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Effect of water stress and Coffee ringspot virus on coffee leaf
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ABSTRACT

The Brevipalpus yothersi Baker mite is a vector of Coffee ringspot virus (CoRSV), the causing agent of coffee ringspot disease. Knowing the mite-host inter-
action and the variables that improve the development of the mite are important in order to manage the disease. The aim of this work was to study the
relationships of cause and effect between water availability and leaf temperature on population fluctuation of B. yothersi on coffee plants Coffea arabica
L. Inside a greenhouse, plants under four levels of field capacity: 25, 40, 55 and 70% were arranged in two groups: (1) infestation of viruliferous B. yothersi
with CoRSV and (2) no mite infestation. Following the transfer of mites to coffee plants, leaf temperature was measured daily in order to calculate the
Daily Water Stress Index (DWSI). At the end of this experiment, the mites present on coffee plants were quantified and leaf samples were collected for
leaf nitrogen content measurements. It was found that plants infested with B. yothersi indicated higher values of DWSI and lower levels of leaf nitrogen
content when compared to non-infested plants. Furthermore, plants on higher water availability revealed higher populations of B. yothersi.
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1 INTRODUCTION

Coftee is one of the most consumed beverages in the
world, reaching a worldwide consumption of 150 to 160
million bags in the years 2014 to 2017 (International Coffe
Organisation, ICO, 2019). In Brazil, coffee growing is the
most employed agribusiness sector in the country, generating
more than 8 million jobs, mainly for the production of
arabica coffee Coffea arabica L. (Ministério da Agricultura,
Pecuaria e Abastecimento, MAPA, 2018; Companhia Nacional
de Abastecimento, CONAB, 2019a). Brazil is the largest
producer and exporter of coffee in the world, being responsible
for the production of around 45 million processed bags in
2017 (CONAB, 2019b), which represented 29.1% of world
production (Food and Agriculture Organization Statistics
Division, FAO, 2019).

Despite the significant production of coffee in Brazil,
coffee plants has several phytosanitary problems that negatively
impact the profitability of the crop. Among the diseases, there
is the coffee ringspot, caused by the virus Coffee ringspot
virus (CoRSV). The coffee ringspot was described in 1938 by
Bitancourt, it was found first in plants located in Cagapava-SP,
Brazil (Boari, 2011) and later found in other regions of Brazil
(Branquinho et al., 1988; Figueira et al., 1995; Rodrigues;
Nogueira, 2001; Kitajima; Chagas, 2009).

Coffee ringspot virus infection results in crop yield
losses. Virus-infected coffee fruits have changes in their
metabolism, which may lead to a decrease in grain weight and
negatively affect beverage quality. CoRSV causes irregular
fruit ripening, causing reduced sugar levels and increased
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butyric acid concentration, which considerably affects beverage
quality standards (Reis; Chagas, 2001; Boari, 2011). On the
leaves, symptoms are concentric ring-shaped chlorotic spots,
while yellowish spots on the fruits (Chagas, 1973). In addition,
CoRSV infection can cause leaf and fruit fall (Figueira et al.,
1995; Rodrigues et al., 2002).

The Brevipalpus phoenicis mite (Geijskes) (Acari:
Tenuipalpidae) until 2015 was considered as the only vector
of CoRSV, being also pointed as transmitting numerous
viruses to other plants, including the main viral disease
of the Brazilian citrus, the citrus leprosis (Citrus leprosis
virus - CiLV) (Bastianel et al., 2010; Kitajima; Rodrigues;
Freitas-Astaa, 2010) and the passion fruit green spot disease
(Moraes et al., 2006). However, Beard et al. (2015) found that
this species is a morphospecies complex. Few studies have
confirmed the correspondence between the new classified
species and the transmitted viruses, however, it is known that
CoRSV can be transmitted by Brevipalpus yothersi Baker
(Acari: Tenuipalpidae) (Nunes et al., 2018a) and Brevipalpus
papayensis Baker mites (Acari: Tenuipalpidae) (Nunes et
al., 2018b). Brevipalpus yothersi has also been confirmed as
a vector for cytoplasmic citrus leprosis viruses (CiLV-C and
CiLV-C2) (Roy et al., 2015; Ramos-Gonzalez et al., 2016),
Clerodendrum chlorotic spot virus (CICSV) (Ramos-Gonzalez
et al., 2018) and it is probably also a vector of Citrus chlorotic
spot virus (CiCSV) (Chabi-Jesus et al., 2018).

Since disease control is mainly performed by vector
control, the concern and the need for control of the mite has
increased, aiming to avoid economic, environmental and social
damages (Boari, 2011). However, in order to adopt appropriate


https://orcid.org/0000-0001-6140-0786
https://orcid.org/0000-0001-7648-0627
http://orcid.org/0000-0003-0054-879X
mailto:daniel.andrade@unesp.br

NUNES, M. M. P. et al.

vector control techniques, it is essential to know the host-pest
interactions under different environmental variables, such as
water availability.

Under normal conditions, the leaf temperature of the
plants is below the air temperature (Machado et al., 1994),
however, research has shown that plants under stress, especially
abiotic stress, have higher leaf temperatures than air (Nogueira
et al., 1998). This condition can affect interaction with pests.
Mattson and Haack (1987) found that plants under water
stress presented higher leaf temperatures than leaves of non-
stressed plants, yet plants under water stress had larger insect
and phytophagous mite populations. The authors attributed
this result to the increased body temperature of arthropods,
which allows them to have a better optimal condition for their
development and reproduction.

Andrade et al. (2008) observed that plants in water
stress conditions presented higher leaf temperatures than the
environment and largest populations of B. phoenicis senso latu
than plants in optimal conditions. In addition, experimental
evidence has shown that stressed plants, due to higher leaf
surface temperatures, have altered their nutritional qualities
such as increased free amino acids available, leading to
increased herbivorous growth rates that help explain pest
outbreaks in periods prolonged drought (White, 1984).

Given the importance of controlling the coffee ringspot,
it is important to understand the relationships between B.
yothersi and its hosts. In order to broaden the knowledge
about the pest-host relationship, this study aimed to study the
cause-effect relationships between water availability and leaf
temperature on B. yothersi population fluctuation in coffee
plants.

2 MATERIAL AND METHODS

2.1 Mites

The initial colony of B. yothersi was established from
specimens collected on symptomatic coffee plants from a
coffee orchard, located at Agéncia Paulista de Tecnologia
dos Agronegoécios at Pindorama - SP (APTA) (21° 11° 52> S;
48° 55’ 157 W). The mites were morphologically identified
and confirmed the species B. yothersi by scanning electron
microscopy.

Brevipalpus yothersi mites were maintained on
pesticide-free coffee leaves (C. arabica), and with the
presence of coffee ringspot symptoms for seven days. For
this purpose, coffee leaves were placed adaxial side up on a
0.01 m thick foam and hydrophilic cotton soaked in water to
maintain leaf turgor and surrounded by hydrophilic cotton to
prevent mite escape. The plates were kept in a room under
controlled conditions (25 + 1 °C, 60 + 5% RH, and 12: 12 h
LD cycle).
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2.2 Field capacity determination

Were used pots containing 5 kg of soil, which was
nutritionally analyzed. Soil nutrients were corrected as
needed for the maintenance of coffee plants. To determine the
field capacity of the soil contained in the pots, the weighing
technique was used (Medina; Machado; Pinto, 1998). This
technique consists of drying the soil of the pots outdoors until it
reaches a constant weight. Subsequently, the soil was saturated
with water and, after complete drainage, was weighed again to
obtain the wet weight. From the difference between wet weight
and dry weight, it was possible to determine the amount of
water to maintain the desired field capacity.

Pot weighing was performed three times a week,
determining the amount of water to be added to maintain the
soil at the pre-established field capacity. To determine the
weight of each pot to maintain the desired field capacity, the
following equations were used:

Psat— Pdry =X (1)
xX*cc=v @)
Pdry + Y =Pi 3)
where:

Psat - weight of pot with soil saturated with water
Pdry - dry pot weight

X - amount of water absorbed by the soil

CC - soil field capacity

Y - amount of water related to field capacity

Pi - ideal weight

After the determination of field capacity, each pot was
labeled with the ideal weight and pre-established field capacity
information and kept in a greenhouse.

2.3 Coffee plants

The coffee plants used in the experiment were C.
arabica ‘Mundo Novo’, approximately eight months old,
planted in plastic bags filled with substrate. These plants were
transplanted to the pots mentioned in the previous item and
kept in a greenhouse.

2.4 Experimental design

In the greenhouse the plants were submitted to four levels
of field capacity (FC): 25, 40, 55 e 70% and were arranged in
two groups, (1) plants infected with B. yothersi viruliferous for
CoRSV and (2) control — plants without mites. The experimental
design was in blocks with randomized plots, in a factorial
scheme consisting of the factors: (A) field capacity (25, 40, 55 e
70%), and (B) with or without mites. The combination of factors
and their respective levels (4 x 2) resulted in 8 treatments, which
were repeated 7 times, totaling 56 pots.
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2.5 Mite transfer

After 45 days of transplanting, 30 adult B. yothersi
females were transferred to each plant with the aid of a
brush and a 40-fold stercoscope. An entomological glue
barrier was applied to the base of the plant stem to prevent
B. yothersi from escaping while preventing access by
predators.

2.6 Determination of leaf temperature

After mite transfer, leaf temperature measurements
were started with a digital infrared thermometer model
SCAN TEMP / ST-700. Temperature assessments were
performed daily between 12 and 13 hours, time near
solar noon. Leaf temperature was measurements during
28 days.

In order to standardize the measurements, the third
leaf from the apex of each pot was marked with tape, and the
pots were always positioned in the same position, ensuring
the leaves were in the same direction. To obtain the reference
temperature (air temperature), a mercury thermometer was
placed inside the greenhouse one meter above the plants of the
experiment.

2.7 Daily Water Stress Index

At the end of the leaf temperature measurements the
Daily Water Stress Index (DWSI) was calculated, subtracting
the leaf temperature value with a reference (mercury
thermometer), according to the following equation (Jackson,
1982; Fernandes; Turco, 2003):

DWSI = Tf— Tr

where:

DWSI - daily water stress index of plants, °C;
Tf - average leaf temperature of treatment, °C;
Tr — greenhouse temperature, °C.

2.8 Brevipalpus yothersi quantification

Twenty-eight days after mites transferring, the branches
and leaves of each plant were removed and with the aid of a
sweeping machine (Oliveira, 1983), the mites were removed
from the plant structures. Under stereoscopic microscopy, the
mites were counted.

2.9 Leaf analysis

After mite counting, the third and fourth leaves
were collected from the apex of coffee plants of four plants
per treatment. The leaves were washed in neutral detergent
deionized water and placed in oven drying paper bags at
65° C for 72 hours. They were sent to the Laboratorio
Athenas Consultoria Agricola to determine the nitrogen
content.

2.10 Data analysis

Brevipalpus yothersi population, DWSI, and nitrogen
content data were subjected to analysis of variance by the F test
and means compared by the Tukey test at 5% probability. For
such analyzes, the AgroEstat 1.0 software was used (Barbosa;
Maldonado Junior, 2015). The results of the analysis of
variance for B. yothersi population at different field capacities
were obtained by transforming the original data into In(x + 5).

3 RESULTS AND DISCUSSION

All plants were water stressed during the period of
the experiment, since the mean DWSI values were higher
than 3 (Table 1). The highest DWSI values were observed
for 25% treatment followed by 70% field capacity (Table
1). On the other hand, there was no significant interaction
between the factors (field capacity and presence of mites)
(Table 1). The fact that all plants were hydraulically stressed
may be explained by the increased evapotranspiration
resulting from the high greenhouse temperatures during the
experiment and by the frequency of pot water replacement
(3 times per week) insufficient to maintain consistently the
desired water conditions. This is evidenced by the high
amplitude values of the DWSI measurements. The expected
effect would be a decrease in leaf temperature and DWSI
with increasing water availability, as demonstrated by
Mattson and Haack (1987), Costa, Grant and Chaves (2013)
and Costa et al. (2018).

In contrast, the presence of mites increased the DWSI,
verified by the leaf temperature increase (Table 1). Gutiérrez
and Meinzer (1994) stated that stomatal closure in coffee
plants reduces latent heat dissipation by perspiration, directly
interfering with leaf temperature, thus the increase in DWSI in
B. yothersi mite infested plants greater stomatal closure caused
by feeding the mites on the leaves. This also was observed
by Fadini, Pallini and Venzon (2004) who found that different
pest mites in strawberry caused damage to the leaves, causing
closure of the stomata of the plant, aiming to reduce water
losses. Similar results were obtained by Andrade et al. (2008),
in which citrus plants infested with B. phoenicis sensu lato
infected by the citrus leprosis virus showed increased DWSI.

Another possible hypothesis of increased DWSI is the
presence of the coffee ringspot virus. Although no symptom
of coffee ringspot was observed the period in which the mites
remained on CoRSV infected leaves prior to the experiment
was enough for the mites to acquire the virus (Nunes et al.,
2018a). Moreover, Brevipalpus sp. nymph and adult larvae are
known to be able to transmit CoRSV virus to coffee plants
after a tissue feeding period of 18 to 24 hours (Kitajima;
Chagas, 2009). Therefore, it is believed that the virus was
present in plants in its latent form. Thus, CoRSV could have
affected plant physiological processes at the molecular level, as
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demonstrated by Freitas-Astua et al. (2007) for the CiLV virus,
transmitted by Brevipalpus sp. in citrus plants. Among these
processes, the authors found that the increased respiratory rate
caused by the virus resulted in increased sweating frequency
and leaf temperature.

Table 1: Daily Water Stress Index (DWSI) for plants in different
field capacities (Factor A) and in the presence or absence of
Brevipalpus yothersi mites (Factor B).

Field capacity (A) DWSI (0C)1
25% 4.09(12.7--77) a
40% 337(125--9.6)b
55% 3.15(123--10.2) b
70% 3.54(12.6 —-8.2) ab
Teste F (A) 30.86%*
SMD 0.37
No-infested 3.03(11.2--10.2) b
Infested 4.04 (12.7--79) a
F test (B) 4.80%*
SMD 0.69
F test (Interaction A x B) 0.13ns

'Averages from 07-09-2014 to 22-10-2014 followed by amplitude
values. SMD= significant minimum difference. Treatments differ
significantly at the 1% (**) probability level, or non-significant (") by the
F test. Means followed by the same lowercase letter do not differ from
each other by Tukey test at 5% probability.

Plant water availability also interfered with B. yothersi
population. Plants with higher water availability had the largest
population of the mite (Table 2). However, in relation to the
number of adult mites, no significant difference was observed
between field capacities. There was a significant difference
between treatments regarding the number of eggs, larvae
and nymphs, in which the plants maintained at 70% of field
capacity presented the highest values (Table 2). The smallest
population was accounted for at treatments at 25% and 40% of
field capacity (Table 2).

This result was opposite to that observed by Andrade et
al. (2008), who observed that citrus plants under less favorable
water conditions presented more favorable leaf temperature
for the development of B. phoenicis s.l. This difference can
be mainly explained by the death of tissues in coffee plants
kept in the smallest field capacities, affecting the quantity
and quality of food available to mites. In addition, leaf fall
was observed in the plants under the lowest field capacity.
Therefore, it is possible that part of the mite population was on
these fallen leaves, contributing to the population reduction in
these treatments.

Another possible explanation refers to the higher
number of shoots in the plants with the largest amount of water
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in the soil, mainly observed in the treatments with 55 and
70% of the field capacity. The larger number of shoots may
have favored the feeding of the mites and consequently their
reproduction rate. Czermainski et al. (2007) verified that the
emission of sprouts in citrus seedlings resulted in an increase
of the population of B. phoenicis s.l., especially of larvae
and nymphs. Barbosa et al. (2003) attributed the population
increase of mites of the family Tenuipalpidae, including B.
phoenicis s.]. in acerola plants to the increase of the number
of shoots. Thus, the increased availability of young tissue in
plants under better water conditions may have favored the
development of mites. Young tissue cells show greater turgidity,
facilitating the feeding of phytophagous mites, reducing their
energy expenditure during feeding. Mites puncture plant cells
with stylets for extravasation of cell contents for ingestion via
mouth opening (Krantz; Walter 2009), requiring minimal cell
turgidity.

Table 2: Average number of eggs, larvae, nymphs, adults
and total of Brevipalpus yothersi in plants under different field
capacities (FC).

FC Eggs' Larvae' Nymphs'? Adults' Total
25% 2571b  6.14c¢ 1229b  10.00a 54.14b
40%  28.29ab 8.71bc 15.71b 6.86a  59.57b
55%  43.00ab 18.29ab 39.71ab 10.00a 111.00 ab
70% 63.71a 21.71a  5243a 1457a 15243a
F test 3.14* 7.25%* 6.76%* 1.02m 5.38%**

CV. (%) 19.02 14.15 16.77 20.31 13.93
SMD 1.00 0.58 0.82 0.78 0.90

Original data transformed into In (x+5). ' The data presented is the
original. 2Nymphs (protonymph + deutonymph); C.V. = coefficient of
variation; SMD = significant minimum difference. Averages followed by
the same lowercase letter in the column do not differ from each other
by the F test. Treatments differ significantly at the 5% (*) or 1% (**)
probability level, or not significant (") by the F test.

Still another explanation for the reduction of mite
population in treatments with less water availability would
be the possible increase in the production of secondary
metabolites produced by plants. As found by Briske and Camp
(1982) and Hoft, Verpoorte and Beck (1996), the production
of alkaloids in plants increases when under water stress
conditions, the same occurs for other secondary metabolites
such as terpenoids (Lokar et al., 1987). Since alkaloids and
terpenoids have toxic properties for arthropods (Geissman;
Crout, 1969), possibly seedlings of coffee under water deficit
could have produced these compounds in greater quantity,
contributing to the population decrease of the mite.

Nitrogen content was not influenced by field capacity or
presence of the mite, except for the 25% capacity, which was
lower in plants containing mites (Figure 1). Similar result was
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observed by Andrade et al. (2008) who found that the presence
of B. phoenicis s.l. in citrus plants did not significantly affect
the nitrogen concentration of the leaves. On the other hand,
Nogueira et al. (1996) found that citrus plants infected with
B. phoenicis s.l. presented reduction of leaf nitrogen content.
Nitrogen concentration in plants is related to the abundance
of pest mites, since the presence of nutrients favors the
population of these arthropods (Sudoi; Khaemba; Wanjala,
1996). However, information on the relationship between
water availability, leaf nitrogen and the presence of mites is
still contradictory, so further investigation is still needed to
understand this relationship. In our study, we found that the
presence of other factors, such as water availability was more
pronounced to favor population increase.

Figure 1: Average nitrogen content in plants maintained
at different field capacity and in the presence or absence of
viruliferous Brevipalpus yothersi. Asterisk represents difference
between treatments at 5% level by Tukey test.

4 CONCLUSIONS

Leaf temperature was influenced by water availability.
The presence of viruliferous mites contributed to the rise of
DWSI. Water availability influences the mite population,
since plants closer to their ideal water conditions favored the
population.
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