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Mombasa grass characterisation at different heights of grazing in an

intercropping system with Babassu and monoculture

Caracterizacao do capim Mombaca em diferentes alturas de pastejo

em sistema de consorcio com babacu e monocultivo

Marcos Odilon Dias Rodrigues'”; Antonio Clementino dos Santos?;
Perlon Maia dos Santos?; Jhone Tallison Lira de Sousa';
Emerson Alexandrino*; Jose Geraldo Donizette dos Santos*

Abstract

The aim of this study was to evaluate agronomic and structural traits, as well as root mass, of Panicum
maximum cv. Mombasa in different conditions of animal grazing in the same pasture in a monoculture
system and a Pasture-Forestry Intercropping System (intercropped with Babassu palm trees). Evaluations
were performed from December 2012 to February 2013. The systems were kept under continuous
grazing with sheep (20 kg live weight on average) throughout the evaluation period. The design was
completely randomised into split plots, in which each plot was the system and the subplots were grazing
heights, with three sample cycles. The Babassu palm tree influenced the production of the aerial-part dry
matter in the intercropping system due to a decrease in grass tillering caused by shading stress. The root
dry matter decreased influenced by shading and intensity of animal grazing in the evaluated heights,
leading to a reduction as decreased the grass height. The monoculture system led to better results for
the same heights in all parameters in comparison to the intercropping system, including the number
of tillers, dry matter production (DM), leaf-area index (LAI) and DM (%), which were higher in the
monoculture system regardless of the assessed heights. The natural shade of Babassu palms negatively
affected the productive and structural traits of Panicum maximum cv. Mombasa, thereby altering the
grass structure and lowering its productive capacity.

Key words: Root dry matter. Number of tillers. Shading.

Resumo

Objetivou-se com esse trabalho avaliar as caracteristicas agronomicas, estruturais e massa de raiz do
Panicum maximum cv. Mombaga em diferentes condi¢des de pastejo dentro do mesmo pasto em sistema
de monocultivo e integrado pastagem-floresta (consorciado com palmeiras de babagu). Foram realizadas
avaliagdes nos meses de dezembro de 2012 a fevereiro de 2013. Os sistemas foram mantidos sob pastejo
continuo com ovinos (média de 20 kg de peso vivo) durante todo periodo de avaliagdo. O delineamento
foi inteiramente ao acaso em parcelas subdivididas, sendo: parcelas os sistemas e subparcelas as alturas
de pastejo, com 3 ciclos de coleta. A presenca da palmeira do babagu influenciou a produtividade
de massa seca da parte aérea em sistema consorciado devido a diminui¢do no perfilhamento da
graminea ocasionado pelo estresse do sombreamento. A produgdo de massa seca de raiz decresceu
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sendo influenciada pelo sombreamento ¢ pela intensidade de pastejo nas alturas avaliadas, ocorrendo
diminuicdo a medida que decresceu a altura da graminea. O sistema de monocultivo teve melhores
resultados para as mesmas alturas em todos os pardmetros avaliados em comparagdo com o sistema
consorciado, onde numero de perfilhos, producdo de matéria seca (MS) da parte aérea, indice de area
folear (IAF), % de MS foram maiores em sistema de monocultivo independente das alturas avaliadas. O
sombreamento natural das palmeiras de babagu influenciou negativamente as caracteristicas produtivas
e estruturais do Panicum maximum cv. Mombagca, alterando dessa forma a arquitetura da graminea e

diminuindo sua capacidade produtiva.

Palavras-chave: Massa seca de raiz. Numero de perfilhos. Sombreamento.

Introduction

The pursuit of pasture recovery methods to
improve the efficiency and economy are extremely
important for avoiding deforestation of new areas
and to contribute to increased productivity (DIAS-
FILHO, 2006). The non-recovery of cultivated
pastures directly affects the financial viability of
production in grazing systems due to a decrease
in the pasture carrying capacity, thus supporting
lower stocking per area, as well as resulting in
poor weight gain per animal unit (YOKOYAMA et
al., 1999). The pressure exerted by environmental
agencies through restrictions on opening new areas
in order to reduce deforestation makes degraded
pasture recovery a determining factor in livestock
expansion, particularly in agricultural frontier zones
(DIAS-FILHO, 2011).

In the north and northeast regions of Brazil,
the largest contingent of Babassu palms is found
(IBGE, 2012). Many by products have been studied
by researchers in order to replace conventional high-
priced feed, such as corn and soybean (MEDEIROS
etal., 2009). In the industrial processing of Babassu,
some sub and co-products are generated, including
those going to mesocarp meal and Babassu cake that
can be used as an alternative income to farmers in
addition to producing animals in the understory. The
use of systems that combine production efficiency
with environmental protection has grown in recent
years. Therefore, the use of integrated production
systems is increasingly growing in farming business.
Among the Pasture-Forestry
Intercropping System has been highlighted because
it associates tree, pasture and animal production in
the same area with the purpose of adding value to
the product produced and/or the area.

these systems,

the
Intercropping Systems, a key factor in its success

In implantation of Pasture-Forestry
is the selection of appropriate forage species, and
so it is necessary to know the morphophysiological
and productive behaviour of the grass regarding
stress, shading and competition for nutrients with
the arboreal component. The arboreal component
influences most of the morphological and agronomic
traits of the existing grass in the understory that is
modified due to the arrangement of the trees within

the system (PACIULLO et al., 2011).

The
Mombasa grass, have shown similar yields in

Panicum maximum grasses, such as
Silvopastoral systems compared to grazing in full
sun, thus demonstrating that it is a grass with high
adaptability to the Silvopastoral system, reaching
high levels of dry matter production (DM) in
shaded systems (SOARES et al., 2009). Despite the
changes in its composition, relative to the lower dry
matter content produced under shade, grass species
change their morphological traits differently in
shading situations and so prevent the generalisation
of a standard management for grasses within the
Pasture-Forestry Intercropping System (CASTRO
etal., 1999).

However, despite positive data on the performance
of certain grasses in shaded systems being reported
in the literature, it is necessary to consider the type
of system, the spatial distribution of the trees in the
system, and the forage sample position area relative
to the position of the trees, as well other factors
that influence the productivity of certain species
of tropical grasses intercropped with trees. The
production, structural composition and grass alter
as a function of its growth, therefore changing the
proportions of leaf, stem and dead material as the
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grass grows. The forage availability in the area is
directly influenced by mowing height, which reduces
the leaf/stem ratio and tillering as the sward height
raises, as tillering is the main structural trait affected
by shading (ALEXANDRINO et al., 2011).

In Pasture-Forestry Intercropping Systems,
structural changes such as the greatest stem
elongation, reduction of the tiller community, and
low leaf-area index (LAI) intensify with shading,
resulting in low production per area. Management
recommendations regarding mowing height in
conventional systems do not adjust for this type of
system because the structural and production traits
of the grass are modified depending on the adopted
shading level. The grass tends to change its leaf
anatomy and specific leaf area to increase light
absorption efficiency when subjected to different
levels of shading through phenotypic plasticity
to adjust itself to the changes in light intensity
(GOBBI et al., 2011). For tropical grasses of the
genres Urochloa and Panicum maximum, shading
levels between 25% and 30% of the solar radiation
have provided production rates similar to areas of
full sun (CASTRO et al., 2009).

The aim of this study was to evaluate agronomic
and structural traits, as well as root mass, of Panicum
maximum cv. Mombasa in different conditions of
grazing in the same pasture in Pasture-Forestry
Intercropping Systems and a monoculture system.

Materials and Methods

The evaluated areas of the intercropping system
with Babassu and monocultures were located near
the farm of the School of Veterinary Medicine
and Animal Science of the Federal University of
Tocantins, Campus Araguaina — Tocantins, between
the geographical longitude of 9213700 and latitude
of 9213900 UTM-NS and meridians 810500 and
810780 UTM-EW. According to Kdppen (1948),
the climate is classified as Aw (hot and humid) with
an average annual precipitation of 1800 mm and
maximum temperatures of 40°C, minimum 18°C,
and an average of 28°C. The average annual relative

humidity is 76%. The soil of the experimental area
was classified according to the SiBCS (Brazilian
System of Soil Classification) (EMBRAPA, 2006)
as Plinthic Eutric Red-Argisol with a maximum
slope of 3%.

The total area (intercropping and full sun) has a
history of deforestation over the last 25 years using
fire, and subsequent implantation of cultivated
pasture that was not fertilised and has been poorly
managed. Part of the area was soon abandoned after
the pasture degradation, resulting in a secondary
forest with a strong presence of Babassu palm
(Attalea speciosa, Mart) in its floristic composition.
The other part of the area was used until 2005 and
then also abandoned, resulting in a thin shrubbery.

In the Babassu Forest area, a Pasture-Forestry
Intercropping System was established, which is
characterised by a Silvopastoral system (SPS) with
native tree species (Babassu) with Mombasa grass
(Panicum maximum Jacq.). The area was thinned
by hand, preserving the palm trees. The thinning
was done until 30% shading, giving rise to an
intercropping system with 30% interception of full
brightness. The shading adjustment of the area was
carried out from the measurement of illuminance
(Lux) with the aid of a lightmeter (model LD 200,
Instrutherm). These measurements were made at
50 points within the SPS in a mesh constructed
equidistantly and to be representative (8 x 8). The
light measurements were made between 11:30
a.m. and 1 p.m. with the noonday sun, and were
compared with the measurements of the full-sun
area (FS). The measurements were performed at
the beginning of the evaluation period. From these
measurements, the percentage of shading area was
calculated as follows:

100 — {(SPS measurement/FS measurement) x
100}.

The area with shrubbery was mowed and treated
with herbicide, giving rise to the conventional
system of grazing production (Full Sun). The
dimensions of each area (system) were: Full Sun:
6,500 m? and Intercropped: 7,042.2 m?.
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The climatic conditions of the system during
the trial period were monitored with a portable
weather station (model Tycon Tp-1080wc, Pro
Weatherstation — R) from December 2012 to
February 2013. The evaluated weather data
included: relative humidity (%), temperature (°C)
and precipitation (mm) (Figures 1, 2, 3).

The correction and fertilisation of the area
was performed according to the results shown in
Table 1, in which data for soil analysis were taken
before the implantation of the experiment. Nitrogen
fertilisation was 100 kg N ha’', regardless of the
area, which was carried out during the stabilisation
phase (coverage) of the grass as recommended by
Collier et al. (2008).

Figure 1. Weekly relative humidity (%) regarding the experimental evaluation period in the monoculture and

intercropping systems.
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Figure 2. Weekly temperature (°C) regarding the experimental evaluation period in the monoculture and intercropping
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Figure 3. Weekly precipitation regarding the experimental evaluation period in the monoculture and intercropping

systems.
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Table 1. Chemical properties of the soil at 0-20-cm depth in the Pasture-Forestry Intercropping System and

monoculture systems.

Results
cmolc/dm? mg/dm? (ppm)

System Ca Mg Al H+Al K CTC SB K P (Mel)
Monoculture 8.0 1.35 0.00 2.23 0.17 13.59 11.36 66.02 11.87
Intercropping 3.3 0.52 0.00 3.78 3.78 9.34 5.56 30.54 9.24

Mat. Org pH Textura (g/kg)

System (%) (g/kg) Ca(l, H,0 V (%) Sand Silt Clay
Monoculture 3.8 38.33 5.44 6.31 83.61 566.28 138.3 295.46
Intercropping 3.5 35.82 5.06 5.97 59.53 616.28 154.9 228.75

Mombasa grass was sown on all systems.
Planting in November 2011 was performed
manually at a seeding rate of 13 kg ha-' of pure live
seeds. After 5 months of stabilisation, mechanical
cutting to 50 cm was carried out, and sheep were
introduced into the area according to the carrying
capacity in a continuous grazing system to maintain

the height target of 50 cm.

The experimental design was completely
randomised into split plots, with four repetitions of
each mowing height in which the plots were systems
(monoculture and intercropped with Babassu), and
the subplots were mowing heights, which were
set at 30, 40 and 50 cm. Twenty-eight days after
the entry of the animals into the area, was carried
out the identification of the assessment locations

determined from the mowing heights. The mean

mowing height was 50 cm in both areas. From that
point, each mowing height was evaluated with the
aid of a graduated scale in cm.

To determine the average height of each assessed
mowing height, measurements were made at 10
specific points of each area with the aid ofa graduated
scale where the plant height was measured from the
soil level to the curvature of the last expanded leaf.
The determination of mowing areas in the continuous
grazing system was possible due to the variability in
the grazing by animals that was uneven within the
area. For each pasture condition, four replications
were randomly assigned, totalling twelve points for
each assessed system. On the measurement day, the
mowing heights were assessed at those points using
a graduated scale.
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Productive and structural traits evaluated in the
two systems at different heights were: total fresh
matter (TFM), total dry matter (TDM), leaf dry
matter (LDM), stem dry matter (SDM), senescent
material dry matter (SMDM), dry matter percentage
(DM%), partition of morphological components
(leaf, stem and senescent material), leaf-area index
(LAI), forage density (kg/cm?®), leafistem ratio
(L/S), tiller number and root dry matter (RDM).
To determine leaf, stem and senescent material dry
matter, total fresh matter and aerial-part dry matter,
a rectangle of 1 x 0.5 m was used. To assess forage
dry matter availability of each treatment within
each evaluated system, the cutting height was 20
cm above ground level for the samples, which were
weighed and subsampled to determine the total
productivity/area and the dry mass of morphological
components of the grass. To determine the number
of tillers for each assessed area, tillers were counted
with the aid of a rectangle of 1 x 0.15 m.

After weighing, the samples were divided into
two subsamples. The first subsample components
were leaves, stems and senescent material, which
were separated and weighed, and after weighing
they were oven-dried at 65°C for 72 hours to
determine the dry matter. The second subsample
was used to determine the LAI. The evaluation of
the root mass was performed by the auger method
as recommended by (FUJIWARA et al., 1994). The
extraction of the samples was made with an auger of
7.1-cm internal diameter (0.79-dm? volume) with a
serrated base. The soil samples with the root of each
point sampled at 0-20-cm depth were washed in a
sieve with a 2-mm mesh, separated from impurities
(soil and straw) and weighed in a semi-analytical
scale, and then oven-dried at 65°C for 72 hours to
determine root dry matter. To obtain the data for each
sample, for each repetition of each height within the
areas, a total of three samples were collected and
averaged for each repetition.

Data and structural

production and root mass were subjected to analysis

regarding agronomic

of variance and the means were compared by the

Tukey test at 5% probability. All statistical analyses
were performed using Assistat software (SILVA;
AZEVEDO, 2002).

Results and Discussion

The more selective habit of grazing animals
was what kept mowing heights throughout cycle.
Animals prioritised regions of lower mowing heights
due to a higher leaf/stem ratio, resulting in greater
availability of leaves, but an average height of the
systems of 50 cm was maintained. The factors that
influence the dynamics of change in sward structure
are directly linked to changes in the proportions
of defoliation rates by animals and the growth of
plants, which are modified according to the height
of the grass and leaf, as well as the proportion of
stems and senescent material present in the canopy
(SANTOS et al., 2010).

There was an interaction between the assessed
heights and the systems for the aerial-part dry matter
(Figure 4). The percentage of dry matter was higher
in the assessed heights in the monoculture system
compared to the system intercropped with Babassu,
similar only at 40 cm height, which in both systems
did not differ statistically for dry matter percentage
(Figure 4). The same was reported by Souza et
al. (2007) who found that shading significantly
affected the dry matter content of forage due to
a higher proportion of leaves and a higher ratio
of living:dead material on grass. According to
Gobbi et al. (2011), another factor that reduces dry
matter content of the grass in the shaded system is
leaf anatomy modification because the increased
specific leaf area leads to a decrease in the forage
mass density and reduces sclerenchymatous tissue
and the thickness of the palisade parenchyma.

Dry matter percentage did not differ between the
40- and 50-cm heights (Figure 4) in the monoculture
system. There was a difference at the 30-cm height,
which had a higher dry matter content (%) than the
other assessed heights (Figure 4) due to a greater
percentage of senescent material dry matter (46.7%).
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Fortotal fresh matter in the intercropped system, there
was no significant difference between the assessed
heights, but there was a significant difference in the
percentage of dry matter at 40 cm compared to the
other heights (Figure 4). The LAI (Figure 5) showed
an interaction between systems (monoculture and
intercropped) and mowing heights in each area. The
greatest LAI for the period occurred in the pasture
monoculture system in comparison to the same
assessed heights in the intercropping system (Figure
5). According to Reis et al. (2013) who evaluated
the productivity of Marandu grass under shade
and full sun, LAI values in full sun were close to
the ideal light interception compared to the grass
in the shaded system in the same time interval and
with the same height conditions. Therefore, shading
was considered the main influential factor in the
plants’ response to the increase in LAI. According
to Paciullo et al. (2007), the lower the incidence of
light that enters the wood, the lower the LAI and
tiller density in the understory.

In the monoculture system, the LAI (Figure 5)
was higher at a height of 50 cm during the study
period. This result is related mainly to the greater
length and availability of leaves at higher pasture
layers, which results in a higher LAI, whereas the
lower LAI rate was at 30 cm in the monoculture
system (Figure 5). In the intercropping system, the
highest LAI (Figure 5) followed the same pattern
of grazing heights as in the monoculture system,
and during the evaluation period, the 50-cm height
was superior to the other evaluated heights. The
low yields of TFM, LDM, SDM, LAI, L/S ratio
and RDM in the intercropping system, according
to Cargnelutti-Filho et al. (2004), can be directly
attributed to three factors: competition for light,
water and nutrients in addition to the competition
for space between the root and aerial part of the
plants that comprise the intercropping (OLIVEIRA
et al., 2007). Another important factor is the cycling
and deposition of nutrients, which are essential for
maintaining the productivity of the intercropping
system, particularly in transitional regions of
Cerrado-Amazon (SILVA NETO et al., 2015).

There was an interaction between the evaluated
systems and the different grazing heights for the L/S
ratio (Figure 6). The L/S ratio is one of the most
important structural traits as it has a direct effect on
the quality of available forage in the pasture, and
this relationship directly affects the pasture structure
and animal grazing. With increasing sward height,
there was a decrease in the relationship between
the existing leaves and stems in the pasture, and
the highest L/S ratio was found in the area of lower
grazing heights. The increase in sward height
resulted in a higher production of stems to adjust
the canopy structure and to improve the efficiency
of use of light by the lower leaves in both the
monoculture and intercropped systems (Figure 6).
According to Lacerda et al. (2009) who evaluated
different regrowth ages of Andropogon grass in
Silvopastoral system, besides the shadowing effect
on the L/S ratio, the greatest regrowth time resulted
in a lower L/S ratio, occurring quadratic effect for
this pasture structure trait as it raised the regrowth
time in addition to the canopy height, affecting
this relationship. The L/S ratio in the monoculture
system in this experiment showed the same pattern
of distribution compared to the grazing heights
measured in the intercropping system (Figure 6).

Although the L/S ratio was similar at 50 and 40
cm in both systems, the grass in the intercropping
system started to invest more in leaf elongation than
in the stems (Figure 6). Despite this adjustment
in canopy structure, the TDM production ha' was
lower in the shaded system because of individual
plant investment prioritising the aerial part. In
shaded environments, the L/S ratio tends to increase
due to reduced light.

In the intercropping system, besides the height
influences on the L/S ratio, at different grazing
heights, there is also an effect of shading generated by
the forest that directly influenced the grass structure
(Figure 6). This led to changes in leaf structure,
which had marked development and became more
tender and etiolated as adaptive adjustments, seeking
greater efficiency for capturing light (SOARES et
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al., 2009). The larger L/S ratio occurred at a height
of 30 cm with no difference between the systems
for such traits. There was an interaction in all cycles
between the production systems (monoculture and
intercropping) and evaluated heights (Figure 7)
related to the number of tillers. This interaction

may be linked to the influence of the system on the
number of tillers in each grazing height, which the
desired amount of tillers for each area depended
on the system type and pasture height condition
evaluated because both systems (monoculture and
intercropping), acted differently on the number of
tillers/area.

Figures 4,5, 6, 7. Percentage (%) of Dry Mass, LAIL L/S ratio, and number of Mombasa grass tillers/m? in monoculture
and intercropped systems with Babassu. CV (%): 8.41, 17.57, 14.15, and 10.72, respectively. Lowercase letters
compare mowing heights between the systems. Uppercase letters compare the situations of grazing within the system.
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The monoculture system had the highest number
of tillers in all evaluated cycles when compared to
intercropping (Figure 7). The number of tillers is
directly related to the DM production and this is a
variable that is strongly influenced by the natural

shade because it changes the ratio of incident
Red/Far-Red radiation, thus directly affecting the
quality and quantity of light reaching the understory
(PACIULLO et al., 2007). This changes the number
of tillers/area in shaded environments and affects
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the appearance of new tillers (PACIULLO et
al., 2008). In the monoculture system, there was
no significant difference in the number of tillers
between 50-, 40- and 30-cm heights (Figure 7).
Even though the literature reports that the height
influences the amount of tillers per area, in the
monoculture system, a height of up to 50 cm did
not require modifications to the tiller community in
these management conditions (Figure 7). The fact
that this change does not have occurred in the tillers
community in monoculture pasture may have been
influenced by selective grazing of animals and the
higher incidence of light inside the forage layer
which favoured tillering (Figure 7). Alexandrino
et al. (2011), who evaluated different heights of
Mombasa grass, observed that by raising the sward
height, there is a reduction in the amount of tillering
and an increase in the tiller height. In this study, this
occurred only in the intercropping system, for the
same measured heights, and at 50, 40 and 30 cm
(Figure 7) were significantly different. The 30-cm
height had the highest number of tillers compared to
the 50- and 40-cm heights during the study period.

For the aerial-part dry matter production (TDM),
there was an interaction between the production
systems (monoculture and intercropping) and
the assessed heights for TDM (Figure 8). The
monoculture system had the greatest TDM
production, which was higher than the intercropping
system regardless of height. The lower production
rates in the intercropping system, according to
Carvalho et al. (2002), are related to the influence of
shading on the grass, which changes the incidence
of solar radiation in the understory, as well as the
tree distribution and competition for water and
nutrients between the tree component and the grass
(PACIULLO et al., 2011). The modification of
the photosynthetically active radiation by shading
affects the photosynthetic pathway and translocation
of photoassimilates of tropical grasses that display
the C, photosynthetic pathway (DIAS-FILHO,
2000), which is the main limiting factor to pasture
productivity in intercropping with trees in shading

level adopted that could compromise forage growth
(BELESKY, 2005). Comparing the grazing heights
within the systems, the largest TDM production
occurred at 50 and 40 cm in the intercropping
system (Figure 8).

The 30-, 40- and 50-cm assessed heights in the
pasture monoculture system differed significantly
with increased TDM production at 50 cm, which
was higher than the 40-cm height, which in turn was
higher than at 30 cm (Figure 8). In both evaluated
systems, the 50-cm heights had the highest TDM
availability due to the higher proportion of leaf,
stem and senescent materials in these areas.
The lowest rates were found at 30 cm in the
monoculture and intercropping systems. Total dry
matter availability and herbage accumulation have
a positive correlation with sward height, which is
associated with higher productivity in the higher
sward height, regardless of the proportion of leaf,
stem and senescent materials (ALEXANDRINO et
al., 2011).

For leaf dry matter availability (LDM), an
interaction was observed between the evaluated
systems (monoculture and intercropping) and
heights (Figure 9). The highest LDM production rates
were found in the monoculture system compared to
intercropping because this trait is directly influenced
by the number of tillers/area (Figure 9). The low
LDM production in the intercropping system was
influenced by the lower number of tillers and the
selective grazing of animals, as they have a diet
almost completely based on leaves, due to the
higher nutritional value compared to the stem and
senescent material (BRANCIO et al., 2003).

The LDM availability rate in the monoculture
system differed between the assessed heights, with
an increase in this trait with increasing pasture
height (Figure 9). In the intercropping system,
LDM production was similar between the assessed
heights, and at 50 and 40 cm, there was no significant
difference (Figure 9). The lower leaf production in
the intercropping system compared to monoculture
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for the same heights is an indication that in systems
that use both trees and grasses, stocking rates should
be lower when working with continuous grazing,
requiring a larger amount of leaf blade available
to animals for grazing and for keeping a higher
amount of remaining leaves in grass for conducting
photosynthesis. According to Dias-Filho (2000), the
shaded grass system has a higher leaf elongation rate,

a positive relative growth rate and lower tillering
rate, and a less extensive root system, which can
affect the grass productivity under stress by burning
or grazing. With the decrease in the root system,
the grass nutrition is impaired due to insufficient
support of nutrients and water for recovery after
defoliation, which directly affects the productivity
and persistence of tillering in shading system.

Figures 8, 9, 10, 11. Total dry matter, leaf, stem and senescent material in t/ha of Mombasa grass in the monoculture
system and intercropping with Babassu. CV (%): 9.41, 15.37, 10.29, and 17.80, respectively. Lowercase letters
compare the mowing heights between systems. Uppercase letters compare the grazing within the system.

60 total dry matter t/ha 25 - leaf dry matter t/ha EI
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5 4 2
4 1.609aB
N
3 2.845aB
2.177aB 1 4 0.893aC
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0.975bAB 051208 0.377bB
1 - : 0.665b8| |0 '
0 - 0 -
50cm 40cm 30cm 50cm 40cm 30cm
W Monoculture intercropping W Monoculture intercropping
1.6 - stem dry matter t/ha 10 18 - senescent material dry matter t/ha 11
1.579aA
17 4 1.4 A
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0.203p8 0-219aC i 0.259bA
02 - . 0.135aB | | | 0.151aA
0 - 0 -
50cm 40cm 30cm 50 cm 40cm 30cm
W Monoculture intercropping B Monoculture intercropping

There were differences between the monoculture
and intercropping systems regarding the assessed
heights for stem dry matter (Figure 10). The highest
SDM yields were found in the monoculture system

due to the higher plant population in the area
compared to the population in the intercropping
system. According to Paciullo et al. (2008), who
evaluated different intensities of shade, the SDM
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showed a positive correlation with the increase in
tiller density. In the monoculture system, as the
LDM production increased, there was an increase
in the SDM production (Figure 10). The increase
in stem production was linked to the plant fit
over the height elevation that changes attempting
to expand its light absorption capacity. In the
intercropping system, the opposite effect occurred,
and the increase in LDM production had a negative
correlation with the production of SDM (Figures 9
and 10), proving that the grass in shaded system will
invest more in foliar area than in stem elongation
to seek greater efficiency in capturing the light that
enters the understory.

The SDM was influenced by the type of system
in which the animals were grazing in (monoculture
or intercropping) acted independently in each height
influencing the DM productions of components:
leaves, stem and dead material (Figures 9, 10, 11).
The SDM production in the monoculture system
was highest at 50 cm, which this was not statistically
significant (Figure 10).

There
monoculture and intercropping systems and the

was an interaction between the
different grazing heights for senescent material
dry matter (Figure 11). The quantity of SMDM
produced in each area had a similar behaviour in
both systems (Figure 11). The largest SMDM
production occurred in the monoculture system
regardless of grazing heights (Figure 11) compared
to the intercropping system. This was due to the
grass development speed in the shading system
being slower, thus modifying the tiller senescence
time, which is affected by factors such as shading
level, intercepted brightness level, relative humidity
and high content of soil moisture (CASTRO et al.,
1999). Shading slows the reproductive stage of the
grass, which may be related to the higher vegetative
stage time in this particular environment imposed
by the woods (CARVALHO et al., 2002).

The SMDM production in the intercropping
system did not differ between assessed heights

(Figure 11). In the monoculture system, the largest
SMDM rates occurred at 50 cm and may have been
caused by shading of the lower leaves, resulting
in increased SMDM production at greater heights
(Figure 11). At 40 and 30 cm, the SMDM production
was not significantly different to the monoculture
system.

There was an interaction between systems
(monoculture and intercropping) and grazing heights
for root dry matter production (RDM) (Figure 12).
The monoculture system had the highest RDM
production (Figure 12) compared to intercropping,
and with the intensified animal grazing there was a
decrease in RDM production (Figure 12).

The root dry matter (Figure 12) in the effective
layer of soil used by the grass was influenced by
height and shading, and the highest RDM rates
were found at 50, 40 and 30 cm, respectively,
independently of the systems. Another factor
besides animal grazing that influenced RDM
production (Figure 12) in the shaded system was
the effect of woods on the grass, which affected the
root development in this type of system, making the
plant prioritise the aerial part for light capture rather
than absorption of nutrients. The Pasture-Forestry
Intercropping System tends to stimulate higher leaf
and stem elongation in the grass in order to adjust
the light capture in this type of environment, leading
to a decrease in the root system of the grass, thus
affecting the absorption capacity (CAMPOS et al.,
2007; DIAS-FILHO, 2000). The RDM production
has a negative correlation with shading and
decreasing linear response in the root production
as intensifies shading, reducing up to 93% the root
system (MARTUSCELLO et al., 2009). A change in
the biomass allocation pattern of grass under shade
favours the development of the aerial part rather
than the root system (PACIULLO et al., 2010).

The highest forage density ratios (Figure 13)
occurred in the monoculture system for 50- and
40-cm heights and were directly related to the
higher number of tillers for those heights (Figure
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7) compared to the intercropping system. When
compared to the heights within the system, the 50-
and 40-cm heights did not differ statistically from
each other for forage density (Figure 13) and only
at 30 cm was there a difference, with a lower forage
density rate.

In the intercropping system, there was no
significant difference between the three assessed

heights, and regardless of height, forage density
ratios did not differ among themselves. However,
it is noted that forage density in the monoculture
system tended to increase as the grass height rises,
but this was not seen in the intercropping system
in which the forage density rate was virtually
unchanged by grazing height.

Figures 12, 13. Root dry matter t/ha, forage density ratios of Mombasa grass in the monoculture system and
intercropping with Babassu. CV (%): 14.11 and 16.37. Lowercase letters compare mowing heights between the
systems. Uppercase letters compare the grazing within the system.
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Conclusions Acknowledgments

The natural shade of Babassu palms negatively
affects the productive and structural traits of
Panicum maximum cv. Mombasa, thereby altering
the grass structure and its productive capacity. It is
necessary to develop specific management methods
for grazing in the Pasture-Forestry Intercropping
Systems.

Little is known about the mechanisms that act
regulating grass production on light stress. More
studies must be performed in order to elucidate the
mechanisms that govern the production of tropical
in

forages the Pasture-Forestry Intercropping
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