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Maize yield in an integrated crop-livestock-forestry system
in south Goiás, Brazil1

Cerrado biome is responsible for part of Brazilian food production. However, due to inadequate soil management practices,
large areas of crop and forage are degraded, leading to environmental and economic losses. A crop-livestock-forest system
(CLFS) is a sustainable production strategy that integrates different cultivations. This objective of this study was to evaluate
agronomic characteristics and maize (Zea mayz L.) yield when consorciated with Panicum maximum cv. Tamani, cultivated
between rows of eucalypts clones. The statistical design used was randomized blocks, constituted by the following treatments:
Maize + AEC 043; Maize + AEC 007; Maize + AEC 2111; and Maize + AEC 2034. The analyzed variables included: spikes
length, number of rows, number of grains per row, number of grains per spike, and grain yield. Based on the obtained data,
it is possible to conclude that trees did not affect maize yield in a CLFS. Considering that only 60% of the area was used for
agriculture, maize yield was higher than when it is planted in total area.
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INTRODUCTION

Integrated crop-livestock systems have been identified
as an alternative to achieve these objectives, sustainability,
and development of the rural sector. This involves the
cultivation of annual crops and grazing livestock
production, aiming to generate positive socioeconomic
and environmental results. These advantages are made
possible by the successive and continuous use of the
areas, the increase of agricultural and livestock yields,
and the reduction of production costs, provided by the
chemical, physical, and biological improvements of the
soil (Franzluebbers, 2007; Conte et al., 2011).

Several studies suggest that integrated systems such
as crop-livestock-forest systems (CLFS), when well-
managed, improve some of the soil properties, such as
physical structure and fertility, and may contribute to the
increase of total soil organic carbon stocks (Souza et al.,
2009; Silva et al., 2011; Silva et al., 2014).

Currently, Brazil has 11.5 million hectares with
integrated agricultural production systems; the State of
Goiás and the Federal District contribute almost 950
thousand hectares. The studies also indicate that the
states of Mato Grosso do Sul, Mato Grosso, and Rio Gran-
de do Sul were the ones that most increased the areas
with CLFS. The system can be used in different
configurations, combining two or three components.
Among the four possibilities of different productive
systems, the agropastoral system (Integrated Crop-
Livestock-Forest) is the most adopted by the producers
(REDE FOMENTO ILPF, 2016).

The forage-maize consortium contributes to the
improvement of soil properties, increasing nutrient cycling,
organic matter content, and fertility by means of high
organic matter production and high root volume (Crusciol
& Borghi, 2007; Calonego et al., 2011). The intensification
of the production observed in the integrated crop-
livestock-forest system (CLFS) can cause the following:
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improves the physical, chemical, and biological conditions
of the soil; increases cycling and nutrient utilization
efficiency; reduces production costs; diversifies and
stabilizes income on rural property; and enables the
recovery of areas with degraded pastures (Alvarenga et
al., 2010).

In a study carried out from 1997 to 2008 in CLFS with
different cultivation systems, concluded that maize was
the most efficient in energy conversion in comparison
with other treatments (Santos et al., 2013).

According to data from the Companhia Nacional de
Abastecimento (CONAB, 2017), sowing of maize grown
in the first crop of 2016 occurred in a total area of 5.48
million hectares, producing 30.46 million tons and an
increase of 18.3% in relation to the previous harvest.

Knowledge of how annual crop, forage, and trees are
affected in a consortium is of fundamental importance for
successful training and/or renewal of pasture and
satisfactory crop production. However, studies on
planting arrangements and the influence of integrated
systems on component productivity are scarce. Thus, the
objective of this study was to evaluate agronomic
characteristics and maize (Zea mayz L.) yield when
consorciated with Panicum maximum cv. Tamani,
cultivated between rows of eucalypts clones in the
Integrated Crop-Livestock-Forest system (CLFS) in an area
located in the southern region of the State of Goiás.

MATERIAL  AND METHODS

The study was conducted during the agricultural year
of 2016/2017 in Inaciolândia, Goiás. The experimental area
is located at 18º 32’S and 49º 48’W at 459 m altitude.
According to the classification of Köppen-Geiger, the
predominant climate in the region is the type Aw - tropical
climate with dry winter season (Cardoso et al., 2014). The
average annual rainfall is 1400 mm, concentrated in the
rainy season from October to March. As for rainfall
distribution, the highest volume occurs in January,
presenting an average of 271 mm, and June is the driest
month, having only 10 mm. The average annual
temperature is 24.8 °C, registering a maximum of 26.2 °C in
September, while the lowest is 22.1 °C in June (Climate-
Data, 2017).

The soil is classified as Latosols with horizon “A”
predominate, moderately and prominently of very clay like
texture (Embrapa, 1999).

By the year 2015, the area was used for the cultivation
of soybean (Glycine max L.) in a conventional system. In
the year of 2016, the Integrated Crop-Livestock-Forest
system (CLFS) was adopted in approximately 40 hectares.
For the establishment of the system, eucalyptus clones
were implanted, and later, a forage species Panicum

maximum cv. Tamani was intercropped with maize (Zea
mays L.).

Four eucalyptus clones were planted separately,
denominated AEC 2034 (Eucalyptus camaldulensis x E.
grandis) and E. urophylla)), AEC 2111 (E. urophylla x (E.
camaldulensis x E. grandis)), AEC 007 (E. toreliana x E.
citriodora), and AEC 043 (E. citriodora x E. toreliana).
For the spatial arrangement of the eucalyptus, the planting
in rows, each with four rows, was spaced 3.0 m x 2.5 m.
The distance used between rows was 24 m, totaling 38
rows. The nurseries were oriented east-west to allow for
greater insolation to the cultures intercropped between
the rows.

The experimental design was a randomized block
design. For the constitution of the experimental area, 16
rows were used, where each plot was represented by a
row of eucalyptus with maize. Each clone consisted of
four replicates (blocks).

The area occupied by trees correspond to 34,0% of
the total area, and 66,0% of the area was used for maize
cultivation. For maize productivity calculation, it was
considered only the effective planted area.

For the planting of the seedlings of the eucalyptus
clones, ant and termite control was carried out in the whole
area. After that, the grouting (monohaste subsurface) was
performed in the planting line at 60 cm depth, and then,
there was application of 300 kg ha-1 of Mono-Ammonium-
Phosphate (MAP) in formulation of 11-52-00 (N-P

2
O

5
-K

2
O).

Cover fertilization was carried out in May 2016 after
establishment of the seedlings, using 120 g of 20-00-20
(N-P

2
O

5
-K

2
O) per plant.

At the time of maize and pasture sowing, the eucalyptus
was eight months old and had an average height of 2.5 m.
Maize was planted in November 2016 in the Santa Fé
System, which includes maize and Tamani (Panicum
maximum) crops planted together, using a mechanized
planting planter for intercropping with two maize lines
spaced 0.90 m, interspersed at 0.90 m with grass.

Seeding was carried out while keeping a minimum
distance of 1.0 m from the eucalyptus in order to minimize
the initial competition among the species. Planting and
cover fertilization consisted of 350 kg ha-1 of formulated
fertilizer 08-28-16 (N-P

2
O

5 
- K

2
O) and 200 kg ha-1 of 45% N

urea (divided into two applications), respectively. All the
cultural and silvicultural treatments necessary for each
crop were carried out, respecting their individual technical
recommendations.

After one year and two months of eucalyptus planting,
cattle were introduced into the integrated system.

The evaluations of the agronomic characteristics of
maize were carried out approximately 165 days after
sowing. The material was collected randomly in each block,
where nine spikes were collected manually per block,
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totaling 36 spikes per treatment, in this case the eucalyptus
clones. In Table 1 it is possible to verify the average height
(m) and DBH (cm) for all clones at the harvesting time.

The collected spikes were taken to the laboratory and
placed in the open air for drying. After 10 days of drying,
the variables: number of rows per spike (NRS), number of
grains per row (NGR) and number of grains per spike (NGS)
were quantified by visual counting.

After this evaluation, the spikes were shucked, and it
was verified if the grains were humidity up to 15%, using
a digital humidity meter Motomco 999ES. This check is
important, so that the grains do not suffer from the action
of pathogens that rot them, due to the high humidity during
the storage. Then, the grains were weighed using a
precision scale, generating a mean, which in turn was
multiplied by the number of plants per useful plot to de-
termine the productivity of each the treatments, expressed
in kg ha-1 and then converted to bags ha-1, when one bag
equals to 60 kg.

Also, based on the 36 spikes sampled per treatment,
the value of total spike length (SL) was measured, along
with the aid of a graded scale.

The sample results were submitted to analysis of
variance, accompanied by means tests by the Tukey test
at 5% of probability, using the statistical program
SISVAR®.

RESULTS AND DISCUSSION

The results regarding the analyses of variance of the
agronomic characteristics of the maize (Table 2) indicated

a significant effect of the clones for maize spike length,
number of grains per row, and number of grains per spike.
No significant differences (p > 0.05) were observed for
the number of rows of grain per spike.

One of the main production components in the
definition of maize yield is the spike length. According to
Ohland (2005), the maize spike length, maize spike diameter,
number of spikes per area, and grain density are
characteristics that, together with the genotype, determi-
ne the productivity potential.

The length of the spikes ranged from 15.09 to 17.32 cm
in the treatment with clones AEC 043 and AEC 2034,
respectively. Higher results were observed by Ohland
(2005) who, working with predecessor crops for maize,
obtained average spike length values on the order of 19.50
cm.

The number of grains per row in the spikes varied in
the maize consortium with the different eucalyptus clones.
The highest value observed was in the treatment with
AEC 2034, whose number of grains per row was 39.30.
According to Fancelli & Dourado Neto (2000) and
Gimenes et al. (2008), the photo assimilates of the leaves,
once produced, are translocated to the stem of the plant,
which are storage structures of soluble solids. The larger
its diameter consequently results in greater storage
capacity of photo assimilates, which contributes grain
formation.

According to Didonet et al. (2002), the potential
number of grains per spike is determined when the plants
reach 10 to 12 fully developed leaves, long before the
tasseling. During this period, assuming sufficient water
and no nutritional deficiencies, the main factors that de-
termine the number of grains and the yield of maize are the
air temperature and the global solar radiation incidence
until flowering and/or furrowing.

In analyzing the number of grains per maize spike in
the present study, it was observed that the maize
consortium with clone AEC 2034 produced spikes with
86.5 grains, which was 16% more than in the consortium
with AEC 2111. The development of maize grain (from filling
to maturation) is completed on average 50 to 60 days after

Table 1: Average height (m) and DBH (cm) for all clones at the
maize harvesting time

                                      13 months

Height (m) DBH (cm)

AEC-2034 7,03 a 7,01 a
AEC-2111 5,73 b 5,62 b
AEC-043 6,24 b 5,24 b
AEC-007 4,20 c 3,17 c

DBH = Diameter at Breast Height (1,30 m)

Clones

Table 2: Mean values of agronomic characteristics for maize (Zea mays L.)

Maize spike Number Number of grains Number of grains
length (cm) of rows per row per spike per spike

Milho + AEC 043 15.09 b 13.27 a 33.41 b 448.61 bc
Milho + AEC 007 16.53 a 13.72 a 36.13 ab 493.44 ab
Milho + AEC 2111 15.13 b 13.27 a 33.16 b 438.72 c
Milho + AEC 2034 17.32 a 13.33 a 39.30 a 525.22 a

CV (%) 12.98   9.16 15.37   17.57
P value   0.00   0.35   0.00     0.00
S

x
  0,34   0,20   0,90   13,95

Means followed by the same letter in the columns did not differ by Tukey test (p < 0.05). S
x
 = standart error.

Tr eatment
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fertilization. Shade conditions or cloudy periods may
influence the reduction of photosynthesis, which
increases the plant’s stress level and implies the reduction
of the dry mass accumulation rate of the grain in addition
to consequent reduction in the final grain yield (Fancelli
& Dourado Neto, 2000).

The average values for the number of rows of grain
per spike did not present significant difference among the
treatments. In other words, the management systems did
not influence this variable. Similar results were obtained
by Costa et al. (2012) and Freitas et al. (2013), and this
result emphasizes the conclusion that the number of rows
of grain per spike is largely controlled by genetics and is
not greatly influenced by external factors. The averages
varied from 13.27 to 13.72 rows of grains per spike, for the
treatments AEC 043 and AEC 2111.

Feitosa et al. (2016), working with intervals between
30 and 42 m, did not observe the interaction effect of the
distances between the rows on the agronomic
characteristics of maize (length of spikes, diameter of
spikes, number of grains per row and number of rows per
spike). This may be due to the smaller interspecific
competition that occurs in this configuration of CLFS, in
which there is a greater supply of resources to the maize
crop compared to eucalyptus.

The grain yield variable showed a significant
difference (p < 0.05) as a function of the consortium (Table
3).

The average yield of the four treatments was 5675 kg
ha-1, which is higher than the national average of 5490 kg
ha-1. However, the national average is that of maize grown
as a monoculture (CONAB, 2017).

When evaluating the productivity of the systems, it
was observed that the maize consortium with clone AEC
2034 differed statistically from the others, especially in
grain production. In general, maize yield values reached
by treatments were similar to the average of the
monoculture system obtained by CONAB (2017). This

suggests that there is no negative interaction between
the tree component and the agricultural component,
considering the initial stage of development of the tree
component.

These results can be explained by the use of wider
plant spacing of the eucalyptus, allowing for a greater
incidence of light between the rows.

Porfirio-da-Silva et al. (2015) did not observe an effect
of eucalyptus shading on yield of maize grown in the 14 x
3 m arrangement in the Campos Gerais region (PR), which
presented an average grain yield of 4250 kg ha-1 in the
single system and 4550 kg ha-1 in a silvicultural system. In
another study by Simão et al. (2012) in Sete Lagoas-MG,
the authors concluded that when eucalyptus planting is
simultaneous to maize sowing and forage in Santa Fé
System, grain and fodder productivity were not affected
by eucalyptus competition.

Wendling et al. (2014) obtained average grain yield of
3502.1 kg ha-1 for maize intercropped with different
pastures. The spacing adopted by these authors was 15 x
2.0 m, and sowing of the maize with the pasture was
performed when the eucalyptus rows that had a mean
height of 11.36 m.

In general, cereals suffer from shading, but certain
advantages can be observed, such as the increase of
humidity provided by wind protection in dry climatic
conditions (Kuemmel, 2003).

The integrated production system in question, even
though it does not provide a total area for the production
of the agricultural crop, achieves an average productivity
higher than that of the monoculture areas, considering
CONAB’s data (2017). However, it assists in sustainable
soil management, seeking to intercrop or rotate crops in
the same area.

CONCLUSIONS

The tree component did not present a negatively
influence on maize productivity in the ILPF system.
Cultivated in 66% of agricultural area, maize yield was
higher than when grown in total area.
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