTULOLIUM PROVIDE OPPORTUNITIES FOR:

IMPROVED TOLERANCE TO DROUGHTS & COLD
IMPROVED SOIL STRUCTURES & HYDROLOGY
FLOOD MITIGATION

PREVENTION OF SOIL EROSION & LAND-SLIDE
IMPROVED NUTRIENT USE EFFICIENCY

C SEQUESTRATION

REDUCED GREENHOUSE GAS EMISSIONS FROM
LIVESTOCK
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L. PERENNE FESTULOLIUM
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L. PERENNE FESTULOLIUM

TOTAL RUN-OFF
70%

65% RAINFALL TOTAL RUN-OFF

RETAINED 3 5%

' RoOT
DEGRADATION
AT DEPTH

30% RAINFALL RETAINED




L. MULTIFLORUM X F. GLAUCESCENS
L. MULTIFLORUM X F. MAIREI

L. PERENNE X F. GLAUCESCENS

L. PERENNE X F. MAIREI

ERECT L. MULTIFLORUM PROSTRATE L. PERENNE
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SOIL STRUCTURE

IMPACT OF ROOT ARCHITECTURE AND ONTOGENY
AND HYDROLOGY
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ROOT WEIGHT DISTRIBUTION — PARENTS AND HYBRIDS

Root Dry Weight (g)
20 25 30 35

s.e.d. 4.57 *
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(MARSHALL ET AL. 2015)
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THE SOUTHERN EUROPE
ENVIRONMENT




PROJECTED CHANGES

1961-1990

2080

'- +3-4°C IN SUMMER; +1.5-2°C IN WINTER

.
- LESS RAIN AND HIGHER SOLAR RADIATION IN SUMMER

LIMITED POTENTIAL FOR IRRIGATION



IMPLICATIONS FOR FUTURE FORAGE PRODUCTION

INCREASED PRODUCTION

— 1970-1999
e 2020-2049
2070-2099

- e, B
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DAILY GROWTH (t DM ha! d-})

172 12 14 1% 18 17 |18 18 110 1M1 M2
MONTH

GREATER REDUCTION IN SUMMER
(DURAND ET AL. 2010)
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EXAMPLE: LUCERNE

TUNE AUTUMN DORMANCY

DORMANCY SCALE 1-11

1: WINTER DORMANT DEVELOP CULTIVARS FOR RAIN-FED CONDITIONS
11: HIGHLY WINTER
ACTIVE

CURRENTLY TO BE DEVELOPED:

GROWN:

(FLEMISH)

(YIELD, QUALITY, PEST
RESISTANCES, SEED
PRODUCTION)

RANGE 5-6 ) RANGE 7-8
(MEDITERRANEAN)
DROUGHT TOLERANCE

RANGE 7-11 RANGE 9-11
(SOUTH

\ MEDITERRANEAN) DROUGHT TOLERANCE

IS

REFORMA
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EXAMPLE: COCKSFOOT
KASBAH X MEDLY

s  d y=73,1- 428X

r=-0,30
p <0,001
r>=0,09
= AND
>
@)
Z.
Z
§ IN A FAVORABLE
o ENVIRONMENT
% ARE NOT
= GENETICALLY
LINKED

0,5 0,6 0,7 0,8

PLANT GROWTH RATE (mm/°Cd)
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EXAMPLE
LUCERNE — COCKSFOOT MIXTURES

UNTIL NOW: CULTIVARS BRED FOR PURE STAND CROPPING
PROBLEM: POOR CORRELATION FOR LUCERNE WITH MIXTURE PERFORMANCE

B bartyle
X sega 2014
COCKSFOOT \

.'/"

= ac bluej
= cannelle
B comete
B dorine

= galaxie

m ac bluej
= cannelle
= comete
m| = dorine
= galaxie
= |uzelle
B orca
B rachel

" uzelle
u orca
B rachel

FORAGE YIELD IN MIXTURE, t ha-l

FORAGE YIELD IN PURE STAND, t ha'!

ALWAYS CONSIDER MIXTURE PERFORMANCE WHILE BREEDING



MIXING TEMPERATE AND MEDITERRANEAN TYPES

TEMPERATE AND MEDITERRANEAN
POPULATIONS DISPLAY GENETIC
VARIATION IN SEASONAL GROWTH
PATTERNS

CLIMATE CHANGE IS GOING TO
PROGRESSIVELY IMPROVE THE
WINTER GROWING CONDITIONS

SPRING WINTER

CAN WE USE MEDITERRANEAN AND TEMPERATE GRASS AND
LEGUME MIXTURES TO ADAPT FORAGE PRODUCTION TO CLIMATE
CHANGE ?



MIXING TEMPERATE AND MEDITERRANEAN TYPES
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Harvest Number

» IT EXTENDS THE GROWING

PERIOD (EARLY SPRING,
AUTUMN) AND IMPROVES
YIELD STABILITY WITHIN
THE YEAR (SPRING,
SUMMER, AUTUMN) .

COMBINING
MEDITERRANEAN TALL
FESCUE /COCKSFOOT AND
TEMPERATE LUCERNE
GIVES MIXTURE OVER-
YIELDING.
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