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Abstract

Maize (Zea mays L.) is important for animal production systems, and the use of unimproved maize varieties has in-
creasingly become a viable option for small farmers. This study aimed to characterize and evaluate the physiologi-
cal and feed potential of maize populations, as a raw material for silage production, in the mesoregion of the Alto
Paranaiba, Minas Gerais (MG). We used nine varieties of unimproved maize from the Germplasm Bank at Embrapa
Maize & Sorghum - BAGMilho (Sete Lagoas, MG), as follows: (milho stands for maize; crioulo, for landrace) MG
110 — Milho Amareldo, MS 043 — Crioulo, MG 083 — Milho Branco, RN 013 — Milho Metro, MG 073 — Milho Vermel-
hinho, MS 016 - Palha Roxa 90, MG 079 — Milho Cunha, RR 040 - Crioulo de Roraima, AC 015 - Milho Boliviano
and a commercial hybrid variety of Pioneer, P4285. The hybrid maize Pioneer P4285 showed better physiological
and nutritional performance. Among the accessions of the Germplasm Bank, the MG 110 — Milho Amarelao and
MG 015 - Milho Boliviano were distinguished by their physiological adaptation to the Cerrado of Minas Gerais,

and for showing characteristics suitable for use in the silage process for animal feed.

Introduction

Maize is one of the world's major grain crops.
It provides human and animal feed, together with raw
material to the industry, depending on the quantity and
quality of the yield. Maize plays an important role in
animal production systems, because it is often the main
energy source provided in the animals’ diets. According
to Cruz et al (2011), the need to produce bulky food for
herds, particularly in the dry season, when the growth
of natural pastures becomes increasingly restricted, has
increased the use of silage by cattle ranchers dedicated
to milk production. Although several annual and peren-
nial forage plants can produce silage, maize is one of
the crops most used for this purpose in Brazil, due to
its good yield, excellent fermentation quality and main-
tenance of nutritional value of the ensiled mass. Other
advantages are low production costs and good animal
acceptability.
The production of silage is a process aimed at con-
serving the forage with a nutritional value as close as
possible to the original, i.e. with a minimum of losses.

Silage is important for being a food reserve in the dry
season, to increase milk and/or meat production, to
help pasture management, to use forage surpluses and
to balance nutritionally the animals' diets.

Tagliari (2001) states that the modern agricultural mo-
del has made agricultural production more expensive,
because the use of improved species has led small-
holders to use expensive technologies, such as hybrid
seeds. The genetic diversity in maize allows its cultiva-
tion in different environments. According to Hallauer
et al. (1998), maize is grown from latitude 58 °N to 40
°S, and from sea level up to 3800 m altitude. In ad-
dition, its genetics have been studied more than any
other plant species: consequently, the inheritance of
numerous characters and their genome are well known.
According to Nass and Paterniani (2000), economic
importance, genetic structure, chromosome number,
reproduction type, ease of manual pollination and the
possibility of generating different types of progenies
are factors that have contributed to this cereal being
propagated by allogamy.
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Fig. 1 - V7-V8 phenological stages. Analysis of: A - Photosynthesis (A, umol m-2 s-1), B - stomatal conductance (gs, mol m-2s-1), C

- transpiration (E, mmol m-2 s-1), D - internal concentration of CO, (Ci, Pa), and E - water use efficiency (WUE, pmol mmol-1) of Zea
mays L. genotypes (1 - MG 110 Milho Amarelao; 2 - MS 043 Crioulo; 3 - MG 083 Milho Branco; 4 - RN 013 Milho Metro; 5 - MG 073
Milho Vermelhinho; 6 - MS 016 Palha Roxa 90; 7 - MG 079 Milho Cunha; 8 - RR 040 Crioulo de Roraima; 9 - AC 015 Milho Boliviano
and 10 - Pioneer P4285). Averages followed by the same letter in the column do not differ statistically from one another by the Dun-

can test with 95% probability, and the bars indicate de = SEM.

Maize crops consisting of landrace varieties (also known
as local races, unimproved and native varieties) are cha-
racterized by their great genetic variability, which ma-
kes selection for phyto-enhancement a strategic pos-
sibility. Choosing a suitable germplasm is important if
a breeding program has to be successful. The use of
unimproved maize breeds has increasingly become a
viable alternative for small farmers. Miranda et al (2007)
found that reusing seeds, harvest after harvest, from
selected plants grown under the environmental and
nutritional conditions imposed by the socioeconomic
level of the farmer, results in the development of maize
populations adapted to different situations.

In general, unimproved populations show lower pro-
ductivity compared to hybrid varieties on the market:
however, they are important because of their high ge-
netic variability, which can be studied in the search for
genes that are tolerant and/or resistant to biotic and
abiotic factors. According to Carpentieri-Pipolo et al.
(2010), when cultivated under conditions employing
low crop technologies, the performance of native va-

rieties may be equal or even superior to that of com-
mercial varieties.

The aim of this study was to characterize and evaluate
the physiological and feed potential of maize popula-
tions for silage production in the region of Alto Para-
naiba, Minas Gerais

Materials and Methods

Genetic materials

Nine varieties of unimproved maize from the Germ-
plasm Bank of Embrapa Maize and Sorghum (BAGMil-
ho) of Sete Lagoas: MG 110 Milho Amareldo, MS 043
Crioulo, MG 083 Milho Branco, RN 013 Milho Metro,
MG 073 Milho Vermelhinho, MS 016 Palha Roxa 90,
MG 079 Milho Cunha, RR 040 Crioulo de Roraima and
AC 015 Milho Boliviano (supplementary material) were
used for this study; additionally a commercial hybrid va-
riety Pioneer - P4285 was used as a control.
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Fig. 2 - R1 - R3 phenological stages Analysis of: A - Photosynthesis (A, pmol m-2 s-1), B - stomatal conductance (gs, mol m-2 s-1),

C - transpiration (E, mmol m-2 s-1), D - internal concentration of CO, (Ci, Pa), and E - water use efficiency (WUE, pmol mmol-1) of Zea
mays L. genotypes (1 - MG 110 Milho Amareldo; 2 - MS 043 Crioulo; 3 - MG 083 Milho Branco; 4 - RN 013 Milho Metro; 5 - MG 073
Milho Vermelhinho; 6 - MS 016 Palha Roxa 90; 7 - MG 079 Milho Cunha; 8 - RR 040 Crioulo de Roraima; 9 - AC 015 Milho Boliviano
and 10 - Pioneer P4285). Averages followed by the same letter in the column do not differ statistically from one another by the Dun-

can test with 95% probability, and the bars indicate de = SEM.

Agronomical plan and treatments

The experiment was performed under field conditions
in the 2015/2016 agricultural year at the Federal Uni-
versity of Vigosa (UFV), Campus Rio Paranaiba. The
experimental area was located at coordinates 18° 13
S and 46° 13' W, at an altitude of 1120 m, according
Kdppen climate classification, the site of experiment is
Cwa, humid subtropical climate (Dubreuil et al, 2018),
during 2015-2016 crop session, where the seeds were
planting on November 5th 2015.

The experiment was laid out in a Randomized Block
Design (RBD) in which all varieties were sown in three
blocks of 3.0 x 2.4 m, with three rows per treatment
and 0.8 m spacing between rows. We adopted the
phenological cycle proposed by Ritchie and Hanaway
(1989), and thinning at the phenological stage VE to
obtain a density of 4 plants m™, which equates to a final
population of 50,000 plants ha™.

The base fertilization was 300 kg ha" of formulated 08-
30-10 (N-P205-K20). Top dressing was carried out in
two stages: the first at 20 days after planting, at the

phenological stages V4 and V5, providing 125 kg ha™
N and 125 kg K20 ha™, and the second at 40 days after
planting, at the V7 and V8 stages, providing 125 kg N
ha.

Mechanical weeding was carried out until the rows
were closed. Pests were controlled by the applica-
tion of Klorpan (active ingredient chlorpyrifos), 1.5 L
ha", under conditions of high insect density. Disease
control was by application of the fungicide Priori Xtra
(azoxystrobin + cyproconazole), 300 ml ha™', when the
plants were between the phenological stages VT and
R2.

Physiological traits

Three gas exchange analyses were performed during
the crop development cycle, in the phenological sta-
ges: between V7 and V8 (first measurement), between
R1 and R3 (second measurement), and between R4 and
R5 (third measurement). Three plants of each variety
were selected to obtain the following parameters: pho-
tosynthetic rate (A), stomatal conductance (gs), inter-
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Fig. 3 -R4 - R5 phenological stages. Analysis of: A - Photosynthesis (A, pmol m-2 s-1), B - stomatal conductance (gs, mol m-2 s-1),

C - transpiration (E, mmol m-2 s-1), D - internal concentration of CO, (Ci, Pa), and E - water use efficiency (WUE, pmol mmol-1) of Zea
mays L. genotypes: (1 - MG 110 Milho Amarelao; 2 - MS 043 Crioulo; 3 - MG 083 Milho Branco; 4 - RN 013 Milho Metro; 5 - MG 073
Milho Vermelhinho; 6 - MS 016 Palha Roxa 90; 7 - MG 079 Milho Cunha; 8 - RR 040 Crioulo de Roraima; 9 - AC 015 Milho Boliviano
and 10 - Pioneer P4285). Averages followed by the same letter in the column do not differ statistically from one another by the Dun-

can test with 95% probability, and the bars indicate de = SEM.
nal concentration of CO, (Ci), leaf transpiration (E) and
water use efficiency (WUE). Measurements were taken
from leaves of the middle third of each plant, under
photosynthetically active radiation of 1,500 pmol pho-
tons m? s™'. All measurements occurred between 8:30
am and 11:30 am, using an infrared gas analyzer (IRGA)
model LI-6400 (LI-COR, Lincoln, Nebraska, USA) cou-
pled to a modular fluorometer (6400-40 LCF, LI-COR,
Lincoln, Nebraska, USA).

Chemical analyses

For evaluation of nutritional quality the plant shoots
samples, of each genotype, were harvested when the
plants were between stage R3 (grains having a pasty
texture) and stage R5 (hard farinaceous), at 28 to 35%
dry matter content (Pereira et al, 2008), with a cut
made at 40 cm from the base of the plant, aiming to
reduce the fibrous fraction and increase the proportion
of grain in the plant dry matter.

After the samples collection these samples were pa-
cked in paper bags and dried in an oven and ground in
a Willey mill with a T mm mesh sieve, after which crude
protein, mineral matter and crude fiber were determi-

ned using the analytical methods of the Association of
Official Analytical Chemists (AOAC 1995).

Agronomical traits

Concomitant to the feed analysis, three representative
plants from each plot to determine the biometric varia-
bles: plant height, height of ear insertion, number of
ears per plant and stem diameter were collected. Plant
height was measured to the base of the tassel, and
height of ear insertion was measured to the insertion of
the highest viable ear. Stem diameter was measured at
the second internode from the base of the plant. Also,
after harvesting, a plant from each plot was separated
into stem, leaves and ears, and the fresh matter of each
component was measured using a precision scale. The
material was then packed in paper bags and placed in
a forced ventilation oven at 65°C for 72 hours, so as to
estimate the dry matter production in t ha™, and the ear
percentage, stem and leaf in the dry matter. The remai-
ning plants harvested from the plot were weighed to
determine the green matter production in t ha™.
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Fig. 4 -Analysis of: A - Crude protein ( %), B - Crude fiber ( %) and C - Mineral Matter ( %) of Zea mays L genotypes ( 1 - MG 110 Milho
Amarelao; 2 - MS 043 Crioulo; 3 - MG 083 Milho Branco; 4 - RN 013 Milho Metro; 5 - MG 073 Milho Vermelhinho; 6 - MS 016 Palha
Roxa 90; 7 - MG 079 Milho Cunha; 8 - RR 040 Crioulo de Roraima; 9 - AC 015 Milho Boliviano and 10 - Pioneer P4285). Averages
followed by the same letter in the column do not differ statistically from one another by the Duncan test with 95% probability, and the

bars indicate de = SEM.
Statistical Analysis

The data were submitted to an analysis of variance,
using the procedure PROC GLM of the program Sta-
tistical Analysis System (SAS, 2003), and the means of
the treatments were compared through the Duncan
test. The level of significance was set at 95%.

Results and discussion

The maize landrace varieties are important to small-
holders, who use them for animal feed (Carpentieri-
Pipolo et al, 2010), for this reason the physiological
understanding of plants can lead to improvements in
crop production. The data showed that these unim-
proved genotypes had inherent physiological and feed
characteristics, which were different from those found
in hybrid plants. All of the varieties showed a stable
photosynthetic behavior throughout the whole cycle of
plant growth. However, there was a greater variation
in the photosynthetic parameters during the vegetati-
ve stage, verified in the first experiment (Table 1), and
more homogeneous values during the reproductive
stages (Tables 2 and 3). The observed photosynthesis

rates may relate to the ability of the plants to interact
with the environment, leading inevitably to changes
in this physiological process (Hayano-Kanashiro et al,
2009), or to genetic regulation, resulting from plant
breeding (Magalh&es et al, 2002). This second hypo-
thesis corroborates our results, in which the hybrid
P4285 showed a high physiological adaptation to the
conditions of the field trial, resulting in the highest ra-
tes of photosynthesis in all three evaluations

For stomatal conductance and transpiration analysis,
it was also found significative differences between
genotypes evaluated, our observations indicate that,
at the end of the vegetative phase, the hybrid P4285
showed the highest results for stomatal conductance
and transpiration, being superior in comparison to the
unimproved maize: MS - 043 Crioulo, MG 083 - Milho
Branco, MG 073 - Milho Vermelhinho, and AC 015 - Mil-
ho Boliviano (Table 1), while for gas exchange analyses
during the initial reproductive phase, the strain MG 079
- Milho Cunha showed the lowest values of stomatal
conductance and transpiration, without being statisti-
cally different from the hybrid P4285. The phenological
development of maize plants led to changes in stoma-
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tal regulation and control in the loss of water (Tables
1, 2 and 3), for evaluations of stomatal conductance
and transpiration, were observed in the genotypes that
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Fig. 5 -Analysis of: A - Plant height ( m), B - Height of the ear insertion ( m), C - Number of ears per plant, D - Fresh matter of the plant
(kg) and E - Dry matter of the plant ( kg) of Zea mays L. genotypes (1 - MG 110 Milho Amarelao; 2 - MS 043 Crioulo; 3 - MG 083 Milho
Branco; 4 - RN 013 Milho Metro; 5 - MG 073 Milho Vermelhinho; 6 - MS 016 Palha Roxa 90; 7 - MG 079 Milho Cunha; 8 - RR 040 Criou-
lo de Roraima; 9 - AC 015 Milho Boliviano and 10 - Pioneer P4285). Averages followed by the same letter in the column do not differ
statistically from one another by the Duncan test with 95% probability, and the bars indicate de = SEM.

presented greater stomatal conductance, also presen-
ted worse rates of transpiration, which led to greater
water losses. Under unfavorable conditions, the sto-
mata close to reduce water loss and consequently the
photosynthetic rate reduces: however, different varie-
ties have been shown to behave differently (Hayano-
Kanashiro et al, 2009).

There were no statistically significant differences
between the varieties in the internal concentration of
CO, at the phenological stages V7-V8 (Table 1). the
observed values of the internal concentration of CO,
among the varieties at the reproductive stage, possibly
resulting from their different stages of maturity, which
reflect the increase or decrease in CO, carboxylation
inside the plant (Flexas et al, 2008). It is possible to as-
sert, that each variety showed a different physiological
behavior with respect to gas exchanges to maintain its
good status (Hayano-Kanashiro et al, 2009).

have the ability to regulate the flow of gas exchange, in
the Cerrado conditions.

After the physiological analyses, information on nutri-
tional parameters were collected; the hybrid variety
showed the highest crude protein content, while the
unimproved varieties presented higher crude fiber
contents (Table 4). Among the unimproved strains, the
variety AC 015 — Milho Boliviano showed a nutritional
quality similar to the hybrid material, while the varieties
RN 013 — Milho Metro, MG 073 — Milho Vermelhinho
and MG 079 - Milho Cunha showed promising results
regarding protein content.

The feed quality evaluation showed that the mine-
ral content was within the expected range for maize
plants used to produce silage, according Domingues
et al (2012) the average of crude protein in silage from
maize hybrids presents variation according to crop ma-
nagement, but presents a range of 7.27 and 8.88%. On
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the other hand, the variety Milho Palha Roxa has no
promising features for silage purposes because, accor-
ding to Deminicis et al, (2009), the balance between
grains and fibrous matter will determine the quality of
the material to be ensiled. Moreover, the digestibility
of the material and its voluntary consumption by live-
stock are inversely proportional to the fibrous fraction
content of the plants (Cruz et al, 2010).

For the biometric parameters plant height (PH), height
of ear insertion (HE), fresh matter (FM) and dry matter
(DM) (Table 5), the variety MG 079 Milho Cunha pre-
sented the highest averages compared to the other ge-
notypes, and no significant differences were observed
for number of ears per plant, among genotypes (Table
5). According the results presented about plant biome-
trics the genotype MG 079 Milho Cunha showing high
ability to allocate photoassimilates in plant biomass, a
predicted response considering that landrace genot-
ypes have a longer phenological cycle, with late matu-
ration and greater heights of ear insertion (Ferreira et
al, 2009), this is a phenotype opposite to that observed
in the hybrid P4285. These allocation responses of the
photoassimilated products by the plant are genetically
controlled, but they are also strongly influenced by the
environment, which will determine the relative increa-
se in vegetative or reproductive matter of maize plants
(Duraes et al, 2005).

We did not notice difference to number of ears per
plant, and consequently, the amount of grain in the
total dry matter of the silage, indicated that the hybrid
maize Pioneer P4285, had a good potential to provi-
de soluble carbohydrates, favoring digestibility and
being a predominant factor for the quality of fibrous
feed (Santos et al, 2010). Finally, we consider that the
genetic improvement shown by the hybrid P4285 had
resulted in a variety highly adapted to the local condi-
tions: however, many of the unimproved materials had
promising characteristics for future selection studies,
especially regarding animal feeding.

Conclusions

The hybrid maize Pioneer P4285 showed the best
physiological and nutritional performance among all
of the evaluated samples. Among the maize from the
Germplasm Bank, the MG 110 — Milho Amarelao and
MG 015 — Milho Boliviano stand out for their physio-
logical adaptation to the Cerrado of Minas Gerais, as
well as showing characteristics suitable for use in the
silage process.
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