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The Andean Region is the center
of origin of quinoa with a mayor
biodiversity 1n the bolivian-
peruvian altiplano

There are many evidences about
its domestication in this Region




The oldest remains of quinoa

grains corresponds a discovery of
in Ayacucho-Peru (4500 BC)

Jorge Silva Sifuentes (2000). «Origen de las civilizaciones
andinas». En Teodoro Hampe Martinez. Historia del Perii.
Culturas prehispanicas. Barcelona: Lexus. ISBN
9972-625-35-4
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Genetic and cultural erosion of Crops
has been intense since the discovery of
Peru, by many factors, among them the
introduction to the peruvian highlands
of crops such as:

barley, wheat; broad beans,
peas and oats

Introduced crops started to increase
during many centuries significantly
because:

»They were a main food for Spanish

people

»High adaptation to marginal

conditions

»Easy crop technologies and low costs

»Easy storage and processing for
consumption
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Historical Series of the Quinoa Surface (ha)
Cultivated in Peru 1951 -2011
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National Average Yield (kg/ha) of Quinoa
1951 -2011
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Distribution of Quinoa Area
(ha) - Peru 2011

Valley Ecotype

8098
H Puno

Others

Altiplano Ecotype

MINAG, Series Historicas, 2011
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Qulnoa important Inca Staple food remain largely
restricted to the Peruvian Altiplano-Puno and was
unappreciated elsewhere

g
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‘35

&5 | Slnce 1960 started the recognition of qulnoa
and this crop become important new contributor
to the modern world’s food supply



The renewed interest in quinoa 1s based
in the recognition of two important
characteristics:

» 1.- Its high nutritional value

»2.- Its remarkable adaptation to
/ stressful conditions of soil and climate.




Grains:
ItPearled Grains
ItFlour
I tFlakes
I¥Popped grains

Quinoa Uses
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Quinoa Uses

=] eaves

»Horticultural use
*Dried and grounded

= Biommass
sFodder
"Toccra (Stem-Ash)




QUINOA FARM PRICE (KG) CAMPAIGN
1994 - 2009

$
Year 1904 | 20062010 2011

National 0.27 0.17 0.49 0.55

Huancavelica 0.47 0.70 1.1 1.24
Arequipa 0.31 0.72 1.32 1.77

Ayacucho 0.41 0.55 1.29 1.28

Junin 0.35 0.61 1.36 1.50

Cuzco 0.32 0.55 0.94 1.09
Puno 0.23 0.42 1.32 1.43

MINAG, Series Historicas, 2011




DESTINATION , VALUE (FOB )AND AMOUNT (kg) OF
QUINOA PERUVIAN EXPORTS
2007- 2011

2007 2008 2009 2010 2011

USA 62.58%,| EE.UU. 45.54%

USA 64.23% and | USA 63.43% and
and Japon|and Germany

Germany 7.96% Canada 7.94%

Destination 8.63% 10.09%

Value FOB (US
$ 1°787,784 5°079,427 7°304,703 13°190,249 16°800,386

1°348,150 | 2°096,263 2°711,780 4782,863 5°327,731

—

MINAG, 2011




DESTINATION OF QUINOA PERUVIAN
PRODUCTION (%) — YEAR 2011

MINAG - INIA, 2011

8

Cusco Junin Ayacucho Arequipa INEIE]
Autocomsumption B National Market M International Market
Quinoa is a highly nutritious crop and should be a staple food for the

Peruvian population. However, the current price 1s so high that only a
small population with economic capacity can use it as main food.







THE YIELD AND QUALITY OF THE CROPS ARE VERY LOW AND
SOMETIMES THE FIELDS YIELD ONLY ENOUGH FOR FAMILY

ALNUTRITION
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Experimental Locations

*Ancash: 2,700 m.s.n.m
*Junin (IRDS): 3,200 m.s.n.m.
*Huancavelica (Farmer Fields): 3400 m.s.n.m




GOALS OF BREEDING AND METHODS

Improvement of yield and quality

Adaptation

Resistence [ Tolerance to biotic and
abiotic stresses

High Yield /Ha

Quality
Food
Industry




Methodology

Germplasm Collection and
Evaluation

» MasalSelection
» Individual Selection
» Induction Mutation




Germplasm Bank
Universidad Nacional
Agraria La Molina:

2085 accessions collected

Gomez and Eguiluz, 2011
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Morphological Character

(IBPGR Descriptors — 15 Characteristics).

Gomez and Eguiluz, 2011




Agronomic Characterization (life cycle, plant height,
lodging, preliminary yield potential).

Gomez and Eguiluz, 2011




Response to Biotic and Abiotic Stresses

Gomez and Eguiluz, 2011




Quality Chracteristics Evaluation

Gomez and Eguiluz, 2011
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Valley Ecotype

! / - | Cajamarca
Genetic Materialk & .
85 accesions '

= - - Cusco
Altiplano Ecotype (Puno) N° ' Junin
El Collao - llave 4
Puno: :
Puno 4 TR 3 ‘»,':N
Atuncolla 00 2% R A—A
Capachica 4 ' ’s\ § ;% ""_2.\. SF S
Chucuito 3 . & <:5 AR
Yunguyo 8 s ¥ A AT B
Lampa ( : N
Moho 1 >

Eguiluz et al., 2010




Group N° 1 Characters

Range of Variation

Cajamarca (2) |Protein

11.7a17%

Ancash (10) |Saponine

0a1.55

Apurimac 7  |Flowering

75 a 110 days

Cusco (1) Plant height

1252230 cm

Maturity

170 a 210 days

Mildew

30 a 90%

Grain Yield

Group N°2  [Characters

256 a 3531 Kg/Ha

Range of Variation

Cajamarca (3) Protein

11.8a17.4 %

Ancash (1) Saponine

0a1.57 %

Junin (4) Flowering

56 a 106 days

Cusco (11) Plant height

95a185cm

Maturity

140 a 190 days

Mildew

202 80%

Grain Yield
Eguiluz et al., 2010

419 a 2991 Kg/Ha

I T
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Coeficiente
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Group N° 1 Characters Range of Variation
Chucuito (1) Protein 1412163 %
Atuncolla (1) Saponine 0ald%

Puno (1) Flowering 58 a 78 days
Yunguyo (1) Plant height 105 a 155 cm
Capachica (1) Maturity 145 a 160 days
llave (1) Mildew 50a80%

Grain Yield

1940 a 2975 Kg/Ha

Group N° 2 Characters Range of Variation
Capachica(3) Protein 10.6 2 17.1%
Yunguyo (7) Saponine 0ald%

Ylave (3) Flowering 56 a 85 days

Puno (3) Plant height 90a 145cm
Chucuito (2) Maturity 130 a 160 days
Atuncolla (8) Mildew 50 a 90%

Lampa (1) Grain Yield 165 a 1375 Kg/Ha

Moho(1

Eguiluz et al., 2009
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Mean Values of flowering (days), plant heigh (cm), maturity
(days) of 50 valley ecotypes and 35 altiplano ecotypes

Variable i Plant Height (cm

Altiplano Altiplano Altiplano

Eguiluz et al., 2010




Mean Values of mildew severity (%) and grain yield (kg/ha) of 50
valley ecotypes and 35 altiplano ecotypes

Variable Mildew ( %) Rendimiento ( Kg/Ha)

Altiplano Valley Altiplano Valley
| 729 | e [ toass | 15808 .

o o | mmw | wew

Eguiluz et al., 2010




Mean Values of grain protein content (%) and grain saponine
content (%) of 50 valley ecotypes and 35 altiplano ecotypes

Variable Protein (%) Saponine (%)

Altiplano Altiplano

Mean Im.
O 4 [ 143 | 081 | 0%
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Component 1

Proyection of Valley and Altiplano ecotypes considering the first principal
components

Eguiluz et al., 2010
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TRADITIONAL VARIETIES NEGATIVE CHARACTERS
dTall Plants

dLong life cycle
Branching Plant Habit
dSusceptible to shattering

dSusceptible to mildew and other diseases



Parental selection l

DOSIMETRY TEST
150 -350 Gray

=sMutant identification and
homozigosity test

Phase-run at greenhouse
and experimental field

=sSelection and Yield Trials

Selection by:
=sResistence / tolerance to biotic
I Agronomic yield i o
trials at different =Grain Yield
locations and years . i
Phase-run at farmer field Quality

conditions- Participatory
breeding

Process of the application of Mutation

Induction
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Original Pasankalla Mutante Pasankalla
Grain color Grain color




Saponine Content (foam height -cm) of Mutant Lines of UNALM
89 in Generation M,

1 2 2 0 1 2 8 3

0.7CM 1.3Cm 1.9cm 2.5Cm 3.1cCm 3.7CM 4.3CM 4.9cm 5.5¢m 6.1cm 6.7cm 7.3cm  7.9cm




Protein Content (%) of Mutant Lines of UNALM 89 in

Generation M,
19.2
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GRAIN YIELD (KG/HA) OF MUTANT LINES OF UNALM 89
AND PASANKALLA

2012-B - 2013 A.

TR Grain Yield(kg/
Aslis Sl ha Mutant Lines | GFain Yield(kg/
MQLM89-14 4225.0 ha)

MQLM89-131 4205.2 MQPas.57 34661
MQLM89-112 11045 MQPas.-164 34115

MQLMB9-113 4027 4
MQLMB89-150 40177 MQPas50 | 33815

MQLMB9-41 3954.4 MQPas-34 3380.2
MQPas-143 3375.0
MALIBS 152 9195 MQPas 22
QLB §2 39183 e L
MQLM89-109 3737 3 MQPas-148 3315.1 32
MQLM89-149 3705.0 MQPas-136 3308.6
MQPas-142 3259.1
MQPas-99 32487




Development of cultlvars for
the Coast Reglon




Soils affected by erotion | 127945790 14871 310

Soils affected by | 13637000 i 13 637 000

desertification

| Soils affected by salinity 306 701 i 306 701

Soils affected by 4 635 810

waterlogging

Soils affected by 77 615 080

acidification

. T  TEECTRY el N




Levels of E.C. (mS/cm).
0(T1),15(T2), 25 (T3), 30 (T4) y 40 (T5)

hon 100|100 o8| 2t 3 |
e || o |a
hoa | o6 | 93 [75] 18] 10|
o8 | oo | o6 (44| 18] 3|
20 | o7 | o5 |06 |43 |
oc | o8 | o7 [a1] a3 |
3n | oo | o8 [o4| 6] 3 |
an | o7 | o7 [79]65] 3|
s5a | o7 | 8o e |48 3|
isc | oo | o6 [70]6s ]3|
. 50 | o9 | o7 |03l 3|

Germination percentages m-
T

gl ! ) , ] 19A 45

ehe JigatonwalbTomaialei sodli Blorde (2510 hop [ oo [ oo [spus] 1

m E.C.). Fifteen accessions showed more than 60% of

seed germination. (Gomez et al., 2010)

Number of accessions




Accessions 100, 136, 127 and 105 were

Acora

—_—— \ -UNALM Departamento Provincia

"“'b\! R P

““_‘E’t PEQPC0027 |  Puno  |Puno  [Acom |

4 leeopcosss | Pumo  [Puno  [Acom
0 leeopcooso | Puno  |Pumo  [Acom |
100 |eeapcoost | Puno  [Puno  [Acom |
105 |peopcosss Acora |
105 |eeapcooss
106 |peopcorrr Puno |
Puno |
136 leeopcooss |  puno |puno  [Acom |
PeaPcos96 | Puno  |Puno  |Acoa |
Puno  [Acoa |
Puno  |Acora |
Chucuito | Huacullani |
chucuito | Huacullani |

the best-suited genotypes for saline soils. (Gomez et al., 2010)







Seeding Methods




Plant Density

One row by furrow Two row by furrow

Gordon and Gomez , 2012







Profitability Analysis

Production Cost of Organic System

Production Cost of Inorganic System

Quinoa Grain Yield (kg/ha) in Organic Systems
Quinoa Grain Yield (kg/ha) in Inorganic Systems
Organic Quinoa Price (kg)

Inorganic Quinoa Price (kg)

Gross Income- Organic System

Net Income- Organic System

Gross Income- Inorganic System

Net Income- Inorganic System

Profitability in Organic System (%)

Profitability in Inorganic System



M |norganic

Organic

9 177

Land Preparation Hand Labour Agricultural inputs Indirect Costs

Proportion (%) of Direct and Indirect Costs for a Organic
and Conventional Systems of Quinoa Cropping




Quinoa GrainYield (kg / ha) in different cropping systems in farmer fields
Junin-2011-2012

Traditional
System
(Check)

Conventonal Systems
Inorganic Fertilizer

* |Rosada Huancayo

- --.-“ m
1624.3

Blanca Hualhuas
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Huancavelica
Junin IRD-Sierra

Workshops at different locations of the highland




FUTURE RESEARCH IN QUINOA
Development of New Cutivars Adapted to The
Climatic Change

Improvement of Resistance to Biotic Stresses




Improvement of Resistance to Abiotic Stresses

Salt, High and Low Temperature
and drought tolerance




Introduction of modern biotechnology technologies to the
Conventional Breeding :

Molecular Markers and Marker-Assisted Breeding in
Quinoa

Improvement of New Crop Technologies

New developments in the Use of Quinoa- Quality Studies
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