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APPLE BIOLOGICAL AND PHYSIOLOGICAL DISORDERS
IN THE ORCHARD AND IN POSTHARVEST ACCORDING
TO PRODUCTION SYSTEM!'

CARLOS ROBERTO MARTINS?, ALEXANDRE HOFFMANN?, CESAR VALMOR ROMBALDI*,
ROSELI DE MELLO FARIAS®, ADENIR VIEIRA TEODORO®

ABSTRACT- The study aimed to evaluate the incidence of biological and physiological disorders in the
field and postharvested apples cvs. Gala, Fuji and Catarina grown in four production systems: conventional,
organic transition, integrated and organic. Apples were evaluated for damages related to biological and
physiological disorders in the orchard and after harvest. The greatest damages were attributed to pests,
especially Anastrepha fraterculus in the organic system and Grapholita molesta in the organic transition.
Apples produced in organic orchards had higher damage levels caused by postharvest physiological disorders
than those grown in other production systems. For apples becoming from organic orchards most of the
damage was due to lenticels breakdown and degeneration ('Gala'), and bitter pit ('Fuji' and 'Catarina'). The
incidence of postharvest rot was not influenced by apple production system.

Index terms: Apple tree, Malus domestica, organic production, integrated production.

DISTURBIOS BIOLOGICOS E FISIOLOGICOS NO POMAR E NA
POS-COLHEITA DE MACAS EM FUNCAO DO SISTEMA DE PRODUCAO

RESUMO: O objetivo deste trabalho foi avaliar a ocorréncia de disturbios biologicos e fisioldgicos, tanto
em nivel de campo como em pds-colheita, de magas ‘Gala’, ‘Fuji’ e ‘Catarina’, produzidas em pomares
conduzidos em quatro sistemas de produ¢@o: convencional, transi¢do convencional-organico, integrado e
organico. As magas foram avaliadas quanto a presenga de danos ocasionados por disturbios bioldgicos e
fisiologicos no pomar e em pds-colheita. Os maiores danos foram atribuidos as pragas, principalmente a
Anastrepha fraterculus em sistema organico e a Grapholita molesta em sistema de transi¢do convencional-
organico. As magds produzidas em sistema organico tiveram maiores danos em pos-colheita ocasionados por
disturbios fisiologicos do que as dos demais sistemas de produgdo. Nas frutas produzidas em sistema organico,
os danos, em sua maioria foram com degenerescéncia e depressao lenticelar para a cv. Gala, e bitter pit para
as cvs. Fuji e Catarina. A incidéncia de podriddes pds-colheita ndo foi influenciada pelo sistema de produgao.
Termos para indexacio: Macieira, Malus domestica, produgdo organica, produgdo integrada.
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physiological disorders, which in turn require farmers
interference by adding external inputs and high-cost
technologies in the agroecosystem (GONCALVES;
BOFF, 2002). The main physiological disorders
of apple orchards are lack of calcium, bitter
pit, lenticels breakdown, jonathan spot, internal
breakdown, watercore and stem-end splitting
(CURRY et al., 2008; AMARANTE, et al., 2009;
AMARANTE etal., 2010). The biological disorders
that cause major damage are the pests [South
American fruit fly (dnastrepha fraterculus), the
red mite (Panonychus ulmi)] and diseases [apple
scab (Venturia inaequalis), bitter rot (Glomerella
cingulata) and rotting (Phytophthora cactorum)].
In addition, growing management intensification
has fostered other secondary disorders such as
the apple leafroller (Bonagota cranaodes), the
apple scale (Quadraspidiotus perniciosus), the
oriental fruit moth (Grapholita molesta), the ‘Gala’
leaf spot (Colletotrichum spp.) and the white rot
(Botryosphaeria dothidea). Farmers tackle biological
disorders with intensive pesticide spraying which
besides causing negative environmental impact affect
biological control agents, resulting in a never-end
fight against pests (MANZONI et al., 2006; GEIGER
etal., 2011).

The intensification of conventional
management practices have an impact mainly on
the biodiversity of agroecosystems by negatively
affecting ecological processes that are reflected in
the production environment as well as nutritionally
destabilizing the soil and the plant, increasing the
incidence of biological and physiological disorders
(REGANOLD, et al., 2001; CLOUGH et al., 2007;
MINARRO et al., 2009 ). Such negative effects
ultimately interfere in the production and postharvest
quality of fruit besides burdening the production
process and causing negative environmental impacts.
Therefore, the full manifestation of the productive
potential of apple plants and its relation with pests,
diseases and physiological disorders are intrinsically
related to interactions within a given production
system.

This study aimed to evaluate the incidence
of biological and physiological disorders at both
the field and postharvest of apples grown in
orchards conducted in conventional, transition
from conventional to organic (hereafter ‘organic
transition’), integrated and organic production
systems.

MATERIAL AND METHODS

The study was conducted in commercial

orchards located in the municipality of Sdo Joaquim,
state of Santa Catarina, Brazil, during the 2001/2002
and 2002/2003 harvests. The climate is temperate
mesothermal humid Cfb with mild summer according
to the Koppen classification. The region has an annual
average temperature of 13.5° C, annual mean rainfall
of 1.500 mm and annual average relative humidity of
81%. The hottest months are January and February,
the coldest are June and July, the wettest are August
and September and the driest are December and
January. 20 to 36 frosts occur annually and the
number of annual hours of chilling below 7.2 °C is
around 800 hours in this region.

Six-year old orchards of ‘Fuji’, ‘Gala’ and
Catarina cultivars grown on Marubakaido rootstocks
and conducted in conventional (CP), organic
transition (OT), integrated (IP) and organic (OP)
production systems were evaluated. Apple trees were
conducted in central leader with 2.5 m within rows
and 6.0 m between rows.

The study was carried out during two years
to evaluate biological (pests and diseases) and
physiological disorders by randomly sampling ten
apple plants per cultivar in each production system.
In each plant 100 fruit were randomly collected
totaling 1.000 fruit per production system. Biological
disorders attributed to discases were evaluated by
counting the number of fruit with rot and apple scab
symptoms caused by Venturia inaequalis and other
occasionally-occurring diseases during harvest.
Symptoms of scabies were also evaluated on leaves
by randomly selecting a branch located in a different
quadrant of the equatorial zone of the plant during
the previous evaluation. In this case each plant and
each branch were considered as experimental units.

The disorders caused by pests were assessed
by counting the number of fruit attacked by fruit
flies, the oriental fruit moth Bonagota cranaodes
and other pests. The incidence of physiological
disorders was determined by the number of fruit with
symptoms of russeting, cork spot and/or bitter pit. It
was also evaluated the incidence of damage caused
by phytotoxicity, stem-end splitting, discoloration,
open lesions, healed tissues injuries and burning
caused by the sun.

In order to evaluate postharvested fruit,
they were collected in the ideal stage of maturation
for storage, i.e., ground color yellowish green.
Immediately after harvest fruit were selected,
eliminating those with injuries, and standardized
by the maturation stage. Fruit were maintained in
a climate chamber at 0+1 °C and 93+ 5% relative
humidity (RH) at Embrapa Grape ¢ Wine. Fruit
were stored during three months for ‘Gala’ and five
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months for ‘Fuji’ and ‘Catarina’ were evaluated after
seven days of shelf life at 20+ 3°C and 75 £ 5% RH
at the postharvest laboratories of Embrapa Grape and
Wine. When identifying the rot fruit they were sent
for identification at the Laboratory of Plant Pathology
at the same institution.

The study was arranged in a completely
randomized design with ten replicates and each plant
as an experimental unit. In postharvest and harvest
for each cultivar, the experiment was conducted
with five replicates with 20 fruit each. Variables
with percentage values were transformed using
x=arcsenVx/100 and LOG(x+0.5) before being
subjected to analysis of variance. All parameters were
subjected to analysis of variance followed by Tukey
tests p <0.05.

RESULTS AND DISCUSSION

The apple cultivars Gala and Fuji showed the
highest incidence of leaves with symptoms of apple
scab in conventional, followed by integrated and
organic transition systems. No leaves with symptoms
of apple scab were found in organic systems (Table
1). Independent of the production system, it was not
detected symptoms of this disease in the cultivar
Catarina (Table 1). Although there were differences
in apple scab incidence on leaves among systems, this
condition did not translated into fruit damage. The
cultivars Fuji and Catarina had almost no damage
caused by apple scab. However, the cultivar Gala
had the highest incidence of this disease both in
conventional and organic transition systems (Table
2). The apple scab is a serious disease of apples,
especially in Sdo Joaquim, where conditions are
extremely favorable to its widespread dissemination.
This disease consists of one of the main constraints
for growing apples in any production system as
it directly affects fruit quality besides causing a
reduction in its size, premature defoliation, depletion
and a poor development of fruit buds.

The incidence of rot on apples of the cultivar
Gala was not related to the production system
(Table 2). In the cultivars Fuji and Catarina grown
in conventional and in organic transition systems, it
was detected the highest percentage of rotting fruit
in comparison to the remaining production systems.
Rot on apples grown in organic transition system
was mainly attributed to the stem-end-rot fungus
(Cryptosporiopsis spp.), which is possibly linked
to the attack of the oriental fruit moth (Table 2).
The entrance of this infection is through lesioned
fruit epidermis and lesions caused by pests and hail
(SANHUEZA et al., 2010; SPOLTI et al., 2010).

The severity of diseases in organic systems
might be reduced because the plant (host) would
more be able to defend itself by being better
nutritionally balanced and also by having a higher
diversity of natural enemies which provided a more
balanced environment. Together with alternative
treatments with lower environmental impact, living
with the disease can become more harmonious,
without major damage to production. This is in line
with other studies suggesting that organic apple
production is not affected by the incidence of apple
scab (SWEZEY et al., 1998; REGANOLD et al.,
2001). Other studies, however, report that the apple
scab, even in organic systems, causes considerable
damage (PECK et al., 20006).

Regarding biological disorders caused by
fruit flies, it was observed that the damage to apples
of the cultivar Gala was higher on fruit coming from
conventional and integrated systems, while the
cultivar Fuji showed the greatest damage on fruit
from organic and conventional orchards. For the cv.
Catarina, however, the damage caused by fruit flies
was not affected by the production system (Table 2).

The damage caused by the oriental fruit moth
was high on apples grown in the organic transition
orchard and intermediate on apples produced in the
conventional orchard in comparison to the remaining
production systems (Table 2).

Apple damage caused by Bonagota cranaodes
and beetles was clearly influenced by the production
system (Table 2). In relation to beetles, only the cv.
Gala was affected regardless of production system.
In this cultivar there were larger percentages of fruit
attacked than those from conventional and organic
orchards.

In another study, apples produced in organic
systems showed no significant differences in damage
caused by pests in comparison to other production
systems even though organic systems had a higher
diversity of natural enemies (SWEZEY et al., 1998;
PECK et al., 2006). In another study comparing
conventional and organic orchards, a higher number
of beneficial insects in organic areas was found,
probably due to the vegetation diversity within the
orchard, however, it was not related to insect fruit
damage which was higher in organic fields in the first
years of evaluations. In the third year of assessment,
however, the damage was almost negligible in both
production systems (PECK, et al., 2006; MINARRO
et al., 2009).

Regarding physiological disorders the cv.
Gala grown in integrated and organic orchards had
higher incidence of fruit russeting in comparison
to conventional orchards (Table 3). However in the
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cultivars Fuji and Catarina similar fruit russeting
levels were observed among systems, except for the
cv. Fuji grown in the organic transition system that
had a significantly lower incidence of this disease.

This disorder is characterized by rough
epidermis with irregular dark brown patches, which
aesthetically depreciates fruit. Russeting lowers
fruit classification and consequently the value of
the product. In addition to varietal susceptibility
russeting is related to weather conditions (high
temperatures and humidity at night, temperature
variation, frost, hail, snow and wind) and chemical
treatments. Copper-based products and zinc sulfate
foliar fertilizers used mainly within 30 days after
the fall of petals favor this disorder. This may be a
problem in organic orchards, leading to preventive
alternative sulfuric fungicide sprayings in addition
to biofertilizers. This is in agreement with other
studies that found higher incidence of fruit russeting
in organic than in conventional orchards due to the
intensive use of copper and sulfur.

Gala and Fuji had minor problems with skin
fruit splitting as these apples cultivars were grown
in organic transition orchards (Table 3). For the cv.
Catarina there were no differences in skin splitting
symptoms among systems. The cause of this disorder
is often attributed to extreme moisture derived from
heavy rainfalls followed by prolonged droughts, and
excessive nitrogen coupled with low availability of
calcium in fruit. These findings are in agreement
with results of Martins et al. (2010) who found
that although nitrogen content was similar between
production systems all systems showed low levels
of calcium in fruit pulp which favored cracking.

For other physiological disorders it was
observed that sun burn stains and phytotoxicity,
along with other damages such as open cicatrized
injuries were not influenced by the production
system in any cultivar (Table 3).

All cultivars were evaluated, but “Cork
Spot” symptoms were only found in cv. Catarina.
Apples had percentages of 7.7% in the integrated
system, 6.0% in transition and 6.8% and in the
organic system, meaning no significant differences
among production systems. Both disorders are
intrinsically related to the calcium nutrient (CURRY
et al., 2008). Martins et al. (2010) also found
low calcium content in fruit grown in the same
production systems, especially in organic and in
organic transition.

The major problems with physiological
disorders during the postharvest of the 2001/2002
season were found in the cv. Gala, mainly produced
in the organic system (Table 4). Degeneration was

the most common physiological disorder in the apples
grown in this production system. Apples of the cv.
Gala produced in the integrated system also showed
highest percentages of internal breakdown and stem-
end splitting. The incidence of other physiological
disorders was not related to production systems.

In the 2002/2003 harvest, the incidence of
physiological disorders in all production systems
increased, and apples grown in the organic system
had the highest percentages of such disorders (Table
3). The incidence of bitter pit, internal breakdown and
stem-end splitting and internal ring cracking was not
affected by production systems. Fruit produced in the
organic orchard had significantly higher percentage
of lenticels breakdown.

Lenticels Breakdown is a disorder closely
related to bitter pit concerning the causes and
symptoms. However, the development of this disorder
occurs during the storage period and especially affects
the skin. It is caused by calcium deficiency, excessive
nitrogen fertilization and inadequate harvesting stage
(CURRY et al., 2008). In both harvests the cvs. Fuji
and Catarina suffered the most with physiological
disorders when grown in the organic system and
the lowest when produced in the integrated system
(Table 4).

Apples produced in the organic system
showed the highest level of fruit damage caused by
physiological disorders than those grown in other
production systems considering the three cultivars
in the two harvests. The damage to fruit produced
in the organic system was mostly related to lenticels
and internal breakdown for the cv. Gala and bitter
pit for the cvs. Fuji and Catarina. The incidence and
severity with which calcium-related physiological
disorders occur are closely linked to the production
system as well as soil and climatic factors, varietal
susceptibility, also varying over years (FERGUSON
et al., 1999; CURRY et al., 2008; MARTINS et al.,
2010). Also among the effects that predispose the
development of these disorders are those affecting the
translocation of calcium to the fruit and its contents
in it, such as drought periods prior harvest, early
harvest, orchard management (excessive pruning and
thinning), unbalanced nutrition, plant age, position of
fruit in the plant and leaf/ fruit ratio.

The percentage of rotting fruit was low and not
influenced by production systems for the cvs. Gala and
Fuji in both harvests (Table 5). Rotting found on fruit
ofthe cvs. Fuji and Gala, regardless of the production
system, were all identified as moldy core, which can
be caused by pathogenic fungi of several genera.
However, 98% of fungal isolates were Alternaria spp.
and Fusarium spp. Moldy core is observed mainly
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on fruit stored under refrigeration for long periods.
The number of rotting apples of the cv.
Catarina was not affected by the production system.
Although no statistical differences were found, a trend
of less rotting fruit was observed in organic orchards.
Rots were identified as being of carpel origin, caused
by the pathogenic fungi (4/ternaria spp and Fusarim

spp.). It was also identified the presence of alternaria
rot (Alternaria alternata), blue mold (Penicillium
expansum) and rot caused by Botrytis cinerea. The
occurrence of decay associated with fungi such as
A. alternata, Fusarim spp., P. expansum, B. cinerea
and Rhizopus sp. are responsible for major losses in
post-harvest apples.

TABLE 1- Percentage of leaves with apple scab (Venturia inaequalis) in the cvs. Gala, Fuji and Catarina
in conventional (CP), organic transition (OT), integrated (IP) and organic (OP) orchards in

Sdo Joaquim-SC, 2012

Production Systems Gala Fuji Catarina
%
CP 9,2a 9,1a -
1P 7,5ab 4,1b 0,0ns
oT 2,0bc 3,2b 0,0
OP 0,0c 0,0c 0,0

Same letters within columns denote no significant differences based on Tukey’s test at 5% probability. ns - not significant.

TABLE 2 - Biological disorders caused by rot, apple scab (Venturia inaequalis), fruit fly (Anastrepha
fraterculus), oriental fruit moth (Grapholita molesta), apple leafroller (Bonagota cranaodes)
and Coleoptera spp. on apples of the cvs. Gala, Fuji and Catarina in conventional (CP),
integrated (IP), organic transition (OT) and organic (OP) orchards in Sao Joaquim-SC, 2012.

Oriental fruit

Production  APpple scab Rot Fruit fly moth Apple leafroller ~ Coleoptera
Systems
%
GALA
CP 2,8ab 1,1ns 6,7a 7,8b 8,6ns 2,5ab
P 0,5b 0,7 7,0a 0,2¢ 4,5 1,2b
oT 3,4a 0,2 2,1b 15,7a 6,1 0,7b
OoP 0,0b 1,3 3,1b 0,7¢ 7,1 3,5a
FUJI
CP 0,1ns 3,2ab 2,6ab 16,7b 2,6ns 0,2ns
1P 0,0 2,1b 1,0b 0,1c 1,6 0,4
oT 0,1 5,2a 1,0b 43,0a 2,2 0,3
OP 0,5 1,1b 5,1a 0,9¢ 3.4 1,5
CATARINA
1P 0,0ns 0,5b 2,2ns 0,0b 3,0ns 0,0ns
oT 0,0 1,9a 1,4 14,6a 2,0 0,4
oP 0,1 0,5b 1,7 1,6b 2,2 1,0

Same letters within columns denote no significant differences based on Tukey’s test at 5% probability.

ns - not significant.
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TABLE 3- Fruit damage caused by russeting, stem-end splitting, phytotoxicity, open lesion, cicatrized lesion
and sun burning on apples of the cvs. Gala, Fuji and Catarina in conventional (CP), organic
transition (OT), integrated (IP) and organic (OP) orchards in Sdo Joaquim-SC, 2012.

Production  Russeting Stem-e nd Phytotoxicity Open Clcat.rlzed Sun Burning
Systems splitting - lesion lesion
GALA
CP 2,3¢ 3,1a 0,0ns 2,3ns 1,0ns 0,7ns
1P 7,7ab 2,5a 0,0 3,1 0,7 0,8
oT 5,5bc 0,4b 0,2 1,5 0,4 0,0
OP 11,5a 3,0a 0,0 1,8 3,1 1,9
FUJI
CP 42a 1,3ab 0,0ns 0,0ns 0,4ns 1,1ns
P 3,8a 1,6ab 0,0 1,2 0,2 0,3
oT 0,9b 0,3b 0,0 0,0 0,0 0,3
OoP 3,6a 2,9a 0,0 1,4 0,5 0,8
CATARINA
1P 1,9ns 1,1ns 0,4ns 0,4ns 0,4ns 1,2ns
oT 1,0 0,9 0,0 1,2 0,1 2,2
OoP 3,3 1,3 0,0 0,4 0,1 1,3

Same letters within columns denote no significant differences based on Tukey’s test at 5% probability.
ns - not significant.

TABLE 4 - Physiological disorders on apples of the cvs. Gala, Fuji and Catarina grown in conventional
(CP), integrated (IP), organic transition (OT) and organic (OP) orchards after storage in the
2001/2002 and 2002/2003 harvest seasons. Sdo Joaquim- SC, 2012.

Phvsiological disord 2001/2002 2002/2003

ysiological disorders Cp P oP Cp P oT oP

%
Gala
Bitter pit Ons 2,67 2,67 8,00ns 5,33 2,67 5,33
Lenticels breakdown Ons 0 0 1,33b  0,00b 1,33b 10,67a
Internal breakdown 1,33b 4,00ab 10,67a Ons 0 0 1,33
Stem-end plitting 1,33b  4,0a 0b 2,67ns 6,67 4,00 4,00
Internal ring cracking Ons 0 0 9,33ns 4,00 5,00 1,33
Total (%) 2,66b 10,67ab  13,33a 21,33ns 16,00 13,00 22,67
Fuji
Bitter pit 2,66b 0b 12,00a 4,00ns 0 1,33 3,33
Lenticels breakdown Ons 0 1,33 Ons 0 0 1,33
Internal breakdown 0b 0b 3,00a 1,33ns 0 0 0
Cork breakdown Ons 1,33 0 Ons 1,33 4,00 4,00
Stem-end plitting 4,00ns 6,67 2,67 1,33ns 3,67 1,33 3,00
Internal ring cracking 4,00ns 2,00 2,67 Ons 1,33 1,33 1,33
Total (%) 10,66b 10,00b 21,67a 6,66ns 533 7,99 12,99
Catarina

Bitter pit * 12,00b 34,67a * 8,00b 32,00a 32,00a
Lenticels breakdown 12,00a 1,33b Ons 0 2,67
Cork breakdown 2,67ns 1,33 Ons 0 0
Internal breakdown 1,33ns 0 Ons 0 1,33
Stem-end plitting Ons 4,00s 1,33ns 0 1,33
Internal ring cracking Ons 1,33 Ons 1,33 0
Scald superficial Ons 1,33 Ons 2,67 0
Total 28,00ns 43,99 9,33b 36,00a 37,33a

Same letters within line denote no significant differences based on Tukey’s test at 5% probability.

ns - Not significant. * Not evaluated
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TABLE 5- Apple rotting on fruit of the cvs. Gala, Fuji and Catarina grown in conventional (CP), integrated
(IP), organic transition (OT) and organic (OP) orchards after storage in the 2001/2002 and
2002/2003 harvest seasons. Sao Joaquim- SC,2012.

2002/2003

CP 1P oT op
%

Cultivars 2001/2002

Gala Ons 4,0

Fuji 12,005 12,0
Catarina % 5.3ns 40

13ns 0 1,3 0
2,6ns 40 4,0 0
4 53ns 93 40

Same letters within columns denote no significant differences based on Tukey’s test at 5% probability.

ns - not significant. *Not evaluated.

CONCLUSION

Overall, biological disorders caused by pests
are greater than those related to diseases. The attack
of pests such as fruit flies proves to be the greatest
obstacle to organic production system while the
greatest damage to apples in organic transition is
the oriental fruit moth. The incidence of apple scab
on fruit is not influenced by the systems studied.
Apples produced in the organic system show
higher damage caused by postharvest physiological
disorders than those of other production systems,
indicating that nutritional input should be monitored.
Also, most of the damage to apples produced in
the organic system is due to internal and lenticels
breakdown for the cv. Gala, and bitter pit for the cvs.
Fuji and Catarina. The incidence of postharvest rots
is not influenced by the production system.
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