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Maize introduction in Portugal



Hallauer (1994) proposed distinct four stages for  maize breeding

1) d ti ti 2) d l t f th1) domestication process 2) development of more than 
250 or less distinct races of 
corn by native American 
civilization till 16th century

Columbus (1492)
Shamel, 1905; East (1908) 
and Shull (1908); Shull (1909,

3) development of distinct 4) development of the 

Columbus (1492)and Shull (1908); Shull (1909, 
1910) and Jones (1918)

varieties from original races 
by American and European 
colonists (1500 to 1925)

) p
concept of inbreds and 
hybrids (1909 till 
present) PPB



Landraces are not only seeds, plants…genes



Stage three (more than 500 years relationship)



They have…

Silas Pego



They have strong links with human traditions

Silas Pego



and empirical knowledge… and empirical knowledge.



Expansion and Adaptation (Sec. XVII-XVIII)
“P t A i lt l“Portuguese Agricultural 
Revolution” in the XVII/XVIII 
Cent.
Ad t ti l d t biAdaptation lead to a bigger 
expansion of the crop, i.e.,
different types of maize 
adapted to a diversifiedadapted to a diversified 
number of microclimates 
(Northwest and Algarve), 
according to the sequence ofaccording to the sequence of 
valleys and mountains.
The population diet was 
improved directly with maizeimproved directly with maize 
bread (“Broa”), and indirectly 
due to the increase of meat 
consumptionconsumption



Stage 4 (less than 75 years)
After 2nd World War, American success in maize 
breeding had a tremendous impact in Europe due 

h h b id d h il blto the new hybrid seeds then available

Portugal was one of the first countries where 
American hybrids were introduced

The FAO programmes for hybrid production in 
Europe had excellent adaptation to PortugalEurope had excellent adaptation to Portugal

Breeding stations were established along theBreeding stations were established along the 
country, from North to South: Braga, Porto, Viseu, 
Elvas and Tavira



Adaptation do Portugal conditions 
versus adaptation to Portuguese 

National breeding stations
p g

farmers needs Estação Agrária de Braga
(NUMI)

American hibrids
Portuguese hybrids

Poor grain quality for
ADAPTATION TO FARMER’s NEEDS

Poor grain quality for
human use as bread Grain quality for

human use as bread
Monocropping

technology Early-maturing varieties

No success

gy y g
adapted to highly

intensified cropping systems
Success



Silas Pêgo

Genetic
Hybrids
program

resource
s

BPGV 
PPB

precursor

HB 13
VASO-Project since 1984

1975 76 i fi t HB 13
HB 19

Dr. Wayne Haag (as CIMMYT
director for maize breeding in the 
Mediterranean area)
Fi d j t i 1985

1975-76 maize first 
collection missions
Emma Bennet (FAO)
Finance 1st cold storages Finance de project since 1985.

Pre-breeding work (several 
improved landraces)

Finance 1st cold storages
precursor of BPGV



Participatory Maize Breeding
(Breeding on-farm)(Breeding on farm)



VASO ProjectVASO Project



Integrant Philosophy Productivist Philosophy

(Pê 1997)(Pêgo, 1997) Pego, S. & Antunes, M.P. (1997). Resistance or tolerance? Philosophy, may 
be the answer. Proceedings of the XIX – Conference of the International 
Working Group on Ostrinia. Guimarães Portuga 



The main questionThe main question 

“How to solve the problem of the small 
Portuguese farmers where the land is scarce g
and the high demographic density exists”

i.e.

where the American model do not fit and 
where the multinationals do not have market 
to operate? 



VASO Project

Important decisions
f j tfor project success

Location FarmerGermplasm
traditional maize areatraditional maize area
Agro/sociologic/economics data 
availability
Support of a local elite farmers’ 

i ti (CGAVS)

The right people to work 
with, 

Work side by side 
with the farmer, to 

1 -Local Germplasm
(e.g. ‘Pigarro’, 

association (CGAVS)
Test the efficiency of an alternative 
project supposed to improve the local 
germplasm in order to be competitive, at 

whom the decision 
power will be 
allowed

‘Amiúdo’)

2 -Exotic germplasm
least in certain specific circumstances, 
side by side with the local hybrids 
production

Their initial 
acceptance and 
enthusiasm

g p
‘FANDANGO’



Sousa Valley 



Aims



The evaluation of the yield gain and plant 
performance after 20 years of a participatoryperformance after 20 years of a participatory 
plant breeding approach.

‘Pi ’ t b di th d l i‘Pigarro’: two breeding methodologies
‘Fandango’: different cycles of mass selection 
initiated by the breeder and continued by theinitiated by the breeder and continued by the 
farmer

Based on the collected data e ha e searchBased on the collected data we have search 
what were the best explanatory variables for 
yieldyield.



Genetic Resources
Material and MethodsMaterial and Methods



‘Pigarro’ Selectiong



VASO Project (breeding methodologies)VASO Project (breeding methodologies)

Pigarro Mass Selection 1984-2009…

F l ti

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Year = Selection Cycle

Linear (Cycles)

10

Farmer selection
(A-B-C selection process)

( y )

Pigarro Recurrent Selection (S2) 1984-1998

Breeder selection
S2 selection process)

1 2 3

Selection Cycle

0

S2 selection process) y



C
Population C0 (Selection by S2 lines) PIGARRO

C1

C

C0

C2

Ci
....
.

Recombine Develop progenies

Ci

Recombine Develop progenies

Evaluation

PigarroSelection
pressure Evaluation

1000 S1(15-20%)

500-600 S2200 S235 Elite S2



The ABC of phenotypic recurrent selection
T t l t lTwo parental control mass 
selection:

in the fieldin the field

before pollen shedding
(male flowers detasseling(male flowers-detasseling, 
undesirable plants, weakest, 
disease and pest susceptible)

before harvesting (ear size, 
root and stalk quality, pest and 
disease tolerance, prolificity)

at the storing facilitiesat the storing facilities

after harvesting (ear length, 
kernel row number damagekernel row number, damage 
ears)



SelectionSelection
‘Pigarro’

Selection at the 
storing facilitiesg



‘Pigarro’

After the field selection
Selection at store “Selecção da Eira” will ç
begin
On the left side ears from prolific plants



‘Fandango’ selection
SyntheticSynthetic



‘Fandango’ selectionFandango  selection

Fandango Selection 1985-2009…

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Selection Cicle(A-B-C selection process)

Breeder
Breeder (seed not available) Demonstration purposes

1 ha

Farmer seed 
not available Farmer seed available

~70m
2

Best ear Sousa Valley competition



FandangoFandango
Hybrid



Evaluation trials
Material and MethodsMaterial and Methods



Phenotypic 
EvaluationEvaluation



Material and Methods (Trials)

Four locations in Iowa during 2005



Three locations in Portugal (2005-2008)

Coimbra Lousada

Excluded

Fandango
•all locations in 2006

Montemor o Velho

Pigarro
•2008 for Lousada
•2006 for MontemorMontemor-o-Velho •2006 for Montemor



Material and Methods
‘F d ’ 5 7 t i‘Pi ’ 10 t i ‘Fandango’ - 5-7 entries

Mass. Selection Breeder:

‘Pigarro’ - 10 entries

Massal sel. C0-84, C4-88, 
C6 90 C9 93 C12 96 C1—86, C3—88 (except 

2007), C5—90

C6-90, C9-93, C12-96, 
C15-99 and C20-04

Rec rrent sel C1(S2)89 Mass. Selection Farmer:

C11—96, C15-00, C19-04, 

Recurrent sel. C1(S2)89, 
C2(S2)94, C3(S2)98) 

C22-07 (only 2008)

3 Replicationsp

Plots

Portugal 9.6 m2 (2 rows x 7.00 m lenght g ( g
x 0.75 m between rows);

Iowa 8.31 m2 (2 rows 5.47 m lenght 
0 76 m between rows)0,76 m between rows)

Density ~50 000



Material and Methods Traits Plant height, m (x10) ‡
Ear height, m (x10) ‡

Ear%Moisture
Kernel dept cm (x10) ‡

Yield, mg ha-1

g , ( ) ‡
Ear Lenght, cm
Ear Diameter 1, cm (x10) ‡

Kernel dept, cm (x10) ‡
Kernel number, nº
Thousand kernel weight g

Moisture %
Days-to-silk, nº †

D ilk º d

Ear Diameter 3, cm  (x10) ‡
Ear Diameter 2, cm  (x10) ‡

Thousand kernel weight, g
Kernel per row, nº
Cob diameter 1, cm (x10) ‡

Days-to-silk, nº † end
Days-to-anthesis, nº †

Days to anthesis nº † end

Ear Diameter 4, cm  (x10) ‡
Kernel-row number 1, nº
K l b 2 º

, ( ) ‡
Cob diameter 3, cm (x10) ‡
Cob diameter 2, cm (x10) ‡

Days-to-anthesis, nº † end
OI
H

Kernel-row number 2, nº
Fasciation
D/I %de Ind

Cob diameter 4, cm (x10) ‡
Medula 1, cm (x10) ‡

H
U
N

D/I %de Ind
Convulsion
F/D

Medula 2, cm (x10) ‡
Raquis 1, cm (x10) ‡
R i 2 ( 10) ‡

T
E

F/D
Ear weight, g
Kernel weight, g

Raquis 2, cm (x10) ‡

S
R

g , g
Cob weight, g (x10) ‡
CW/EW



Material and Methods (Data analyses)

Assumption of
lit

FANDANGO
Iowa - 15 cycles of massal selection

PIGARRO
MASS SELECTION
Iowa – 15 cycles
P t l 20 lnormalityIowa 15 cycles of massal selection

Portugal - 22 cycles of mass selection
Portugal – 20 cycles
RECURRENT SELECTION
Iowa and Portugal – 3 cycles

Yes No

Parametric
Regression analyses

Non-parametric
MARS

RF

ANOVA

Response to selection for several traits was evaluated:
Average response for each subgroup
Pigarro: MS and RS for Iowa and Pt

Fandango: MS for Iowa and Pt
b/C0= %gain/Year (b-linear regression coeficient;g ( g ;

C0-initial value before selection)



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 characteristicsto get advantage of their complementary characteristics 
in order to better understand what influences the yield in 
both populationsp p



Results



E l ti t i lEvaluation trials
FANDANGO

Res ltsResults



Fandango
Lousada

Mass selection
Traits Pt - Lousada

b Ĉ0 R2
%C/Y Lousadab Ĉ0 R %C/Y

Yield, Mg ha-1 -0,03 ± 0,03 8,76 0,16644 -8,52
Moisture % 0,20 ± 0,04 ** 31,62 0,80509 0,62
Plant height, cm 1,77 ± 0,49 * 283,18 0,52696 0,63
Ear height, cm 2,13 ± 0,21 ** 150,14 0,95344 1,42
Ear Length, cm -0,11 ± 0,03 ** 22,43 0,78318 -0,51
Ear Diameter 3, cm 0,04 ± 0,01 ** 4,54 0,88572 0,84
Ear Diameter 2, cm 0,03 ± 0,00 ** 4,93 0,94419 0,52
Ear Diameter 4, cm 0,02 ± 0,00 ** 4,51 0,87326 0,55
Fasciation 0,06 ± 0,01 ** 1,31 0,78797 4,66
F/D 0,00 ± 0,01 6,35 0,00115 -0,02
Ear weight, g -0,36 ± 0,69 275,32 0,05251 -0,13g g
Kernel weight, g -0,33 ± 0,61 231,90 0,05502 -0,14
Cob/Ear weigth 0,00 ± 0,00 0,16 0,00105 0,01
Kernel dept, cm 0,00 ± 0,00 1,21 0,55649 0,17
Kernel number, nº 4,56 ± 1,67 * 583,15 0,59702 0,78Kernel number, n 4,56 ± 1,67 583,15 0,59702 0,78
Thousand kernel weight, g -2,99 ± 0,41 ** 397,08 0,91423 -0,75
Kernel per row, nº -0,19 ± 0,04 ** 41,57 0,78674 -0,45
Cob diameter 1, cm 0,03 ± 0,00 ** 3,33 0,95888 0,91
Cob diameter 3 cm 0 03 ± 0 00 ** 2 68 0 90854 1 13Cob diameter 3, cm 0,03 ± 0,00 2,68 0,90854 1,13
Cob diameter 2, cm 0,02 ± 0,00 ** 3,15 0,97984 0,52
Cob diameter 4, cm 0,01 ± 0,00 ** 2,66 0,83498 0,55
Medulla 1, cm 0,03 ± 0,00 ** 1,22 0,97009 2,49
Medulla 2 cm 0 02 ± 0 00 ** 1 02 0 82594 1 64Medulla 2, cm 0,02 ± 0,00 1,02 0,82594 1,64
Raquis 1, cm 0,03 ± 0,00 ** 2,38 0,98608 1,18
Raquis 2, cm 0,01 ± 0,00 ** 2,15 0,77849 0,63



Fandango - Lousada

s tatis tic p.value R 2
equation: E xplaining  each variable along  cycles

Uniformity 0 2466 0 0000 ** 0 0000 5 1296300

K ‐S  L illiefors MAR S  ‐ MULT IVAR IATE  ADAPT IVE  R E GR E S S ION  S P L INE S

Uniformity 0,2466 0,0000 ** 0,0000 5,1296300

aNgle 0,3919 0,0000 ** 0,1137 4,87533093‐0,09241877*max{0,(C ycle‐15)}

Tassel 0,3097 0,0000 ** 0,1726 6,10919406+0.07165617*max{0,(C ycle‐11)}

Ear placement 0 3472 0 0000 ** 0 0000 5 0556Ear placement 0,3472 0,0000 ** 0,0000 5,0556

Root lodging % 0,2933 0,0000 ** 0,0000 0,03547963

Stalk lodging % 0,2978 0,0000 ** 0,0000 0,1070907

Ear Diameter 1 cm 0 1314 0 0209 * 0 7090 5 41178227+0 05377996*max{0 (C ycle‐11)}‐0 02942301*max{0 (11‐C ycle) }Ear Diameter 1, cm 0,1314 0,0209 * 0,7090 5,41178227+0,05377996 max{0,(C ycle 11)} 0,02942301 max{0,(11 C ycle) }

Kernel-row number 1, nº 0,1346 0,0160 * 0,7888 15,4113404+0,3027652*max{0,(C ycle‐5)}

Kernel-row number 2, nº 0,1383 0,0117 * 0,7547 15,3078161+0,2852895*max{0,(C ycle‐5)}

D/I 0 2931 0 0000 ** 0 0000 1 075D/I 0,2931 0,0000 0,0000 1,075

Convulsion 0,1253 0,0340 * 0,3429 1,53684231+0,05397529*max{0,(C ycle‐11)}

Kernel colour 0,1717 0,0004 ** 0,0000 4,160185

Ear Moisture % 0 1378 0 0122 * 0 1712 315 988426‐2 230787*max{0 (15‐C ycle)}Ear Moisture % 0,1378 0,0122 0,1712 315,988426‐2,230787 max{0,(15‐C ycle)}

Ustilago maydis 0,3086 0,0000 ** 0,0000 0,6852

Puccinia spp. 0,2801 0,0000 ** 0,0000 2,16667



FasciationFasciation
Portugal-Mass Selection9,00

7,00

8,00

5,00

6,00

Fa

3 00

4,00

5,00F

2,00

3,00

1,00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Selection Cicle



Results – Fandango, Yield



Random Forests - % Var explained: 46 33%Random Forests - % Var explained: 46,33%
rf2

EW15

KW15

KW15
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L
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Classification and Regression Trees (CART)

|KW15< 237.3

KW15< 193.5 EW15< 302.8

EW15< 203.3 R2>=14.85 R1>=15.95 PuccnlA05>=2.5

H>=238.1

L 21 62

CW_EW< 0.1457
5.217
n=8

6.584
n=16

8.642
n=13

9.493
n=16

9.439
n=19

10.63
n=16

L< 21.62

7 185 8 176

8.326
n=11

7.674
n=10

8.7
n=14

7.185
n=27

8.176
n=10



MARS MARSMARS
R2: 66,47%

Yield15 = 7,646942

+0,02907435*max{0,(EW15-224,725)} 

-0,03713933*max{0,(224,725-EW15)} 

+0,09444964*max{0,(R1-17,7)}       

+0,39985435*max{0,(17,7-R1)}       

-9,25877315*max{0,(CC-1,85)}

-0,90064337*max{0,(1,85-CC)}      

-0,08650634*max{0,(MOIST-22,8)}   

-0.26639750*max{0,(22,8-MOIST)}

+0,17794504*max{0,(H-21,25)}     

-0,09901524*max{0,(21,25-H)}    

0,60245241*max{0,(U-6)}



Conclusions



Conclusions - Pigarro



Conclusions - Pigarro
Selection for bigger ears (larger and wider 
ears) reveal that mass and recurrent selection )
were effective for some traits modification. 
After 20 cycles of mass selection:After 20 cycles of mass selection:

Ear length decreased and simultaneously, ear, 
cob medulla and raquis diameters kernelcob medulla and raquis diameters, kernel 
and cob weight and fasciation significantly 
increased.c eased
This selection also lead to increase of days to 
silk and anthesis.silk and anthesis.

After 3 cycles of recurrent selection
Convulsion decreased significantly while rowConvulsion decreased significantly while row 
number decrease so as fasciation



Pigarro - Molecular

•Evaluation of Pigarro’s genetic diversity evolution through 20 years of 
mass selection. 16 SSR, 3 selection cycles (1984, 1993, 2004)

no effective loss of genetic diversity has occurred during the 
selective adaptation to the farmer’s needs and the regional 
growing conditions.

96.26% of variation was attributable to within-selection cycles 
di it i di ti th t t ti f th ti di itdiversity indicating that a great proportion of the genetic diversity 
is maintained in each selection cycle

Th l ti f th Pi ’ ti di it•The evaluation of the Pigarro’s genetic diversity 
evolution on the breeder’s selection will come up 
soon.

VAZ PATTO, M.C.; MOREIRA, P.M.; ALMEIDA, N.; SATOVIC, Z. & PÊGO, 
S (2007) Genetic diversity evolution through participatory maize breedingS. (2007) Genetic diversity evolution through participatory maize breeding 
in Portugal. Euphytica. DOI 10.1007/s10681-007-9481-8 



Conclusions - Fandango



Conclusions - Fandango

During the selection process there were two phases:
) f1) The breeder phase from cycle 1 to cycle 5 and 

2) The farmer phase, after cycle 5.
B th h diff t l b d f i ld i i ti dBoth have different goals, breeder for yield maximization and 

farmer for big ear size maximization.
The results from response to mass selection in PortugalThe results from response to mass selection in Portugal

revealed that ear length significantly decreased and 
simultaneously plant and ear height, ear diameter, kernel 

b d f i ti i ifi tl i drow number and fasciation significantly increased so as 
convulsion (but for breeder cycles these traits were 
maintained). This selection also led to significant increases of ) g
days-to-silk and anthesis. Identical outcomes were observed 
in long-term divergent selection for ear length in maize 
(Hallauer 1992)(Hallauer, 1992)



According with MARS (R2=8,9%) the breeder 
maintained the grain moisture during breeding processmaintained the grain moisture during breeding process 
(cycle 5), but farmer did contribute to grain moisture 
increase, at Lousada (R2=80,5%). This tendency did ( ) y
also occur to days-to-silk and to days-to-anthesis

‘F d ’ i d d hi h d i i d i‘Fandango’ is not adapted to high densities, during 
selection plant and ear height significantly increase, 
which could mean less area available, i.e., competitionwhich could mean less area available, i.e., competition 
in trials was more severe to advanced cycles and 
some plants did not produce ears. Probably for this 
reason significant decrease in yield was observed atreason significant decrease in yield was observed at 
Iowa locations.



General conclusions



General conclusionsGeneral conclusions
The lack of significant progress in yield for both 
‘Pigarro’ and ‘Fandango’ (after C5) so as 
methodologies can be explained by:

Low selection intensity due to the exclusion of 
stalk lodged plants in the basic units of selection 
that could reduce the intensity of selection for 
yield



General conclusionsGeneral conclusions
The fasciation evaluation, indicates that farmer 
explore fasciation for increase diameter and 
row number. This fact is specially significantly 
interesting at Lousada for:

Pigarro  (R2=88,7) with 3,32% of gain per g ( ) g p
cycle/year and
Fandango (R2=78.8) with 4,66% of gain per g ( ) , g p
cycle/year



Farmer 
Breeder 
selection



Yield - mass selection for ‘Pigarro’ and for 
‘Fandango’g

Analysis using RF, CART and MARS reveal 
that Kernel weight and Ear weight were the most 
distinct traits for all methods in both populations

but row numbers number of kernels per rowbut row numbers number of kernels per row, 
Ear length and ear diameter were also some of 
the important traits that influence yield.the important traits that influence yield.

F t l ti Pl t d h i htFor recurrent selection, Plant and ear height, 
flowering date and kernel number



Mr Meireles as winner of Sousa Valey Best Ear contest(14 years)

Pedagogic toolg g
2) Germplasm “tracker”
3) Germplasm “disseminator”
4) Social aspects: 



Future Perspectives



Future
New experiments: plant densities trials with 
maize per se or in polycrop systems,maize per se or in polycrop systems, 
fertilization trials
Contribution to the elucidation of the geneticContribution to the elucidation of the genetic 
basis of the fasciation trait, typical of the 
‘Pigarro’ and ‘Fandango’ germplasmPigarro  and Fandango  germplasm.
Continue to study the maize quality for Maize 
bread “Broa”bread Broa
Provide to farmers alternative germplasm for 

i l d f i h k dmarginal areas and for nich market products
Molecular data

Clarify the evolution of NUTICA and Fandango



Molecular
Carlota Vaz Patto

Pre-breeding, breeding, PPB

P d M d M i ITQBPedro Mendes Moreira
ESAC

FCT (PTDC/AGR-ALI/099285/2008)
«Exploiting antioxidants, flavours and 

di it ‘b ’ b d iaromas diversity on ‘broa’ bread maize 
breeding »

Winter nursery
João Cândido Souza

Food 
qualityJoão Cândido Souza

UFLA Carla Brites
EAN
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