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ABSTRACT: The objective in this review was to discuss the importance of maize currently and the crucial
role it may play in the future for food production in scenarios of water shortage, as well as the importance
of conserving its landrace cultivars, which have a considerable portion of the reserve of genetic variability.
Maize plants, when exposed to water deficit, may develop physiological, morphological, biochemical and
anatomical adaptation mechanisms. With the aid of genetic improvement, characteristics that impart tolerance
are fixed in plants through conventional methods. In this context, ‘Tuxpeño Sequia’ cultivars were developed in
Mexico, while in Africa, one of the most important strategies was the development of ‘DT’ (Drought-tolerant)
cultivars. In the United States, one of the most important processes was the development of PionerAquamax®
hybrids, while in Brazil, it was the development of cultivars with the ‘Maya Latente’ gene. Through genetic
transformation, the hybrid ‘MON 87460’ was developed. However, it should be mentioned that, for a cultivar
to be well accepted by producers, besides having one or more adaptation characteristics, it must have a
high grain yield. Biotechnological tools such as the use of molecular markers, genetic transformation, and
modeling through bioinformatics, associated with conventional selection, will be fundamental to guarantee
the advancement of water deficit tolerance in maize.
Key words: Zea mays L., foods, landrace cultivars, climate change

Milho: Cultura agrícola chave na segurança e soberania alimentar
num futuro com escassez de água
RESUMO: O objetivo nesta revisão foi discutir a importância da cultura do milho na atualidade e o papel
crucial que pode desempenhar no futuro para a produção de alimentos em cenários de deficiência hídrica, bem
como a importância de conservar suas cultivares crioulas, que detêm uma parcela considerável dessa reserva
de variabilidade genética. As plantas de milho, quando expostas à deficiência hídrica, podem desenvolver
mecanismos fisiológicos, morfo-anatômicos, bioquímicos e moleculares de adaptação. Com o auxílio do
melhoramento genético são fixadas nas plantas as características adaptativas que conferem tolerância via
métodos convencionais, com a seleção e incorporação da característica, ou pelo emprego de transformação
genética. Nesse sentido, foram desenvolvidas, por meio do melhoramento convencional, a cultivar Tuxpeño
Sequia, no México, enquanto na África, uma das estratégias mais importantes foi o desenvolvimento
das cultivares DT (Drought-tolerant). Já nos Estados Unidos, um dos processos mais importantes foi o
desenvolvimento dos híbridos PionerAquamax® ao passo que, no Brasil, foi o desenvolvimento das cultivares
possuidoras do caráter latente na cultivar Maya Latente. Por meio da transformação genética foi desenvolvido
o híbrido ‘MON 87460’. Entretanto, deve ser mencionado que, para uma cultivar ser bem aceita pelos
produtores, além de possuir uma ou mais características de adaptação, precisa ter alta produção de grãos.
Ferramentas biotecnologicas como uso de marcadores moleculares, transformação genética, e modelagem
através da bioinformática, associadas à seleção convencional, serão fundamentais para garantir o avanço na
tolerância à deficiência hídrica em milho.
Palavras-chave: Zea mays L., alimentos, cultivares crioulas, mudança climática
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Introduction
In scenarios with increased frequency of extreme
events, such as water deficit, according to forecasts of the
Intergovernmental Panel on Climate Change (IPCC, 2014), the
maize crop and its landrace cultivars are fundamental to ensure
food security and sovereignty. Water deficit is the most severe
cause of reduction in the global agricultural production, and
climate change tends to aggravate this scenario (Ribaut et al.,
2009). Additionally, there is the challenge of increasing food
supply in the stress scenarios by about 60%, coupled to the
increase in the world population, which will exceed 9 billion
people by 2050 (Grassini et al., 2015).
To ensure maize production in water stress scenarios, there
are many strategies, which include especially the development
of cultivars that are tolerant to water deficit by means of
genetic improvement. Such tolerance can be obtained by
means of hybridization, with genetic materials with broad
genetic variability and which can manifest mechanisms of
adaptation (Taiz & Zieger, 2013). In this context, landrace
cultivars are preferred because they have a great reserve of
genetic variability, of genes that guarantee better adaptation to
stresses (Machado et al., 2011). In addition to the conventional
methodology, it is also possible to use genetic transformation,
with the obtaining of transgenic cultivars, such as the hybrid
‘MON 87460’, which is a transgenic maize cultivar with drought
tolerance that has the Droughtgard® trait (Chang et al., 2014).
To ensure the production of maize destined to feeding
a growing population and in scenarios of increased lack
of water, it is necessary to broaden the research on genetic
improvement, in order to contemplate the tolerance to this
stress. The present review aimed to discuss the importance
of the maize crop nowadays and the crucial role it can play in
the future for food production in water deficit scenarios, as
well as the importance of conserving its landrace cultivars as
sources of genetic variability useful for genetic improvement.

History of Maize Crop
The currently cultivated maize (Zea mays ssp. Mays)
originates from the human interaction, from wild ancestors,
the teosinte, of the parviglumis and Mexican subspecies (Zea
mays ssp. parviglumis), performed about 9000 years ago by the
peoples of Central America, particularly of Mexico (Prasanna,
2012). The probable place of domestication is the CentralSouth region of Mexico, at average altitudes of approximately
1500 m above sea level. Currently, the cultivation is carried
out all over the world, at several latitudes (ranging from 58°
N to 40° S) and altitudes (from 3500 m to sea level), which
demonstrates its wide adaptability (Fancelli & Dourado Neto,
2000).
Maize was the food base which allowed the development
of several important civilizations over the centuries, such as
the Incas, in Peru and in a wide region located in the Andes,
the Aztecs, in Mexico, and the Maya, in Central America and
Southern Mexico. The navigators were the ones who took maize
seeds to Europe, Asia and Africa, and today, in the African
continent, this cereal is the most cultivated crop and with the
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highest total grain yield (Prasanna, 2012; FAOSTAT, 2018). In
South America, it is estimated that maize cultivation began over
4000 years ago by indigenous people, who planted different
cultivars according to the purpose of use (Perry et al., 2006).
In Brazil, maize was already cultivated by the indigenous
people as well, both for food and for other purposes, before
the Portuguese navigators arrived in the country (Krug,
1966). After the arrival of the colonizers, maize consumption
increased due to the population growth and the diversity of
uses, not only for human food, but also for the feeding of
domestic animals, making maize one of the most important
sources of income in family farms. The species became a
constituent part of the food culture of the Brazilian population
from North to South of the country, because it is present in a
variety of foods, such as pamonha, porridge, cuscuz, among
other derivatives produced from maize flour.

Economic and Social Importance
of Maize
Maize is cultivated in almost all countries, occupying an
area of approximately 160 million hectares (Silva et al., 2017). In
nutritional terms, maize has a carbohydrate-rich composition,
mainly in the form of starch, and also has proteins, lipids,
vitamins and minerals (Oliveira et al., 2014). One important
feature is that grains can be directly consumed, without the
need for processing to remove the hull as it is done with other
cereals, such as rice and wheat. In sub-Saharan Africa, maize
is the most important agricultural species, both for being
the most cultivated and produced in quantitative terms and
for being the one which supplies 40 to 50% of the calories
and proteins consumed in Malawi, Zimbabwe and Zambia
(Prasanna, 2012; Cairns et al., 2013). In Zambia, maize is the
most important cereal, and about 90% of the maize produced
is used for human consumption (Edmeades et al., 1996).
In the production systems of commercial plantations, there
is a greater economic investment, aiming at obtaining higher
yields with higher level of management, through the chemical
control of insects and diseases, greater application of fertilizers,
use of irrigation and seeds of hybrid cultivars (Argenta et al.,
2003). Hybrids are developed by following methodologies
with scientific nature and show characteristics such as
high production, response to fertilizers, short stature and
synchronicity in the development (Machado et al., 2008). The
crossing of previously selected endogamous strains leads to a F1
generation with high phenological, morphological and genetic
uniformity, and demanding with respect to environment to
express all its production potential (Argenta et al., 2003). On
the other hand, if the farmer uses grains produced from F1,
the generation F2, as seeds in the next season, will undergo a
reduction in production, and the plants will be greatly uneven.
The need to purchase new seeds at each season raises the costs
of production, since the seeds of F1 hybrid are commercialized
with very high values, and it also makes the farmer dependent
on the seed-producing companies.
Alternatively, it is also possible to use seeds of the
intervarietal hybrids of maize (hybrids of F2 maize populations),
and open pollinated varieties (or cultivars) (OPV), which are
R. Bras. Eng. Agríc. Ambiental, v.23, n.9, p.648-654, 2019.
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obtained by free pollination between maize plants. Therefore,
they are highly heterozygous and heterogeneous, with the
characteristic of having greater production stability and
genetic variability (Fritsche-Neto & Môro, 2015). They are a
great alternative to reduce costs in farms or in areas around
the world with low technological level, as in family farms in
RS and northeast of Brazil or African continent. OPV can
be developed either in formal improvement programs or by
farmers themselves in their rural properties. The OPV maintain
or even increase yield in the F2 and advanced generations,
which allows farmers, besides cultivating, to produce their
own seed.
The seeds of cultivars that are produced and preserved by
the farmer themselves receive several denominations, such
as landrace seed, natural seed, domestic seed, traditional
variety, among other nomenclatures (Meirelles & Rupp, 2006).
These cultivars are part of the group of local, traditional or
landrace cultivars. Local cultivars are those cultivated by
farmers continuously for five or more cycles of selection and
cultivation. Traditional cultivars are those managed by at
least three family generations, in the same ecosystem, when
historical values are incorporated, and it becomes part of the
local traditions (Machado et al., 2008). Landrace cultivars are
denominated in latin countries as the local or traditional, and
this denomination is used in the present review.
Landrace cultivars also have the characteristic of being
cultivated by families for different purposes, such as the
important role in the promotion of organic production systems,
because the increase of diversity favors the stability of the
systems, favoring the empowerment of traditional communities
and family farmers (Boef et al., 2013). Some of them are specific
for flour production, while others are used for the consumption
of green maize, for the use of straw in craftwork and also to feed
animals. In addition, landrace cultivars have greater genetic
variability, being an important source of genes of resistance
to biotic stress and tolerance to abiotic stresses, such as those
expected to occur due to climatic changes (Sandri & Tofanelli,
2008; IPCC, 2014).
When seeds of landrace cultivars are lost or disappear, there
is also a loss of biodiversity, culture and historical traditions
of families and communities (Bianchetto et al., 2017). From
the emergence of maize hybrids, numerous cultivars adapted
to specific regions have been replaced by a limited number of
hybrid cultivars, which were created from a large genetic basis
(Clerc et al., 2005). However, the main hybrids cultivated today
in the world are developed with a low number of strains, with
almost limited genetic diversity, compared to that stored in
the seed banks.
One of the strategies used to minimize the loss of
biodiversity is conservation, which can be done ex-situ,
in-situ or in a combined manner. Ex-situ conservation is
performed outside the natural habitat, when the seeds are
stored in seed or germplasm banks. In Mexico, seeds are
stored in the International Maize and Wheat Improvement
Center (CIMMYT), more than 27000 samples of maize
seeds, representing about 90% of the maize diversity in the
Americas (Ortiz et al., 2008). In Brazil, 3,816 representative
samples of maize germplasm are stored in the Active Bank of
R. Bras. Eng. Agríc. Ambiental, v.23, n.9, p.648-654, 2019.

Maize Germplasm (BAG), located at Embrapa Milho e Sorgo
(Andrade et al., 2002).
By contrast, in-situ conservation is the one carried out in
the original environment in which the species was domesticated
or in the place where it developed characteristics that make it
different. This strategy can be performed on the farm, when
it is done in the family property. In this form of conservation,
the cultivars continue to evolve, through processes to which
they are continually subjected, resisting environmental and
economic changes.
Kaufmann and collaborators pointed out the importance
of integrated conservation of landrace agrobiodiversity,
especially for maize (Kaufmann et al., 2018). This modality
is characterized by the alliance between ex-situ conservation,
which allows the characterization and storage of the cultivars,
and in-situ conservation (on farm), carried out mainly by
indigenous and traditional peoples, allowing these populations
which manage the cultivars to maintain their process of
adaptation to the environments, and according to the interests
of the communities, ensuring their food security. This type
of conservation strategy is also interesting to guarantee the
expression of the genetic diversity of maize cultivars, which
favors the emergence of genes of tolerance to adverse factors
of the climate.

Water Stress in Maize
Due to the characteristic of high sensitivity to water deficit
in a relatively short period of the cycle (flowering-grain filling),
maize production has a close relation with water availability
(Berlato et al., 2005). For maize, the highest water requirements
are concentrated in the vegetative, pre-flowering and flowering,
and grain filling stages (Bergamaschi & Matzenauer, 2014). The
period encompassing the pre-flowering and flowering is the
phase of highest sensitivity, which can compromise the entire
production (Fancelli & Dourado Neto, 2000). Higher sensitivity
in the reproductive period occurs because of the physiological
processes related to zygote formation and the beginning of the
grain filling, in addition to the high transpiration caused by
the maximum leaf area reached at this stage of development
(Bergamaschi & Matzenauer, 2014). Water stress in maize
plants causes delay in the emergence of stigmata, resulting in
an increase in the interval between male and female flowering,
and also in high percentage of aborted zygotes after fertilization
(Bernini et al., 2016). The most prominent responses of plants
to water deficit are the reduction in leaf area production,
stomatal closure, senescence acceleration and leaf abscission.
In the case of Brazil, specifically in tropical and subtropical
regions, there is seasonality of rainfall, where periods with
excess and others with deficit of water often prevail, which
result in fluctuations in grain production. In RS, Brazil, the
dry spells and droughts occur due to the influence of the
phenomenon El Niño South Oscillation (ENSO). ENSO is
characterized by the abnormal heating or cooling of the waters
of the Equatorial Pacific Ocean. The occurrence of cooling
characterizes the action of La Niña, which results in reduction
of rainfall, mainly in the spring and early summer, causing
water deficit for summer crops (Berlato et al., 2005).

Maize: Key agricultural crop in food security and sovereignty in a future with water scarcity
Analyzing the historical series from 1919 to 2003, Berlato et
al. (2005) demonstrated that, for the years of El Niño in southern
Brazil and in other countries such as Argentina, the maize sown
during the recommended period had higher frequency of high
production, while for La Niña there was higher frequency of low
production. Yield losses around 3.4 million tons (IBGE, 2010)
were recorded in the RS, Brazil, in the 2004/2005 season, year of
El Niño with a different configuration, called El Niño Modoki,
with characteristics of reduction of rainfall in the summer
months (Tedeschi et al., 2013). In the 2011/2012 season, the
losses were equal to 46.7%, which corresponded to 3 million
tons of grain (EMATER, 2012).

Mechanisms Developed by Plants
to Tolerate Water Stress
When under water stress, plants can respond by developing
mechanisms of morpho-anatomical, biochemical, physiological
and molecular adaptation (Taiz & Zieger, 2013). Physiological
alterations correspond to changes which occur at the cellular
level, such as leaf water potential, stomatal conductance
and chlorophyll content; morpho-anatomical alterations
correspond to the increase in the interval, in days, between
female and male flowering, accelerated senescence of culms
and leaves, reduction in plant height, prolificacy, number
of branches of the tassel and total dry matter (Bernini et al.,
2016). The physiological alterations which guarantee yield
under stress conditions are: lower reduction in water potential,
reduction in CO 2 assimilation rates, prolonged stomatal
closure, higher chlorophyll concentration and deep roots (with
less lateral branching). The lack of water reduces the turgor of
the cells and, consequently, their growth, an increase in the
synthesis of the abscisic acid (ABA), which induces stomatal
closure and reduces CO2 assimilation (Bernini et al., 2016).
An important aspect in the selection of maize cultivars
tolerant to water deficit is that the character which imparts
tolerance must be genetically related to grain production and
should be highly inheritable, easy to measure, low cost, nondestructive, stable and should not be associated with decreased
yield under condition without water stress (Ribault et al., 2009).
Thus, the most known secondary characters are the number
of ears per plant, which should increase in tolerant genotypes,
the interval between male and female flowering, which should
decrease in tolerant cultivars, stay-green should be increased
as well as the number of branches on the tassel (Bänziger et
al., 2000).
Cultivars showing an interval between male and female
flowering less than five days under stress condition are
considered tolerant (Cairns et al., 2013). Stay-green is a
characteristic that allows the plant to maintain the green leaf
area and photosynthetic activity for longer under drought
conditions during grain filling, delaying leaf senescence.
Additionally, the capacity to control stomatal opening,
through which the plant limits its water loss, is considered an
important mechanism, which allows the plant to continue CO2
assimilation, performing photosynthesis (Oliveira et al., 2002).
Landrace cultivars, for having higher genetic variability,
show higher phenotypic plasticity, which may allow current
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populations to maintain their suitability as the conditions
change. Only a small portion of the genetic variability of maize
has been explored, and landrace cultivars, which are often
exposed to drought stress, are an important source of alleles
to seek tolerance (Ortiz et al., 2008) and should be conserved.

Scientific Advances in Maize Tolerance
to Water Deficit
The genetic variability for the desirable characteristics
of maize can be obtained through new combinations and
intercrossing of the genotypes (Bernini et al., 2016). The
adaptation to the environment with stress occurs when genetic
alterations are fixed in the entire population of plants through
natural selection or in individuals which undergo a stressful
situation and change their physiology or morphology (Bernini
et al., 2016). In the genetic improvement of maize in the
scenarios of increased water stress, production stability and
wide adaptation should be sought, increasing the tolerance
(Bernini et al., 2016).
In Mexico, in the 1970s, the CIMMYT started an
improvement program against drought using maize populations
of the plains, the ‘Tuxpeño Sequia’. After more than eight
selection cycles, it obtained gains of up to 144 kg ha-1 year-1
under water stress condition (Cairns et al., 2013). In the end
of the 1990s, the CIMMYT started an improvement program
for South Africa, selecting cultivars for soils with low nitrogen
content and drought, whose cultivars had 40% higher yield
than hybrids under water stress condition (Bänziger et al.,
2000; Setimela et al., 2013).
In the African continent, mainly in the sub-Saharan
region, some drought tolerant cultivars have been developed.
In Ethiopia, two OPV have been proposed, ‘ACV3’ and
‘ACV6’, which are relatively tolerant to drought (Edmeades
et al., 1996). The hybrid ‘CML442/CML444’ has been widely
used as a seed parent in the development of drought-tolerant
hybrids in Eastern and Southern Africa, where many gains
have been achieved (Bänziger et al., 2006). One of the most
important strategies was the development of cultivars called
‘DT’ (Drought-tolerant) (Lunduka et al., 2017). Since the
1990s, DTs have been treated as part of the solution to maintain
maize production, especially in family properties. Besides
being tolerant to drought, DTs are more productive, around
40% more than the commercial cultivars used (Setimela et
al., 2013). In recent tests, the hybrid ‘DT CZH0616’ showed
stable yield in 44 sites, producing around 36% more under
water stress condition compared to the most sown cultivar
(Setimela et al., 2017).
In the United States, for the “Corn Belt” region, which has
the highest maize production in the country, in the decade of
the 1970s, the genetic improvement already focused on yield
and tolerance to abiotic stresses, such as drought (Campos et
al., 2004). As a result, the Hybrid Pioneer AQUAmax® (Guo
et al., 2014) was obtained. This hybrid is the result of a set of
hybrids which have better yield under drought conditions,
with stable production. The ‘Agrisure Artesian®’ hybrid from
Syngenta company, like the AQUAmax®, was developed
through the sum of conventional improvement, selection of
R. Bras. Eng. Agríc. Ambiental, v.23, n.9, p.648-654, 2019.
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genes of landrace cultivars, with the use of molecular markers
(Edmeades, 2013).
In Brazil, in 1982 the cultivar ‘IAC Maya Latente’ was
developed, in which the “latent” character was incorporated
as a response to drought and cold. With this factor, there is
a prolongation of the vegetative stage under water deficit,
allowing flowering to occur when the water condition is
re-established, with fast development to complete the cycle
(Miranda et al., 1986). In 1992, Embrapa Milho e Sorgo started
the formation of the cultivar ‘Sin EEL Flint’ by means of
recombinations with germplasm of ‘Cateto’, a Mexican landrace
cultivar that has a high level of drought tolerance (Gama et
al., 2003). Studies on tolerance to water deficit continue to
be carried out in Brazil. When studying two maize hybrids:
‘DKB 390’ (tolerant) and ‘BRS 1030’ (sensitive), at different
stages of development and combined to generate cumulative
stresses during the cycle, at Embrapa Milho e Sorgo, Souza et
al. (2016) concluded that the higher tolerance of ‘DKB 390’ can
be attributed to the memory of prior exposure to water stress
at different development stages.
Genetic transformation for tolerance to water stress has
also been tested. The gene ZAR1 (Zea mays ARGOS), an auxin
regulator related to organ size, was inserted in maize to increase
yield and tested for drought tolerance (Guo et al., 2014). The
ZAR1 gene has been shown to influence some traits of plants that
are related to drought tolerance, such as reducing the interval
between flowering, number of aborted grains and sterility. The
company Monsanto has developed the hybrid ‘MON 87460’,
which is a transgenic maize cultivar with drought tolerance,
which has the ‘Droughtgard®’ trait (Chang et al., 2014).
Genetic transformation has also been used to interfere in
the production of ethylene, a phytohormone that is synthesized
in all plant tissues and induces leaf senescence (Habben et
al., 2014). After water stress, the transgenic reduced ethylene
synthesis, decreased the interval between female and male
flowering and increased the number of grains per ear, resulting
in an increase of 800 kg ha-1. However, the authors emphasize
that it is very simplistic to directly relate the suppression of
ethylene with direct increase in yield.
Research needs to continue to be conducted around
the world to improve maize tolerance to water deficit. For
this, some technologies are promising, such as the selection
assisted by molecular markers, which can double the gains
of the conventional selection for drought tolerance (Chang
et al., 2014). Genetic mapping through molecular markers
can be used to identify the number and genetic positions
of the Quantitative Trait Locus (QTL), associated with a
specific genotype for water stress (Campos et al., 2004). These
technologies, associated with conventional selection, can
guarantee the necessary advances to make maize cultivars
productive under water deficit conditions. The next step would
be, in addition to developing new technologies, to perform
local studies, aiming to explore the genetic variability available.
This is because a technology or a cultivar that adapts and
produces well in one place may not have the same performance
or be accepted in (an)other site(s).
To ensure the production of food for future generations,
besides thinking of guaranteeing an increase of production, the
socioeconomic and cultural characteristics of the producers
R. Bras. Eng. Agríc. Ambiental, v.23, n.9, p.648-654, 2019.

also need to be considered. Maize cultivars developed for the
‘maize belt’ region may be more directed towards increased
yield, using the available resources better, especially higher
water use efficiency, whereas a cultivar developed for African
conditions should be able to guarantee production with few
nutrients, including water. In the RS, Brazil, in particular, it
is necessary to seek cultivars with shorter cycles, for use in
rotation with soybean, with higher tolerance to water deficit
and lower cost of the seed.

Conclusions
1. Landrace maize cultivars are a source of biodiversity
with adaptation to the environments subject to water deficit,
which makes them fundamental to ensure maize production
in the future.
2. Advances in scientific research cited in the review with
the maize crop in genetic improvement and biotechnology
have contributed to increasing the adaptation in scenarios of
water shortage.
3. To ensure food security in maize production, efforts are
needed in local studies, exploring the variability and conditions
of each environment.
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