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coffee-rubber trees
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Abstract

Cercospora coffeicola is one of the primary diseases that affect coffee plants. Studies indicate that
shaded coffee plants reduce the incidence of this disease and that the management of trees and coffee
plants arrangement influence in the dissemination of cercospora. The objective of this study was to
evaluate the incidence and severity of C. coffeicola at different distances from double rows of rubber
trees (Hevea brasiliensis muell. arg.) at two different sunlight exposures (north and south). This study
was conducted in Londrina, Parana, between 2008 and 2010, with adult plants of the TAPAR 59 cultivar
(Coffea arabica L.) grown at a spacing of 2.5 m x 1.0 m. The distances between the double rows of
rubber trees were 13, 16 and 22 m, compared to plants grown under full sun. The disease incidence was
assessed monthly by using a non-destructive method. This analysis was conducted on coffee leaves from
the third and fourth pairs of two plagiotropic branches, on eight plants per plot, with five replications.
These data were used to calculate the area under the curve for the incidence of the brown eye spot. The
highest disease incidence occurred in the coffee plants grown under full sun, whereas lowest disease
occurred on plants located at up to two meters away from double rows of rubber trees. The incidence
of Cercospora leaf spot increased with the distance from the double rows of rubber trees. The results
demonstrate that the mapping of cercospora incidence in shaded coffee plants is essential to determinate
the best spacing and plants arrangement.
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Resumo

A Cercospora coffeicola ¢ uma das principais doengas que afetam o cafeeiro. Estudos apontam que
o cultivo de café arborizado reduz a incidéncia dessa doenga, sendo que o manejo ¢ a disposi¢do das
arvores e dos cafeeiros influenciam na disseminagdo da cercosporiose. O objetivo deste trabalho foi
avaliar a incidéncia da C. coffeicola em diferentes distdncias de cafeeiros em relagdo a filas duplas
de seringueira (Hevea brasiliensis Miiell. Arg.), nas faces norte e sul de exposicdo solar. O estudo foi
realizado em Londrina, PR, no periodo de 2008 a 2010, em cafeeiros adultos do cultivar TAPAR 59
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(Coffea arabica L). As distancias entre seringueira em filas duplas foram de 13, 16 e 22 m, comparadas
com plantio a pleno sol. A avaliagdo da incidéncia da doenca foi realizada por método néo destrutivo, por
meio da contagem de folhas doentes nas folhas do terceiro ¢ quarto pares de dois ramos plagiotropicos
dos cafeeiros. Com base nesses dados calculou-se a area abaixo da curva de progresso da incidéncia da
cercosporiose. A maior incidéncia da doenga ocorreu nos cafeeiros cultivados a pleno sol. Os cafeeiros
cultivados até dois metros distantes das seringueiras em filas duplas apresentaram menor incidéncia da
doenga. A incidéncia de cercosporiose do cafeeiro aumentou com o incremento da distancia das plantas
em relagdo as seringueiras em filas duplas. Os resultados demonstram que o mapeamento da incidéncia
da cercospora em cafeeiros arborizados ¢ fundamental para a determinagido dos melhores espacamentos
e disposi¢do das plantas.

Palavras-chave: Coffea arabica, Cercospora coffeicola, Hevea brasiliensis, sombreamento de cafeeiro

Introduction

Agroforestry systems of coftee (Coffea arabica
L.) and rubber (Hevea brasiliensis Miiell. Arg.) are
alternatives for diversifying agricultural production.
These systems could contribute to the economic
stability of farmers and meet the natural rubber
deficit in Brazil.

Agroforestry systems improve the microclimate
of coffee plantations by reducing leaf temperatures,
increasing relative humidity, providing frost
protection and reducing the adverse impacts of wind
and rain (CARAMORI et al., 2004; MORAIS et al.,
2007; PEZZOPANE et al., 2007). Planting trees
increases soil organic matter inputs from leaf fall,
conserves moisture, increases the water absorption
and infiltration capacity and reduces nitrogen losses
(BLACK; ONG, 2000; JARAMILLO; CHAVES,
1999; HAIRIAH et al., 2006). Coffee trees in
agroforestry systems reduce the emergence of
invasive plants (ROMERO-ALVARADO et al.,
2002), decrease the coffee leaf miner (Leucoptera
coffeella) population (GUHARAY et al., 2001;
LOPES et al., 2012) and decrease the incidence
of cercospora leaf spot (Cercospora coffeicola)

(SALGADO et al., 2007).

Cercospora leaf spot is one of the major diseases
that affect coffee trees and occurs in nearly all coffee
plantations in Brazil, with potential to cause coffee
production losses of up to 30% (ZAMBOLIM et
al., 1997). These losses result from the formation
of leaf spots, which reduce photosynthetic leaf
area and promote early leaf fall (MARTINS et al.,

2004; SAMAYOA; SANCHEZ, 2000). In addition,
C. coffeicola causes early ripening, wilting and
premature fruit drop (GODOY et al., 1997).

Nutritional factors and low water levels in the soil
can be used to predict the occurrence of cercospora
leaf spot or brown eye leaf spot (BOTELHO et al.,
2011; GARCIA JUNIOR et al., 2003; SANTOS et
al., 2008).

According to Salgado et al. (2007), the incidence
of the brown eye spot from C. coffeicola is greater
in coffee trees that are grown in full sun than in
coffee trees that are grown in shade. In addition,
Cercospora leaf spot is often greatest on the sides of
coffee trees that receive the greatest light intensity
(CUSTODIO et al., 2010).

This study evaluates the incidence of cercospora
leaf spot in coffee trees grown in consortium with
different rubber tree populations. The focus is on
microclimate conditions modified by distances
between coffee and rubber trees, exposure of coffee
trees to sunlight and levels of coffee shading.

Materials and methods

The study was conducted at the Experimental
Station of the Agronomic Institute of Parana
(Instituto Agrondmico do Parana — IAPAR) in
Londrina, Parana State, Brazil (23°21°38.22”’S and
51°10°04.15”W, altitude 581 m). The soil at this site
is a clayey Rhodic Hapludox (Oxisol) (EMBRAPA,
1999). The mean annual precipitation is 1,600 mm,
and the mean annual temperature is 21°C (IAPAR,
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2010). In addition, average monthly climatic data
were obtained from a weather station located 100 m
from the experimental site.

In each type of system (rubber tree + coffee),
eight coffee plants were marked at five sampling
points (Figure 1). The first of these points was

between the rows of rubber trees (BR), and the
second point was two meters to the north side of
the rubber trees. The third point was in the center of
the space between the rubber tree rows (and to the
north), the fourth point was in the first two meters to
the south and the fifth point was in the center of the
space between the rubber tree rows to the south. In
the coffee monocrop (Cm), sampling occurred at the
center of the plot. Based on the three intercropping
densities (13, 16 and 22 m between double rows of
rubber trees) and the coffee monocrop, the coffee
trees were marked at 16 sampling points. These
points were used to understand and explore the
results, which were considered as 16 treatments
with five replications (Table 1).

Seedlings of coffee (IAPAR 59 cultivar) were
planted during the first semester in 2000 at a row
spacing of 2.5 x 1.0 m, with two plants per hole in a
north-south orientation. Rubber trees (Clone PB235)
were planted in the first semester of 1999. The
rubber trees were oriented east to west and planted in
double rows spaced 4.0 x 2.5 m between plants, and
in three different spacings between double rows: 13,
16 and 22 m. These double rows were transverse to
the coffee plantation. The experiment was arranged
in a randomized block design with four treatments
and five replications. The coffee trees under full sun
were compared with coffee trees intercropped with
three different rubber tree populations representing
three different shading situations.

Table 1. Description of the treatments in the agroforestry system of coffee and rubber tree. Londrina-PR, Brazil, 2010.

Distance between double Position of the coffee plants Distance between double row of

Treatment rows of rubber trees (m) relative to the rubber trees rubber trees and coffee plants (m)
1-13S2 13 South 6 and 7
2-13S1 13 South 1 and 2
3-13BR 16 Between trees 0
4-13N1 13 North 1 and 2
5-13N2 13 North 6 and 7
6-16S2 16 South 8 and 9
7-16S1 16 South 1 and 2
8-16BR 16 Between trees 0
9-16N1 16 North 1 and 2
10-16N2 16 North 8 and 9
11-2282 22 South 11 and 12
12-22S1 22 South 1 and 2
13-22BR 22 Between trees 0
14-22N1 22 North 1 and 2
15-22N2 22 North 11 and 12
16- Cm - - -
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The incidence of the brown eye spot in the
coffee trees was non-destructively evaluated from
January 2008 to December 2010 each 30 days. The
number of damaged leaves on two branches from
the middle-upper region of the plant was counted on
the third and fourth pairs of leaves for eight plants
per treatment (totaling 64 leaves on each evaluation
date). Based on the obtained data, the area under the

disease progress curve (AUDPC) was determined
for the cercospora leaf spot incidence (AUCLSPC)
using the AACPD software (CANTERI et al.,
2004). A comparison between the means of the
different treatments relative to the AUCLSPC was
performed by using the Scott-Knott test (p < 0,05
of probability) with untransformed data and in the
SASM-Agri software (CANTERI et al., 2001).

Figure 1. Schematic diagram of the experiment showing the orientation of the blocks and the distributions of the
plots. A, B and C indicate the coffee plants intercropped with rubber trees in double rows spaced 13, 16 and 22 m,
respectively. Letter E represents coffee monocrop (Cm). The numbers 13, 16 and 22 represent the distances (m)
between the double rows of rubber trees. BR, S and N represent the coffee plants within double rows, to the south and
to the north, respectively. Numbers 1 and 2 represent the coffee plants at 2 m and at half the distances between the
double rows. The open stars indicate coffee plants not evaluated, the filled stars indicate coffee plants assessed in the
treatments and the quartered circles represent the rubber trees. Londrina-PR, Brazil, 2010.
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Results and Discussion

A significant difference in the area under
the progression curve of cercospora leaf spot
(AUCLSPC) was observed for the coffee trees

Figure 2. The area under the incidence progression curve of C. coffeicola (AUCLSPC) in the treatments for 2008 (A),

intercropped with the rubber trees compared with

the rubber trees in double rows (Figure 2).

those grown under full sun, for the three consecutive
years evaluated. The AUCLSPC increased with the
position of coffee trees relative to the positions of

2009 (B) and 2010 (C). Treatments are described in Table 1 and Figure 1. The columns with the same letters do not

differ based on the Scott-Knott test at a probability of 95%. Londrina-PR, Brazil.
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The lowest AUCLSPC values occurred in the
coffee trees near the rubber trees (under the rubber
trees and within 2.0 m away). The AUCLSPC
values were 70 % to 80 % lower in the coffee trees
near the rubber trees than in the coffee trees that
were under full sun, in the years 2008 to 2010. This
result occurred because the rubber trees provided
shade for the coffee trees. In coffee trees that were
positioned 11.0 m from double rows of rubber trees,
the AUCLSPC was 20% to 26% lower than in the
coffee trees grown under full sun. This is consistent
with the results of Salgado et al. (2007) for coffee
trees intercropped with different tree species. The
highest disease incidence in the coffee trees grown
under full sun potentially resulted from an increase
in the cercosporin toxin. According to Batchvarova
et al. (1992) and Daub et al. (2005), the activity
and production of the cercosporin toxin by the
Cercospora species increases with increasing light
intensity. Daub et al. (2005) hypothesized that
cercosporin kills the host cell, which allows the
pathogen to access nutrients. This toxin can be a
factor of aggressiveness of C. coffeicola.

Regarding exposure on the north and south sides
of the coffee plants intercropped with the rubber
trees, the progression of cercospora leaf spot was
not significantly different from the progression in
the other treatments (Figure 2). This potentially
resulted from the shading of the plots by the rubber
trees during the day.

The progression curve of C. coffeicola varied
over the three years ofassessment. These progression
curves indicate that the greatest disease incidence
occurred in 2008 and the lowest in 2009 (Figure
3). In the years with higher production (2008 and
2010), the coffee plants grown under full sun had
higher disease incidence between February and July
(peaks in May or June). Growth and maturation
of the fruits occurred during this period, which
required greater energy expenditure by the plant.
According to Botelho et al. (2011), Garcia Junior
et al. (2003), Santos et al. (2008) and Talamini et
al. (2001), this environment with little shading and
nutritional imbalances (particularly with respect to
nitrogen and potassium) directly affects the intensity
of cercospora leaf spot attacks.

The periods with the highest cercospora leaf
spot incidence (May to June of 2008 and 2010)
corresponded with the periods of lowest rainfall
and temperature (lower than 25 °C) (Figures 4
and 5). The climatic conditions of high relative
humidity and temperature (between 10 and 25 °C)
are favorable to C. coffeicola (ZAMBOLIM et al.,
1997). In addition, periods of prolonged drought
and plant water deficit favor its attack (TALAMINI
et al., 2001). The availability of water may have
been greater in the coffee trees grown under shade
during the period of low rainfall (from May to July
0f 2008 and 2010). According to Neves et al. (2007),
water savings occur for coffee plants in agroforestry
systems. In addition, the transpiration of coffee is
significantly reduced grown in agroforestry systems
(MORALIS et al., 2007).
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Figure 3. Epidemiological curve for the incidence progression of cercospora leaf spot, at different positions of the
coffee plants relative to the double rows of rubber trees and grown under full sun in 2008 (A), 2009 (B) and 2010 (C).
Treatments 13, 16 and 22, which are near the double rows of rubber trees (BR/S1/N1), were grouped into mean values
to improve understanding. The treatments of North (N2) and South (2) and the middle distances of 13, 16 and 22 were
also grouped for each respective distance. Londrina-PR, Brazil.
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