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ABSTRACT

Powdery mildewcaused by the fungiseudoidium anacdii, is currently the most important cashew disease,
affecting leaves, inflorescences, and fruits. Howgtrezre is a lack of detailed reports associating tfeetsfofP.
anacardiito 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 th&dtoibdasaria
Tropical Experimental Field in Pacajus, state of Ceara, 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 O 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 The cashew powdery mildeweaused by fungus
Pseudoidium anacdii (F Noack) U. Braun & R./A.

Cashew m_ﬁ/(ngcardum occ!denta_le_.) IS th_e primary Cook, is considered a secondary disease for decades in
product exploited in Brazil and in the international marke¥3razi| with no damages on the production of nuts and

However it shows a great potential for value aggregaﬁoBeduncle (Freiret al, 2002); it has been responsible for

whe_n the p?de_‘C'e IS bettgr utilized (Soetal, 2004)_’ significant damages on cashew trees in Brazil (Careibso
particularly in juice production (Coseaal, 1999) andin 5 '5012) 4 fact that has been observédiinan countries
the table market, consumed as a fresh fruit. (Casulli, 1979; Martiret al, 1997; Sijaonat al, 2001). In

As improved dwarf cashew nuts (Oliveetal, 2003)  Africa, particularly inTanzania, production has declined
were introduced, which represented a great technologig¢adm 50 to 70% due to the attack of powdery mildew (Martin
advance for the exploitation of this crop, significant yieldgt al, 1997). Nowadays, powdery mildew is the major
for the nuts and peduncle were achieved (Cavalednti disease associated to cashew in Brazil, where severe attacks
al., 2000; Serranet al, 2013a). Howevedespite being have been observed on leaves, inflorescences, maturis,
considered a rustic plant and well adapted to the conditioagd mature cashewamaging the quality of the nut (Ser
of the Brazilian Northeast, significant damages have beesnoet al, 2013b; Pintcet al, 2016) and the peduncle
observed in the field with loss in quantitative andntended for the market.
gualitative terms caused mainly by fungi during the cashew In general, powdery mildew is responsible for attacking
growth cycle (Freiret al, 20@®; Cardoset al, 2013). more than 1500 plant genera (Braun & Cook, 2012), causing
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significant damag to production in several hosts (Bowerproduct (80% a.i.) per liter of water (1.25 L of fungicide
etal, 1991; Reigt al, 2002; Godoy & Canteri, 2004; San-volume/plant/ application) were appliet first, the
toset al, 2005; Barrot al, 2006; Camelet al, 2009; applications were carried out at weekly intervals, then
Igarashiet al, 2010;Wanget al, 2014;Watson, 2016), fortnightly after the third sprayrhe volume was applied
most of them, cereal. Regarding fruticulture, studies onith 0.05% (Polyoxyethylene sorbitan monolaurate) as
damage to the plant production are scarce (Satals  dispersing agent (spreader). Sulfur applications were
2005; Martinset al, 2014), and none of them reports theperformed with a motorized backpack spragearting on
damages that powdery mildew may cause to cashew yielglly 30, ending on November 13, 2014, totaling nine
In studies carried out in thfrican continent, where Ssprayings.
cashew nut production is a major agricultural actjvity The experiment, with eight treatments (0, 0.5, 1, 2, 3, 4,
study on damages has been carried out when the disea@eand 7 g product/L of water), was conducted in a
is associated with the production of the plant. Most of tH&ndomized block design with four replications, with two
studies carried out refer to the chemical control (Setith Plants per plot. Panicles were marked on opposite sides of
al., 1995; Smitfet al, 1997; Smith & Coopel997; Sijaona €ach plant (cardinal points), identified with colored tissue
& Mansfield, 2001), epidemiological studies of the diseasditached to a cotton string, and assessed for disease during
(Shomari & Kennedy1997, 1999), and geneticimprovemenfhe experimental period. The evaluation of the incidence
(Sijaona & Mansfield, 1997). Despite the estimated fall nd severity of powdery mildew was performed weekly in
50 to 70% in cashew nut productiomanzania (Martiret 1280 panicles and, before cashew harvesting, in 800
al., 1997), no mention is made of production damage fl'€stnuts and 200 peduncles/treatment.
cashew nuts &cted by powdery mildevifopperet al. Severity was estimated using a descriptive scale of
(1997a; 1997b) reported a decline in cashew nut productiSfres ranging from 0 to 4, adapted from Cardgisal.
in Tanzania when no control on powdery mildew wak2012), estimatgd as a function of the percehtage -of the
carried out, but without estimating the damage that tts°unded area in the organs of the plant, in which 0
disease may cause to the cashew tree. represented the absence of disease, 1 represented up to
No studies quantifying the damages to the productio]nO% of the organ surface affected, 2 represented between

of the nut, kernel, or peduncle when the dwarf cashewjr& and 25%, 3 _b_etween 26 and 50%_’ and 4 was writtin
attacked byP. anacadii during the productive cycle of down when the injured area compromised more than 50%

the plant are found in the literature. Therefore, the objecti\% Fhe evaluated organ surface. The incidence was

0 :
of the present study was to determine the damage Caueggmated by percentage (%) of organs infected by the

by powdery mildew to the production of cashéarmels, ungus [number of sick organs/total number of organs

evaluated*100].
d le of BR f cash lone.
and peduncle o $89 dwarf cashew clone At the end of the cycle, the number of fruits/panicle
MATERIAL AND METHODS was determined, as was the number and total mass of fruits

produced/plant; mass, length, width, and average

The experiment was conducted in the Experimental Fielilickness of the nut; average epicarp mass (skin); average
of Embrapa@groindUstrialropical (4°1116° S, 38°29'88,  mass of the mesocarp (pellicle); mass, length, width, and
77 m), located in Pacajus, Ceara - Brazil, from July taverage thickness of the kernel; and average mass, average
December2014 in an area of 0.8 ha cultivated with 168ength, average width, and total soluble solids (TSS) of
plants of the dwarf cashew clone BRS 189 (highlyhe peduncle.
susceptible to powdery mildew), implanted in 2001, witha The damage estimate was obtained from the
spacing of 8x6 m, from seedlings grafted on clone CCP Q@lationship between disease [severity on panicles

In May 2014, two months prior to the start of thqSevPan), nuts (SevCast), and peduncles (SevPseud);
experiment, the plants were pruned. The soil of the plaggidence on flowers (IncFlor) and fruits (IncFruto); and
has predominance of Quartzarenic neosol with sande area underneath the disease progress curve in flowers
textural class. Fertilization, cultural treatments, angAACPD)] and production (number of fruits/panicle;
phytosanitary management were carried out accordimgmber of fruits/plant; total fruit mass/plant; mass, length,
to the recommendations proposed by Embrapgidth, and thickness of nuts; epicarp mass; mesocarp
Agroindustria Tropical (Oliveira, 2002). During the studymass; and mass, length, width, and thickness of kernels:
period, accumulated rainfall was 39 mm, with relativeind mass, length, width, and TSS of peduncles), obtained
humidity and average temperature of 72.27% and 27.9dth linear regression analysis, using mean values of the
°C, respectively entire productive cycle of the crop, except for number and

For establishment of the disease gradient, increasifgass of fruits/plant, which were represented by the sum of
doses of sulfur (Kumul@DF) ranging from O to 7 g of the the values of the five flowerings.
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The AACPD (Campbell & Madden, 1990) was RESULTSAND DISCUSSION
calculated from the data on severity of powdery mildew in  The disease gradient generated from increasing doses
panicles (AACPSevPan) and the incidence of powdewf sulfur allowed to verify the damages that occurred in
mildew in flowers (AACPIncFlor) as a function of time.the cashew tree. There was no reduction in number of
The data were submitted to analysis of variance, using thgits/panicles, number of nuts/plant, nor in the yield of

F test and linear regression analysis. BRS 189 dwarf cashew nuts as a function of disease (Figu-
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Figurel: 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/paniclegth plants in different spacing and orchard with age infe-
and 247.63 nuts/plant; with a productivity of 2.13 kg ofior to that analyzed in this assay
nuts/plant. This productivity corresponds to 447.3 kg of Regarding damages, no relationship between disease
nut/ha, considering the spacing established in thand plant production was observed, confirmed by the
experiment (8x6 m), with 210 plants/Asmall productivity absence of significance and values of the coefficient of
for this clone was observed, since values close to 2000 kiptermination close to zero in the linear regressions (Figu-
ha have already been reported (Paiva & Barros, 2004), bes 1, 2, and 3). These results contrast with those obtained
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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 cashepresented average values of 8.72 g, 28.86 mm, 2.18 g, and
production, caused by the severe attack of powdery mildél5 g, respectively

(Casulli, 1979; Martiret al, 1997; Sijaonet al, 2001). In As shown in the present sty®Berrancet al. (2013b)
addition, abortion of flowers and fruits was also noalso observed that nuts attacked by powdery mildew in
observed, which differs from the information reported ir15% of the common cashew clones evaluated did not have
other studies on cashew (Cardostoal,, 2012) and any reduction in their mass. In this case, there is probably
recorded in other pathosystems (Cametlel, 2009; no significant penetration of the fungus that translates
Martins et al, 2014). This fact, characterized by theany significant damage to the nut. The presence of phenolic
presence of the same number of fruits/panicle in atbmponents, particularly on the spongy mesophyll of the
treatments (Figures 1A, 1D, 2A, 2D, and 3A), shows th&RS 189 cashew clone nut, such as anacardic acid,
powdery mildew in this clone did not cause a decreaseéardanol, and cardol, which, due to their already evidenced
production even at the absence of control and in higittion against microorganisms (Mazzettoal, 2009),
intensity of attack on the plant reproductive organould act by preventing the pathogen infection in tissues
Despite the severe infection on inflorescences, mif the nut, thus avoiding severe damage, even in a
symptoms of the disease were observed on the leavesofndition of high epidemic in the field. On the other hand,
plants, a common situation in cashew plants grown Imecause it is considered a pathogen with epiphytic
other areas under conditions of severe attack of tleharacteristics, it is suggested that the damage is only
pathogen, especially on young leaves. superficial.

No significant reduction occurred in the mass of the A significant decrease occurred in length and an
nuts as a function of the attack of powdery mildew omcrease in thickness of kernels due to increase in the
clone BRS189 or in the width of the nut and in the mass disease severity (Figures 4B and 4D), with average values
the epicarp and pellicle (Figures 4A, 4C, 4E, and 4F), whiaf 33.94 and 20.48 mm, respectivdife variation in the
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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 maegien studying the effect of powdery mildew on 20 common
attacked nuts was 2.25 and 3.88%, respectmutlich were cashew clones in the state of Piaui, observed that eight
low values but contributed to cause deformation, reducirayt of those materials presented deformations in the nuts
by 0.31 mm the length for each 1-unitincrease in the seventihen severely attacked by the disease. This fact was also
score for powdery mildew on nuts and increase of 0.34 mmported by Sijaona (1997) in kernels of several cashew
in thickness for each 1-unit increase in the severity scottones cultivated in th&frican continent.
(Figures 4B and 4D). The BRS 189 cashew clone kernels presented, on
Other studies have reported the deformation of nussverage, 2.18 g, 25.73 mm, 16.02 mm, and 14.17 mm for mass,
when attacked by powdery mildeSerranet al.(2013b), length, width, and thickness, respectivelpweveyunlike
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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 studgll the biometric score observed in the nuts (Figure 5A). This corresponds
characteristics of the kernels were affected by powdety a decrease of 18.35 g in each kg of processed kernel.
mildew (Figures 5A-D), corroborating results obtained b onsidering the length and thickness of the kernel, it is
Serranoet al. (2013b). The kernels from the treatmentikely that the observed damage (Figures 5B and 5D) follows
affected by the greatest severity of nuts showed a reductitrat observed in the nuts (Figures 4B and 4D).
of 4.74, 4.34, and 5.05% in the mass, length, and width, Mass, size (width and thickness), and total soluble
respectivelywhen compared with those in the less@td solids (TSS) of BRS 189 clone peduncles were severely
treatments. Similar to what occurred with the nuts, theiefluenced by powdery mildevas verified by analyses
was also an increase in thickness of the kernels, causifghighly significant linear regressions (Figure 6). The
deformation (Figure 5D). peduncle presented values of 114.31 g, 52.99 mm, 59.26
The largest growth rate of kernels occurs in the finahm, and 13.63 °Brix, for mass, length, width, and TSS, on
stage of formation of the cashew fruit, unlike the epicarpyverage, respectivelfdowever while the peduncles of
which is formed early in fruit development. During thisthe plants less attacked by the disease had a mass of
period, the infected peduncle in plants infected by powdeiy85.74 g, length of 58.56 mm, width of 63.44 mm, and TSS
mildew may hinder the translocation of the necessanf 12.76 °Brix, the most affected plants produced
compounds to the complete kernel formationpeduncles with 68.76 g, 41.49 mm, 48.49 mm, and 16.34
compromising its quality °Brix, meaning an average reduction of 49.35, 29.15, and
The damage caused by cashew powdery mildew do23.56% in mass, length, and width of the peduncle, and
not directly affect the BRS 189 clone nut, but the kernelm increase of 21.86% W8S, respectivelyrhe afected
have their quantitative characteristics affected. In thgeduncles, besides the reduced size and mass, also
processing of severely infected nuts, the yield decreaspresented wrinkling, variegation, and cracks on their
by almost 5%, causing a reduction of 0.04 g in the masssfrface, resulting from the necrosis of the surface cells
each kernel for each 1-unitincrease in the powdery mildesaused by fungus infection.
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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 magsected by powdery mildew did not correspond to the
of the peduncle as a result of the attack of powdemffect of Sphaerotheca fuliginean melon fruit (Santos
mildew is considered very significant, with significantet al, 2005).
damage to the production of the plant. In other Inthe linear regressions obtained for the characteristics
pathosystems, different species of powdery mildewf the peduncle (Figure 6), each 1-unit increase in the
have caused significant damage to a greater or lessewerity score of the powdery mildew reduced the mass,
extent.Watson (2016) reported thirysiphe heraclei length, and width of the peduncle by 18.73 g, 4.72 mm, and
infection on carrot plants (“Ricardo” cultivar) reduced.41 mm, respectivelonsidering a density of 210 plants/
their weight by 80%. Santost al. (2005) found a ha of clone BRS 189, under conditions of high incidence of
reduction in melon fruit mass affected Bghaerotheca powdery mildew there will be a reduction in peduncle
fuliginea; howeverthese values did not exceed 13.3%productivity of 1,212.66 kg/ha for each 1-unit increase in
Bowenet al.(1991) reported production losses by 14.5%he severity score, drastically reducing profitability of the
in wheat plants, while Reét al.(2002) reported a 28.03% producer and increasing the losses when this clone is
reduction in barley yield, both of which were affectedyrown to produce cashew for the market of fresh fruits.
by Blumeria graminis Godoy & Canteri (2004) also The damages are not only reflected in the productivity of
verified a reduction of 17% in the production of soybeastalks but, mainlyin the depreciation due to its dry
attacked byErysiphe diffusa appearance, cracked and unfit for trade. In this case, the

The peduncles of the severely attacked cashews adamages can reach 100% in conditions of high severity of
be sent to the industry of juices due to a greater amouhe disease and in the absence of control.
of sugars. Howeverthe yield in volume should be  The most significant damages that occurred on the
hampered by the significant reduction that the powdepeduncles were mainly due to the reaction of the initial
mildew causes in this organ. The increased TSS in fruit¥fection of these organs. Due to their constant exposure

150 - y=-18.725**x+1373%* A 65 7 y=-4.7169%**x +58.781%* B
. R2=0.9465 60 1 R2=0.8816
130 - p<0.0005 ® p=0.0005
. g554° ®
110 A g °
29 <= 50 4
% 90 A =
§ S 45 1
Ll y 40 *
50 T T v L 35 T T g '
0 1 . 2 _ 3 4 0 1 ' 2 3 4
Severity on pseudofruits Severity on pseudofruits
70 - y=-44135%¥*x+64.679%* C 18 - y=0.9666%*x +12.444%%* D
- R2=0.982 R?=0.8777
p<0.0001 16 - p=0.0006 *
~ 60 - —
;_: 55 o 14 4 . °
2 50 - i ’
z 0 . £ 12
45 1
40 T T T 1 10 I T T 1
0 1 2 3 4 0 1 2 3 4
Severity on pseudofruits Severity on pseudofruits

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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