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Powdery mildew damage to the production of BRS 189 cashew plants1

Powdery mildew, caused by the fungus Pseudoidium anacardii, is currently the most important cashew disease,
affecting leaves, inflorescences, and fruits. However, there is a lack of detailed reports associating the effects of P.
anacardii to cashew yield. Therefore, the objective of this study was to determine the damage caused by powdery
mildew to BRS 189 cashew clone nut, kernel, and peduncles. One experiment was conducted at the Embrapa Agroindústria
Tropical Experimental Field in Pacajus, state of Ceará, Brazil, from July to December 2014, with BRS 189 cashew clone,
with eight sulfur doses needed for achieving a disease gradient, distributed in a randomized block with four replications.
The incidence (%) and severity of powdery mildew in cashew plants were estimated in a scale ranging from 0 to 4, and
then correlated with plant yield and biometric characteristics of cashew nuts, kernels, and peduncles. The results
showed that powdery mildew did not reduce productivity of nuts on this clone, although it caused a reduction in the
mass and size of the kernels. On the other hand, powdery mildew affected mass, size, and quality of cashew peduncles
at the lack of control.
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INTRODUCTION

Cashew nut (Anacardium occidentale L.) is the primary
product exploited in Brazil and in the international market.
However, it shows a great potential for value aggregation
when the peduncle is better utilized (Souza et al., 2004),
particularly in juice production (Costa et al., 1999) and in
the table market, consumed as a fresh fruit.

As improved dwarf cashew nuts (Oliveira et al., 2003)
were introduced, which represented a great technological
advance for the exploitation of this crop, significant yields
for the nuts and peduncle were achieved (Cavalcanti et
al., 2000; Serrano et al., 2013a). However, despite being
considered a rustic plant and well adapted to the conditions
of the Brazilian Northeast, significant damages have been
observed in the field with loss in quantitative and
qualitative terms caused mainly by fungi during the cashew
growth cycle (Freire et al., 2002; Cardoso et al., 2013).

The cashew powdery mildew, caused by fungus
Pseudoidium anacardii (F. Noack) U. Braun & R.T.A.
Cook, is considered a secondary disease for decades in
Brazil, with no damages on the production of nuts and
peduncle (Freire et al., 2002); it has been responsible for
significant damages on cashew trees in Brazil (Cardoso et
al., 2012), a fact that has been observed in African countries
(Casulli, 1979; Martin et al., 1997; Sijaona et al., 2001). In
Africa, particularly in Tanzania, production has declined
from 50 to 70% due to the attack of powdery mildew (Martin
et al., 1997). Nowadays, powdery mildew is the major
disease associated to cashew in Brazil, where severe attacks
have been observed on leaves, inflorescences, maturis,
and mature cashew, damaging the quality of the nut (Ser-
rano et al., 2013b; Pinto et al., 2016) and the peduncle
intended for the market.

In general, powdery mildew is responsible for attacking
more than 1500 plant genera (Braun & Cook, 2012), causing
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product (80% a.i.) per liter of water (1.25 L of fungicide
volume/plant/ application) were applied. At first, the
applications were carried out at weekly intervals, then
fortnightly after the third spray. The volume was applied
with 0.05% (Polyoxyethylene sorbitan monolaurate) as
dispersing agent (spreader). Sulfur applications were
performed with a motorized backpack sprayer, starting on
July 30, ending on November 13, 2014, totaling nine
sprayings.

The experiment, with eight treatments (0 , 0.5, 1, 2, 3, 4,
–5, and 7 g product/L of water), was conducted in a
randomized block design with four replications, with two
plants per plot. Panicles were marked on opposite sides of
each plant (cardinal points), identified with colored tissue
attached to a cotton string, and assessed for disease during
the experimental period. The evaluation of the incidence
and severity of powdery mildew was performed weekly in
1280 panicles and, before cashew harvesting, in 800
chestnuts and 200 peduncles/treatment.

Severity was estimated using a descriptive scale of
scores ranging from 0 to 4, adapted from Cardoso et al.
(2012), estimated as a function of the percentage of the
wounded area in the organs of the plant, in which 0
represented the absence of disease, 1 represented up to
10% of the organ surface affected, 2 represented between
11 and 25%, 3 between 26 and 50%, and 4 was written
down when the injured area compromised more than 50%
of the evaluated organ surface. The incidence was
estimated by percentage (%) of organs infected by the
fungus [number of sick organs/total number of organs
evaluated*100].

At the end of the cycle, the number of fruits/panicle
was determined, as was the number and total mass of fruits
produced/plant; mass, length, width, and average
thickness of the nut; average epicarp mass (skin); average
mass of the mesocarp (pellicle); mass, length, width, and
average thickness of the kernel; and average mass, average
length, average width, and total soluble solids (TSS) of
the peduncle.

The damage estimate was obtained from the
relationship between disease [severity on panicles
(SevPan), nuts (SevCast), and peduncles (SevPseud);
incidence on flowers (IncFlor) and fruits (IncFruto); and
the area underneath the disease progress curve in flowers
(AACPD)] and production (number of fruits/panicle;
number of fruits/plant; total fruit mass/plant; mass, length,
width, and thickness of nuts; epicarp mass; mesocarp
mass; and mass, length, width, and thickness of kernels;
and mass, length, width, and TSS of peduncles), obtained
with linear regression analysis, using mean values of the
entire productive cycle of the crop, except for number and
mass of fruits/plant, which were represented by the sum of
the values of the five flowerings.

significant damage to production in several hosts (Bowen
et al., 1991; Reis et al., 2002; Godoy & Canteri, 2004; San-
tos et al., 2005; Barros et al., 2006; Camele et al., 2009;
Igarashi et al., 2010; Wang et al., 2014; Watson, 2016),
most of them, cereal. Regarding fruticulture, studies on
damage to the plant production are scarce (Santos et al.,
2005; Martins et al., 2014), and none of them reports the
damages that powdery mildew may cause to cashew yield.

In studies carried out in the African continent, where
cashew nut production is a major agricultural activity, no
study on damages has been carried out when the disease
is associated with the production of the plant. Most of the
studies carried out refer to the chemical control (Smith et
al., 1995; Smith et al., 1997; Smith & Cooper, 1997; Sijaona
& Mansfield, 2001), epidemiological studies of the disease
(Shomari & Kennedy, 1997, 1999), and genetic improvement
(Sijaona & Mansfield, 1997). Despite the estimated fall of
50 to 70% in cashew nut production in Tanzania (Martin et
al., 1997), no mention is made of production damage in
cashew nuts affected by powdery mildew. Topper et al.
(1997a; 1997b) reported a decline in cashew nut production
in Tanzania when no control on powdery mildew was
carried out, but without estimating the damage that the
disease may cause to the cashew tree.

No studies quantifying the damages to the production
of the nut, kernel, or peduncle when the dwarf cashew is
attacked by P. anacardii during the productive cycle of
the plant are found in the literature. Therefore, the objective
of the present study was to determine the damage caused
by powdery mildew to the production of cashew, kernels,
and peduncle of BRS 189 dwarf cashew clone.

MATERIAL AND METHODS

The experiment was conducted in the Experimental Field
of Embrapa Agroindústria Tropical (4º1¹16º S, 38º29¹50º W,
77 m), located in Pacajus, Ceará - Brazil, from July to
December, 2014 in an area of 0.8 ha cultivated with 168
plants of the dwarf cashew clone BRS 189 (highly
susceptible to powdery mildew), implanted in 2001, with a
spacing of 8×6 m, from seedlings grafted on clone CCP 06.

In May 2014, two months prior to the start of the
experiment, the plants were pruned. The soil of the place
has predominance of Quartzarenic neosol with sand
textural class. Fertilization, cultural treatments, and
phytosanitary management were carried out according
to the recommendations proposed by Embrapa
Agroindústria Tropical (Oliveira, 2002). During the study
period, accumulated rainfall was 39 mm, with relative
humidity and average temperature of 72.27% and 27.53
°C, respectively.

For establishment of the disease gradient, increasing
doses of sulfur (Kumulus® DF) ranging from 0 to 7 g of the
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The AACPD (Campbell & Madden, 1990) was
calculated from the data on severity of powdery mildew in
panicles (AACPSevPan) and the incidence of powdery
mildew in flowers (AACPIncFlor) as a function of time.
The data were submitted to analysis of variance, using the
F test and linear regression analysis.

RESULTS AND DISCUSSION
The disease gradient generated from increasing doses

of sulfur allowed to verify the damages that occurred in
the cashew tree. There was no reduction in number of
fruits/panicles, number of nuts/plant, nor in the yield of
BRS 189 dwarf cashew nuts as a function of disease (Figu-

Figure 1: Relationship between the severity of powdery mildew on panicles (SevPan) of BRS 189 cashew plant and number of fruits
produced/panicle (A), the number of nuts produced/plant (B), and the production (kg) of nuts/plant (C); the relationship between the
area under the severity of powdery mildew in cashew panicles progress curve (AUSevPanPC) and the number of fruits produced/
panicle (D), the number of nuts produced/plant (E), and the production (kg) of nuts/plant (F). Black circles represent the average
values observed in each treatment.
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res 1, 2, and 3), which was on average 1.2 fruits/panicles
and 247.63 nuts/plant; with a productivity of 2.13 kg of
nuts/plant. This productivity corresponds to 447.3 kg of
nut/ha, considering the spacing established in this
experiment (8x6 m), with 210 plants/ha. A small productivity
for this clone was observed, since values close to 2000 kg/
ha have already been reported (Paiva & Barros, 2004), but

with plants in different spacing and orchard with age infe-
rior to that analyzed in this assay.

Regarding damages, no relationship between disease
and plant production was observed, confirmed by the
absence of significance and values of the coefficient of
determination close to zero in the linear regressions (Figu-
res 1, 2, and 3). These results contrast with those obtained

Figure 2: Relationship between the incidence of powdery mildew on flowers (IncFlor) and the number of fruits produced/panicle
(A), the number of nuts produced/plant (B), and the production (Kg) of nuts/plant (C); Relationship between the area under the
incidence of powdery cashew in flowers progress curve (AUIncFlorPC) and the number of fruits produced/panicle (D), the number
of nuts produced/plant (E), and the production (Kg) of nuts/plant (F) of BRS 189 cashew plant. Black circles represent the average
values observed in each treatment.
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in African countries with a significant decrease in cashew
production, caused by the severe attack of powdery mildew
(Casulli, 1979; Martin et al., 1997; Sijaona et al., 2001). In
addition, abortion of flowers and fruits was also not
observed, which differs from the information reported in
other studies on cashew (Cardoso et al., 2012) and
recorded in other pathosystems (Camele et al., 2009;
Martins et al., 2014).  This fact, characterized by the
presence of the same number of fruits/panicle in all
treatments (Figures 1A, 1D, 2A, 2D, and 3A), shows that
powdery mildew in this clone did not cause a decrease in
production even at the absence of control and in high
intensity of attack on the plant reproductive organs.
Despite the severe infection on inflorescences, no
symptoms of the disease were observed on the leaves of
plants, a common situation in cashew plants grown in
other areas under conditions of severe attack of the
pathogen, especially on young leaves.

No significant reduction occurred in the mass of the
nuts as a function of the attack of powdery mildew on
clone BRS189 or in the width of the nut and in the mass of
the epicarp and pellicle (Figures 4A, 4C, 4E, and 4F), which

presented average values of 8.72 g, 28.86 mm, 2.18 g, and
0.15 g, respectively.

As shown in the present study, Serrano et al. (2013b)
also observed that nuts attacked by powdery mildew in
15% of the common cashew clones evaluated did not have
any reduction in their mass. In this case, there is probably
no significant penetration of the fungus that translates
any significant damage to the nut. The presence of phenolic
components, particularly on the spongy mesophyll of the
BRS 189 cashew clone nut, such as anacardic acid,
cardanol, and cardol, which, due to their already evidenced
action against microorganisms (Mazzetto et al., 2009),
could act by preventing the pathogen infection  in tissues
of the nut, thus avoiding severe damage, even in a
condition of high epidemic in the field. On the other hand,
because it is considered a pathogen with epiphytic
characteristics, it is suggested that the damage is only
superficial.

A significant decrease occurred in length and an
increase in thickness of kernels due to increase in the
disease severity (Figures 4B and 4D), with average values
of 33.94 and 20.48 mm, respectively. The variation in the

Figure 3: Relationship between the incidence of powdery mildew on fruits (IncFruto) of BRS 189 cashew plant and the number of
fruits produced/panicle (A), number of nuts produced/plant (B), and the production (kg) of nuts/plant (C). Black circles represent the
average values observed in each treatment.
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length and thickness between the healthy and the most
attacked nuts was 2.25 and 3.88%, respectively, which were
low values but contributed to cause deformation, reducing
by 0.31 mm the length for each 1-unit increase in the severity
score for powdery mildew on nuts and increase of 0.34 mm
in thickness for each 1-unit increase in the severity score
(Figures 4B and 4D).

Other studies have reported the deformation of nuts
when attacked by powdery mildew. Serrano et al. (2013b),

when studying the effect of powdery mildew on 20 common
cashew clones in the state of Piauí, observed that eight
out of those materials presented deformations in the nuts
when severely attacked by the disease. This fact was also
reported by Sijaona (1997) in kernels of several cashew
clones cultivated in the African continent.

The BRS 189 cashew clone kernels presented, on
average, 2.18 g, 25.73 mm, 16.02 mm, and 14.17 mm for mass,
length, width, and thickness, respectively. However, unlike

Figure 4: Relationship between the severity of the powdery mildew on nuts (SevCast) and mass (A), length (B), width (C), and
thickness of the nut (D), weight of the epicarp (E), and weigh of the pellicle (F). Black circles represent the average values observed
in each treatment.
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the nuts analyzed in this study, all the biometric
characteristics of the kernels were affected by powdery
mildew (Figures 5A-D), corroborating results obtained by
Serrano et al. (2013b). The kernels from the treatment
affected by the greatest severity of nuts showed a reduction
of 4.74, 4.34, and 5.05% in the mass, length, and width,
respectively, when compared with those in the less affected
treatments. Similar to what occurred with the nuts, there
was also an increase in thickness of the kernels, causing
deformation (Figure 5D).

The largest growth rate of kernels occurs in the final
stage of formation of the cashew fruit, unlike the epicarp,
which is formed early in fruit development. During this
period, the infected peduncle in plants infected by powdery
mildew may hinder the translocation of the necessary
compounds to the complete kernel formation,
compromising its quality.

The damage caused by cashew powdery mildew does
not directly affect the BRS 189 clone nut, but the kernels
have their quantitative characteristics affected. In the
processing of severely infected nuts, the yield decreased
by almost 5%, causing a reduction of 0.04 g in the mass of
each kernel for each 1-unit increase in the powdery mildew

score observed in the nuts (Figure 5A). This corresponds
to a decrease of 18.35 g in each kg of processed kernel.
Considering the length and thickness of the kernel, it is
likely that the observed damage (Figures 5B and 5D) follows
that observed in the nuts (Figures 4B and 4D).

Mass, size (width and thickness), and total soluble
solids (TSS) of BRS 189 clone peduncles were severely
influenced by powdery mildew, as verified by analyses
of highly significant linear regressions (Figure 6). The
peduncle presented values of 114.31 g, 52.99 mm, 59.26
mm, and 13.63 ºBrix, for mass, length, width, and TSS, on
average, respectively. However, while the peduncles of
the plants less attacked by the disease had a mass of
135.74 g, length of 58.56 mm, width of 63.44 mm, and TSS
of 12.76 ºBrix, the most affected plants produced
peduncles with 68.76 g, 41.49 mm, 48.49 mm, and 16.34
ºBrix, meaning an average reduction of 49.35, 29.15, and
23.56% in mass, length, and width of the peduncle, and
an increase of 21.86% in TSS, respectively. The affected
peduncles, besides the reduced size and mass, also
presented wrinkling, variegation, and cracks on their
surface, resulting from the necrosis of the surface cells
caused by fungus infection.

Figure 5: Relationship between the severity of the powdery mildew on nuts (SevPseud) and mass (A), length (B), width (C), and
thickness of the kernel (D) of the BRS 189 cashew plant. Black circles represent the average values observed in each treatment.
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The percentage reduction of almost 50% in the mass
of the peduncle as a result of the attack of powdery
mildew is considered very significant, with significant
damage to the production of the plant. In other
pathosystems, different species of powdery mildew
have caused significant damage to a greater or lesser
extent. Watson (2016) reported that Erysiphe heraclei
infection on carrot plants (“Ricardo” cultivar) reduced
their weight by 80%. Santos et al. (2005) found a
reduction in melon fruit mass affected by Sphaerotheca
fuliginea; however, these values did not exceed 13.3%.
Bowen et al. (1991) reported production losses by 14.5%
in wheat plants, while Reis et al. (2002) reported a 28.03%
reduction in barley yield, both of which were affected
by Blumeria graminis. Godoy & Canteri (2004) also
verified a reduction of 17% in the production of soybean
attacked by Erysiphe diffusa.

The peduncles of the severely attacked cashews can
be sent to the industry of juices due to a greater amount
of sugars. However, the yield in volume should be
hampered by the significant reduction that the powdery
mildew causes in this organ. The increased TSS in fruits

infected by powdery mildew did not correspond to the
effect of Sphaerotheca fuliginea on melon fruit (Santos
et al., 2005).

In the linear regressions obtained for the characteristics
of the peduncle (Figure 6), each 1-unit increase in the
severity score of the powdery mildew reduced the mass,
length, and width of the peduncle by 18.73 g, 4.72 mm, and
4.41 mm, respectively. Considering a density of 210 plants/
ha of clone BRS 189, under conditions of high incidence of
powdery mildew, there will be a reduction in peduncle
productivity of 1,212.66 kg/ha for each 1-unit increase in
the severity score, drastically reducing profitability of the
producer and increasing the losses when this clone is
grown to produce cashew for the market of fresh fruits.
The damages are not only reflected in the productivity of
stalks but, mainly, in the depreciation due to its dry
appearance, cracked and unfit for trade. In this case, the
damages can reach 100% in conditions of high severity of
the disease and in the absence of control.

The most significant damages that occurred on the
peduncles were mainly due to the reaction of the initial
infection of these organs. Due to their constant exposure

Figure 6: Relationship between the severity of the powdery mildew on pseudofruit (SevPseud) of the BRS 189 cashew plant and
its mass (A), length (B), width (C), and total soluble solids (TSS) (D). Black circles represent the average values observed in each
treatment.
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since the emission of flowers, the peduncles are subject to
the attack of powdery mildew for a longer time, while the
nuts remain protected until the petals and sepals of the
flowers fall. This explains the likely difference in the degree
of pathogen attack in these organs and in damages
occurred in BRS 189 cashew.

Under the conditions studied, clone BRS 189 was
tolerant to cashew powdery mildew in relation to cashew
production in number and mass. For the other variables
referring to kernels and peduncles, the behavior of the
clone was different. However, the most significant damage
was in the production of peduncle, whereas for nuts, new
approaches with this clone deserve to be verified, especially
in other producing regions where the presence of leaf
infections can also alter the damage relationships caused
by the disease. For the same clone and under the same
conditions, Martins et al. (2017) reported that powdery
mildew did not interfere in the mass of the nuts and in
number of maturis, even at marked levels of disease.

CONCLUSIONS

Powdery mildew does not cause fruit drop neither
reduces the productivity of nuts in the BRS 189 dwarf
cashew clone.

The occurrence of powdery mildew reduces mass and
size of the kernel and peduncle of BRS 189 cashew clone.

The powdery mildew impairs the production of cashew
peduncle for fresh fruit market in BRS 189 clone.
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