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introduction

Maize, an American cereal originally from 
Mexico, has been selected and dispersed by different 
people and today is cultivated in most countries. 
Since Europeans arrived in America, maize has been 
one of the most important cereals to humanity as a 
food for people and other animals. Today, it is one 
of the main sources of proteins and carbohydrates 
for humans in many Latin American and African 
countries (SHIFERAW et al., 2011).

A great diversity of maize has been created 
over time from variants that emerged and were 
recombined and selected in distinct environments. 
HERNANDEZ (2012) compiled data from studies 
in all American countries and listed approximately 
300 maize races. According to GROBMAM (1961), 
this diversity is explained by the numerous 
environments that maize is cultivated in association 
with mutations, hybridizations and the strong 
intentional selection process made by indigenous and 
traditional peoples.
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ABSTRACT: Family farmers preserve the tradition of cultivating maize landrace varieties because these plants have characteristics that 
hybrids lack. The greatest challenge in conserving in situ on-farm genetic diversity is avoiding gene flow and genetic introgression of transgenes 
to landrace varieties. Thus, farmers are obliged to change sowing times to guarantee temporal isolation since most farms are small, making 
spatial isolation impossible. The objective of the present work was to evaluate the behavior of maize landrace varieties submitted to different 
sowing times and densities in an agroecological system. The test was conducted in sub-sub-divided plots, where the main plot was represented 
by the sowing time, the sub-plot by the genotype, and the sub-sub-plot by the density, with three replications, for two consecutive years. The 
results demonstrate the effect of sowing time and density on the characteristics evaluated. In western Santa Catarina, the best time to sow seeds 
of maize landrace varieties in an agroecological system is in September, which is when the varieties expressed the greatest potential at densities 
from 45,000 to 50,000 pl.ha-1 , but it will not avoid transgene contamination.
Key words: Zea mayz ssp. mays L., in situ on-farm conservation, genotype x environment interaction, grain productivity.

RESUMO: Famílias camponesas preservaram a tradição do cultivo das variedades crioulas de milho estimuladas por características que 
os híbridos não apresentam. Sendo, o maior desafio para a conservação da diversidade genética in situ on farm evitar o fluxo gênico e a 
introgressão genética de trangenes nas variedades crioulas. Nesse sentido, os agricultores são obrigados a alterar épocas de semeadura 
para garantir isolamento temporal uma vez que a maioria das áreas é pequena inviabilizando o isolamento no espaço. O objetivo do presente 
trabalho foi avaliar o comportamento de variedades crioulas de milho em sistema de base agroecológica submetidas às diferentes épocas e 
densidades de semeadura. No ensaio conduzido em parcelas sub-sub-divididas, a parcela principal foi representada pela época, a sub-parcela 
pelo genótipo e a sub-sub-parcela pela densidade, com três repetições, por dois anos consecutivos. Os resultados demostraram efeito de 
época e densidade de semeadura nas características avaliadas. É possível indicar que a época mais adequada para semeadura de variedades 
crioulas de milho em sistema de base agroecológica é em setembro para o oeste de Santa Catarina, sendo que para essa época as variedades 
expressaram maior potencial de produtividade de grãos na faixa de densidade de 45000 a 50000 pl.ha-1 , mas não impedirá a contaminação 
por transgene.
Palavras chave: Zea mayz ssp mays L. Conservação in situ on farm, interação genótipo x ambiente, produtividade de grãos.
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Genetic improvement practices used by 
seed improvement and breeding companies have 
brought cultivars of maize hybrids to market that 
spread rapidly since the 1960s due to incentives 
given to farmers (i.e., technical assistance and 
financing). Later, transgenic hybrid maize cultivars 
came to dominate the maize seed market and in 2019 
comprised more than 88.9% of the area planted with 
maize in Brazil (CÉLERES, 2019).

However, many family farmers preserve 
the tradition of cultivating maize landrace varieties 
(NERLING et al., 2013). Recently, a diversity census 
was conducted in western Santa Catarina State that 
identified 1,513 maize landraces conserved by family 
famers, including 1,078 popcorn, 337 common 
maize, 61 sweet maize and 37 flour maize varieties, 
representing expressive phenotypic diversity and use, 
as well as the presence of wild relatives (COSTA, F. 
M. et al., 2017).

The existing genetic diversity in the 
landrace varieties allowed natural selection and 
selection practiced by farmers that promoted 
adaption to different environments, even far from 
domestication centers where characteristic properties 
were developed and fixed in different genotypes, 
many of which are not found in other regions or the 
region of origin (NODARI & GUERRA, 2015).

Studies show the technical and economic 
feasibility of producing maize landrace varieties in 
agroecological systems. However, adjustments in 
crop management are still needed to improve the 
efficiency of the system (ALTIERI et al., 2012). For 
example, the arrangement of maize plants can be 
manipulated by changing the number of plants per 
area. The best arrangement of plants in the field is that 
which allows the best use of light, water and nutrients 
by the maize cultivar (ROMANO et al., 2007).

Sowing time of maize affects yield, 
although it does not affect production cost. The 
different responses of genotypes to environmental 
variability means that genotypic and environmental 
effects are not independent. Thus, to know the best 
sowing time, it is important to analyze the entire 
crop cycle so all the environmental conditions 
during the phenological phases can be predicted 
(FORSTHOFER et al., 2006).

In addition, there are not enough scientific 
data that farmers could use to manage landrace sowing 
time and density to preserve the landrace identity and 
to obtain high productivity. Therefore, the objective 
of the present work was to evaluate maize landrace 
varieties submitted to different sowing times and 
densities in an agroecological system. 

MaterialS   and   methods

The tests were installed on a family farm 
in the municipality of Chapecó, SC (27°03’21.26’’ 
S, 52°40’07.13’’ W, average of 690 m elevation). A 
soil analysis showed 3.7% organic matter, 138 ppm 
potassium, 4 ppm phosphorous and a pH of 5.7. 
The experiment was conducted in sub-sub-divided 
plots, with three replications, where the main plot 
represented the sowing time, the sub-plot represented 
the genotype and the sub-sub-plot represented the 
sowing density. The first sowing time was on 10 and 
12 September, the second was on 11 and 14 November 
and the third was on 14 and 15 January, respectively, 
of the 2016/2017 and 2017/2018 growing seasons. 
All of the times were based on the climate risk zoning 
for the crop (MAPA, 2015). The densities were the 
following: 25,000; 40,000; 55,000 and 70,000 pl.ha-1.

Of the four maize varieties used, three were 
landraces called Branco Precoce, Taquara and Língua 
de Papagaio, which were cultivated by heritage seed 
farmers in western Santa Catarina. These landraces 
have characteristics that differentiate them from 
others, such as cycle, height and grain type (Figure 1). 
The fourth was an open pollinated commercial variety 
called SCS 155 Catarina that is commonly cultivated 
in Santa Catarina State.

The experimental unit comprised five 
rows, 5 m long and spaced 0.7 m apart, of which 
the area used was the central 3 rows, totaling 10.5 
m2. At the time of sowing, the seeds were evenly 
distributed in the furrows with twice as many 
seeds as necessary to obtain the four desired plant 
densities. When the plants were in stage V2 of the 
RITCHIE et al. (1993) scale, thinning was conducted 
to get the desired plant populations, according to the 
treatments of each plot. 

In the tests, it was used 1800 kg ha-1 of 
organic compost fertilizer containing poultry litter 
(Ferticel). Manual weeding was used to control 
invasive plants. The control of lepidoptera was 
performed 30 days after emergence in all plots of the 
sowing times of November and January, when level of 
economic damage was reached (CRUZ & TULPIN, 
1982), with the spray of 500 g/ha of Bac-Control Max 
WP, a product based on Bacillus thuringiensis that 
has bioinsecticidal activity.

The following was determined in the area 
used in the plots according to the minimum descriptors 
of the crop (IBPGRI, 1991): male flowering, female 
flowering, plant height and cob height. The percentage 
of lodged plants, broken plants and the stem diameter 
were determined according to SANGOI et al. (2000). 
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Grain productivity, adjusted to ton.ha-¹, was determined 
according to UATE et al. (2015).

Analyses of variance were made 
individually per year and with the combined data 
of both years. The F values for the main effects and 
interactions were considered significant at the 5% 
(P>0.5) significance level. When significant, the 
mean plant densities were compared with a regression 
analysis, testing the linear and quadratic models. 
The means of the genotypes and sowing times were 
compared with the Tukey test. The two analyses of the 
means were made at the 5% significance level. The 
statistical analyses were made using the program R. 

results   and   discussion

Differences were found for the evaluated 
characteristics between genotypes, sowing times 
and growing seasons and, for this reason, the 
averages are presented individually for each year. 
In addition, statistically simple interactions for all 
characteristics evaluated and the triple for grain 
productivity were observed.

There was no effect of the different crop 
densities for male and female flowering of the 
landrace genotypes evaluated. In all, the emission 
of male flowers occurred before the female flowers 
because maize plants are protandrous. Differences 
were also found in the cycles of the genotypes within 
and between sowing times (Figure 2). The Língua 

de Papagaio genotype was the latest and the Branco 
Precoce was the earliest, independent of the year and 
sowing time. 

However, the sowing time affected the 
phenology of the genotypes tested. For example, for 
Língua de Papagaio, the later the sowing time, the 
fewer the number of days between sowing and male 
(Figure 2 A, B) and female (Figure 2 C, D) flowering. 
The other genotypes exhibit a similar behavior 
when sown in November and January. The results 
of the present work agree with those obtained by 
BERGAMASCHI (2006), since thermal availability 
directly influences phenological development of 
the plants and development is faster during warmer 
periods. Thus, in hotter regions or times there is more 
precocious development.  

During the kernel dough stage, the Branco 
Precoce genotype had the lowest plant height values, 
while the Língua de Papagaio had the highest values 
(Figure 3 A, B). These results indicate the existence 
of genetic variability in the varieties evaluated for this 
characteristic. High genetic variability in plant height 
was also found in another study of maize landrace 
and commercial varieties (FALCÃO et al., 2017).

Plant height is also affected by the 
interaction genotype X time in the present study. The 
Língua de Papagaio, Taquara and SCS 155 Catarina 
genotypes were taller when sown in January, differing 
from sowing in September (Figure 3 A, B). The 
Branco Precoce genotype exhibited a similar pattern, 

Figure 1 - Landrace varieties used in the tests. A- Branco Precoce; B- Taquara; C- Língua 
de Papagaio; D- SCS 155 Catarina.
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but only in the 2017/2018 agricultural year (Figure 
3 B). For sowing before the middle of September, 
the air and soil temperatures and solar radiation are 
lower, which results in shorter plants with a smaller 
leaf area (PIANA et al., 2008). Effect for sowing time 
on plant height was also found by CARON et al. 
(2017), who attributed the decrease in height to the 
shorter genotype cycle at a certain sowing time.

In relation to density, only sowing in 
January of the 2016/2017 agricultural year had a linear 
increase in plant height as sowing density increased 
(Figure 3 C). At the other times and agricultural year 
there was no effect of the density on plant height (Figure 
3 C, D). This result corroborates that of BALBINOT 
JÚNIOR et al. (2007), who evaluated varieties of open 
pollinated maize at four sowing densities and did not 
observe an effect of density on plant height. Additionally, 
the results of the present work were similar to those of 
PAIVA et al. (2015), who evaluated the performance 
of maize landrace varieties under different sowing 
densities in the semi-arid region of Paraíba.

For cob height, there was a difference 
between the genotypes for all sowing times, and 

Língua de Papagaio had the highest averages and 
Branco Precoce had the lowest averages for this 
characteristic (Figure 3 E, F). The genotypes exhibited 
different behaviors for cob height at different sowing 
times; in the 2016/2017 growing season, three 
genotypes exhibited a shorter cob height when sown 
in September compared to November and January 
(Figure 3 E). The time X genotype interaction was 
also found in studies by UATE et al. (2015).

In the 2017/2018 growing season, the 
Língua de Papagaio genotype exhibited a linear 
decrease in the average height of cobs as the sowing 
density increased (Figure 3 H). The remaining genotypes 
were not influenced by sowing density (Figure 3 G, H), 
which agrees with the results of PAIVA et al. (2015), 
who did not verify an influence of density on the 
insertion height of cobs in varieties tested.

In the present study, an effect was detected 
for the time x density interaction and stem diameter 
in the 2016/2017 agricultural year (Figure 4 A). In the 
two agricultural years there was a linear effect in the 
decreasing stem diameter as plant density increased 
(Figure 4 A, B). These results are similar to those obtained 

Figure 2 - Male flowering (A, B) and female flowering (C, D) of genotypes of maize landrace varieties in an agroecological 
system submitted to different sowing times and densities in the 2016/2017 (A, C) and 2017/2018 agricultural years 
(B, D). Chapecó, SC. Averages followed by the same lowercase letters, for each time, and uppercase letters, for 
each genotype, do not differ by the Tukey test (P<0.05).  
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by BALBINOT JÚNIOR. et al. (2007) and PAIVA et al. 
(2015) when evaluating open pollinated maize varieties. 

Regarding lodged plants, the four 
varieties used in the present study did not 

differ among themselves, since they exhibited 
satisfactory levels of lodged plants (below 3%) 
for the September sowing. However, for the later 
sowings the behavior of the genotypes differed, from 

Figure 3 - Plant height (A, B, C, D) and cob height (E, F, G, H) of genotypes of maize landrace varieties in an 
agroecological system submitted to different sowing times and densities in the 2016/2017 (A, C, E, G) and 
2017/2018 (B, D, F, H) agricultural years. Chapecó, SC. Averages followed by the same lowercase letters, for 
each time, and uppercase letters, for each genotype, do not differ by the Tukey test (P<0.05).  
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the early sowing, since the percentage of lodged plants 
increased (Figure 4 C, D).

The sowing time x genotype interaction 
was also observed for the percentage of broken plants, 
whose averages for the varieties tested also differed 
according to sowing time. The Língua de Papagaio 
and Branco Precoce varieties presented an increase in 
broken plants for the November and January sowings, 
while the SCS 155 Catarina genotype had a low 
percentage of broken plants for the September 
and November sowings, which increased for the 
January sowing. An increase in lodged and broken 

plants when sowing was late occurred due to the 
reduction in the emergence-tasseling subperiod, less 
accumulation of reserves in the stem, and precarious 
development of the radicular system (SERPA et al., 
2012). Considering the absence of difference in the 
percentage of broken plants for the sowing times in the 
2017/2018 agricultural year, the Taquara genotype might 
have a genetic base that contributes to stem resistance 
under late sowing conditions (Figure 4 E, F).

Similarly, the sowing time x genotype x 
density interaction was found for the grain productivity 
characteristic. The present study indicates that sowing 

Figure 4 - Stem diameter (A, B), lodged plants (C, D) and broken plants (E, F) of genotypes of maize landrace varieties 
in an agroecological system submitted to different sowing times and densities in the 2016/2017 (A, C, E) and 
2017/2018 (B, D, F) agricultural years. Chapecó, SC. Averages followed by the same lowercase letters, for 
each time, and uppercase letters, for each genotype, do not differ by the Tukey test (P<0.05).  
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in September and November, when the genotypes 
presented a quadratic behavior for sowing density, 
results in the greatest grain productivity.

The effect of sowing time was also verified 
by COSTA, R.V. da et al. (2017), who observed a 
drastic decrease in productivity for late sowing. ALI 
et al. (2018) notes that the sowing date is one of the 
key-point in the management of maize to optimize 
productivity, since different dates result in different 
responses. In Ali et al. (2018) study, the results show 
that sowing maize really early or late has a negative 
effect on grain yield. 

The quadradic behavior with an increase 
in the population of plants ha-1 is also exhibited 
by hybrids for plant densities between 25,000 and 
125,000 pl.ha-1 (SANGOI et al., 2007 and PEREIRA 
et al., 2009). In September, a greater grain yield 
potential was expressed when sown at densities 
of 45,000 and 50,000 pl.ha-1 in the 2016/2017 and 
2017/2018 agricultural years, respectively (Figure 5 
A, B). In the first growing season, the Branco Precoce 
genotype exhibited similar values for the September 
and November sowing times (Figure 5 A, C); however, 
in the same growing season Taquara and SCS 155 

Figure 5 - Grain productivity of genotypes of maize landrace varieties in an agroecological system submitted to 
different densities in the sowing times of September (A, B), November (C, D) and January (E, F) in 
2016/2017 (A, C, E) and 2017/2018 (B, D, F) agricultural years. Chapecó, SC.
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Catarina sown in November presented higher grain 
yield when sown at densities of 55,000 to 60,000 
pl.ha-1, respectively, while grain yield of Língua de 
Papagaio was not affected by density (Figure 5 C). 
In November of the 2017/2018 agricultural year, 
only Branco Precoce and Taquara exhibited an 
effect from sowing density, with greater productive 
potential for the 55,000 to 60,000 pl.ha-1 densities, 
respectively (Figure 5 D).

The results of the present study are similar 
to those of KANDIL (2014) that tested densities of 
53,000, 64,000 and 80,000 pl.ha-1 and verified better 
productivity averages for hybrids at the intermediate 
density. Additionally, BALBINOT JÚNIOR et al. 
(2007) concluded that a density of 45,000 to 55,000 
plants ha-1 was the best to maximize productivity of 
open pollinated corn varieties in an agroecological 
production system. 

However, SANGOI et al. (2019) and 
KANDIL et al. (2017) suggest that studies related 
to an increase in the density of maize plants 
should be conducted by observing different 
spacing between the rows because, for hybrids, an 
increase in density accompanied by a decrease in 
spacing between the rows results in better grain 
productivity due to the better distribution of 
plants that favors photosynthesis by increasing light 
penetration into the canopy.

For the January sowings, the low 
productivity did not allow to discriminate the density 
effects (Figure 5 E, F). The lack of difference in 
genotypes can also be explained by the increase in the 
percentages of lodged and broken plants in November 
and January (Figure 4 C, D, E, F).

Differently from September sowing, 
the leptidoptera were present in level of economic 
damage at November and January sowing times, 
which control was done with bioisenticide based on 
Bacillus thuringiensis. This fact also contributed to 
lower the grain productivity and increase production 
costs in the later sowing times.

Since the sowing time that provide the 
highest grain productivity for the landraces it is also 
the same time recommended to sow the conventional 
or transgenic hybrids. One way to avoid gene 
flow from other maize varieties (e.g. conventional 
and transgenic hybrids) is the flowering temporal 
isolation when spatial isolation is not possible. Under 
this condition, if farmers want to preserve de genetic 
background of the cultivated landraces, they need to 
postpone the sowing to later times, which is subject to 
penalties such as grain yield decrease and lodged and 
broken plants increase.

Conclusion

Our study demonstrated that sowing 
in September is adequate and at this time, the 
genotypes of the maize landraces evaluated in an 
agroecological system expressed greater potential 
at a density range of 45,000 to 50,000 pl.ha-1. With 
penalties in grain productivity, tentatively farmers can 
increase the strength of flowering temporal isolation 
by using later sowing times in order to preserve the 
landrace genetic identity.
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