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The coffee leaf miner (CLM) Leucoptera coffeella moth is a major threat to coffee production. Insect damage is related to
the feeding behavior of the larvae on the leaf. During the immature life stages, the insect feeds in the mesophyll triggering
necrosis and causing loss of photosynthetic capacity, defoliation and significant yield loss to coffee crops. Chemical
control is used to support the coffee production chain, though market requirements move toward conscious consumption
claiming for more sustainable methods.
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| 1. Introduction

Since the VI century, coffee consumption has expanded from goats to human beings and has been increasingly gaining
followers. Its stakeholders operate not only in planting, harvesting, roasting, packaging, transporting, and blending, but
also in wholesale and retail marketing ranging from modest diners to sophisticated restaurants and high-profile tasting
contests. Although coffee is a non-essential food commaodity, its commercial chain is one of the most profitable and
complex in the world with the 2020/21 vyield estimated at 176.1 million bags &, produced in several countries, such as
Brazil, Vietnam, Colombia, Indonesia among others W2, Brazil is currently the largest producer and exporter, with a
record expectation of 67 million bags of processed coffee W, where few states account for more than 90% of national
production (&1,

The challenges for maintaining this productive chain are many, among which are the pests that threaten the crop,
including some of the phytophagous organisms as leaf miner Leucoptera coffeella (Guérin-Méneville and Perrottet)
(Lepidoptera: Lyonetiidae), a coffee exclusive enemy [, the coffee berry borer Hypothenemus hampei (Coleoptera:
Scolitidae), several species of cochineal (coccids, pseudococcids, and diaspidids) and cicadas (Hemiptera), and mites
(Acari).

The coffee leaf miner (CLM) (L. coffeella), is considered one of the most important coffee pests due to the high damage
this moth causes to coffee plantations. The damage is a result of injuries caused by its larvae that feed on the palisade
parenchyma of the coffee leaves, which consequently reduces fruit production [Bl. Estimated losses in neotropical
producing countries can reach up to 87% of the coffee productivity, depending on the season, the defoliation can reach up
to 75% . High infestation rates of L. coffeella can cause losses above 50% in Brazil and Colombia BIRILALL vary from
20% to 40% in Puerto Rico and around 12% in Mexico 228l The CLM incidence surveys are flawed because the
monitoring is done by sampling mined leaves or traps and this system is not ideal. New systems employing aerial images
and terrestrial photogrammetry are being developed to facilitate its detection in the field L4115,

Consumer expansion in new markets has led coffee growers to search for sustainable production systems, like adoption
of lower environmental impact agricultural practices leading to greater economic value of the product L6718l The
selection of resistant populations has been reported for most of the insecticides currently used in preventive approaches
(21 Although important as a natural mortality factor, biological control agents are not efficient when used as a stand-alone
strategy. Therefore, biotechnological strategies can generate alternatives to meet the demand for sustainable, durable,
and safe solutions for specific CLM control. In addition, currently, to access more demanding markets, farmers must use
methods consistent with the integrated pest management (IPM) philosophy, and not just chemical control methods 1220

[A].
| 2. History, Origin, and Distribution

Despite its origin in the African continent, CLM was first reported 178 years ago in coffee plantations in the Caribbean
Antilles [22[23124] |t was first named Elachista coffeella, then assigned to Bucculatrix sp. (Stainton, 1858) and later in



Cemiostoma sp. (Stainton, 1861). Finally, it was included in the genus Leucoptera (Meyrick, 1895) and named L. coffeella
in 1897 by Lord Walsingham. It was already reported as Perileucoptera coffeella, synonymous 22,

L. coffeella is now a cosmopolitan pest (Figure 1a) and occurs in the leaves of coffee plants in Africa, Asia, and
Neotropical countries, comprising Central America, the Caribbean islands, and South America [23126127128] |n Brazil, the
presence of CLM was detected around the 19th century and became a key pest of coffee culture in the country (22, Since
then, wherever coffee is grown, the CLM is present BYIBLIE2 (Figure 1b) specially in the Brazilian Savanna Biome called
Cerrado.
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Figure 1. Presence of L. coffeella in: (a) The world map, showing producing countries highlighted in red: North and
Central America: Antigua and Barbuda, Barbados, Costa Rica, Cuba, Dominica, Dominican Republic, El Salvador,
Grenada, Guadeloupe, Guatemala, Haiti, Honduras, Jamaica, Martinique, Mexico, Montserrat, Nicaragua, Puerto Rico,
Saint Lucia, Saint Vincent and Grenadines, Trinidad and Tobago; South America: Bolivia, Brazil, Colombia, Ecuador,
French Guiana, Guyana, Peru, Suriname and Venezuela; Africa: Reunion, Mauritius, Madagascar, Uganda, Kenya,
Congo, Ethiopia, Tanzania and Rwanda; Asia: Saudi Arabia and Sri Lanka, and (b) Brazil, highlighting in yellow the
affected producing states: RO = Ronddnia, MT = Mato Grosso, PA = Para, GO = Goias, DF = Distrito Federal, BA = Bahia,
MG = Minas Gerais, ES = Espirito Santo, SP = Sdo Paulo, RJ = Rio de Janeiro, PR = Parana, SC = Santa Catarina.

| 3. Biology
3.1. Life Cycle

The CLM is a holometabolous insect, its life cycle includes different stages [B2I34! (Figure 2). Considering a 25 °C
temperature, the egg stage usually lasts about five days, the larval stage lasts about twelve days, and the pupae lasts
about five days, totaling approximately 22 days until reaching adulthood B2, Total life cycle varies according to

temperature, relative humidity, and rainfall. In the dry season, the attack of the pest is generally more severe than in wet
periods 8137,
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Figure 2. L. coffeella life stages from egg to adult. After hatching the egg, (a) the larvae development is divided into four
instars: L1 (b), L2 (c), L3 (d), and L4 (e). The last instar forms a cocoon and turns into pupa (f). The adult emerges (g)
from the pupa to mate. Eggs are laid over the adaxial side of the coffee leaf and the cycle restarts. Temperature rising
accelerates and shortens the cycle span time, as detailed.

The egg is about 0.3 mm, made by a translucent structure, with an oval, concave shape, and expanded sides 23361 After
hatching, the larvae leave the underside of the eggs, which are in contact with the upper leaf epidermis, and get into the
leaves 28l (Figure 3).



Figure 3. L. coffeella egg hatching and mine progression: (a) Unhatched eggs have a translucent structure, the arrow
indicates a freshly oviposited egg; (b) after hatching, the eggshell becomes darker (white arrow) and the larva penetrates
the leaf under the egg and starts feeding, forming a light green mine (black arrow); (c) enlargement of the mine. The black
arrow indicates the dark color of the mine due to residues left behind by the larva.

The L. coffeella larval phase has four instars B4B9 Newly hatched larvae have a translucent whitish color, but throughout
their development they take on a greenish yellow tone. The last larval instar is about 4-5 mm, flattened, segmented with
11 segments, and yellowish in color [22[23] (Figure 4a). Fourth instar larvae have a flat head and mouthpiece of the
chewing type (Figure 4b,c), prolegs, and crochets [2334149 (Figure 4d).
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Figure 4. Immature stages of L. coffeella. (a) Ventral view of a fourth instar larva. Arrow indicates proleg; (b) flat head in
front view; (c) chewing mouthpiece; (d) crochets (arrow) located in proleg. Morphology details to distinguish the immature
stages are described in the text; (e) pupa’s sea cocoon; (f) pupae’s dorsal (a), and ventral (b) shapes.

After accomplishing the larval stages, the larvae leave the mines and weave a silk X-shaped cocoon, usually in the axial
region of the leaf, forming the pupae (2328 (Figure 4e). Pupae have an approximate length of 2 mm, milky color, small
black eyes, antennas, and legs ventrally fused, and wrinkled wings 22! (Figure 4f). Usually, more pupae are found in the
“skirt” region of coffee plants, which is the underside of the plant where dead leaves accumulate 28],

From the pupae, adults emerge with an average body length of 2 mm and a wingspan of 6.5 mm (Figure 5a). They have
a head with “white hair scales”, long antennae that reach the end of the abdomen, silver white chest, legs covered with
white bristles, wing with three rows of yellow bristles at the apex with a black circle, yellowish abdomen and covered with
white scales and genital organs covered by a tuft of white scales (2223 (Figure 5b,c). A recent description of the sexual
polymorphism B4 shows the differentiation of the structures present in both male and female genitalia: male—bulbus



ejaculatorius, valve, gnathos, and aedeagus and female—ovipositor, sclerite, and corpus bursae. Overall, the female
whole body is similar to the male, except by a slightly longer average length.

Figure 5. L. coffeella adults (a) perched on coffee leaf; (b) male seen by ventral view, with white scales all over the body;
(c) closed caption of the wings apex from dorsal view to show details: black circle surrounded by yellow bristles.

3.2. Larval Feeding Behavior

CLM is a monophagous pest, coffee exclusive and the larvae are the causal agent of the crop damage . When feeding
on the mesophyll of the coffee tree leaves, the insect creates mines that justify the common name of the pest—coffee leaf
miner (Figure 6a). The mines cause necrosis (Figure 6b) and reduce the photosynthetic leaf surface (Figure 6c,d),
leading to a lower photosynthetic rate of the plants and consequent depletion of the plant and productivity diminish 221,
The damage caused by this insect includes defoliation & (Figure 6e). Eventually, without adequate cultural treatments,
the infestation can lead to the death of the plant.

Figure 6. Damage to coffee leaf caused by the CLM larvae. (a) Initial mine formation; (b) mine developed, with large
necrotic area; (c) larvae inside the mine; (d) leaf with impaired photosynthetic surface; (e) coffee defoliation.

A relationship between the feeding damage of CLM and the application of synthetic fertilizers has been described in the
literature 41421, The amount of free amino acids and reducing sugars in the metabolic system of coffee plants is related to



nutritional imbalance and susceptibility to pests. Plants fertilized with organic material showed a decrease of up to 50% of
leaf mines [44],

3.3. Adult Behavior

L. coffeella is depicted as the quintessence of sensitivity level BZ. In adulthood, the insect has a nocturnal habit and
during the day, it shelters beneath the coffee leaves €. Mating and laying occur preferably at night B8IBAE3] The sexual
behavior of adults is very peculiar and can present the following stages: (1) Females remain in a resting position with the
abdomen curved downwards, exposing the pheromone gland in continuous movements from the inside out, to attract
males; (2) when perceiving the pheromone, males remain in the same place, moving their antennae and flapping their
wings, and then walk toward the female; (3) male touches the female with his antennae, female retracts the pheromone
gland and places the abdomen toward the male; (4) the male places his abdomen toward the female abdomen, releases

the aedeagus and fits the female, initiating copulation 4. Females usually oviposit in the upper epidermis of the leaves at
nightfall (2811381,
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