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ABSTRACT

 

Villain, L., A. Molina, S. Sierra, B. Decazy, and J. L. Sarah. 2000. Effect of grafting and nematicide
treatments on damage by the root-lesion nematode 

 

Pratylenchus

 

 spp. on 

 

Coffea arabica

 

 L. in Guatema-
la. Nematropica 30:87-100.

Root-lesion nematodes, 

 

Pratylenchus

 

 spp., are among the pests with the greatest negative impact on
the economy of coffee production in Guatemala. A field experiment was undertaken in southwest
Guatemala to assess damage due to a root-lesion nematode and to compare two methods of manage-
ment: grafting onto 

 

Coffea canephora

 

 Pierre, 1897, and nematicide treatments (terbufos). The exper-
iment was carried out for five years, and included the first three harvests. Root population densities
of nematodes, coffee berry yield losses, and plant mortality rates were highest on ungrafted

 

 C. arabica,

 

confirming its high degree of vulnerability to this root-lesion nematode population. Grafting onto 

 

C.
canephora

 

 provided efficient control of populations of root-lesion nematodes and resulted in signifi-
cantly greater yields compared to ungrafted plants. Nematicide treatments suppressed populations
of this root-lesion nematodes only until the second year after planting. This was sufficient to signifi-
cantly reduce rates of plant mortality in ungrafted plants. However, nematicide treatments did not
result in significant increase of yield regardless of the rootstocks used. This work also provided evi-
dence that growing grafted coffee trees under shade may be a beneficial tactic for managing these
root-lesion nematodes.

 

Key words: 

 

chemical control, 

 

Coffea

 

 spp., grafting, Guatemala,

 

 

 

pest management, 

 

Pratylenchus

 

, root-le-

 

sion nematode, shaded perennials, terbufos.

 

RESUMEN

 

Villain, L., A. Molina, S. Sierra, B. Decazy y J. L. Sarah. 2000. Efecto del injerto y de los tratamientos
nematicidas sobre los daños ocasionados por el nematodo lesionador 

 

Pratylenchus

 

 sp. sobre 

 

Coffea ara-
bica

 

 L. en Guatemala. Nematrópica 30:87-100.
El nematodo lesionador 

 

Pratylenchus

 

 spp. es una de las plagas de mayor impacto sobre la economia
del cultivo de café en Guatemala. Se desarrolló un experimento en el suroeste de este país para eva-
luar los daños causados por un nematodo lesionador así como para evaluar dos métodos diferentes
de control: el injerto sobre

 

 Coffea canephora

 

 Pierre, 1897, y los tratamientos nematicidas (terbufos). El
experimento tuvo una duración de cinco años, incluyendo las tres primeras cosechas formales. Las
densidades poblacionales de nematodos en las raíces, las pérdidas de cosechas y las tasas de mortali-
dad de plantas fueron mas altas para el 

 

C. arabica

 

 sin injerto demostrando su alto grado de vulnera-
bilidad a esta población de nematodo lesionador. Se comprobó que el injerto sobre 

 

C. canephora

 

 es
muy eficiente para controlar las poblaciones de nematodo lesionador, lo que resultó en niveles pro-
ductivos significativamente más altos. Los tratamientos nematicidas bajaron los niveles poblacionales
del nematodo lesionador hasta el segundo año de cultivo solamente. Este efecto fue suficiente para
bajar siginificativamente las tasas de mortalidad de plantas de los cafetos sin injerto. Sin embargo, los
tratamientos nematicidas no permitieron ningún aumento significativo de la producción de plantas,
con o sin injerto. Este trabajo trajo evidencias de que cultivar cafetos injertados bajo sombra puede
ser una práctica benéfica para el manejo de estos nematodos lesionadores.
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Palabras claves: Coffea

 

 spp., control químico, cultivos perennes bajo sombra, Guatemala, injerto, ma-

 

nejo de plagas, nematodo lesionador, 

 

Pratylenchus

 

, terbufos.

 

INTRODUCTION

The root-lesion nematode 

 

Pratylenchus
coffeae

 

 (Zimmermann, 1898) is considered
to be responsible for substantial damage to
plantations of 

 

Coffea arabica

 

 L. throughout
the world (Campos 

 

et al.

 

, 1990). In Central
America, and particularly in Guatemala, 

 

P.
coffeae

 

 has long been reported as the only
damaging root-lesion species in coffee
plantations (Chitwood and Berger, 1960;
Schieber and Sosa, 1960; Schieber, 1966).
Recent studies indicated that different spe-
cies, morphologically closely related to 

 

P.
coffeae

 

 could be involved in a pathogenic
complex in coffee roots in Guatemala: 

 

P.
gutierrezi

 

 Golden 

 

et al

 

., 1992 (Inserra 

 

et al.

 

,
1998; Duncan 

 

et al.

 

, 1999); 

 

P. loosi 

 

Loof,
1960 (Anzueto and Sarah, 1992; Anzueto,
1993; Mohotti, 1998) and unidentified

 

Pratylenchus

 

 spp. (Villain 

 

et al

 

., 1998; Dun-
can 

 

et al.

 

, 1999; Villain, 2000). Results of
routine analysis performed by the Guate-
malan Association of Coffee (ANACAFE)
over the last ten years indicated that root-
lesion nematodes have been abundant in
many of the 

 

C. arabica

 

 producing regions
of Guatemala (Villain 

 

et al

 

., 1999).
A method of hypocotyledonary grafting

of 

 

C. arabica 

 

onto 

 

C. canephora

 

 Pierre, 1897
was perfected by Reyna (1966 and 1968) to
control nematodes especially, 

 

Pratylenchus

 

spp. Although this cultural practice is now
widely implemented, some farmers still
prefer to use nematicides since to them
the effectiveness of grafting against nema-
todes has not yet been proven. Some other
farmers who do use the grafting technique
also apply nematicides without evidence of
whether or not these applications are nec-
essary. Therefore, the present study was

aimed at evaluating the effectiveness of the
hypocotyledonary grafting technique and
nematicide treatments, either combined
or used independently, for controlling

 

Pratylenchus

 

 spp. (identification in process)
in Guatemala. In this country, 

 

C. arabica

 

 is
mainly cultivated under a shaded tradi-
tional cropping system. In addition to its
environmental and socioeconomic impor-
tance as a source of fire-wood, shade trees
work as an important climatic regulator in
many coffee producing regions because of
the presence of a marked dry season (Will-
son, 1985; Wrigley, 1988; Beer 

 

et al

 

., 1998).
Under these climatic conditions, shade
trees have an important effect on the phys-
iology of 

 

C. arabica

 

 trees, native to the cool
shady rain forest of the Ethiopian high-
lands (Wrigley, 1988). Shade must then be
considered for integrated management of
nematodes because of its possible influ-
ence on the degree of tolerance and/or
resistance of coffee trees to nematodes.

MATERIALS AND METHODS

 

Location:

 

 The experiment was con-
ducted on a farm located on the southern
slope of the Atitlan Volcano in the Sierra
Madre mountains at an altitude of 900 m
(Suchitepequez county). Average annual
rainfall is 2 900 mm, 90% of which occurs
from April to October. There is a long cool
dry season from November to March, but
there is also a short hot dry season in July-
August, locally called canicule. The aver-
age annual temperature is 23

 

°

 

C with an
absolute minimum and maximum of 12

 

°

 

C
and 38

 

°

 

C. The soils are andisols resulting
from volcanic wind ash deposits (Anony-
mous, 1989).
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Experimental design:

 

 The experimental
plot was located in a field heavily infested
by root-lesion nematodes, which had previ-
ously been planted with 

 

C. arabica

 

 (cv. Bour-
bon) for approximately 20 years. In the
present experiment, the selected 

 

C. arabica

 

cultivar was Caturra. Hypocotyledonary
grafting was done with approximately six-
week-old plants onto 

 

C. canephora

 

. Both
grafted and non-grafted 

 

C. arabica

 

 seedlings
were kept in the nursery for 10 months in
individual 2 dm

 

3

 

 polybags where all plant-
lets received three preventive applications
of 0.1 g of terbufos at three-month inter-
vals. The young plants were then planted in
the field at a density of 5 000 per ha (2 m
between rows and 1 m between plants in
each row). Shade was provided by adult
trees of 

 

Inga

 

 sp., spaced 8 m 

 

´

 

 16 m apart.
These shade trees were pruned every year
in March-April at the end of the dry season
to avoid excessive shading which exacer-
bates growth of detrimental fungal patho-
gens during the rainy season.

Half of the grafted and non-grafted
plants did not receive any nematicide
treatment. The other half were treated
with terbufos 10G at a rate of 1 g per plant
during the first 3 years and 2 g per plant
the following years. The first application
occurred in July 1991, 15 days after plant-
ing. The second application was in Novem-
ber at the end of the rainy season. In the
following years, the first application
changed to early May, at the beginning of
the rainy season, and the second applica-
tion continued in November just after har-
vest. Nematicide granules were scattered
by hand over the entire undercanopy area
of each coffee plant.

The factorial experimental design
included four treatments (grafted/
ungrafted 

 

´

 

 treated/untreated) replicated
four times, resulting in 16 plots arranged
in a randomized complete block design.
Each of the experimental plots included

84 plants arranged in seven rows of twelve
plants. Observations were made on the 50
median plants (five rows of ten plants).

 

Measurements: 

 

To evaluate nematode
population densities, two root samples
were taken every year, one in February,
during the dry season, and the second in
July, during the rainy season. These dates
corresponded to maximum population
densities under local environmental condi-
tions (Villain, 2000). Sampling began 11
months after planting (April 1992) when
the root system was considered to be suffi-
ciently developed to withstand the process.
In each plot, root samples were taken from
eight plants regularly spaced throughout
each experimental plot (plant number 1,
9, 17, etc.). Plant number one was arbi-
trarily chosen as the first plant (East to
West) on the first row (North to South).
Every new sampling was carried out on the
next eight plants of the plot (plant num-
ber 2,10, 18, etc.). Root samples were
removed from a soil volume of 20 

 

´

 

 20 cm

 

´

 

 15 cm depth, taken in the row at 20 cm
from the trunk. The eight soil samples for
a given plot were pooled to obtain a single
sample per plot.

The roots were then carefully washed
with tap water. Only non- or slightly ligni-
fied secondary roots with a diameter of less
than 3 mm were considered for nematode
extraction. They were cut into 2 to 3 cm
pieces. A 25 g aliquot was macerated in a
blender (Oster, 3 speeds) for 15 seconds at
intermediate and 15 seconds at full speed.
The suspension was then passed through a
column of sieves (850 

 

m

 

m, 150 

 

m

 

m, 45 

 

m

 

m,
38 

 

m

 

m and 25 

 

m

 

m) and the residues col-
lected in the last three sieves were pro-
cessed by centrifugal-flotation (Coolen
and d’Herdes, 1972). Nematodes were
finally collected in 100 ml of water and
counted in 3 aliquots of 1 ml on a count-
ing slide (Sedgewick rafter cell S50, Grati-
cules Limited).
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The annual yield of coffee berries was
measured in every plot from 1993 to 1995,
and expressed as kg of coffee berries per
hectare. All plants were examined at each
harvest, from 1992 to 1995. Unproductive
and defoliated plants were recorded as
dead and counted to determine the mor-
tality rate in each plot from planting until
the year of observation.

For each plant, a shade index was
assigned by visually estimating the zenithal
projection of the shade tree canopy on the
plant in question. The scale was: 1 = 25%; 2
= 25-50%; 3 = 50-75%; 4 = >75% shade. A
mean shade index was then calculated for
each experimental plot from the estimated
grades attributed to the 50 plants.

 

Statistical analysis:

 

 Nematode numbers
per gram of roots were transformed to log
(x + 1) for statistical analysis. The log
transformed population data of 1992 were
averaged to obtain the early population
density. The log transformed population
data from 1992 to 1995 were averaged to
obtain the average population density for
the duration of the experiment. Two-way
ANOVA’s of log-transformed nematode
population, plant mortality rate and yield
data were calculated. Means were sepa-
rated using the Newman and Keuls’ test.
All statistical analyses were performed with
STATITCF software from the Institut Tech-
nique des Céréales et Fourrages.

RESULTS

 

Nematode populations: 

 

There was no sig-
nificant grafting onto 

 

C. canephora

 

 x nemati-
cide treatment interaction for root-lesion
nematode population densities in any year.
In the first sampling year (1992), root-lesion
nematode population densities were lower
(

 

P

 

 = 0.01) in the plots that had been treated
with nematicide than in the untreated plots,
whether or not the plants were grafted
(Table 1). In the following years, there was

no significant effect of nematicide treat-
ment on nematode populations.

Root-lesion nematode population densi-
ties were lower (

 

P

 

 = 0.001, 

 

P

 

 = 0.02, and 

 

P

 

 =
0.004 in 1992, 1994, and 1995, respectively)
in plots where plants were grafted than in
plots of ungrafted plants. The only excep-
tion was 1993, when no significant differ-
ence was observed because of high data
variability (CV = 45.1%) between replicates.

In plots of grafted plants, the average
root-lesion nematode population density
was negatively correlated (r

 

2

 

 = 0.57; 

 

P

 

 =
0.03) with the shade index (Fig. 1),
whereas shade did not influence nema-
tode populations (r

 

2

 

 = 0.15; 

 

P

 

 = 0.34) in
plots of ungrafted plants.

 

Plant mortality: 

 

During the first year, the
plant mortality rate was less than 5% in
each plot and there was no significant ef-
fect of nematicide treatments or grafting
(Fig. 2). In the following years, there was a
significant grafting 

 

´

 

 nematicide treatment
interaction for plant mortality rate (

 

P

 

 =
0.01, 

 

P

 

 = 0.04, and 

 

P

 

 = 0.04 in 1993, 1994,
and 1995 respectively). Plant mortality
rates increased much more rapidly for the
ungrafted plants than for the grafted
plants (Fig. 2). The nematicide treatment
reduced the mortality of ungrafted plants
(

 

P

 

 = 0.002, 

 

P

 

 = 0.01, and 

 

P

 

 = 0.01 in 1993,
1994, and 1995 respectively). The average
mortality rate for untreated plants in-
creased from 24% (range = 12-36%) in
1993 to 50% (25-76%) in 1995. In contrast,
the average mortality rate for treated
plants was only 4.5% (2-10%) in 1993, and
reached 23% (14-29%) in 1995. The final
mortality rate was positively correlated (r

 

2

 

 =
0.76; 

 

P

 

 = 0.005) with the early root-lesion
nematode population densities observed
in 1992 (Fig. 3). The shade index was neg-
atively correlated with the plant mortality
rates observed in 1993 (r

 

2

 

 = 0.65; 

 

P

 

 = 0.002)
and 1994 (r

 

2

 

 = 0.52; 

 

P

 

 = 0.04), but not sig-
nificantly in 1995 (r

 

2

 

 = 0.42; 

 

P

 

 = 0.08).
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Table 1. Effects of grafting onto 

 

C. canephora

 

 and nematicide treatments (two applications per year with 1 or 2 g of terbufos per plant) on root population den-
sities of root-lesion nematode in plots of 

 

C. arabica

 

.

Nematicide

Root-lesion nematode population densities (per g of roots)

1992 1993 1994 1995

Grafting

Average

Grafting

Average

Grafting

Average

Grafting

AverageWithout With Without With Without With Without With

Without 54 12 33 a

 

z

 

37 19 28 a 28 22 25 a 132 23 78 a

With 19 6 13 b 38 19 29 a 29 8 18 a 135 29 82 a

Average 36 A

 

z

 

9 B 23 38 A 19 A 28 29 A 15 B 22 134 A 26 B 80

 

z

 

Averages in columns (A,B) or in rows (a,b) with the same letter do not differ according to Newman and Keuls’ test (

 

P

 

 = 0.05). Data were transformed to log (x + 1)
prior to the ANOVA.
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The mortality rate for plants that were
grafted remained very low over the years
with no effect of nematicide treatment.
The average mortality rate for grafted
plants reached only 6% (0-15%) by the
end of the experiment. The plant mortal-
ity rate was not correlated with nematode
population densities (r

 

2

 

 = 0.00; 

 

P

 

 = 0.93) or
with the shade index (r

 

2

 

 = 0.04; 

 

P

 

 = 0.65).

 

Yield: 

 

There was no significant grafting 

 

´

 

nematicide treatment interaction for coffee
berry yield in any year. Nematicide treat-
ments had no significant effect on yield in
any year, whether or not the plants were
grafted (Fig. 4). However the effect of nem-

aticide treatments approached significance
for the ungrafted plants during the first har-
vest in 1993 (

 

P

 

 = 0.07). The average yield of
grafted plants was approximately 15 000
kg/ha for the three harvests. This was 250%
greater than the average yield of ungrafted
plots over the same period (Fig. 4).

The yield of grafted plants was not cor-
related with root-lesion nematode popula-
tion densities or with the shade index over
the three harvests. However, the yield of
ungrafted plants in 1995 was negatively cor-
related with the average nematode popula-
tion density (r

 

2

 

 = 0.87, 

 

P = 

 

0.001). The most
heavily infested plots of ungrafted plants

Fig. 1. Relationship between the shade index and root-lesion nematode population densities (mean of log [x + 1]
transformed nematode numbers per gram of roots from 1992 to 1995) in plots of grafted C. arabica, with or with-
out nematicide treatments (1 or 2 g of terbufos per plant twice a year).
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yielded twelve-fold less than the least
infested plots (Fig. 5). The yield of
ungrafted plants also approached signifi-
cant correlation with the shade index dur-
ing the first two harvests (r

 

2

 

 = 0.47, 

 

P = 

 

0.06;
r

 

2

 

 = 0.43, 

 

P = 

 

0.08 and r

 

2

 

 = 0.17, 

 

P = 

 

0.31, in
1993, 1994 and 1995 respectively).

The three plots of ungrafted plants
with the lowest nematode densities had a
similar average nematode population den-
sity to that of the three most heavily
infested plots of grafted plants (approxi-
mately 25 nematodes per gram of roots).
However, the yield in 1995 in the three
plots of grafted plants was higher (P =
0.02) than in the three plots of ungrafted

plants: 16 000 kg/ha vs 5 300 kg/ha. In the
same plots, the average mortality rate was
6% for the grafted plants vs 32% for the
ungrafted plants.

DISCUSSION

The high root-lesion nematode popula-
tion densities on ungrafted C. arabica was
associated with severe plant die-back and
low yields attesting to the high damage
potential of this root-lesion nematode on
C. arabica. Although the mortality rate for
ungrafted plants was low in the first year
after planting, even in plots with the high-
est levels of nematode infestation, mortal-

Fig. 2. Plant mortality rates observed at harvest time, one, two, three, and four years after planting (1991) in plots
of grafted and ungrafted C. arabica parasitized by root-lesion nematodes, with or without nematicide treatment
(1 to 2 g of terbufos per plant twice a year). Data of the same year with the same letter do not differ according to
Newman and Keuls’ test at P = 0.05. (N.S.: not significant; P > 0.05).
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ity rates increased rapidly thereafter. In the
most heavily infested plot of ungrafted
plants, the plant mortality rate reached
75% by the third harvest. In such condi-
tions, the economic consequences may be
considerable because of crop losses and
the high costs of replanting for a perennial
crop such as coffee. Because the plant
mortality rate observed at the end of the
experiment (1995) was strongly corre-
lated with the early nematode densities
(1992), it appears likely that the initial
root-lesion nematode population densities,
during the early plant growth, are a critical
factor for later plant development. This is
the first study to evaluate the pathogenicity

of root-lesion nematodes on C. arabica in
the field in Central America.

The fact that the root-lesion nematode
exhibited less damage potential on grafted
plants is consistent with the perception of
the most farmers. The nematode popula-
tion densities on grafted plants were con-
sistently below those of ungrafted plants
indicating partial resistance of C. canephora
to root-lesion nematodes. In India, partial
resistance to P. coffeae was observed in a
non-cloned C. canephora cv. Robusta prog-
eny (Anonymous, 1971). In Indonesia
(East Java), Toruan-Mathius et al. (1995)
reported the existence of two clones of
C. canephora cv. Robusta with high levels of

Fig. 3. Relationship between root-lesion nematode population density in 1992 (mean of log [x + 1] transformed
nematode numbers per gram of roots) and plant mortality observed in 1995 in plots of ungrafted C. arabica, with
or without nematicide treatments (1 or 2 g of terbufos per plant twice a year).
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resistance to P. coffeae. In South India,
Kumar (1982), observed slower penetra-
tion dynamics of P. coffeae in a line of
C. canephora cv. Robusta when compared
with C. arabica. Those observations support
our results obtained under field condi-
tions showing that grafting onto C. cane-
phora provided efficient control of root-
lesion nematodes.

Nematode densities did not influence
coffee yields or the mortality rate of
grafted plants, which remained low
(»15%) in all plots. Thus, the range of
nematode densities observed in the plots
of grafted plants appear to have been
below the tolerance limit of the plant
(Seinhorst, 1965 and 1998), and the yields
of grafted plants may have been very close

to their yield capacity in the absence of
nematodes under these conditions.

At the third harvest in 1995, plots of
grafted plants yielded three times more on
average than the most productive plots of
ungrafted plants, despite the fact that the
most heavily infested plots of grafted plants
had nematode densities similar to those of
the most productive plots of ungrafted
plants. A difference in tolerance levels may
be involved, but data on the yield capacity
of ungrafted plants in the absence of nem-
atodes were lacking under our experimen-
tal conditions. Therefore, it cannot be
definitively concluded that grafted plants
were more tolerant to root-lesion nema-
tode attacks (Bos and Parlevliet, 1995), or
that there is a beneficial effect of C. cane-

Fig. 4. Coffee berry yields in plots of grafted and ungrafted C. arabica parasitized by root-lesion nematodes, with
or without chemical treatment (1 or 2 g of terbufos per plant twice a year), two, three and four years after planting
(1991). The thin bars represent the standard deviation of each data bar. Data bars with the same letter are not
different according to Newman and Keuls’ test at P = 0.05.
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phora on yield capacity. Both effects may
occur, but the relative importance of each
remains to be determined.

On both ungrafted and grafted plants,
nematicide treatments only suppressed
nematode populations in the first year of
sampling (1992), before the coffee plants
began to yield. Thereafter, nematicide treat-
ment had no effect on nematode popula-
tions density, even when the dose was
increased to 2 g per plant at the end of the
third year after planting. However, the sig-
nificant decrease in early nematode popula-
tions due to nematicide applications in 1992
was linked to a delay in the die-back process
of ungrafted plants, and significant lowering

of their mortality rate throughout the exper-
iment. In spite of this significant effect on
plant mortality rates, nematicide treatments
did not greatly influence the yield of
ungrafted plants. A non-significant ten-
dency toward higher yield in treated
ungrafted plants plots diminished over time.

The terbufos dose used in this study
complied with recommendations by the
national association of coffee growers
(Anonymous, 1998). Under experimental
conditions, this nematicide rate clearly
appeared insufficient for protection of sus-
ceptible ungrafted plants. Alternatively, a
higher dose or frequency of nematicide
applications could have a negative environ-

Fig. 5. Relationship between average root-lesion nematode population density (mean of log [x + 1] transformed
nematode numbers per gram of roots from 1992 to 1995) and coffee berry yield at third harvest (1995) in plots
of ungrafted C. arabica, with or without nematicide treatments (1 to 2 g of terbufos per plant twice a year).
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mental impact and would substantially
increase costs to levels that would likely be
unacceptable to farmers. For partially resis-
tant grafted plants, nematicide treatments
did not have any significant effect on
either plant mortality rates or yield. How-
ever, the higher yield of treated plots is a
consistent trend throughout the experi-
ment for the grafted plants. This demon-
strates the superiority of resistance
rootstocks compared to use of nematicides
for management of this nematode.

Shade had different effects on coffee
trees and nematode populations, depend-
ing on whether plants were grafted or not.
Shade seemed to improve the tolerance of
ungrafted plants to root-lesion nematodes
during the initial growth phase as it
restrained the die-back process of plants up
to the first harvest. This result tallies with
the observations of Sturdy (1935) and Mon-
toya et al. (1961), who showed that die-back
of coffee trees increases with light intensity.
Shade also limits water stress in coffee trees
during dry periods, by reducing ambient
temperatures and hygrometric losses (Will-
son, 1985; Wrigley, 1988; Beer et al., 1998).
This effect of shade may have been particu-
larly important for the ungrafted plants
whose root system was seriously damaged
by root-lesion nematodes. O’Bannon and
Reynolds (1965) showed that susceptibility
of crops to drought was increased when
they were heavily infected by root-knot
nematodes. However the initial beneficial
effect of shade did not influence final plant
mortality rates significantly.

Shade suppressed root-lesion nematode
population densities on grafted plants. This
result may relate to a trend (non-signifi-
cant, data not shown) for grafted plants to
yield less with increased shade, in accor-
dance with the well-documented negative
effect of shade on yield when fertility condi-
tions are adequate (Browning and Fisher,
1976; Cannell, 1985; Kuguru et al., 1977;

Wrigley, 1988). Hence, shade may favor
partial resistance to root-lesion nematodes
through plant trophic status in relation
with fruit yielding. Gnanapragasam (1982)
and Melakeberhan et al. (1997) elegantly
showed that some nutritional deficits sup-
pressed the levels of partial resistance of Ca-
mellia sinensis to P. loosi and Prunus avium L.
rootstocks to P. penetrans respectively. These
hypotheses should be tested because shade
is an important agronomic component for
coffee crops in most of the northern Latin
American countries such as Guatemala
(Rice and Ward, 1996). Shade did not in-
fluence nematode population densities on
ungrafted plants, probably because of high
susceptibility to this root-lesion nematode.

Schieber (1966) and Reyna (1968) rec-
ommended the use of C. canephora root-
stocks to control P. coffeae in C. arabica
plantations in Guatemala. Similar recom-
mendations were made by Palanichamy
(1973) in Indonesia. The results of this
study are the first demonstration of the ef-
fectiveness of grafting onto C. canephora to
control a root-lesion nematode in Central
America. Substantial genetic variability ex-
ists within C. canephora, which is an alloga-
mous species (Leroy, 1993). Hence, there is
probably high genetic diversity within the
plants used as rootstock in Guatemala, since
they come from seeds obtained by open
pollination and collected from different
C. canephora trees. Furthermore, Anzueto
(1993) showed the large variability of resis-
tance levels in C. canephora clones from
CATIE, Costa Rica (the main source of
C. canephora propagation in Central Ameri-
ca) to a population of Meloidogyne sp. (Her-
nandez et al., 1996) from Guatemala. In
Indonesia, Toruan-Mathius et al. (1995) also
reported the existence of a wide range of
resistance levels to P. coffeae among clones of
C. canephora cv. Robusta, some of them be-
ing very susceptible. Hence, resistance to
Pratylenchus spp. needs to be included in the
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coffee rootstock breeding programs already
under way, which are primarily aimed at re-
sistance to Meloidogyne spp. (Bertrand et al.,
1999; Villain et al., 1999). Germplasm
breeding should provide more reliability to
the already satisfactory results obtained us-
ing non-selected and heterogeneous root-
stock populations to control root-lesion
nematodes. The diversity of root-lesion
nematodes attacking coffee trees (see bib-
liographical references in the introduction)
must also be taken into account.

To conclude, C. arabica appeared highly
susceptible and sensitive to the root-lesion
nematode, and effective control of that
nematode cannot be achieved by nemati-
cide treatments alone. Agronomic practices
such as cropping under shade did not lead
to sufficient improvement in C. arabica toler-
ance to the nematode. The Caturra cultivar
studied here is currently the most widely cul-
tivated C. arabica cultivar in Central America
(Bertrand et al., 1999), and these results can
probably be generalized for most currently
cultivated C. arabica cultivars because of
their very narrow common genetic pool
(Orozco et al., 1994; Lashermes et al., 1996;
Charrier and Eskes, 1997; Anthony et al.,
1999). The exception could be some lines of
the Catimor cultivar group, which have
some introgressed genes of C. canephora cv.
Robusta. Resistance to root-lesion nema-
todes should also be investigated among
Ethiopian wild lines of C. arabica. Until then,
grafting onto C. canephora should be recom-
mended as an effective way of controlling
root-lesion nematodes in Guatemala.

ACKNOWLEDGMENTS

The authors would like to thank Cyana-
mide offices in Costa Rica and in Guate-
mala for their contribution to support this
experiment. The authors would also like to
gratefully acknowledge the San Jeronimo
Miramar Farm, Patulúl, Suchitepequez, and

Mr. Arnoldo Villagran for his invaluable
assistance in the completion of this study.
Thanks to Christian Cilas for his assistance
with the statistical analysis. Thanks also to
Kate Vaast, Karen Villain and Peter Biggins
for their contribution to translation.

LITERATURE CITED

ANONYMOUS. 1971. Annual detailed technical re-
port for 1970-1971. Pp. 130-132. Coffee Board
Department, Chikmagalur, India.

ANONYMOUS. 1989. Rapport sur les Ressources en
Sols du Monde. FAO-UNESCO, Rome, Italy.

ANONYMOUS. 1998. Manual de Caficultura, Tercera
edicion. ANACAFE, Guatemala City, Guatemala.

ANTHONY, F., C. ASTORGA, and J. BERTHAUD.
1999. Los recursos genéticos: las bases de una
solucion genética. Pp. 369-406 in B. Bertrand,
and B. Rapidel, eds. Desafíos de la Caficultura
en Centroamérica. ICCA-PROMECAFE, San Jo-
se, Costa Rica.

ANZUETO, F., and J. L. SARAH. 1992. Etude de la re-
lation hôte-parasite entre une population de
Pratylenchus loosi du Guatemala et Coffea arabica.
Nematropica 22:117.

ANZUETO, F. 1993. Etude de la résistance du caféier
(Coffea sp.) à Meloidogyne sp. et Pratylenchus sp.
Thèse de doctorat, Productions Végétales et
Amélioration des Plantes, Ecole Nationale
Supérieure Agronomique de Rennes, Rennes,
France.

BEER, J., R. MUSCHLER, D. KASS, and E. SOMARRI-
BA. 1998. Shade management in coffee and ca-
cao plantations. Agroforestry Systems 38:139-
164.

BERTRAND, B., G. AGUILAR, R. SANTACREO, and
F. ANZUETO. 1999. El mejoramiento genético
en América Central. Pp. 407-456 in B. Bertrand,
and B. Rapidel, eds. Desafíos de la Caficultura
en Centroamérica. ICCA-PROMECAFE, San
Jose, Costa Rica.

BOS, L., and J. E. PARLEVLIET. 1995. Concept and
terminology on plant/pest relationships: toward
consensus in plant pathology and crop protec-
tion. Annual Review of Phytopathology 33:69-
102.

BROWNING, G., and N. M. FISHER. 1976. High den-
sity coffee: yield results for the first cycle from
systematic plant spacing designs. Kenya Coffee
41:209-217.

CAMPOS, V. P., P. SIVAPALAN, and N. C. GNAN-
APRAGASAM. 1990. Nematode parasites of cof-
fee, cocoa and tea. Pp. 387-430 in M. Luc, R. A.



NEMATROPICA Vol. 30, No. 1, 2000 99

Sikora, and J. Bridge, eds. Plant Parasitic Nema-
todes in Subtropical and Tropical Agriculture.
C.A.B. International, Wallingford, UK.

CANNELL, M. G. R. 1985. Physiology of the coffee
crop. Pp. 108-134 in M. N. Clifford, and K. C.
Willson, eds. Coffee: Botany, Biochemistry and
Production of Beans and Beverage. Croom
Helm, New York, NY, USA.

CHARRIER, A., and A. ESKES. 1997. Les caféiers. Pp.
171-196 in A. Charrier, M. Jacquot, S. Hamon, and
D. Nicolas, eds. L’amélioration des Plantes Tropi-
cales. CIRAD/ORSTOM, Montpellier, France.

CHITWOOD, B. G., and C. BERGER. 1960. Nemic
parasites of coffee in Guatemala. Phytopatholo-
gy 50:631.

COOLEN, W. A., and D. J. D’HERDE. 1972. A meth-
od for the quantitative extraction of nematodes
from plant tissue. State Agriculture Research
Center, Ghent, Belgium.

DUNCAN, L. W., R. N. INSERRA, W. K. THOMAS, D.
DUNN, I. MUSTIKA, L. M. FRISSE, M. L.
MENDES, K. MORRIS, and D. T. KAPLAN.
1999. Molecular and morphological analysis of
isolates of Pratylenchus coffeae and closely related
species. Nematropica 29:61-80.

GNANAPRAGASAM, N. C. 1982. Effect of potassium
fertilization and of soil temperature on the inci-
dence and pathogenecity of the root-lesion nem-
atode, Pratylenchus loosi Loof, on tea (Camelia
sinensis L.). Tea Quarterly 51:169-174.

GOLDEN, A. M., R. LOPEZ, and H. VILCHEZ. 1992.
Description of Pratylenchus gutierrezi n. sp. (Nem-
atoda: Pratylenchyda) from coffee in Costa Rica.
Journal of Nematology 24:298-304.

HERNANDEZ, A., M. FARGETTE, V. MOLINIER, H.
RAMENASON, B. DECAZY, and J. L. SARAH.
1996. Enzymatic characterization and reproduc-
tive fitness on coffee of root-knot nematode
populations from Central America. Nematropi-
ca 26:264.

INSERRA, R. N., L. W. DUNCAN, D. DUNN, D. T.
KAPLAN, and D. PORAZINSKA. 1998. Pratylen-
chus pseudocoffeae from Florida and its relation-
ship with P. gutierrezi and P. coffeae. Nematologica
44:683-712.

KUGURU, F. M., N. M. FISHER, G. BROWNING, and
H. W. MITCHELL. 1977. The effect of tree den-
sity on yield and some yield components on Ara-
bica coffee in Kenya. Coffee Research Station,
Ruiru, Kenya.

KUMAR, A. C. 1982. Studies on nematodes in coffee
soils of south India. 7. Histopathology and host-
parasitic relationships of Pratylenchus coffeae and
two species of coffee. Journal of Coffee Research
12:23-30.

LASHERMES, P. TROULOT, F. ANTHONY, M. C.
COMBES, and A. CHARRIER. 1996. Genetic di-
versity for RAPD markers between cultivated
and wild accessions of Coffea arabica. Euphytica
87:59-64.

LEROY, T. 1993. Diversité, paramètres génétiques et
amélioration par sélection récurrente récip-
roque du caféier. Thèse de doctorat, Produc-
tions Végétales et Amélioration des Plantes,
Ecole Nationale Supérieure Agronomique de
Rennes, Rennes, France.

MELAKEBERHAN, H., G. BIRD, and G. REBECCA.
1997. Impact of plant nutrition on Pratylenchus
penetrans infection of Prunus avium rootstock.
Journal of Nematology 29:381-388.

MOHOTTI, K. M. 1998. Non-chemical approaches
for the management of the root lesion nema-
tode, Pratylenchus loosi Loof, 1960 in tea (Camel-
lia sinensis (L.) O. Kuntze) with special
reference to use of endospore-forming bacteri-
um, Pasteuria penentrans. Ph.D. Thesis, University
of Reading, Reading, UK.

MONTOYA, C. A., P. G. SYLVAIN, and R. UMANA.
1961. Effect of light intensity and nitrogen fertil-
ization upon growth differentiation balance in
Coffea arabica L. Coffee 3:97-115.

O’BANNON, J. H., and H. W. REYNOLDS. 1965. Wa-
ter consumption and growth of root-knot nema-
tode infected and uninfected cotton plants. Soil
Science 99:251-255.

OROZCO-CASTILLO, F. J., K. J. CALMERS, R.
WAUGH, and W. POWELL. 1994. Detection of
genetic diversity and selective gene introgres-
sion in coffee using RAPD markers. Theorical
and Applied Genetics 87:934-940.

PALANICHAMY, L. 1973. Nematode problem of cof-
fee in India. Indian Coffee 37:99-100.

REYNA, E. H. 1966. Un nuevo método de injertación
en café. Dirección General de Investigación y
Control Agropecuario. Ministerio de Agricultu-
ra, Guatemala City, Guatemala.

REYNA, E. H. 1968. La técnica de injerto hipocotile-
donar del cafeto para el control de nematodos.
CAFE (Lima) 17:5-11.

RICE, R. A., and J. R. WARD. 1996. Coffee, Conserva-
tion, and Commerce in the Western Hemi-
sphere. Natural Resources Defense Council and
Smithsonian Migratory Bird Center, Washing-
ton, DC, U.S.A.

SCHIEBER, E. 1966. Nematodos que atacan al café
en Guatemala, su distribución, sintomatología y
control. Turrialba 16:30-135.

SCHIEBER, E., and O. SOSA. 1960. Nematodes on
coffee in Guatemala. Plant Disease Reporter
44:722-723.



100 NEMATROPICA Vol. 30, No. 1, 2000

SEINHORST, J. W. 1965. The relation between nema-
tode density and damage to plants. Nematologi-
ca 11:137-154.

SEINHORST, J. W. 1998. The common relation be-
tween population density and plant weight in
pot and microplot experiment with various nem-
atode plant combinations. Fundamental and
Applied Nematology 21:459-468.

STURDY, D. 1935. Observations on coffee under arti-
ficial shade at Selian coffee estate Arusha. East
African Agriculture 1:131-139.

TORUAN-MATHIUS, N., A. PANCORO, D. SUDAR-
MADJI, S. MAWARDI, and T. HUTABARAT.
1995. Root characteristics and molecular poly-
morphisms associated with resistance to Praty-
lenchus coffeae in Robusta coffee. Menara
Perkebunan 63:43-51.

VILLAIN, L. 2000. Caractérisation et bioécologie du
complexe parasitaire du genre Pratylenchus (Nem-
ata: Pratylenchidae) présent sur caféiers (Coffea
sp.) au Guatemala. Thèse de doctorat, Biologie
et Agronomie, Ecole Nationale Supérieure
Agronomique de Rennes, Rennes, France.

VILLAIN, L., P. BAUJARD, A. MOLINA, L. PIGNO-
LET, and J. L. SARAH. 1998. Morphological and
biological characterization of three Pratylenchus
spp. populations parasitizing coffee trees in
Guatemala. Nematologica 44:600-601.

VILLAIN, B., F. ANZUETO, A. HERNANDEZ, and J. L.
SARAH. 1999. Los nematodos parásitos del cafe-
to. Pp. 327-368 in B. Bertrand and B. Rapidel, eds.
Desafíos de la Caficultura en Centroamérica. IC-
CA-PROMECAFE, San Jose, Costa Rica.

WILLSON, K. C. 1985. Cultural methods. Pp. 157-207
in M. N. Clifford and K. C. Willson, eds. Coffee:
Botany, Biochemistry and Production of Beans
and Beverage. Croom Helm, New York, NY, USA.

WRIGLEY, G. 1988. Coffee (Tropical Agriculture Se-
ries). Volume 1, Coffee. Longman Scientific and
Technical, Harlow, UK.

ZIMMERMANN, A. 1898. De nematoden der
koffiewortels. Mededeelingen uit’s lands plant-
entuin 27. Pp. 1-64. G. Kolf and Co., Batavia
(=Jakarta, Indonesia) and S’Gravenhage (the
Hague, Netherlands).

Received: Accepted for publication:
8.XII.1999 6.I.2000

Recibido: Aceptado para publicación:


