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Enumerative and binomial sequential sampling plans 
for damage caused to coffee by larvae of Leucoptera coffeella 
(Guérin-Méneville) (Lepidoptera: Lyonetiidae) in Guatemala 
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SUMMARY 

VILLACORTA A, WILSON LT, CARRILLO E, OCHOA H. 2006. Enumerative and binomial sequential sampling plans for 
damage caused to coffee by larvae of Leucoptera coffeella (Guérin-Méneville) (Lepidoptera: Lyonetiidae) in Guatemala. Rev. perú. 
Entomol. 45.- The aim of the present research was to quantify the effects of rainfall on Coffee Leaf Miner (CLM - Leucoptera 
coffeella [Guérin- Méneville]) population dynamics, compare the spatial patterns for CLM in Paraná State (Brazil) and in 
Guatemala, and develop an efficient sampling program for CLM in Guatemala. CLM larval mortality was significantly 
correlated with rainfall in a two-year study in Guatemala (p < 0.01).Thirty-one, 55 and 54 % of the variability in the larval 
mortality was explained by the amount of rain occurring in the month during which the mortality estimates were made, 
the average of the current month and the previous month, respectively. The spatial pattern of CLM lesions on coffee leaves 
was significantly more aggregated on coffee grown under shaded and high rainfall environment of Guatemala, than 
observed in the non-shaded and dryer production región of Paraná State, Brazil. Enumerative and binomial (presence-
absence) sequential sampling plans are presented for estimating densities of CLM lesions on coffee leaves in Guatemala. 
The sampling plans enable rapid determination of whether infestations have reached the current treatment threshold of 
one lesión per leaf. 
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RESUMEN 

VILLACORTA A, WILSON LT, CARRILLO E, OCHOA H. 2006. Planes de muestreo enumerativo y binomial secuencial 
de los daños causados porlarvas del minador de la hoja del café Leucoptera coffeella (Guérin-Méneville) (Lepidoptera: Lyonetiidae) en 
Guatemala. Rev. perú. Entomol. 45- El objetivo del presente trabajo fue cuantificar los efectos de la lluvia sobre la dinámica 
poblacional del minador de la hoja del café Leucoptera coffeella (Guérin- Méneville) y compararla con las observaciones 
realizadas en el estado de Paraná, Brasil y así desarrollar un programa de muestreo de L. coffeella en Guatemala. La lluvia 
es un importante factor de mortalidad, causando un significativo impacto en la dinámica poblacional del minador de la 
hoja del café, en dos años de estudio en Guatemala (P<0,01). Treinriún, 55 y 54 % de la variación en la mortalidad de las 
larvas de L. coffeella fue explicada por la cantidad de lluvia ocurrida durante el mes en que la mortalidad fue estimada, 
por la media del presente mes y por la media del mes anterior, respectivamente. La distribución espacial de las lesiones 
causadas por el minador del café en las hojas es más agregada en cafetales plantados en ambiente con mucha lluvia y 
bajo sombra (Guatemala), en relación a regiones con menor distribución de lluvias con períodos secos en plantaciones a 
pleno sol, como es el caso del estado de Paraná, Brasil. Planes de muestreo enumerativo y binomial (presencia-ausencia) 
secuencial son presentados para estimar densidades de lesiones en las hojas causadas por el minador de la hoja del café 
en Guatemala. Los planes de muestreo permiten una rápida determinación del daño de la plaga, en caso que el daño haya 
alcanzado el umbral de acción de una lesión por hoja. 

Palabras clave: Coffea arábica, ecología, insectos, plagas. 

Introduction 

The coffee leaf miner (CLM), Leucoptera 
coffeella (Guérin-Méneville) is an important pest 
throughout Latin America where coffee (Coffea 
arábica L.) is planted. An action threshold of 
0 . 1 5 live larvae per leaf is used in Guatemala 
(A. GARCÍA pers. comm.), and a threshold of 2 0 -
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30 % of infested leaves is used in various states 
of Brazil (SOUZA et a / . 1 9 9 8 ) . However, for the 
state of Paraná, Brazil, mean densities below 
1.1 lesión per leaf, which equals 50 % infested 
leaves (VILLACORTA & GUTIÉRREZ 1 9 8 9 ) , appear 
not to cause economic damage, if this damage 
level is not associated with a long period of 
dry weather, and levéis above two lesions per 
leaf cause increasing levéis of defoliation, and 
affect yield especially during the period of high 
demand for nutrients by the fruits (VILLACORTA 
& SÁNCHEZ-RODRIGUES 1 9 8 4 ) . Part of the variation 
in CLM thresholds across Latin America is due 
to the dynamic response of both coffee and its 
CLM populations to environmental and biotic 
factors. The yield-response of coffee to CLM 
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injury is influenced by the amount of rainfall, 
whether the coffee is grown under shaded or 
non-shaded conditions, and whether the coffee is 
planted at a low populación (3 0 0 0 - 5 0 0 0 plants/ 
ha) or a high population density (8 0 0 0 - 1 0 0 0 0 
plants/ha). C L M population densities are in turn 
affectedbyrainfall(ViLLACORTAl980,CAMPOseíflZ. 

1989), which increases larval mortality, thereby 
reducing larval injury. 

In Guatemala, most of the coffee is planted 
under shaded conditions, at low plant densities, 
in heavy rainfall áreas ( > 3 0 0 0 mm/yr ) . Although 
natural biological control of C L M has been 
reported (E VELEENS1966, HAMILTON1967, CAMPOS 

et al. 1989), it is thought not to be effective 
in regulating C L M densities below its action 
threshold, and insecticides are recommended 
for control (RODRÍGUEZ et al. 1966, CAMPOS et 

al. 1989). However, to avoid unnecessary 
prophylactic pesticide applications, which can 
result in excessive control costs and the rapid 
development of insecticide resistance to C L M , 
it is important to determine when the lesión 
density is likely to exceed the action threshold, 
of one lesión per leaf. This requires a cost-reliable 
sampling method. 

A sampling method that is more cost-
reliable than others provides estimates with 
a given level of reliability at a lower cost than 
afforded by these other methods (WILSON 1985 , 
WILSON et.al. 1 9 8 3 ) . For the state of Paraná, 
Brazil, an enumerative sequential sampling 
was developed for C L M (VILLACORTA & TORNERO 

1 9 8 2 ) . VILLACORTA & GUTIÉRREZ (1989) presented 

a binomial (presence-absence) sampling plan, 
while VILLACORTA & WILSON (1994) developed a 

binomial sequential sampling plan. When using 
binomial sequential sampling, the C L M lesions 
do not have to be counted, only the proportion 
of sampled leaves infested with leaf miners 
needs to be determined. When the number of 
pest species monitored with a single sampling 
method are less than five, sequential sampling is 
consistently more cost-reliable than conventional 
sampling (WILSON 1 9 8 5 ) . Numerous researchers 
have found that sequential sampling programs 
typically save users from about 40 to 65 % in 
sampling costs, while maintaining a comparable 
level of reliability. 

Because of the different environmental and 
agronomic conditions in the coffee regions of 
Guatemala, contrasted with coffee regions of the 
state of Paraná, Brazil, it is likely that both the 
seasonal population densities and spatial patterns 
of C L M will be different. The spatial patterns will 
possibly differ because of the greater rainfall in 
the coffee regions of Guatemala, which increases 

CLM mortality. Previous studies on other crops 
have shown that increased mortality tends to 
result in a decreased spatial aggregation (WILSON 
1 9 8 5 ) . Differences in both the degree of shading 
and plant density comparing the two regions 
also may affect differentially the spatial pattern. 
If the spatial patterns are different, the sampling 
methods developed for monitoring CLM in 
Brazil will not be transferrable to Guatemala. 

The objective of the present research was to 
quantify the effects of rainfall on CLM population 
dynamics, compare the spatial patterns for CLM 
in Paraná, Brazil and in Guatemala, and to 
develop an efficient sampling program for CLM 
in Guatemala. 

Material and methods 

Field Sampling.- The samples in this study 
were taken in a commercial coffee plantation, 
"Finca Chitalon", located in Mazatenango, 
Suchitepeque, Guatemala, during February 1991 
through June 1992, with weather data collected 
from February 1991 to September 1992. The study 
área consisted of 400 15- year oíd coffee plants of 
the cultivar Caturra with a plant density of 5 000 
plants/ha, grown under shade, and not treated 
with insecticides. 

One hundred randomly selected leaves were 
sampled non-destructively every 15 days in each 
of 20 randomly selected coffee plants to estímate 
the mean number of CLM lesions per leaf, 
and the proportion of leaves with lesions. One 
hundred randomly selected leaves were also 
taken from the border área of the experimental 
site and returned to the laboratory where each 
CLM lesión was opened and the number of 
live and dead CLM larvae recorded. Research 
by VILLACORTA (1980) and CAMPOS et al. (1989) 

indicares that in the majority of CLM a biotic 
mortality is due to rainfall, which causes excess 
free moisture to collect in the leaf mines, which 
drowns a high proportion of the larvae. Mortality 
caused by biotic factors such as parasitoids 
is easily distinguished from mortality caused 
by rainfall and other factors (VILLACORTA 1980, 
CAMPOS et al. 1989). 

Daily rainfall and temperature estimates were 
obtained from a weather station maintained by 
the Asociación Nacional del Café (ANACAFE), 
Finca Buena Vista, San Sebastián, Retalhuleu, 
located within 3 km of the experimental área. 

CLM Mortality Analysis.- Three standard 
correlation analyses were used to quantify the 
effect of rainfall on CLM mortality. For the first 
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FIGURE 1.- Phenology of L. coffeella lesions per leaf 
and the percentage mortality of the larvae related to 
the average rainfall. Mazatenango, Suchitepeque. 
Guatemala. 

FIGURE 3.- Number of leaves at different L. coffeella 
lesión densities required to meet predetermined levéis 
of sampling precisión (D = 0.1 and 0.2) for binomial 
sampling (presence-absence). 
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FIGURE 6.- Binomial sequential sampling plan for 
the damage caused by L. coffeella on leaves at a critical 
density of one lesión per leaf (= a proportion of 0.471 of 
the leaves infested at D = 0.10). 
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