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ABSTRACT - The objective of this work was to evaluate the coexistence effects of coffee
(Coffea arabica) with densities of sourgrass (Digitaria insularis) on crop macronutrient content
and plant growth. The experiment was conducted in plots where one coffee plant was
maintained in coexistence with O (weed-free check), 1, 2, 4, 8, and 16 sourgrass plants,
using a completely randomized design with three replicates. Reduction of coffee growth and
macronutrient content, except P that increased, started when the coexistence occurred with
sourgrass plants in a density of 1 plant per plot. In general, macronutrient content was
reduced by 18-50%, while growth characteristics were reduced by 9-41%, when coffee plants
coexisted with 16 plants of sourgrass. Thus, sourgrass competition for nutrients was a
strong factor limiting coffee plant growth.
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RESUMO - O objetivo deste trabalho foi avaliar os efeitos da convivéncia do cafeeiro (Coffea arabica)
com densidades de capim-amargoso (Digitaria insularis) sobre o teor de macronutrientes e o
crescimento das plantas da cultura. O experimento foi conduzido em caixas enterradas no solo, onde
uma planta de café foi mantida em convivéncia com O (testemunha livre de plantas daninhas), 1, 2, 4,
8e 16 plantas de capim-amargoso, usando o delineamento inteiramente casualizado com trés repetigoes.
A redugdo no crescimento e no teor de macronutrientes do cafeeiro — exceto P, que aumentou — iniciou-
se quando a convivéncia ocorreu com plantas de capim-amargoso na densidade de uma planta por
caixa. Em geral, o teor de macronutrientes foi reduzido em 10-50%, enquanto as caracteristicas de
crescimento foram reduzidas em 9-41%, quando o cafeeiro conviveu com 16 plantas de capim-amargoso.
Assim, a competigdo de capim-amargoso por nutrientes foi um forte fator limitante para o crescimento
das plantas de café.
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INTRODUCTION

Weed interference is a very important
issue in coffee production (Lemes et al., 2010).
Weeds can reduce plant height, stem diameter,
number of leaves, leaf area, and dry mass of
coffee plants (Oliveira et al., 2005; Ronchi &
Silva, 2006; Marcolini et al., 2009). Reduction

in nutrients content and accumulation of
coffee plants were also noted (Ronchi et al.,
2003, 2007). As a final consequence of weed
interference, yield reduction by more than
70% was found when coffee plants coexisted
with weeds throughout the production season
(Alcantara & Ferreira, 2000; Alcantara et al.,
2007; Dias et al., 2008; Lemes et al., 2010).
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Young coffee plants are very susceptible to
weed interference after being planted in the
fields, due to their low initial growth (Silva &
Ronchi, 2003; Lemes et al., 2010). Digitaria
insularis, commonly known as sourgrass weed,
is significantly affecting coffee plantations in
Brazil (Lemes et al., 2010; Carvalho et al.,
2011). This weed grows quickly in warm and
rainy season, when coffee seedlings are most
commonly planted. Thus, sourgrass coexistence
with young coffee plants can provide a very high
competition for environmental resources, so
that substantial crop initial growth reduction
can occur with reflects on coffee production.

The most commonly used methodology
to estimate weed interference potential on
crops has been the additive experiment. In
that experiment, crop density is maintained
constant, while weed density is increased,
so that crop is used as a comparative indicator
for weed competitiveness and aggressiveness
(Jolliffe et al., 1984; Radosevich et al., 1997).

There is a hypothesis that increased
sourgrass densities, when it is in coexistence
with young coffee plants after planting, could
negatively influence both macronutrient
uptake and initial growth of coffee plants.
The objective of this work was to evaluate
the coexistence effects of coffee plants
with increased densities of sourgrass on
crop macronutrient content and growth
characteristics, after crop planting.

MATERIAL AND METHODS

The experiment was carried out in plots
buried in the ground, showing surface area of
approximately 0.5 m?, and depth of 1.50 m, in
Brazil, at 21°1522"S and 48°18°58"W, from
March to July, 2009. Plots were filled with
Red Latosol clay textured substrate. Substrate
was fertilized with two liters of manure per
plot, incorporated to substrate in 10 cm depth
just a week before crop planting. NPK fertilizer
was also supplied at 80 g per plots in the time
of crop planting. Pesticides were applied
preventively every fourteen days. Water was
daily supplied, except in rainy days.

Treatments consisted of the coexistence
of 1 coffee plant per plot with different densities
(1,2, 4, 8, and 16 plants per plot, simulating a
range of densities from 2 up to 36 plants per
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square meters in field conditions) of sourgrass
plants, with continuous weed-free check.
Coffee seedlings of Coffea arabica cultivar
Catuai Vermelho IAC-144 was planted in the
center of each plot; while sourgrass seedlings
were randomly planted surrounding the coffee
plant in each plot. Treatments were arranged
in a completely randomized design with seven
replicates.

At 108 days after crop planting, sourgrass
plants were cut off and dried in a forced
air-convection oven at 70 °C for 96 h. At the
same time, coffee plant growth was evaluated,
by measuring plant height and stem diameter.
After that, coffee plants were cut off, the
number of leaves was found (manually
counted), as well as total leaf area (Li-Cor Inc.,
LI3000A, USA). Then, stem and leaves were
also dried separately in a forced air-convection
oven at 70 °C for 96 h. After drying, sourgrass
and coffee shoot dried materials were weighted
to determine dry mass.

In addition, macronutrients were extracted
from coffee shoot dried material by semi-micro
Kjedahl method (N), colorimetric method (P),
atomic absorption spectrophotometry (K, Ca,
and Mg), and turbidimetric method (S), as by
Carvalho et al. (2010).

All data were submitted to non-linear
regression analysis using SigmaPlot (Systat
Software, version 10.0, USA).

RESULTS AND DISCUSSION

Sourgrass total shoot dry mass increased
exponentially when weed density was increased
(Figure 1). A sourgrass population of 16 plants
accumulated 245.4% more dry mass than just
1 sourgrass plant growing in coexistence with
coffee plant. Opposite response was observed
for sourgrass individual shoot dry mass that
decreased exponentially by 74.7% in the
density of 16 plants compared to 1 plant per
plot.

There is evidence of sourgrass intraspecific
interference when a non-linear augment of
total dry mass accumulation is examined
(Figure 1). It occurred due to a decrease of
individual dry mass when weed density was
increased (Jolliffe et al., 1984; Radosevich
et al., 1997). Decreased growth occurs due to
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Figure 1 - Total- and individual shoot dry mass of sourgrass
plants growing in coexistence with one coffee plant. Vertical
lines indicate + standard error of the mean. Plot shows
surface area of 0.5 m?. Jaboticabal-SP, Brazil, 2009.

a lower environmental resource allocation by
plant growth individually and reflects on
population growth (Radosevich et al., 1997).
However, sourgrass did not attain a final
constant dry mass production, which is critical
for intraspecific interference. At this point,
dry mass accumulation becomes constant
even if density is increased (Jolliffe et al.,
1984; Radosevich et al., 1997). So, we can point
out that sourgrass increased its potential of
interference on coffee plantation from 1 to
16 plants per plot.

Coffee plant height, stem diameter,
number of leaves, and leaf area reduced
exponentially when sourgrass density increased
(Figure 2). Plant height, number of leaves,
and leaf area reduced by 9.2%, 43.3%, and

39.1% when coffee plant was grown in
coexistence with 16 sourgrass plants. Stem
diameter reduced by 9.4%, but was kept
constant after the density of 8 sourgrass plants
per plot.

Coffee growth characteristics related to
leaf development, such as number of leaves
and leaf area, were highly reduced when coffee
characteristics related to stem development,
such as plant height and stem diameter, were
poorly reduced (Figure 2). It suggests that
leaves were more susceptible to sourgrass
interference than coffee stem. That result
corroborates observations of Marcolini et al.
(2009) in coffee plantations. Toledo et al. (2001)
and Dinardo et al. (2003) concluded that leaves
are the most susceptible plant organs to effects
of increasing weed density. That fact occurs
due to alower leaf emission or/and premature
leaf falling when crops grow in coexistence
with weeds.

Coffee stem and leaves dry mass reduced
exponentially when sourgrass density was
increased (Figure 3). Stem and leaves dry mass
reduced by 20.6% and 41.0%, respectively,
when coffee plant was grown in coexistence
with 16 sourgrass plants. Reduction of dry mass
of leaves was more intense and faster than
stem reduction, so that difference between
leaves and stem dry mass reduction support the
affirmation above.

Reduction of coffee dry mass accumulation
occurred probably due to decreased capacity of
light and CO, uptake as a consequence of leaf
area reduction that reflects on the global plant
photosynthesis. According to Engel & Poggiani
(1990), total dry mass accumulated by plants
depends on their global photosynthesis.
Thus, we can emphasize that global crop
photosynthesis should be reduced when
weed density increased and, as a function of
this, plant growth reduced despite of the fact
that net assimilation rate (photosynthetic
efficiency) had increased linearly when
sourgrass density increased (data not shown).
Reduction of crop dry mass production was also
found by Marcolini et al. (2009).

Rates of N, K, Ca, Mg, and S in coffee plant
decreased exponentially when sourgrass
density was increased (Figure 4). Coffee N
rate reduced by 24.3%, but was kept constant
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Figure 2 - Plant height, stem diameter, number of leaves and leaf area of coffee plants growing under coexistence with increased
densities of sourgrass. Vertical lines indicate + standard error of the mean. Plot shows surface area of 0.5 m?. Jaboticabal-SP,
Brazil, 2009.
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Figure 3 - Dry mass of stem and leaves of coffee plants growing under coexistence with increased densities of sourgrass. Vertical lines
indicate + standard error of the mean. Plot shows surface area of 0.5 m?. Jaboticabal-SP, Brazil, 2009.
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after the density of 12 sourgrass plants. Rates
of K, Ca, and Mg reduced by 8.0%, 21.7%, and
17.2% when coffee plant was grown in
coexistence with 16 sourgrass plants. Rate of
S reduced by 18.1%, but was kept constant
after the density of 8 sourgrass plants.
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free check, P rate increased by 10.8% when
coffee plant was grown with 16 plants of
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Figure 4 - Rate of macronutrients in cotfee plants growing under coexistence with increased densities of sourgrass. Vertical lines
indicate + standard error of the mean. Plot shows surface area of 0.5 m?. Jaboticabal-SP, Brazil, 2009.
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Macronutrient rates (except P) decreased
when sourgrass density was increased (Figure
3). It suggests that those macronutrients
were limited for coffee plant uptake and then
influenced on coffee growth. Ronchi et al.
(2007) concluded that competition for nutrients
reduced coffee initial growth, delaying plant
establishment and maturity, but, according to
Ronchi et al. (2003), growth reduction intensity
depended on the weed species. In general,
weeds are more competitive for nutrients than
crops (Ronchi et al., 2003, 2007), suggesting
that nutrition is an important factor in the
evaluation of weed-crop interaction.

For P response, we found that a mycorrhizal
association between coffee plant and soil fungi
can explain P increase. Colozzi Filho & Cardoso
(2000) and Tristao et al. (2006) observed that
association. Smith & Read (1997) reported a
mycorrhizal association between coffee and
grasses. That association could increase
crop nutrient uptake from soils under Urochloa
decumbens infestation (Silva et al., 2006). It
suggests that same association can occur
between coffee plants and sourgrass. A most
notably benefic effect of that association is
an augment in low soluble nutrients, such as
P, Zn and Cu (Chu, 2005). Colozzi Filho &
Nogueira (2007) proved that mycorrhizal can
increase mineral phosphate solubilization in
the soil. Thus, coffee P rate had been increased,
because it was more available for crop uptake
provided by phosphor solubilization in the soil.

In short, sourgrass increased its potential
of interference, while coffee plants decreased
their potential of growing, when weed density
increased, providing a high reduction of coffee
macronutrients uptake (except P) and crop
growth. According to the results, a high
plant growth and content of macronutrients
reduction started when coffee plants coexisted
with two plants of sourgrass per square meters.
Thus, sourgrass must be controlled, even at
low densities, in coffee plantations to prevent
weed competition for nutrients and other
environmental resources, because initial
crop growth can decrease. Moreover, crop
establishment and time to reach maturity can
delay, probably also reducing their bearing
capacity. Thus, sourgrass competition for
nutrients is a strong factor limiting coffee
plant growth.
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