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Quality of phytopathometric variables generated from a ranking
scale for the CABMV-passionfruit pathosystem’

Qualidade de variaveis fitopatométricas geradas a partir de escala de
notas para o patossistema CABMV — maracujazeiro ‘amarelo’
Antonio Carlos Mota Porto?*, Mariana de Lima Santos®, Antonio Carlos de Oliveira*

Abstract: The Cowpea aphid-borne mosaic virus (CABMV) is one of the most important pathogenic agents
in passionfruit culture, causing extensive loss throughout the national territory. Efficient quantification of
disease symptoms is highly dependent on the methodology used, and is directly related to the quality of data
generated for later manipulation and analysis. Thus, our objective was to evaluate different methods of using
the data collected using a scale based on quality of the generated variables, using statistical parameters.
Assumptions of additivity, homoscedasticity and normality of the errors in parametric analysis were tested.
Experimental quality, for each phytopatometric variable (PV) was tested for calculated F (Fc), coefficient of
determination (R?) and coefficient of variation (CV%). Four different PVs were generated through a ranking
scale: AUDPC-III, AUDPC-GS, Ill and GS. All variables met the assumptions for analysis of variance, with
AUDPC-III and lll PVs having slightly higher values in terms of adherence to normality, and AUDPC-GS and GS
PVs having slightly higher values in terms of significance for additivity and homoscedasticity. AUDPC-IIl and IlI
had the highest calculated R? and F values, and the highest coefficients of variation. We recorded the inverse
for AUDPC-GS and GS, with lower coefficients of variation and higher R? and F values. A lower correlation,
though still significant, was observed between AUDPC-GS and AUDPC-III, while a higher correlation was
recorded between Il and GS. Overall the PVs Il and AUDPC-III systems were the best for use in the analyzes
of the studied pathosystem.
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Resumo: O Cowpea aphid-borne mosaic virus (CABMV), responsavel pelo endurecimento dos frutos do
maracujazeiro, € um dos mais importantes agentes patogénicos na passicultura, pois causa grandes perdas
em todo territério nacional. A eficiéncia na quantificacdo dos sintomas foliares da doenca é altamente
dependente da metodologia empregada, que tem relacdo direta com a qualidade dos dados gerados para
posterior manipulacdo e andlise dos dados. Desse modo, o objetivo deste trabalho foi avaliar, com base
em parametros estatisticos, variaveis fitopatométricas geradas a partir da coleta de dados de escala de
notas de severidade. Foram testados os pressupostos de aditividade, homocedasticidade e normalidade dos
erros para analise paramétrica. A qualidade experimental, para cada variavel fitopatomética (VF), foi testada
via F calculado (Fc), coeficiente de determinacao (R?) e coeficiente de variagdo (CV%). Foram geradas
quatro diferentes VFs via de escala de notas: AACPD-III, AACPD-GS, Ill e GS. Todas as variaveis obtiveram
0S pressupostos para andlise de varidncia com um pequeno ganho para as VFs AACPD-III e Il quanto a
aderéncia a normalidade dos erros. As VFs AACPD-GS e GS obtiveram pequeno ganho na significancia
quanto a aditividade e homocedasticidade. AACPD-III e Il apresentaram melhores valores R? e F calculado,
obtendo os maiores coeficientes de variagdo. Observou-se o inverso para as AACPD-GS e GS, com menores
coeficientes de variacao e maiores R? e Fc. Foi possivel observar menor correlagdo, ainda que significativa,
entre AACPD-GS e AACPD-III; e maior correlagéo entre Il e GS. As VFs Ill e AACPD-IIl se mostraram melhores
para utilizacdo nas analises para o patossistema estudado.
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Quality of phytopatometric variables generated from scale of notes for the CABMV — passionfruit pathosystem

INTRODUCTION

Passionfruit cultivation is one of the fastest growing
in the Brazilian fruit sector. The area under cultivation
has almost doubled in the last five years, which has been
important for small farmers (MELETTI, 2011; FALEIRO,
2015). In 2015, Brazilian production exceeded 1 million
tons, making Brazil the world’s largest producer of passion
fruit (IBGE, 2016). The yellow passion fruit (Passiflora
edulis Sims f. flavicarpa Deg.) is the most commonly
cultivated Passiflora variety (SOUZA and MELETTI,
1997). However, productivity has declined in the recent
years as a result of several phytosanitary problems
(MELETTI, 2011; CAVICHIOLLI et al, 2014).

Fruit hardening is one of the main diseases impacting
crop productivity. In Brazil this is caused by the Cowpea
aphid-borne mosaic virus (CABMYV). Foliar symptoms
of the virus infestation include circular discolorations,
deformations, mosaic patterning and blistering (NOVAES,
1999). In the fruits, infection causes deformation, size
reduction, pericarp hardening and substantial reduction in
pulp, reducing the overall production of the crop by up to
60% (VIANA et al., 2014).

Genetic improvement programs are constantly trying
to develop disease-resistant varieties and so minimize the
agricultural impact of this disease. This requires consistent
measures for maintain fruit quality, while attending to
producer and consumer safety, environmental protection and
production costs reduction (QUIRINO, 1998; FALEIRO et
al., 2006). For such purposes, analysis has focused on the
early evaluation of genotypes in order to speed up breeding
programs. This has occurred especially in perennial crops,
including passion fruit breeding programs. While studies
by LEAO et al. (2006) and PINTO et al. (2008) evaluated
passion fruit seedlings under greenhouse conditions to
select CABM V-resistant genotypes, most evaluations for
this pathosystem occur under field conditions (OLIVEIRA
etal.,2013; VIANA et al., 2014; SANTOS et al., 2015).

Several scales have been proposed to evaluate leaf
infestation symptoms for different passion fruit genotypes.
These are largely derived from the scale proposed by
Novaes and Resende (2009), which has subsequently been
used in a variety of statistical assessments. In these, one,
two or more temporal evaluations are generally used, and
the data either used directly in statistical analyzes or disease
progress is parametized, such as with analysis of the area
under a disease progress curve (AUDPC) (CAMPBELL
and MADDEN, 1990).

INTRODUCAO

A cultura do maracujazeiro ¢ uma das que mais cresce
dentro do setor fruticola brasileiro. A &area cultivada
quase que dobrou nos ultimos cinco anos, o que tem sido
importante para pequenos produtores rurais (MELETTI,
2011; FALEIRO, 2015). Em 2015, a produgdo brasileira
ultrapassou 1 milhdo de toneladas, o que faz do Brasil
o maior produtor mundial de maracuja (IBGE, 2016).
O maracujazeiro ‘amarelo’ (Passiflora edulis Sims f.
Sfavicarpa Deg.) é a espécie que mais se destaca dentre as
cultivadas (SOUZA e MELETTI, 1997), porém, nota-se
que a produtividade reduziu ao longo dos ultimos anos
em decorréncia de diversos problemas fitossanitarios
(MELETTI, 2011; CAVICHIOLLI et a/, 2014).

Uma das principais doengas que acometem essa cultura
¢ o endurecimento do fruto do maracujazeiro, acarretada, no
Brasil, pelo Cowpea aphid-borne mosaic virus (CABMV).
Os sintomas foliares da virose incluem manchas anelares,
deformagdes, mosaico ¢ bolhosidades (NOVAES, 1999).
Nos frutos, provoca deformagdes, redu¢do no tamanho,
endurecimento do pericarpo e grande redugdo da polpa,
dessa forma, reduz em até 60% a produgdo da lavoura
(VIANA et al., 2014).

Para minimizar o efeito das doengas na agricultura,
busca-se no melhoramento genético o desenvolvimento
de variedades com resisténcia a doengas, o que
consequentemente resulta em medidas de seguranga para
o produtor e consumidor, preservagdo do meio ambiente,
redugdo dos custos de produgdo e qualidade mercadologica
exigida (QUIRINO, 1998; FALEIRO et al., 2006). Para
tanto, principalmente em culturas perenes, tem se focado na
avaliagdo precoce de gendtipos com vistas a dar celeridade
aos programas de melhoramento, o que vem ocorrendo
também em programas de melhoramento do maracujazeiro.
Trabalhos como os de LEAO et al. (2006) e PINTO et al.
(2008) utilizaram avaliagdo em mudas de maracujazeiro
sob condigdes de casa de vegetagdo a fim de selecionar
gendtipos resistentes ao CABMYV, contudo, a maioria das
avaliagdes para esse patossistema ocorre em condi¢des
de campo (OLIVEIRA et al., 2013; VIANA et al., 2014;
SANTOS et al., 2015)

Para avaliag@o dos sintomas foliares de genotipos de
maracujazeiro, utilizam-se diferentes escalas de notas da
severidade dos sintomas propostas na literatura, que em sua
grande maioria s3o derivadas da escala de notas proposta
por Novaes e Resende (2009), as quais posteriormente sao
utilizadas de diferentes formas nas avalia¢des estatisticas.
Utiliza-se uma, duas ou mais avaliagdes temporais, em
que os dados podem ser usados diretamente nas analises
estatisticas ou pode-se obter parametros do progresso da
doenga, como a area abaixo da curva do progresso da
doenca (AACPD) (CAMPBELL e MADDEN, 1990).
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Statistical tests of the variables generated by biometric
scales for disease symptom severity generally involve
analyzes of variance and multiple comparison tests.
This requires that the data have normality, independence
of errors, homoscedasticity and that the sources of
variation have additive effects (GOMEZ and GOMES,
1974; JUNIOR et al., 1996). Accordingly, the researcher
must use for data analysis methodology that minimizes
experimental errors. Another difficulty researchers face is
the need to work with variables that can be parametized
to allow accuratly estimation of genetic variation. That is,
variables that, when used, offer better separation of genetic
and environmental effects, and which accurately represent
the pathogen-host relationships. Given this, the objective
of the current study was to statistically evaluate different
ways of using the collected data based on the quality of the
generated variables.

MATERIALS AND METHODS

Experiments were conducted from February to
September 2015 in a greenhouse at the State University of
Southwest Bahia, Experimental Field Station of the UESB,
Campus of Vitoria da Conquista, Bahia, Brazil, under 75%
lighting and controlled irrigation.

Four varieties of yellow passion fruit were evaluated: a
local variety (Ceasa), where seedlings came from locally-
purchased fruits; and the cultivars BRS Sol do Cerrado,
BRS Gigante Amarelo and BRS Rubi do Cerrado.
The experiment was conducted in a fixed model with a
randomized block design (RBD) with 5 plots, each plot
consisting of 12 plants.

Test plants were grown in polyethylene bag with
substrate in the ratio 3: 1 (soil: manure). At 120 days after
germination, test plants were artificially inoculated with
a viral extract that had been obtained from CAMBYV host
plants by maceration of infected leaf material with isolate
2013.2 in the ratio of 1 g of tissue (leaf) to 10 ml of solution
of deionized water with 5% (p/v) potassium phosphate
buffer (0.02 M), pH 7. A small amount of abrasive (silicon
carbide powder) was added to the obtained extract, and
the virus was inoculated on all leaves of the seedlings by
rubbing the tops of all leaves with a moistened finger, in
order to achieve a more equal inoculation. About 10 minutes
after inoculation, the leaves were lightly washed so that
the abrasive did not burn the leaves (LEAO et al., 2006).

As variaveis geradas por escala de notas para biometria da
severidade de sintomas de doengas geralmente sdo usadas em
analises de variancia e testes de comparagao multipla, o que
exige que os dados tenham normalidade, independéncia dos
erros, homocedasticidade e efeito de aditividade das fontes de
variagdo (GOMEZ e GOMES, 1974; JUNIOR et al., 1996).
Com isso, o pesquisador deve usar uma metodologia adequada
para analise de dados, para reduzir erros experimentais. Outra
dificuldade enfrentada pelos pesquisadores ¢ trabalhar com
variaveis que oferecam pardmetros que consigam estimar
com maior precisao a variagao genética. Ou seja, variaveis
que quando utilizadas separem melhor os efeitos ambientais
quaisquer e que representem com maior fidelidade a relagéo
patodgeno-hospedeiro. Diante do exposto, o objetivo deste
trabalho foi avaliar diferentes formas de utilizagdo dos
dados coletados via escala de notas a partir da qualidade
das variaveis geradas, com base em parametros estatisticos.

MATERIAL E METODOS

O ensaio foi conduzido em casa de vegetagdo,
pertencente ao Campo Experimental da Universidade
Estadual do Sudoeste da Bahia, UESB, campus de Vitoria
da Conquista, BA sob 75% de luminosidade ¢ irrigagdo
controlada, no periodo de fevereiro a setembro de 2015.

Foram avaliadas quatro variedades de maracujazeiro
‘amarelo’: variedade local ou Ceasa, sendo composta por
mudas provenientes de sementes de frutos advindos do
comércio local; e as cultivares BRS Sol do Cerrado, BRS
Gigante Amarelo e BRS Rubi do Cerrado. O experimento
foi conduzido sob delineamento em blocos completos
casualizados (DBCC) com 5 parcelas, sendo cada parcela
constituida de 12 plantas.

As plantas foram conduzidas em saco de polietileno
com substrato na proporgdo 3:1 (solo: esterco). Decorridos
120 dias apds a germinagdo, as plantas foram inoculadas
artificialmente com extrato viral obtido de plantas de
maracujazeiro hospedeiras do CAMBY, através de
maceracao do material foliar infectado com isolado 2013.2
na proporg¢ao de 1 g de tecido (folha) para 10 ml de solugéo
de agua deionizada com tampao de fosfato de potassio a 5%
(p/ v) (0,02 M), pH 7. Adicionou-se pequena quantidade
de p6 de carbeto de silicio (abrasivo) ao extrato obtido,
e o virus foi inoculado em todas as folhas das mudas,
friccionando as partes superiores de todas as folhas com
o dedo molhado, a fim de proporcionar uma melhor
homogeneidade na inoculagdo. Cerca de 10 minutos apds
a inoculacdo, as folhas foram levemente lavadas para que
o abrasivo ndo queimasse as folhas (LEAO et al., 2006).
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Phytopathometry

For each variety 60 plants were grown and and visual
phytopathometric evaluation performed at 30, 60 and 90
days after inoculation in order to measure the severity
of foliar symptoms. Scores were given on a scale of 1 to
5 (TEMPESTA JUNIOR et al., 2004), according to the
symptoms shown by the leaves (Table 1).

Fitopatometria

As 60 plantas de cada uma das variedades foram
visualmente avaliadas fitopatometricamente em trés épocas
diferentes, aos 30, 60 e 90 dias apds a inoculagdo quanto
a mensuracdo da severidade dos sintomas foliares. Foram
atribuidas notas em uma escala de 1 a 5 (TEMPESTA
JUNIOR et al., 2004), acordantes aos sintomas apresentados
pela folha (Tabela 1).

Table 1 - Ranks and visual symptomology used in leaf analysis
Tabela 1 - Notas e sintomatologia visual utilizada para a

andlise das folhas

Rank Visual symptom
1 Leaf without mosaic symptom
2 Leaf with light mosaic and without foliar deformation
3 Leaf with light mosaic and leaf deformations
4 Leaf with mosaic, blisters and leaf deformations
5 Leaf with severe mosaic, blisters and leaf deformations

Analysis following collection of symptom
severity scores

Data from the three evaluation periods were analysed
four different ways to obtain the phytopathometric variables,
hereafter termed PVs.

(i) GS - Mean of symptom severity scores for the three
evaluation periods;

GS was obtained from the severity ranks collected
for each genotype, in each evaluation period through the
equation below, where k. is the symptom severity score
and ‘n’ is the number of leaves.

GS

(ii) 1II - Mean of infection intensity scores from the
three evaluation periods;

(iti) AUDPC-III - AUDPC calculated through the
infection intensity indices of the three evaluation periods;

Variable III or Infection Intensity Index (CZERMAINSKI,
1999) is calculated based on the by-genotype frequency
of severity scores, using the generalized ‘disease index’
proposed by McKINNEY (1923). In each evaluation period,
frequencies of the severity rankings ‘k undergo angular
transformation, with @ = arcsen VI, obtaining values on a
scale of 0 to 100.

Analises apds coleta das notas de severidade
dos sintomas

Os dados das avaliagdes nas trés épocas de avaliagdo
foram utilizados sob quatro diferentes formas para obtengao
das variaveis fitopatométricas; VFs doravante chamadas.

(i) GS - Média das notas de severidade dos sintomas
das trés épocas de avaliagao;

O GS ¢ obtido através das notas de severidade coletadas
para cada genotipo, em cada época de avaliagdo através
da equagdo abaixo, onde ‘k,” ¢ a nota da severidade dos
sintomas e ‘n’ ¢ o nimero de folhas.

%

n

(ii) 111 - Média das notas do indice de intensidade de
infeccdo das trés épocas de avaliagio;

(iii) AACPD-III - AACPD calculada através dos Indices
de intensidade de infec¢do das trés épocas de avaliagdo;

O III ou Indice de intensidade de infeccdo
(CZERMAINSKI, 1999) ¢ calculado com base na
frequéncia das notas de severidade por gendtipo, por
meio da generalizagdo do ‘indice de doencga’, proposto
por McKINNEY (1923). Em cada época de avaliagdo,
as frequéncias das notas de severidade ‘k,’ sofrem
transformagdo angular, com o=arcsen VI, obtendo-se
valores numa escala de 0 a 100.

1] = sen*w
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(iv) AUDPC-GS - AUDPC calculated using symptom
severity ranking from the three evaluation periods;

Campbell and Madden (1990) proposed trapezoidal
integration as an approximation to AUDPC. This procedure
is widely used for plant diseases epidemiology studies,
where ‘n’ is the number of evaluations, ‘%’ is the CABMV
severity index, and ‘¢ is the time of each evaluation.

(iv) AACPD-GS - AACPD calculada através das notas
de severidade dos sintomas das trés épocas de avaliagio;

Campbell e Madden (1990) propuseram a integracéo
trapezoidal como aproximagdo a AACPD. Esse
procedimento ¢ amplamente utilizado em epidemiologia
de doengas de plantas. Em que ‘»’ é o ntimero de avaliagdes,
‘k’ € o indice de severidade do CABMYV, ‘¢’ ¢ o tempo de
cada avaliacdo.

n-1
AACPD =Y (ki - ki )/2X (ti) + t;)

Statistical Analysis

Data were tested for normality of errors with a Shapiro-
Wilk Test. The method proposed by Ascombe and Tukey
(1963) was use to test for homoscedasticity, and that
proposed by Tukey (1949) to test the additivity effects of
the model.

To compare the different methods of data analysis
using using ranking scales coefficients of variation (CV),
of determination or repeatability (R?), and calculated F were
used as measures of experimental quality. Sequential paired
Spearman correlations was PV's were used to test correlation
between the data obtained from the ranking scale. Statistical
analyzes were performed with using psych and agricolae
software packages in R (DE MENDIBURU, 2014).

RESULTS AND DISCUSSION

All PVs had normal distribution when errors were
assayed for normality with a Shapiro-Wilk test (Table 2).
The tested residuals showed data normality with a low
degree of freedom, indicating a normal distribution of
average scores. This occurs because of the quantitative
inheritance of the character under study; that is, it is
controlled by several genes, and this generates a gradient
of genotypes within the frequency distribution, with the
largest number of individuals around the mean intensity and
far lower percentages at the extremes of pathogen response.

PVs AUDPC-III and III had values slightly closer to
normality. The same occurred when the PVs were tested for
homoscedasticity. According to Czermainski (1999), when
applying angular transformation (I) to ordinal qualitative
scales, such as the ranking scale used in this study, data
will meet normality and homoscedasticity requirements
for analysis of variance. In the analysis of effects, all PVs
showed additivity. Non-additivity results in heterogeneity
for error, which leads to loss of experimental precision.
The data generated by the four PVs proved to be robust in
terms of effect additivity.

Anadlises estatisticas

Os dados foram testados quanto a normalidade dos erros
pelo teste Shapiro-Wilk. Para testar a homocedasticidade foi
utilizado o método proposto por Ascombe ¢ Tukey (1963), e
ametodologia proposta por Tukey (1949) foi utilizada para
testar a aditividade dos efeitos do modelo.

Como medidas da qualidade experimental para
comparagao dos diferentes métodos de analise de dados via
escala de notas, foram utilizados os coeficientes de variagdo
(CV), coeficiente de determinacdo (R?) ou repetibilidade
e F calculado. Para verificar a correlagdo entre os tipos
de dados obtidos a partir da escala de notas, foi estimada
a correlagdo de Spearman entre as VFs, duas a duas. As
analises estatisticas foram feitas com auxilio dos pacotes
psych e agricolae do software R (DE MENDIBURU, 2014).

RESULTADOS E DISCUSSAO

Quando os erros foram testados quanto a normalidade
pelo teste Shapiro-Wilk, todas as VFs tiveram distribui¢ao
normal, com alta significancia (Tabela 2). A normalidade
dos dados, ainda que os residuos testados com grau de
liberdade baixo, evidencia a distribui¢do normal das notas
médias das parcelas por conta da heranga quantitativa do
carater, ou seja, controlado por varios genes, o que gera o
gradiente dos gendtipos na distribuigdo das frequéncias,
com o maior numero de individuos em torno da média de
severidade e menor parcela dos individuos nos extremos
de reagdo ao patogeno.

Pode-se notar uma maior aderéncia, ainda que pequena,
dos VFs AACPD-III e IIT a normalidade. O mesmo ocorreu
quando testadas as VFs para a homocedasticidade. Segundo
Czermainski (1999), quando aplicada a transformacdo
angular (I) para escalas qualitativas ordinais, como a
escala de notas usadas nesse trabalho, os dados cumprem
os requisitos de normalidade e homocedasticidade para
analise de variancia. Na analise dos efeitos, em todas as
VFs apresentaram aditividade. A ndo aditividade resulta
na heterogeneidade do erro, o que leva a perda de precisido
experimental. Os dados gerados pelas quatro VFs se
mostraram robustos quanto a aditividade dos efeitos.
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Table 2 - Analysis of the assumptions for the DBCC fixed model for
analysis of variance of phytopathometric variables of CABMV severity

in yellow passionfruit varieties

Tabela 2 - Andlises dos pressupostos para o modelo fixo DBCC da
anadlise de varidncia para as variaveis fitopatométricas da severidade
do CABMV em variedades de Maracujazeiro ‘amarelo’

i Assumptions
Variable - — —
Normality Homocedasticity Non-addivity
AUDPC-III 0.9803** 0.1617N 0.0059 Ns
AUDPC-GS 0.9778** 0.7684 NS 0.0045 NS
11 0.9822** 0.07251Ns 0.0762 NS
GS 0.9593** 0.5544 NS 0.0028 NS

Normality: Shapiro-Wilk (W); Homocedasticity: Ascombe and Tukey (Fc); Non-additivity:
Tukey (Fc); ** significance (a=0.01); NS non-significant (a=0.01).

Normalidade: Shapiro-Wilk (W); Homocedasticidade: Ascombe e Tukey (Fc); Nao-
aditividade: Tukey (Fc); ** significativo (a=0,01); NS n&o significativo (a=0,01).

Vieira et al. (2016) employed AUDPC, a non-parametric
approach, to evaluate popcorn corn genotypes for foliar
diseases, and reported difficulty in adapting the data
generated to parametric assumptions required for ANAVA.
Use of variables based on ranking scales has been a major
problem because of the difficulties with normalization.

For quality evaluation for data generated from quality
experimental parameters, the use of the infection intensity
index increased the coefficient of variation, both directly
and in the calculation of AUDPC. However, values for R?
and Fc showed that use of III reduces experimental error
and therefore generates higher gradient evaluations between
variation of varieties and variation in experimental error
(Table 3).

Vieira et al. (2016) langaram mao da abordagem nao
paramétrica com o uso da AACPD para avaliar genotipos de
milho pipoca a doengas foliares, relatando a dificuldade da
adequacao dos dados gerados a pressupostos paramétricos
para ANAVA. O uso de variaveis via escala de notas tem
sido um grande problema por conta da dificuldade da
normalizagao.

Quanto a avaliacdo da qualidade dos dados gerados
a partir dos parametros de qualidade experimental,
observou-se que o uso do indice de intensidade de infecgdo
aumenta o coeficiente de variagdo, tanto diretamente, quanto
no calculo da AACPD, contudo os valores de R? e do Fc
mostram que o uso do III diminui erro experimental e com
isso, gera avaliagdes com maior gradiente entre a variagdo
de variedades e variag@o do erro experimental (Tabela 3).

Table 3 - Experimental quality parameters using the DBCC fixed model
for the evaluation of phytopathometric variables for CABMV infection

severity in passionfruit varieties

Tabela 3 - Parametros de qualidade experimental utilizando o
modelo fixo DBCC para avaliacdo das varidveis fitopatométricas de
severidade do CABMV em variedades de Maracujazeiro ‘amarelo’

AUDPC-III  AUDPC-GS 1] GS
Cv 19.09 7.89 18.50 7.84
R2 58.47 41.16 63.38 47.04
Fc 2.408M 1.69M 273N 1.88N8
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When evaluating quantitative characters in beans and
soya, Cargnelutti-Filho et al. (2009) reached the apparently
paradoxical conclusion that CV has a positive correlation
with experimental error variation and with R* and Fc,
which are statistically related, have positive amplitude
with within-variety variation and negative amplitude with
the error variance. In consequence they are independent
of the average values for the varieties and, therefore, are
more appropriate for evaluating experimental precision
than CV. Using different isolates of commercial varieties
of yellow passion fruit grown under greenhouse conditions,
Cerqueira-Silva ef al. (2012) found a coefficient of variation
of 26.3% for III, which is close to the value found in the
current study. Studies by Viana et al. (2014), Pinto et al.
(2008) and Ledo et al. (2006) all compare of CABMV
infestation severity, but use different GS evaluation times
for variety and progeny. Additionally, these studies did not
report CV and Fc values.

Abreu (20006), testing six plant progenies varieties of
yellow passion fruit, found GS coefficient of variation of
11.15%, a value CV higher than that found in the current
study (7.84%). As can be seen, the CV of the direct PVs
(GS and III) followed the magnitude of the PVs obtained
by the respective AUDPCs, as well as the R? and Fc values.

Using PVs III and AUDPC-III results in higher
experimental quality, both for the analysis of variance
assumptions and for the experimental quality parameters,
with higher Fc and R? values. As a result, the quality of PVs
information generated by the calculation of AUDPC must
be taken into account when choosing whether to use the
direct measures of infection intensity or the construction
of an AUDPC.

The AUDPC allows inference about the temporal
dynamics of the disease, with data being more robust in
terms of the actual resistance condition over time, of the
virus-challenged genotype since, the great majority of plant
diseases growth dynamics are not linear, and consequently
the mean of III or GS or even a point evaluation would not
accuratly represent the pathogen-host interaction across the
infection process. This has been demonstrated by Silva et
al. (2015) in the fava bean-BGMYV, by Abreu (2006) for
passionfruit -CABMYV, and Yuen and Forbes (2009) in the
potato-Phytophthora infestans pathosystems,

When Spearman test correlations were compared, all
PVs showed a significant correlation, with the highest
correlation between GS and 111 (0.99) and lower correlation
between GS and AUDPC-III (0.94) (Figure 1).

Embora parega paradoxal, Cargnelutti-Filho et al.
(2009), concluiram, avaliando caracteres quantitativos
em soja ¢ feijdo, que o CV tem correlagdo positiva com a
variagdo do erro experimental e o R? e Fc, que por sua vez
sdo relacionados estatisticamente, tem amplitude positiva
com a variagdo de variedades e negativa com a variancia
do erro, sendo independentes da média das variedades
e, com isso, sao mais adequados para avaliar a precisdo
experimental do que CV. Em condig¢des de casa de vegetacao,
Cerqueira-Silva ef al. (2012) encontraram coeficiente de
variagdo de 26,3% para o 111, utilizando diferentes isolados
em variedades comerciais de maracujazeiro ‘amarelo’,
0 que se aproxima do valor encontrado nesse trabalho.
Trabalhos como os de Viana et al. (2014), Pinto et al. (2008)
e Ledo et al. (2006) utilizam o GS em diferentes épocas
de avaliacdo para competicao de variedade ¢ progénies
quanto a severidade do CABMY, contudo, esses trabalhos
ndo informam os valores de CV e Fc.

Abreu (2006), testando seis progénies e variedades de
maracujazeiro ‘amarelo’, encontrou coeficiente de variagao
de 11,15 % para GS, dado menor do que magnitude do CV
encontrado no presente trabalho (7,84%). Como se pode
observar, o CV das VFs diretas (GS e III) acompanharam
a magnitude das VFs obtidas pelas AACPDs respectivas,
assim como os valores de R? e Fc.

Nota-se que o uso das VFs III e AACPD-III gera ganhos
com maior qualidade experimental tanto na analise dos
pressupostos da analise de variancia quanto nos parametros
da qualidade experimental, com Fc e R? maiores. Algo
que deve ser levado em consideragdo quanto a escolha
do uso direto do indice de intensidade de infecgdo ou a
construgdo da AACPD do indice supracitado ¢ a qualidade
da informagao das VFs gerada pelo calculo da AACPD.
A AACPD faz inferéncia sobre a dindmica temporal da
doenga, sendo um dado mais robusto sobre a real condigdo
de resisténcia do gendtipo desafiado ao longo do tempo,
ja que a dindmica do crescimento das doengas de plantas,
em sua grande maioria ndo ocorre de forma linear, dessa
forma, a média do III ou GS ou mesmo uma avaliagdo
pontual ndo representaria bem a interagdo patogeno-
hospedeiro ao longo do processo de infecgdo, como pode
ser observado nos trabalhos de Silva et al. (2015) no
patossistema fava - BGMYV; Abreu (2006) no patossistema
maracujazeiro ‘amarelo’- CABMYV; e Yuen e Forbes (2009)
no patossistema batata - Phytophthora infestans.

Quando comparadas as correlagdes pelo teste de
Spearman, todas as VFs apresentaram correlagdo
significativa entre si, com maior correlagdo entre as
variaveis GS e III (0,986) e menor correlagdo entre GS ¢
111 (0,943) (Figura 1).
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Figure 1 - Spearman test correlations between phytopathometric variables.

Figura 1 - Correlagcbes entre as variaveis

These results demonstrate the association between
the generated variables. Jeger and Viljanen-Rollinson
(2001) described mathematically how the use of the
AUDPC estimation process to test the quantitative
resistance of genotypes generally has a high correlations
with the quantification procedures used for the studied
pathosystem (<0.951). The authors further recommended
the use of AUDPC in subsequent statistical data collection
assessments of infection severity, as this estimate provided
assessment data from more than time period of the disease.

CONCLUSIONS

All PVs showed performed well in relation to the
assumptions for analysis of variance within the proposed
model,;

PVs III and AUDPC-III gave better measures than
experimental quality. Consequently, whenever possible,
AUDPC-III should be used in evaluations because it has the
advantage of providing better modeling of the interaction
between host and pathogen over infection time, as it has
a high correlation with the other tested phytopathometric
variables.
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