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1 Motivation

The motivation for teaching this module as part of the plant breeding major
depends on a few observations and developments.

First, world nutrition depends on few crops. Since they are so important, the
major crops need to be in good shape: they need to be healthy and
high-yielding in a rapidly changing environment. One may also ask whether it
is better to cultivate a high diversity of crops instead of only a few.

Second, the human population is still increasing and expected to reach about
10 billion people by the year 2050. For this reason, an increase in yield is
required (Ray et al., 2013), and current growth rates in yield are not sufficient
to meet this goal (Figure 1). A question in the context of this module is
whether plant genetic resources provide a possibility to achieve this goal.

Third, new global threats evolve because of the genetic uniformity of modern
crops. In particular, new diseases or new varieties of existing plant diseases
may spread rapidly throughout the world and threaten the cultivation of
certain crops. A current example is the Ug99 strain the wheat stem rust
pathogen Puccinia graminis f. sp. tritici. The map in Figure 2 shows the rapid
spread of this strain since its origin at the end of the last century.

Plant breeders need to react rapidly to this pathogen because no chemical
plant protection is available for this pathogen. Genetic resources (i.e., old
landraces of wheat or closely related species) have been successfully used
to identify new disease resistance genes against the Ug99 strain of wheat
rust, e.g., Endresen et al. (2012).
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Figure 1: Observed area-weighted global yield
1961-2008 shown using closed circles and
projections to 2050 using solid lines for
maize, rice, wheat, and soybean. Shading
shows the 90% confidence region derived
from 99 bootstrapped samples. The dashed
line shows the trend of the 2.4% yield im-
provement required each year to double pro-
duction in these crops by 2050 without bring-
ing additional land under cultivation starting
in the base year of 2008. Source: Ray et al.
(2013).

T See also the global wheat rust monitoring
system at FAO


%3Chttp://www.fao.org/agriculture/crops/rust/stem/rust-report/stem-ug99racettksk/en/
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Figure 2 - Spread of the wheat rust pathogen strain UG99 in Africa and Eurasia
since since its discovery in 1999. Source: Marris (2008)

1.1 Example: Traditional and modern agriculture in Peru

The contrast between traditional and modern agriculture as well as the role
of a highly diverse environment on agriculture and crop plant diversity can be
studied in Peru.

Peru is subdivided in three main geographic regions:

« Coastal region (Costa)

+ Highland regions and inter-Andean valleys (Altiplano, Valles
interandinas)

+ Lowlands and Amazonian rainforest region (Selva).

The three regions differ in the type of agricultural systems, crop species
cultivated, and varieties of different crops cultivated. The latter
differentiation can be demonstrated with maize, which is a very important
crop in Peru.

In the coastal region (and increasingly in the rainforest region) modern
agricultural production systems are used. Maize is grown as hybrid maize
using commercially produced varieties from major international breeding
companies. The dominant type is yellow hard maize (Amarillo duro) and it is
mainly used for chicken feed.

The original coastal landraces used for human consumption are very rarely
grown nowadays.

In the highlands, small peasants use traditional low input agriculture of open
pollinated maize varieties, which are highly heterogeneous. In Peru, up to 55
traditional varieties (landraces) of maize are recognized. They were
described mostly on the characteristics of their cobs by Grobman et al.
(1961) and they are mainly used for human consumption and to a lesser
proportion (depending on the landrace) for animal feed (Figure 4).

The differences between the two types of varieties can be seen in Figure 5.
The left variety is a modern hybrid variety of the type Amarillo duro. The right
variety is the landrace Cusco Gigante (‘The giant from Cusco’), which is

cultivated at about 2,500 - 3,000 m altitude near Cuzco in South Peru and is
mainly used for human consumption. For this it is cooked in hot water until
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Figure 3: Three main geographic regions in
Peru. Source: Wikipedia.
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Figure 4 - Officially recognized landraces of Peru and their geographic distribu-
tion. The landraces are described by Grobman et al. (1961). Image
credit: INIA, Peru

soft and then either eaten directly from the cob or as individual grains. The
name of this dish is choclo.

One key characteristic of landrace varieties is the high level of phenotypic
and genetic heterogeneity. Figure 6 shows a picture of a gene bank
accession of the Peruvian maize genebank at the Agricultural National
University, La Molina (near Lima). The picture was taken after collecting the
cobs of a landrace in the Ancash province directly from a farmer's field and it
shows the high level of genetic heterogeneity.

Figure 6 — Genebank record of accessions in the maize gene bank of the Univer-
sidad National Agraria La Molina, Lima. Source: UNALM, Lima

1.2 Trade-off between modern vs. traditional agriculture

There is a trade-off between modern versus traditional agriculture that
requires to make decisions to ensure food security in future generations. The
main cause of the trade-off is the limited area available for cultivation. This
requires to increase the yield per area unit to feed an ever growing human
population in order to avoid the Malthusian trap, a principle that was

Figure 5: Two maize varieties cultivated in
Peru. A. Amarillo duro: Yellow hard maize.
Hybrid variety used for animal feed. B. Blanco
de Urubamba: The white one from Urubamba:
Open pollinated maize landrace with soft ker-
nels used for human consumption. Photos:
Karl Schmid
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formulated by the British economist Thomas Malthus (Wikipedia) (Malthus,
1798). Malthus wrote that because human population growth is exponential,
but the growth in agricultural productivity only linear, the increase in
agricultural productivity will be insufficient to meet the demand caused by
the exponential population growth.

A second source of the trade-off is the ongoing global climate change.
Rapidly changing weather patterns require a rapid adaptation of crop plants
to future, potentially unknown environmental conditions that can be very
different from today. Figure 7 shows that under a 2°C scenario (i.e., a rise of
the global average temperature by 2°C until the year 2100, compared to the
preindustrial era) the temperature in degrees Celsius of the annual hottest
day (i.e., extent of extreme heat), the annual mean total column soil moisture
change (i.e., the risk of dry soils) and the annual wettest day precipitation
change (i.e., extreme rain events) will all change substantially and to more
disadvantageous values in Europe. These models suggest that future crops
need to be more heat tolerant, use less available water in the soil and be
tolerant to flooding.

Annual hottest-day temperature change  Annual mean total column soil moisture change ~ Annual wettest-day precipitation change
e I 1o (C) - > change (o) < D> change (%)

Figure 7 — Projected changes of three parameters of weather under a projected
increase in global temperature by 2 °C until the year 2100. Source:
Calvin et al. (2023)

From these trade-offs, several questions arise for plant breeding research
and the utilization of plant genetic resources:

« Is it better to breed for broad climatic tolerance or narrow local
adaptation?

+ Should the hundreds and thousands of landraces also be improved by
breeding, or should there only be maintenance breeding or no
breeding program at all?

+ Is the introgression of exotic, adapted material into modern varieties a
possible approach for producing ‘future-proof’ varieties?

1.3 How important are traditional cultivars?

The Blanco de Urubamba traditional cultivar (“The white from Urubamba”) is
similar to the Cusco Gigante variety, but it is cultivated at a lower altitude
(>2,000 m altitude). This variety is highly susceptible to the Fusarium
pathogen (Figure 8 A), which produces highly toxic compounds in the cob,
and it is also susceptible to other diseases. Therefore it should be improved
by plant breeding to be useful as human food and animal feed in the future.

In order not to lose from the harvest, the cobs are visually selected: Beautiful
cobs are used for sales and as seeds for the next year, the remaining cobs
are select for animal feed (Figure 9a), and then parts of infected cobs or even
individual kernels are selected by the local poor (Figure 9b). Most likely, cobs
and kernels, which are partially infected are not safe to eat. This selection
happens in many locations and with many crops for thousands of years.


https://en.wikipedia.org/wiki/Thomas_Robert_Malthus
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Figure 8 - Comparison of non-infected and infected cobs of the Blanco de
Urubamba landrace. Cobs are infected with Fusarium. (a) Shows
cobs that are classified into two groups based on non-infected (left)
and infected (right) cobs. (b) Close image of highly infected cobs.
Photo: Karl Schmid

(b) Selection of the remaining kernels for human
consumption

(a) Selection for animal feed

A) Selection of cobs and kernels
that do not seem to be in-
fected by Fusarium and there-
fore deemed suitable as animal
feed. The picture was taken at
the church yard of Taray/Peru
in the Sacred Valley of the In-
cas, where the maize cobs are
selected and dried in the tropi-
cal sun.

B) The remaining cobs are deemed
suitable for consumption by hu-
mans. Selection of cobs and ker-
nels that do not seem to be in-
fected by Fusarium and there-
fore deemed suitable for hu-
man consumption by the elderly
poor. The pictures were taken
at the churchyard of Taray/Peru
in the Sacred Valley of the In-
cas, where the maize cobs are
sorted and dried in the tropical
sun. Photos by Karl Schmid
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One solution to overcome the problem of lacking resistance is to develop an
improved variety directly out of the landrace by a mass selection approach,
i.e., by selecting the most beautiful cobs for seed production (Figure 8),
which however is not a very efficient approach for plant improvement.

Fertilizacion

Para determinar la dosis adecuada y la fuente de fertilzantes
se recomienda realizar el andlisis de suclo. Para rendimientos
superiores a 5ha se aplicd materia organica descompuesta
s el nivel de fertiizacion 140-126-100 kgrha de N-P,O, KO,
fraccionanda a a siembra 105 bolsas de compomaster maiz
¥ para o primer aporque 3 bolsas de urea.

Control de malezas

Los deshierbos son muy importantes, un campa limpia garan
tizs un buen desarrollo y estado fitosanitatio. Se recomienda
mantener el campo libre de malezas los primeros 45 dias,
Tiempo en el que se define el tamano y nimero de granas
por hiera en las mazorcas. El control debe ser oportuno
para evitar pérdidas por competencia. Se recomienda realizar
al menos dos deshierbos hasta el momento de la cosecha.

Aporques
Realizar dos aporques 0portunos on la finalidad de eliminar
las malezas y dar un buen anclsje a las plantas para evitar el
tumbade, sobre teda por efecto de los riegos

Riegas

Efectuar riegos complementarios a las lluvias de acuerdo al
requerimienta del cultivo, en forma adecuada y oportuna,
sobre todo en las etapas de crecimiento rdpido, floraciony
lenado de grano.

Control de plagas

Antes. de realizar el contol de plagas se debe cuantificar el
dao causado por el insecto.

Para prevenir ¢l ataque de gusans de tierra como el cuchi
cuchi (Puranius sp), racka (Ancognatha scarabioides) y
gusanos cortadores o sibwi s debe efectuar una buena
preparacidn del suelo y tratar la semilla con ef Insecticida
adecuado una hora antes de 1a siembra.

Para & control de los gusanos de planta como el cogollero
(Spodoptera frugiperda) aplicar en la primera etapa insecti-
cidas liquidos y cuando esté formado el cogollo utilizar
granulados en dosis comerciales. Para prevenir el ataque del
gusano choclero (Helicoverpa zea) aplicar 3 gotas de aceite
comestible vegetal sobre los pistilos (pelos o barbas) en
estado de pincel de cada choclo.

Para el control de insectos de almacén como el gorgojo de
fos granos: (Pagiocerus frontalis) efectuar aplicaciones preven-
tivas a base de sustancias quimicas gasificantes, colocando
los grancs en ambientes o depdsitos hemméticamente
cerrados. Se recomienda €l uso de mangas de polietilenc
grueso, transparente.

Cosecha
Esta debe ser oportuna cuando las mazorcas lleguen a
madurez de cosecha, por ningdn motive debe pralongarse
para evitar el tumbado y deterioro de la calidad de grano.
Cortar las plantas para luego de 10 a 15 dias efectuar el
despanque y llevar las mazorcas al secadero ristico o al
tendal

Secado y desgrane

Las mazorcas deben secarse en forma wniforme hasta que los
grancs contengan 14 % de humedad para proceder al
desqrane, que debe ser en forma manual con Ia finalidad de
obtener granos integros y sanos.

Almacenado

Embolsar y almacenar los granos e ambientes seguros,
secos, limpios desinfestados y desinfectados para evitar el
ataque de insectas, hongos y roedores.

Amigo productor de maiz
Recuerda, el maiz es de libre polinizacién !
Si tus vecinos siembran malz de mala calidad o de otras
variedades, tu campo se contaminard y también
obtendrs maiz de mala calidad. Comparte con ellos tu

semilla de buens calidad

RECONOCIMIENTO

La variedad INIA 618 - BLANCO QUISPICANCHI es ¢l
resuitado de los trabajos de investigacion participativa
desarollado por el equipo de cientificos del Programa
Nacional de Innovacién Agraria en Maiz de la Estacién
Experimental Agraria Andenes - Cusco, Asistentes Técnicos
del Proyecto Maiz y los socios de la Asociacién de
Productores de Maiz Valle Vilcanota Andahuaylillas, Grupo
Comunitario Secsencalla de  Andahuaylillas, Asociacion
de Productores de Maiz Virgen del Carmen de Huaro,
¥ la Asociacién de Productores Virgen Purificads de
Trio-Quiquijana.

Al gobiemo de Holanda y a los directivos de la
Corporacién PBA de Colombia - Consorcio Andino por el
financiamiento del Proyecto.

Direecién de Investigacisn Agraria
Subdireccion de Investigacién de Cultivos
Programa N e Innovacién Agraria en Maiz
Estacion Experimental Agrarla Andenas - Cusco

Av, Micaela Basticas 310314 -
Telefax: {084) 232871 Teléfono (084) 227351
E-mail:andenes@inia.gobpe

~MAIZ AMILACEO

INIA 618
BLANCO QUISPICANCHI

Variedad de granos grandes para exportacién
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ESTACION EXPERIMENTAL AGRARIA ANDENES - CUSCO

Figure 10 - Flyer presenting the new variety developed from a native Peruvian
landrace produced by mass selection by the Peruvian agricultural
research innovation organisation, INIA.

Producing an improved landrace

MAIZ AMILACEO
INIA 618 - BLANCO QUISPICANCHI

INTRODUCCION

| cuitivo de maiz amiliceo en el Peri tiene como

variedad representativa al Blanco Urubamba, exportado
con la denominacion de Blanco Gigante del Cusco, pertenece
a la Raza Cusca Gigante, cuyo nicho ecoldgico s ef Valle
Sagrado de lus Incas (Calca y Urubamba). La variedad nativa
Parakay o Blanco Local tiene cameteristicas similares a éste
sobre todo en tamano de gran, pero se diferencia por su
s2bor dulce. Se produce con tecnologla media 3 tradicional
por encima de los 3000 msnm. en la provinda de
Quispicanchi, donde anualmente cosechan 2704 ha de
maices de altura con una produccion de 697632 toneladas
de grano y rendimiento de 258 Uha (DGIA, 2010), de los
cuales se estima alrededor de 1800 ha con produccidn de
5400 toneladas y rendimienta de 3,0 tha de maiz Blanco
Local de la Raza Cusco.

La produccién de esta variedad es importante porque genera
ingreso de divisas para el pais, sus granos al igual que los
del Blanco Urubamba san exportads. En conjunto el afo
2010 se exportaron 6 567 toneladas por US § 9809418 y
5023 toneladas en el 2011 por US § 7106826 a Espata,
Japén y otros paises.

Sus granos de excelente calidad se consumen en chodlo,
mote, tostado, frita, temales, <remas, mazamortas, panes y
para finas industrialas 5o obtiana ol almidén y Ia harina

El personal del Programa Nacional de Innovacién Agraria en
Maiz de I3 Estacion Experimental Agraria Andenes-Cusco del
Instituto Nacional de Innovacion Agraria y s0cios de cuatro
Asociaciones de Productores de Maiz de Quispicanchi en el
marco del Proyeeto “Fitomejoramiento Participativo de Maices
de Altura y Produccion Descentralizada de Semilla de Buena
Calidad para Pequenos Productores del Departamento de
Cusco, Perd! cofinanciado por el gobiemo de Holanda
mediante |2 Corporacién PBA de Colombia y el Consorcio
Andino, a partir de la variedad nativa Parakay o Blanco Local
durante 5 campanas agricolas en forma participativa han
mejorado y comprobado su productividad.

En 1al sentido ¢ INIA en ¢l aio 2012 pone a disposicien
de los productores de grano y chaclo de Ia siema peruana
¥ de los exportadores Ia nueva variedad de mafz amilsceo
INIA 618-Blanco Quispicanchi.

ORIGEN

Lo variedsd de maiz amiliceo INIA 618 - BLANCO
QUISPICANCHI fue mejorada & partir de 484 familias de Ia
variedad nativa Parakay o Blanco Local de la Raza Cusco
colectadas el afio 2007 en los distiitos de Quiquijana, Huaro
¥ Andahuaylilas de la provincia de Quispicanchi (Cusco) ¥
mediante seleccin recurrente de medios hermanos, el
Compuesto Racial fue mejorado hasta el ano 2011, afto en
que se formd el nicko de semilla genética

ADAPTACION AGROECOLOGICA

En Quispicanchi desde los 3100 a 3350 metros de altitud en
z0nas maiceras para grano y chodo de la siema desde los
2500 2 3400 msnm.

DESCRIPCION DE LA VARIEDAD

Caracteristicas morfolégicas

Altura de planta : 216cm £ 24cm

Altura de mazorca : 103cm £ 17am

Forma de mazorca : Cilindrica

Tamafio de mazorca : 15a25am

N° de hileras por mazorca @ 8

Cobertura de mazorca : Buena

Color de grano : Blanco

Tamaho y forma de grano :  Grande, plana cireular
Textura de grano : Suave harinosa (amildceo)
Peso de 100 granos 1022 120 gramos

Color de maro o tusa - Blanco, grosor intermedio
Relacién granoftusa : 90%

Caracteristicas agronémicas

Dias a floracién femenina = 107 2 126,

Dias a madurez 1 2403255

Ciclo vegetativo : Tardio (80 - 85 meses)
Rendimiento potencial  : Hasta 7 Uhs

Rendimiento comercial : Hasta 53 tha

Reaccién a enfermedades

En su medio, &l maiz INIA 618-Blanco Quispicanchi es con-
siderado como tolerante al ataque de plagas y enfermedades.

« Tolerante a la raya comin (Puccinia sorgh).

« Tolerante al carbdn comin (Ustilago maydisl.

« Tolerante 3 mancha foliar (Helminthosporium mayds).

« Tolerante 3 a pudricién de mazorca causada por Fusarium y
Diplodia.

« Tolerante al virus del rayado fino y otros.

+ Tolerante a mollicutes (Spiroplasma Pukaponchol.

Campo expermental builkupata - Huors, Cuispicanchi - Cusco

MANEJO DEL CULTIVO

Praparacion del terreno

Se recomienda realizar el barbecho después de la cosecha
para eliminar plagas y enfermedades, y para Ia siembra una
buena preparacién del suelo con humedad adecuada, el
arado debe ser profundo, contra reja y rastrada.

Epoca de siembra

La ¢época adecuada para lograr una buena procuctividad, es
Ia segunda quincena de agosto y la primera quincena de
setiembre.

Siembra

Para lograr la poblacién de plantas deseadas para una buena
productividad, es importante utilizar semilla certificads.
Sembrar en temeno adecusdamente preparade, a profun-
didad uniforme no mayor a 10 cm con humedad suficiente
para conseguir una buena germinacion y emergencia.
Densidad de siembra

Se utiiza de 100 2 120 kgrha de semilla de buena calidad,
de amaio uniforme.

En siembra manual, en surcos distanciados 2 030 6 085m
colocar 3 semillas/goipe cada 0,50 y 0,40m, respectivamente,
dejando al desahije 2 plantas por golpe para tener pobla
ciones de 50000 y 58800 plantas/ha

Figure 11 — Flyer presenting the new variety developed from a native Peruvian
landrace produced by mass selection by the Peruvian agricultural
research innovation organisation, INIA.

The original Blanco de Urubamba landrace and the improved INIA618 variety
are cultivated over large areas in the sacred valley of the Incas near Cusco
on 2,900 m altitude (Figure 12). This is essentially a monoculture with a
single or very few maize landraces that appear to be quite homogenous.

The improvement of a maize variety by a mass selection method such as
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Figure 12 — Sacred valley of the Incas near Cusco. The village is Taray and
it is home to a breeding station of INIA, the Peruvian Agricultural
Research organisation. Photo: Karl Schmid

half-sib selection or full-sib selection results in more homogeneous
populations. However, it also suggests that genetic diversity has been lost in
the material, and for this reason, may either contribute to inbreeding
depression or a reduced adaptability to a rapidly changing climate. The
extent of genetic variation in this population is not known as there is no
analysis of genetic variation using molecular markers.

Another useful approach is to utilize the specific genetic diversity present in
the Peruvian or other native landraces and utilize it for improving modern
hybrid varieties cultivated over large areas by using introgression into
modern elite varieties. In this case the traditional cultivars are genetic
resources to be exploited for useful traits for the development of modern, i.e.,
hybrid varieties. The preservation of the landrace per se is not a primary
goal.

2 Key goals of the module

Based on the above considerations, the module will explorekey topics
essential for understanding and leveraging biological diversity in
agriculture, specifically for the development and improvement of crops.
Initially, it will delve into the understanding of the different types of biological
diversity, aiming to identify which forms are most relevant for the
development of new crops and the enhancement of existing ones. This
understanding is critical as it lays the foundation for subsequent topics. The
module will then cover the methods used to analyze genetic variation,
focusing on describing patterns and levels of genetic variation and how

these can be utilized to identify valuable genetic traits for breeding purposes.

This analytical approach is fundamental in recognizing and harnessing
useful genetic diversity.

Furthermore, the module will explore the practical applications of this
diversity in breeding programs, discussing how new and exotic genetic
diversity can be incorporated into breeding efforts to enhance crop
resilience, yield, and nutritional quality. The strategies for collecting and
managing genetic diversity will also be addressed, highlighting the
importance of preserving genetic resources for future agricultural
advancements. Lastly, the module will examine the political and legal
aspects surrounding plant genetic resources, emphasizing the significance
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of these considerations in the context of global agriculture and biodiversity
conservation. This comprehensive approach will provide a solid foundation
for understanding plant genetic resources, with a more technical definition to
be elaborated on in later classes.

Based on these considerations, we can define the topics of the module:

+ Understand the different types of biological diversity to understand
which one is relevant for the development of new crops and the
improvement of existing ones.

+ Methods to analyze genetic variation: How can we describe patterns
and level of genetic variation and use them for identifying useful
genetic variation?

+ Utilization of diversity in breeding: How can new and exotic genetic
diversity utilized in breeding?

+ How to collect and manage genetic diversity.

« Political and legal aspects of plant genetic resources.

A more technical definition of plant genetic resources will follow in the later
classes.

3 Organization of course

The module is roughly organized around three concepts:

+ Part 1: Methods for the analysis of genetic and phenotypic variation
« Part 2: Importance of plant genetic resources
* Part 3: Utilization of plant genetic resources

Within those parts there are different topics. For each topic, a motivation is
given (i.e., it addresses the question “Why should | learn this?"), a list of key
concepts, and review and discussion questions for class. In addition,
literature references are given, which include scientific literature, but also
more general papers and books that provide a broader context of the topic.

4 Key concepts

o Landrace o Malthusian trap o Major crop
o Open pollinated variety o Mass selection

5 Study questions

1. What are possible reasons that world nutrition depends on few crops
only?

2. What is the Malthusian trap and why is it such a powerful metaphor?

How would you define a major crop?

4. What is the definition of a land race? Can you find out, how many
landrace of each of the major crops exist?

w
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5. If a landrace is improved by breeding (such as the Cusco Gigante
landrace) then genetic uniformity may become a problem. Can you
explain why uniformity increases, and which consequences it may
have for the health of such a landrace? What are possible solutions to
this problem?
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