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Damage caused by citrus canker on Valencia
sweet orange yield

Daiios causados por cancro citrico en la produccion de
naranja dulce ‘Valencia’

Eduardo Cesar Brugnara', Gustavo de Faria Theodoro?® Cristiano Nunes Nesi',
Luiz Augusto Ferreira Verona', Antonio Carlos Maringoni®

ABSTRACT

The citrus canker, caused by Xanthomonas axonopodis pv. citri, is one of the main citrus diseases and has threatened the world’s
citriculture. In this study, the damage caused by citrus canker was quantified in a sweet orange culture, cv. Valencia [Citrus sinensis
(L.) Osb.], grafted over 15 year-old Rangpur lime (C. limonia Osb.), in the municipality of Guatambu, SC, Brazil, in the crop of
2004/05. Evaluations of the number of fruits per plant (NF), fruit yield per plant (P), citrus canker incidence on the fruit (IFR),
and incidence (IL) and severity (SV) of citrus canker on 80 leaves per orange tree were performed in the harvest period, applying
diagrammatical scales. Plants had large variation in SV (0.16%-1.09%), IL (12.50%-56.25 %) and IFR (12.30%-56.09%). Linear
regressions were significant between IL x SV, NF x SV, P x IFR, and NF x IFR. There was no significant difference (p>0.05) bet-
ween the mean estimated values of IL in different quadrants of the crowns of the orange trees (N, S, L and O). Each 1% increase
in IFR reduced 2.16 kg and 21.3 fruits per tree.
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RESUMEN

El cancro citrico causado por Xanthomonas axonopodis pv. citri, es una de las principales enfermedades de los citricos y tiene
amenazada la industria de los citricos en todo el mundo. En este trabajo se cuantifico el daiio causado por el cancro citrico en
la produccion de naranja dulce cv. Valencia [Citrus sinensis (L.) Osb.] injertada en limon ‘Cravo’ (C. limonia Osb.), con 15 afios
de edad, en el municipio de Guatambi, SC, Brasil, en la cosecha 2004/05. En el momento de la cosecha, se evalud el niimero de
frutos por planta (NF), el rendimiento de frutos por planta (R), la incidencia de cancro en los frutos (IFR) y la incidencia (IFL)
y severidad (SV) de cancro en 80 hojas/planta, utilizando escalas diagramdticas. Las plantas presentaron gran variacion en SV
(de 0,16 a 1,09%), IFL (12,50 a 56,25%) y IFR (12,30 a 56,09%). Fue posible adaptarse regresiones lineales simples entre IFL
x SV, NF x SV, R x IFR y entre NF x IFR. No hubo diferencias significativas (p> 0,05) entre los medios de IFL estimados en los
diferentes cuadrantes de la copa de las plantas (N, S, E'y O). A cada incremento de 1% en IFR se reduce la produccion por planta
en 2,16 kgy 21,3 frutos.
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Introduction diseases on Valencia sweet orange orchards in Santa

Catarina are postbloom fruit drop (Colletotrichum

Citrus culture in the eastern region of Santa
Catarina state in southern Brazil occupies about
three thousand hectares and involves more than three
thousand farmer families in a system of small orchards
whose main market is the orange juice industry.
According to Theodoro et al. (20054, b) the incident

acutatum (Penz) Sacc), scab (E. fawcettii Bitancourt
& Jenkins), pink disease (Corticium salmonicolor
Berk. & Br.), leprosis (Citrus leprosis virus), root
rot (Phytophthora spp.), black spot (Guignardia
citricarpa Kiely), citrus variegated chlorosis or CVC
(Xylella fastidiosa Wells et al.) and citrus canker.
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Citrus canker, caused by Xanthomonas axonopodis
pv. citri, is one of the main diseases that occurs in
citrus plants and has been a serious threat to world
citriculture. The disease causes straw or brown co-
lored necrotic eruptive lesions, with corky-looking
fruits, leaves and branches. Fruit lesions, similar to
those present on the leaves, can cause premature
fruit drop; the susceptibility period varies among
species (Graham et al., 1992).

According to Savary et al. (2006), the study of
the influence of plant diseases on the reduction of
agricultural output contributes to the targeting of
resources destined to research and to professional
care in the management of diseases in the field.
Damage in the vegetative development and yield of
soursop fruit caused by the soursop yellow blotch
virus (SYBV) was studied by Santos et al. (2007),
who showed that the disease reduced plant height and
stem diameter by 65.11% and 46.72%, respectively,
and the number and weight of fruit by 94.7% and
99.2%, respectively, compared to healthy plants.
To characterize and quantify the damages caused
by citrus sudden death, Bassanezi ef al. (2005)
evaluated the fruit yield of citrus cultures in the
north region of Sao Paulo state and in the southeast
region of Minas Gerais state (commonly known as
the “Triangulo Mineiro”), in Brazil. The damages
were characterized by reduction in total weight of
fruit per plant, total number of fruits per plart and
fruit size. Orange varieties did not differ in reduc-
tion, but younger plants had a greater reduction in
the total number of fruits per plant and plants more
than five years old showed reduction in fruit size.

The aim of the present study was to estimate
the damage caused by the citrus canker in the yield
of Valencia sweet orange.

Material and Methods

This experiment was performed in the muni-
cipality of Guatambu, Santa Catarina state - Brazil
(27°07°40”’S and 52°47°15”W), which has a humid
mesothermic climate (Cfa of Képpen-Geiger) (Kottek
etal.,2006). An orchard of Valencia (Citrus sinen-
sis (L.) Osb.) sweet orange (the most cultivated in
Santa Catarina), grafted over 15 year-old Rangpur
lime (C. limonia Osb.), 4 x 4m spacing, was used.
Fertilization and other cultural treatments were
applied according to the technical recommendations
for orange culture (Koller, 1994).

Thirty four (34) plants from the orchard were
chosen randomly and the number of fruits produced
per plant (NF), fruit mass per plant (P), mean mass
of fruit infected by canker (MMFC) and without
canker infection (MMFW), incidence of canker on
fruit (IFR) and leaves (IL), and the severity on leaves
(SV) were quantified. The incidence and severity
were evaluated applying diagrammatical scales
proposed by Belasque Jr. et al. (2005) in samples
of 80 leaves per plant, with the observation of 20
leaves per plant quadrant (North, South, East and
West). The evaluations were carried out in the crop
of 2004/05, in the second fortnight of September,
harvest season.

Data of IL and SV from each quadrant were
submitted to analysis of variance, applying to
the original data a BoxCox transformation (Box
and Cox, 1964). In addition, the fruit mass was
submitted to analysis of variance to verify the
effect of the incidence of citrus canker on orange
fruit. To quantify the effect of citrus canker in the
production, linear regression models were fitted,
using IL, IFR and SV as independent variables, and
P and NF as dependent. For this analysis SV and
IL data were grouped into classes according to the
frequency distribution, fitting the regression model
with the mean observations of each class. All the
analyses were made with the statistical software R
(R Development Core Team, 2010).

Results and Discussion

Table 1 presents the descriptive statistics
of the studied variables. The distribution of the
disease was uneven among plants; IL, IFR and
specially SV had coefficients of variation greater
than 30%. SV varied from 0.16% to 1.09%, while
mean IL was 34% with range from 12.3% to 56%
(Table 1). IL and IFR were very similar, but the
two variables were not significantly correlated
(r=0.33; p>0.05).

No significant differences were found between
the mean values of IL and SV of the four quadrants
of the tree crown (Table 2). The yield varied from
85 to 228kg of fruit per plant, and NF from 386 to
1,451 fruits per plant, with an estimated yield of
89.3t/ha. The mean mass of fruit without canker
symptoms did not differ significantly from those
that presented symptoms of the disease, 184 and
186g, respectively.
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Table 1. Descriptive statistics of the analyzed variables of Valencia orange trees.
Estadistica descriptiva de las variables analizadas en naranja dulce ‘Valencia’.

Variable Sv L IFR P NF MMEFC MMFW
(%) (%) (%) (kg/plant) (2 €]
Minimum 0.16 12.50 12.30 85.0 386.0 141 120
Maximum 1.09 56.25 56.09 228.0 1451.0 248 253
Mean 0.48 34.30 35.41 142.9 815.1 184 186
C.V.(%) 48 33 33 24 36 15 18

SV = severity (%), IL = incidence on leaves; IFR = incidence on fruit; P = fruit mass per plant; NF = number of fruits per plant;
MMEFC = mean mass of fruit infected by canker; MMFW = mean fruit mass without canker. CV = Coefficient of variation.

Table 2. Mean incidence and severity of citrus canker on Valencia orange tree leaves by tree quadrant.
Incidencia y severidad promedios de cancro citrico en hojas de naranja dulce ‘Valencia’
de acuerdo con el cuadrante de la planta.

Variable North South West East p
Incidence 37.8 323 36.1 30.6 0.25
Severity 0.57 0.39 0.52 0.44 0.10

Table 3 presents the regressions between the
studied variables that showed a level of significance
less than 5%. The relation between SV and IL was
highly significant and with a coefficient of determi-
nation of 0.71. Thus evaluation of canker incidence
on leaves can provide data as relevant as those that
estimate the severity of the disease, through the use
of diagrammatical scales.

The variable IFR was the best to explain the
reduction in mass and number of fruits, followed
by IL and SV (Table 3).

Theisen (2007) observed with 12 and 13 year-
old Valencia orange trees in Rio Grande do Sul state
an incidence of citrus canker on leaves of less than
3%, while this study found an incidence of 34%.
The Valencia cultivar is considered moderately
susceptible (Burhan et al., 2007) or susceptible
(Zubrzycki e Zubrzycki, 1988) to citrus canker, which
agrees with the present observations. Conversely,
the incidence of citrus canker in fruit was similar
to that observed by Theisen (2007).

High variability was observed between plants
in the SV data, which can be explained by the
probable aggregated distribution of the disease
(Gottwald et al., 2007; Rosa, 2010). However,
according to Amorim and Bergamin Filho (2001),
the introduction of the citrus leafminer in Brazilian
citrus cultivated areas altered the spatial pattern of

the citrus canker from highly aggregated (infected
plants very close to each other) to moderately ag-
gregated and even random patterns. The efficient
control of Ageniaspis citricola in western Santa
Catarina through the use of biological control
agents (Milanez et al., 2003), associated with the
application of random sampling both inside and
outside the supposed aggregation area, contributed
to the observed values. Severity (SV) lower than
1.1% is considered low in the scale proposed by
Belasque Jr. et al. (2005). Behlau et al. (2007)
observed severity lower than 2% in Péra Rio orange
trees in the northeast of Parana state.

The variable that best explained the reduction
in yield (P and NF) was canker incidence in fruit
(IFR), probably because it is directly connected
to fruit drop. Graham and Leite Jr. (2004) verified
the reduction of fruit drop and canker incidence in
Valencia oranges as an effect of chemical control.
In this study, for every 1% of IFR reductions of
2.16kg and 21.3 fruits per plant were observed.

The amount of disease observed in the leaves
did not show a strong relation to fruit production.
Young fruit are more susceptible to the disease untill
106 days after the petals have fallen (Graham et al.,
1992), a period that extends from the end of winter
until the beginning of the summer. Leaves are more
susceptible when their expansion is between 50 and
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Table 3. Fitted models for significant relations between analyzed variables.
Modelos ajustados para las relaciones significativas entre las variables.

Variables Linear regression R? Significance (o)
ILx SV SV =-0.10672 + 0.01716*IL 0.71 <0.001
P x IFR P =219.5401 - 2.1642*IFR 0.53 <0.001
NF x IFR NF = 1570.133 - 21.322*IFR 0.73 <0.001
Px SV P=164.77 - 42.92*SV 0.41 0.046
NF x SV NF = 1125.1 - 535*SV 0.42 0.041
PxIL P =180.0971 - 1.1132*IL 0.69 0.003
NF x IL NF = 1214.449 - 11.392*IL 0.53 0.017

SV = severity (%), IL = incidence on leaves; IFR = incidence on fruit; P = fruit mass per plant; NF = number of fruits per plant;
MMEFC = mean mass of fruit infected by canker; MMFW = mean fruit mass without canker. R? = Coefficient of determination.

80% (Bergamin-Filho and Hughes, 2000), which
occurs in at least three distinct periods (vegetative
flush) in southern Brazil. So leaves continue to be
infected throughout the summer, in opposition to
fruits.

The influence of citrus canker in the yield of
plants probably varies according to the cultiva-
tion methods applied and the citrus development
phases. This supposition stimulates studies using
different genotypes and periodic evaluations to
obtain data of the area under the disease progress
curve (AUDPC). However, searching to evaluate
the effect of the agent that causes bean bacterial
blight (Xanthomonas axonopodis pv. phaseoli) on
photosynthetic efficiency and production of bean
genotypes (Phaseolus vulgaris), Diaz et al. (2001)
did not find any significant correlation between yield
and AUDPC. This fact was attributed to the inde-
terminate growth habit of the bean cultures studied.

The main quantitative damage to orange pro-
duction attributed to canker is premature fruit drop
(Laranjeira et al., 2005). This study established

a relation between canker incidence on fruit and
plant yield. The estimate yield of 89 t/ha is high
compared to literature data (Tazima et al., 2008;
Auler et al., 2011); even in orchards with wider
spacing, for example 7 x 3m, would present an
yield of 68 t/ha, considering the yield per tree
measured in this work. Although the increase of
citrus canker incidence reduces yield, the disease
was not a limiting factor to Valencia cultivation in
the conditions of this experiment.

The data obtained in the present study is new
in Brazil, contributing to a better understanding of
the pathosystem studied, and indicates the need
for more field studies to clarify the influence of
citrus canker in the production of other genotypes
of sweet orange trees.

Conclusion
An increase of 1% in citrus canker incidence

in fruits of Valéncia orange causes reduction of
2.16kg and 21.3 fruits per plant.
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