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Training in organic breeding organized in 5 Modules

1. Module 1 - Plant Genetic Resources (PGRs): collection, conservation
and exchange to support the increase of agrobiodiversity in farming
systems

2. Module 2 - Phenomics: approaches and tools for genetic resources
and breeding material characterisation - FEBRUARY 3rd 2025, 9:00 to
17:30 CET

3. Module 3 - Breeding methods fundamentals - FEBRUARY 13th 2025, 9:00
to 18:00 CET

4. Module 4 - Development and application of molecular methods in
organic breeding - MARCH 4th 2025, 9:00 to 18:00 CET

5. Module 5 - Organic heterogeneous material (OHM) design and
development - MARCH 7th 2025, 9:00 to 18:00 CET
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Module 5 -

Organic heterogeneous material (OHM) design and development

=== -

———a—

MARCH 7t 2025 9:00 to 18:00 CET
Unit 5.1: Composite Cross Populations: setting-up & selection
9:00-11:00 Partnerin charge: UPV (A. Rodriguez-Burruezo) and I. Goldringer (INRAe)
11:00-11:30 Break
Unit 5.2: Dynamic Mixtures: setting-up & selection
11:30-13:00 Partnerin charge: IPC (P. Mendes Moreira)
13:00-14:30 Lunch Break
Unit 5.3: Fundamentals of populations genetics applied to OHM development and use
14:30-16:00 Partnersin charge: UPV (A. Rodriguez-Burruezo) and I. Goldringer (INRAe)
16:00-16:30 Break
Unit 5.4: Using genomics to track the evolution of heterogeneous organic materials
16:30-18:00 Partner in charge: FiBL (M. Schneider)
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Module 5 - Organic heterogeneous material (OHM)
___design and development
Planned for today

DYNAMIC MIXTURE OF:

1. Presentation about main topics on dynamic mixtures, why? how
and some examples (50 min)

Fast quiz (about 10 min) ***
Debate, Wrap up & Proposed homework (about 10-15 min) ***
4. QUESTIONS: THROUGH THE CHAT (Anamarija Cori¢ will manage)

**% = IMPORTANT for CERTIFICATES (ALL THE UNITS!!!!)
LiveSeedinao SEND TO BOTH:  adrodbur@doctor.upv.es  anamarija.coric@ips-konzalting.hr
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Types of maize populations

e

(1)F2 populations developed froma cross
of two inbredlines;

(2)Synthetic developed from
recombination of elite inbred
lines(usually10-24lines);

(3)open-pollinated varieties;

(4)variety crosses produced by crossing
either open-pollinated varieties or
synthetic varieties;and

(5)composites developed by inter-mating

material of diverse origin, such as open-

Eolllnated and synthetic varieties,
ybrids,and inbredlines

i LiveSeeding

ArnelR. Hallauer

Marcelo J. Carena
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Genetlcs In
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BSSS

lowa Stiff Stalk Synthetic (BSSS) creating the genetically broad-based
synthetic variety, improving it by five cycles of half-sib recurrent
selection with a tester, conducting several years of inbreeding and
extensive hybrid testing, and producing seed increases for release and
industry distribution.

H Live



How?

Allogamic versus Autogamic
Autogamic — crosses? Or mixtures?

Allogamic

i LiveSeeding



” LiveSeeding

Module 5 - Organic heterogeneous material
(OHM) design and development

Unit 5.2: Dynamic Mixtures: setting-up &
selection

Author: Pedro Mendes Moreira (IPC)
Funded by the European U nion, the Swiss State Secretariat for g g

Education, Research and Innovation (SERI) and UK Research
and Innovation (UKRI).

UK Research
and Innovation

Co-funded by
the European Union




',-.Doum-w.»
.00-000001.

IS

"TITYOLLL

et LTULLLUTT

Y“ = K
; + ]
__.-.;ciaz.qzozﬁv S YT Yy
TP i —ar iR
e \,

* e ettt .®
cetauatauet .

L LA

,,.,.. .rm..l.FO...,o_o..::-o:.', ,
= el 111 el oo
$Orreeitsesveae %‘5-0‘-...3 1 11)
NSO TR PN o s 2S

i

\et(-(l\\kQAL(‘,S <

\ .....m.\.. )
Febtieipigqaan s
T RRRLLLLT T

cengunn?

¥
PEOteanatig benanit




b "E"Ww ”‘“ﬁﬂ””alnlv, “” 13>

0%50m T
TN

” ui 11 M VOTVIEE

q,uunilhﬁhh T

w®a T 1L (I

Example 1 — Azorean CCP
Trial in Organic and Conventional

Rank
Cal Organic - Caldeirao
VA COSO0 19 - (Regadio
1Lousada 4313,74
2501 - (11-2019
2 Caldeirao 2019 4252,3
Bulk-Azores 2 - (110-
32019 Cald 4248,98
2516 - (23-2019
4 Caldeirao 2019 4235,95
2527 - (Caldeirao
52018) 4195,12

Rank V Conventional - Vagem
19VA CO0SO0 19 - (Regadio Lousada
212501 - (11-2019 Caldeir&o 2019
11 Bulk-Azores 2 - (110-2019 Cald
302516 - (23-2019 Caldeiréo 2019

352527 - (Caldeirdo 2018)

Master degree of André Pereira and Duarte Pintado

BulkAzores1’ and ‘BulkAzores2’ were obtained in 2018-19
through the crossing of 40 Azorean OPVs and subjected to mass

selection at ESAC and on-farm in

2019.

6450,77

6344,97

7308,47

5675,8

9575,57

Rank
diferences

18

19

26

30






‘SinPre’ CCP

Crossing of 12 maize populations (10 Portuguese landraces and two
American populations) using a polycross method

i LiveSeeding
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Impact Factor 5.640 CiteScore 7.3
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Dipartimento di Scienze e Innovazione updates W port

Tecnologica, Universita del Piemonte
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Effect of Low-Input Organic and Conventional Farming 2,243

TOTAL VIEWS
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e e OYSt@mMs on Maize Rhizosphere in Two Portuguese Open- 2 T
" Pollinated Varieties (OPV), “Pigarro” (Improved Landrace) o e
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Fungl

A. SinPre conventional B. Pigarro conventional

Genera of the
rhizosphere of
the maize

SinPre organic arro oreanic .
rieamo ore populations

Bacteria
D.

4

SinPre conventional

Pigarro conventional S | N P e an d

Pigarro under
conventional and
organic farming
system

SinPre organic

Pigarro organic



Why?
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Maydica 54 (2009): 269-285
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Received July 6, 2009

Mendes-Moreira, P. M. M., Patto, M. V., Mota, M., Moreira, J. P.
C.L. M, Santos, J. P.N., Santos, J. P. P, ... & Pego, S. E.
(2009). " Fandango": long term adaptation of exotic germplasm
to a Portuguese on-farm-conservation and breeding project.
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Early1940s

Genetic 1975-76 First
desource collection missions

Participatory
Plant Breeding
since 1984
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Fandango
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Story of a synthetic population,

76 yellow elite inbred lines (dent and
flint; 20% Portuguese and 80% North
American

1276
76 2 1

“NUTICA” —1975-78

1983 - North Carolina Design 1 matting
design (1 male crossed with 5 females)

‘Fandango’- on farm introduction
and mass selection until today

And other Populations
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Mendes-Moreira, P. M. M., Patto, M. V., Mota, M., Moreira,

J.P.C.L. M., Santos, J. P. N., Santos, J. P. P., ... & Pego,

S. E. (2009). " Fandango": long term adaptation of exotic

germplasm to a Portuqguese on-farm-conservation and

breeding project.




‘Fandango genesis’

e Step 1: ‘'NUTICA’ Formation (1975)

* Created from 77 yellow elite inbred lines (20% Portuguese, 80% North American).
* Intermated under natural isolation and subjected to selection cycles.

12|76
76 2 1
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‘Fandango genesis’

* Step 2: ‘Fandango’ Synthesis
* Created using North Carolina Design 1 mating (1 male x 5 females).
* Formed by mixing all resulting crosses in open pollination.

u LiveSeeding



Participatory Breeding in Sousa Valley (VASO Project)

=== -

* Initiated in 1985 by Silas Pego with CIMMYT support.

* Farmers engaged in breeding and selection to ensure adaptation to local
conditions.

—— =S e

* Trials conducted in Portugal (3 locations, 3 years) and the USA (4 locations, 1
year).

H Live



T h e A Bc Of p he nOtyp i c A. Antesda ﬂoragéo ———— B, A colheita (ou uma semana antes)

Olhe para as plantas! - Desbandeira as "doentes e anormais" 1° Produgao - Olhe para a espiga!

recurrent selection ,_ e

b) Mais que uma? (Prolifica)

—

2° Sanidade - Olhe para as folhas e cale e.. pontapé!
a) Doengas (fungos)
b) Pragas (insetos)
¢) Raiz

3° Arquitetura - Olhe para as plantas
a) Altura
b) Insergao da espiga

Two parental control
mass selection:

in the field

- before pollen / |\
Sh&dding C. No espigueiro (Armazém)

Olhe para a espiga!
1° Comprimento

- before harvesting A il

4° Determinada vs indeterminada

c) Encamisamento

d) Angulo das folhas .
e NOMMAIS

use dois sacos:
e prolificas

S~

- at the storing facilities
o ) André
i Live Seeding Figura 3. Esquema de duas selegdes de controle parental no campo, Barata

Fase A e B ao que se segue a Fase C no espigueiro ou armazém. 5° Elimine os dois extremos



Research Methods

* Mass Selection Cycles:
Conducted over 22 years.

* Field Trials: Compared selection
cycles across different
environments.

* Data Analysis: ANOVA,
regression models, and non-
parametric methods (MARS).

Phenotypic recurrent selection (1 year/cycle)

~40 Bestears ———» gg

C2
Ci

C - After harvest A - Before anthesis ——

{Store ~ e selecion for
neadt jareradon) /
Detmsstng
{Made selecten) N
m\ B - Before harvest

rovsut (aar ot 2lart solection)
(1-5%)

X > ~500S; < ~4000S; «~'

FIGURE I - Phenotypic recurrent selection methodology used in

Fandango' by the breeder.



Material and Methods

m ‘Fandango’ - 5-7 entries
Mass. Selection Breeder:

C1—86, C3—88 (except
2007), C5—90

Mass. Selection Farmer:

C11—96, C15-00, C19-04,
C22-07 (only 2008)

= 3 Replications
s Plots

Portugal 9.6 m?2 (2 rows x 7.00 m lenght
x 0.75 m between rows);

lowa 8.31 m? (2 rows 5.47 m lenght
0,76 m between rows)

Density ~50 000




Overall assessment and Q

decomposition of fasciation Q
Field traits 12 |

Ear traits 27

Floweri
% nhg Ol

Traits
-Field
-Ears

Statistical
Analyses
ANOVA
Sheffé test
Response to
selection

BS vs FS for
lowa and Pt



Material and Methods (Data analyses)

PIGARRO

FANDANGO

BN Assumption of
normalit

- -

™ |

- -
4




Material and Methods

= A second analysis was performed in order to get insights on the causes
that explain the yield. We have used three methods for analysis:

MARS

Classification and Regression Trees (CART)
Random Forests (RF).

= The reason to use three methods instead of just one is to get advantage
of their complementary characteristics in order to better understand
what influences the yield in both populations



‘Fandango’ selection

Fandango Selection 1985-20009...

(1) 2 B) 4 () 6 7 8 9 10(11)12 13 14(15)16 17 18(19)20 21(22)

(A-B-C selection process) Selection Cicle
esiwoindav  Demonstration purposes

[
| SesterSousa Valeycompottin




Key Findings - Yield and Selection Response

————

* The selection process included 22 phenotypic mass selection cycles and
occurred in two phases:

* 1) The breeder phase from cycle 1 to cycle 5, and
e 2) The farmer phase, after cycle 5.

* The aim of the breeder was the yield improvement of ‘Fandango’. To
achieve this goal, stratified mass selection was done for both parents.
For yield, no significant changes were observed during selection when
all locations were considered (Fig. 8).

* Nevertheless for Lousada, and during the first 5 cycles, a higher
tendency exists for yield increase (3.09% of gain per cycle per year) for
breeder selection compared with farmer selection (0.63%, of gain per

cycle per year) (Fig. 9).
Live




Key Findings - Yield and Selection Response

* Yield response differed between Portugal and lowa.

* In Portugal: Increased plant height, ear height, kernel number, and ear
diameter.

* In lowa: Yield decreased under mass selection.
 Selection was more effective when controlled by breeders than farmers.

H Live
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) FIGURE & - Yield evolution during the
Porlugal-Mass Selection (05, 07-08) 22 oycles of mass selection.

12,00
11.00 y=-0.029% * 86514

10,00 R® = (05565
8,00

800 e e

Mgha %0
.00

5.00
4.00
3.00
2,00
1.00
0.00 -
1 2 3 4 5 6 7T 8 8 10 1 1213 14 15 16 17 18 18 20 21 22

Selection Cicle
—+— Cycles — Linear (Cycles)

|
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FIGURE 9 - Yield evolution during the
22 cydles of mass selection for Lousada.
The fimt five cycles represent the
breeder selection.

12.00 Lousada 05, 07-08 Selection

11.00 y = -0.0347x + 8755
10,00 R = 01654

.00 ?_.,,r*\___\
?E w//\w

6.00

400

200
1.00
0,00 -
1T 2 3 4 & 6 7 8 9 10 11 12 13 14 15 16 17 18 159 20 21 22

Selection Cicle
—a— Cycles —— Linear (Cycles)
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Key Findings - Yield and Selection Response

* The selection process included 22 phenotypic mass selection cycles and
occurred in two phases:

e 1) The breeder phase from cycle 1 to cycle 5, and
e 2) The farmer phase, after cycle 5.

* The aim of the farmer selection was the ear size maximization. This selection
procedure can be related to: a) hand versus mechanical harvesting. Generally
farmers prefer lower densities and bigger ears if they harvest by hand; b) the
“Best Ear of the Sousa Valley competition”, was one of the main reasons that
explains the popularity of ‘Fandango’. Hence during farmer selection some
decisions could prejudice hypothetical yield gain, such as the selection of
higher moisture ears (for Lousada, R2 = 80.5; 0.62% of gain per cycle per year)
comparing with breeder selection. Considering that maximum ear size is

Live

——— ===



Genetic Diversity and Selection Traits

e Kernel weight and ear weight were key factors influencing yield.

 Fasciation (mutation causing flattened stems/ears) increased with farmer
selection.

* Increased ear row number and ear diameter under mass selection.
* Thousand kernel weight and ear length decreased over cycles.

H Live
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Importance of On-Farm Conservation

——— =S e

* Fandango won the “Best Ear of Sousa Valley” for 17 consecutive years.

* Farmer selection strategies prioritized large ears and high moisture
content.

* Maintained genetic diversity while improving adaptation to local
conditions.

H Live



Unit 2.4: Methods for phenotyping and selection of agronomic traits of interest in

organic farming

(EV formula) was defined as:

EV:0.6xKW+G.2xL+U.'15xR+0.05xKN (1)

4 E as espigas vencedoras, nas diversas modglldades aguardam a
recompensa para os seus donos. .

KW stands for kernel weight (grams) at
15% moisture, L for ear length
(centimeters), R for kernel row number
and KN for total number of kernels.

Not forgeting to feed local iniciatives that
can help on PPB recognition

“Best Ear of Sousa Valley competition” can
provide adequate measurements, indicate
best traits for selection and prediction

EVA = mlr.varsEV = —7.030877 + 0.031605 x KW + 0.387825
xL +0.337015 x R12 — 0.008875 x KN (13 and 14)

i LiveSeeding



M3 - U2 Common methods and strategies in organic breeding

—————

UlZ

Question 1: Should | follow the same methodology for producing CCPs using
allogamic or autogamic plants

Q Yes/no

Question 2: Can farmers produce CCPs?
O Yes/no

Question 3: Do synthetics and composites have the same genetic structure
O Yes/no

Question 4: What in meant by BSSS?
Send to:

pmm@esac.pt and anamarija.coric@ips-konzalting.hr
B LiveSeeding In 10 min n



M3 - U2 Common methods and strategies in organic breeding

e

DEBATE

d Revise the quiz in common

d What | know about CCPs and Synthetics ?
d Own previous experiences

d Other questions and doubts

i L iveseeding Estl:-g:'z.laSuperior



WRAP UP

Send to :
adrodbur@doctor.upv.es pmm@esac.pt and anamarija.coric@ips-konzalting. hrn

hvmmramnv~rkhh " EscolaSuperior
i leeSeedmg By 14" march Agréria
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Thanks for your attention!
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on breeding to meet environmental &
societal challenges '
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Additional available materials

a, P., Satovic, Z., Mendes-Moreira, J., Santos, J. P., Nina Santos, J. P., Pego, S., & Vaz
D17). Maize participatory breeding in Portugal: Comparison of farmer's and breeder's on-farm
breeding, 136(6), 861-871.

., Moreira, P. M., Carvalho, V., & Peqgo, S. (2007). Collecting maize (Zea mays L. convar.
ential technological ability for bread making in Portugal. Genetic Resources and Crop
555-1563.




