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ABSTRACT

March, G. J.,, Balzarini, M., Ornaghi, J. A., Beviacqua, J. E., and Marinelli, A. 1995. Predictive
model for “Mal de Rio Cuarto” disease intensity. Plant Dis. 79:1051-1053.

“Mal de Rio Cuarto” (MRC) virus disease is the most important virus disease of maize (Zea
mays L.) in Argentina with the rural areas near Chajin, Sampacho, and Suco (in Rio Cuarto,
province of Cérdoba) being the most affected. A predictive model for MRC before planting a
crop was developed based on the disease intensity over nine agricultural years (1981-82 to
1989-90) and a series of weather variables for that period (such as minimum, mean, and
maximum temperatures, number of frosts, and amount of rainfall). To build the model, agricul-
tural years were divided into two groups according to the percentage of severely affected plants
(intensity). A year was considered “mild” if the percentage of severely affected plants was less
than 20% and “severe” if the percentage was higher. A discriminant stepwise procedure was
used to analyze data. The average maximum temperatures in June, July, and August, the aver-
age maximum temperatures in July and August, and the total rainfall in June, July, and August
were found to be significant forecasters of disease intensity. The model was validated in the
agricultural years of 1990-91, 1991-92, 1992-93, and 1993-94. The relative intensity of the
disease was adequately forecasted and confirmed for those years. Results support the feasibility
of forecasting MRC intensity prior to planting maize in the area under study.
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“Mal de Rio Cuarto” (MRC) virus dis-
ease is the most important virus disease of
maize (Zea mays L.) in Argentina. Ap-
proximately 350,000 ha of maize are
planted in the Rio Cuarto area (province of
Cérdoba) each year, and MRC has caused
losses of 5 to 60% in this area in the pre-
vious decade (14). “Mal de Rio Cuarto”
virus (MRCV), maize rough dwarf virus
(MRDYV), and rice black streaked dwarf
virus (RBSDV) isolated in China
(RBSDV-C) and Japan (RBSDV-J), can all
be considered strains of the same virus (16).

MRC is a monocyclic disease. The ini-
tial inoculum source is vector insects Del-
phacodes kuscheli Fennah (15,19) that
mainly develop on oat (Avena sativa L.)
and wheat (Triticum aestivum L.), where
they acquire the virus, and then migrate to
maize (18,19). The greatest losses occur
when infection takes place during the early
stages of crop development (20).

Disease forecasting systems that can
predict an outbreak or increase in disease
intensity based on weather, host, or patho-
gen conditions (12) are important in dis-
ease management (1,5,6,9,24). Some mod-
els have been developed that predict inci-
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dence of disease before planting. This is
particularly important when disease in-
tensity is significantly determined by the
initial inoculum (1,5,6).

A model intended to forecast the rela-
tive intensity of MRC prior to planting
maize was developed on the basis of dis-
ease intensity over nine agricultural years
(1981-82 to 1989-90) and various cli-
matic variables recorded during the winter
season.

MATERIALS AND METHODS

Field data. MRC intensity, percentage
of plants severely affected, was evaluated
during nine agricultural years (1981-82 to
1989-90) in maize fields in Chajan, Sam-
pacho, and Suco (in Rio Cuarto, province
of Coérdoba). Fifty commercial crops
planted between the third week in October
and the first week in December (when
most maize fields are planted) were evalu-
ated each year. The three or four cultivars
monitored each year represented 80% of
all commercial cultivars planted in the
study area.

One hundred samples along an X-
shaped path through each field were taken,
with 50 samples taken along each of the
two arms of the X. Sampling sites were
spaced 30 rows, with 0.70 m between the
rows, and each sample consisted of 25
consecutive plants in the same row. The X-
shaped path was traveied in such a way
that an area of about 10 ha was traversed
in each field.

The assessment was carried out when
maize grains were in the dough stage
(approximately 90 days after planting) and
only took into account severely affected
plants. Plants sampled were characterized
by shortened internodes, thickened and
flattened stalks, degenerated leaves or
leaves reduced to sheaths, malformed
cobs, and proliferating grainless ears.
Moreover, there were enations protruding
from the veins in the back of the leaves.
Average MRC intensity was evaluated for
each agricultural year in the area under
study. These data made up the dependent
series. Each year was then classified as
“mild” or “severe” according to whether
intensity was under or over 20%, respec-
tively.

Independent series were made by using
minimum, average, and maximum air tem-
perature values, number of frosts, and
amount of rainfall recorded during the
months (May through September) previ-
ous to the sowing period mentioned above.
These data were obtained from the Agro-
meteorological Section of the Universidad
Nacional de Rio Cuarto. The daily values
of these variables were averaged or added
according to the various periods (Table 1).

Discriminant analysis. Discriminant
analysis is a statistical technique that al-
lows individuals or objects (e.g., years) to
be classified into exclusive and exhaustive
groups, on the basis of a set of independ-
ent variables with a low error rate (4). It
was used in this context to discriminate
agricultural years against MRC intensity
on the basis of environmental variables
prevailing at the time of preplanting.

A discriminant stepwise selection was
conducted to determine which variables
were to be included in the model because
of the number of available forecaster vari-
ables (4); R? was used as the selection cri-
terion while the statistical F was taken at o
=0.15.

Variables selected by means of the dis-
criminant stepwise procedure (22) are not
necessarily those that will allow the best
possible model to be developed. Neverthe-
less, careful use of the stepwise selection
combined with the biological knowledge
of data makes the procedure a valuable
tool to build a discriminant model. Then,
the subset of selected variables by means
of the discriminant stepwise procedure was
used together with other variables with a
view to choosing the most suitable predic-
tive model.
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The inequality of the dispersion struc-
tures (i.e., variance and covariance) of
both groups (“mild” and “severe”) was
evaluated prior to obtaining the discrimi-
nant function (17). Discriminant functions
were evaluated with two methods to calcu-
late error rates: (i) re-substitution, and (ii)
cross-validation (4,10,23).

The discriminant model for predicting
MRC intensity before planting of maize
was also validated in the field in the ensu-
ing four agricultural years (1990-91,
1991-92, 1992-93, and 1993-94). Each
climatic variable was substituted in the
model by those corresponding to the new
cycle, which was then classified according
to the result obtained. Then, disease in-
tensity was evaluated through the method
depicted before.

Table 1. Description of environmental variables
used in the discriminant analysis

Variable Variable descriptions

Vi Average mean temperatures in June,
July, August, and September.

V, Average mean temperatures in June,
July, and August.

Vs Average mean temperatures in August
and September.

A Average mean temperatures in July
and August.

Vs Average mean temperatures in July,
August, and September

Vs Average minimum temperatures in
June, July, August, and September.

V; Average minimum temperatures in
June, July, and August.

A Average minimum temperatures in
August and September.

Vo Average minimum temperatures in
July and August.

Vio Average minimum temperatures in
July, August, and September.

Vi Average maximum temperatures in
June, July, August, and September.

Vi Average maximum temperatures in
June, July, and August.

Vis Average maximum temperatures in
August and September.

Via Average maximum temperatures in
July and August.

Vis Average maximum temperatures in

July, August, and September.
Vis Number of frost days in June, July,
August, and September.
Vir Number of frost days in June, July,

and August.

Vis Number of frost days in August and
September.

Vie Number of frost days in July and
August.

Vao Number of frost days in July, August,
and September

Vo Total rain in June, July, August, and
September.

Vo Total rain in June, July, and August.

Va3 Total rain in August and September.

Vs Total rain in July and August.

Vas Total rain in July, August, and Sep-
tember.

2 Environmental data supplied by Agrometeor-
ology Section of the University of Rio Cuarto.
Temperature recorded in C° and rain in mm.
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RESULTS

The discriminant stepwise analysis en-
abled the selection of three environmental
variables: average maximum temperatures
in June, July, and August (V},); average
maximum temperatures in July and,
August (Vy,); and amount of rain in July,
August, and September (V,s) (Table 2), on
the basis of data corresponding to the 1981
to 1989 period. However, the variables
from which the best predictive model was
obtained were V},, V|4, and amount of rain
in June, July, and August (V,,). The pos-
sibility of error classification with this
model is the lowest that can be obtained
for a linear combination of forecasters.
“Severe” years were characterized by aver-
age maximum temperatures and rainfall re
cordings that were higher than those corre-
sponding to “mild” years (Table 3). The
multivariate test for the no-effect assump-
tion among groups indicated significant

“statistical differences between “mild” and

“severe” years (Wilk’s lambda, P = 0.001)
5).

Table 2. Average values for descriptors of vari-
ables

Variables® “Mild” years “Severe” years
Viz 15.60 17.10
Via 16.12 17.18
Vi 18.32 67.55

2 See Table 1 for descriptions of variables.

Table 3. Significant variables from stepwise
discriminant analysis

Variables?® R? F Prob. > F
Via 08768 3557  0.0019
Via 0.5969 7.40 0.0417
Vas 0.8682 32.94 0.0022

2 See Table 1 for descriptions of variables.

Table 4. Predictive and actual classification of
years for the relative intensity of “Mal de Rio
Cuarto” disease with the disciminant functions
(D)

Year D2 Predicted” Actual®
1981-82 23.13 Severe Severe
1982-83 -18.27 Mild Mild
1983-84 37.26 Mild Mild
1984-85 -28.92 Mild Mild
1985-86 -29.65 Mild Mild
1986-87 22.81 Severe Severe
1987-88 40.34 Severe Severe
1988-89 23.43 Severe Severe
1989-90 30.91 Severe Severe
1990-91 28.44 Severe Severe
1991-92 -26.80 Mild Mild
1992-93 15.70 Severe Severe
1993-94 15.20 Severe Severe

2 Values obtained by means of the discriminant
function.

® Relative intensity assigned through the pre-
dictive model: “mild” (<20% of severely af-
fected plants) or “severe” (>20% of severely
affected plants).

¢ Relative intensity assessed in the field.

A weighted covariance matrix was used
because variance homogeneity was not
rejected (o0 = 0.1). A linear discriminant
function was obtained, thus model (D)
was: D = -242.82 + 36.35 V|2 -19.87 Via
- 0.48 V.

The mean discriminant value for “mild”
years was Dy = -28.52 with a standard
deviation Sy = 7.80. The corresponding
values for “severe” years were Dg = 28.52
and Sg=7.36, respectively.

The function for a new agricultural year
(Dy) whose MRC intensity is unknown
can be obtained by substituting Vi,, Via,
and V), in the discriminant function with
the corresponding values for that year.

The rule to determine which of the two
roups Dy belongs to is: If IDN - Dy |<
Dy — Dg|, then, the agricultural year un-

der consideration shall be termed “mild”
concerning the relative intensity of the dis-
ease; otherwise, it shall be considered
“severe.” If both modules are equal the
assignment to the groups will be random-
ized.

The discriminant value (D) was ob-
tained for each cycle included in the de-
velopment of the model (1981-82 to
1989-90) and it was then assigned to the
corresponding group. All years were clas-
sified accordingly (Table 4); the same re-
sult as that yielded by the cross-validation
process was obtained (“apparent” and
“leave-one-out” error rates were zero).

The values recorded for environmental
variables of the 1990-91, 1991-92, 1992—
93, and 1993-94 agricultural years were
the following: Vi, = 17.6, 15.3, 16.1, and
16.6; Vi4 = 17.95, 15.3, 15.9, and 17.0;
and V,; = 24.5, 75.3, 22.5, and 15.8 re-
spectively. Consequently, the agricultural
years of 1990-91, 1991-92, 1992-93, and
1993-94 were classified as “severe,’
“mild,” “severe,” and “severe,” respectively
(Table 4). These predictions were validated
in each year via the corresponding assess-
ment of MRC intensity in the field. In
1990-91, 1991-92, 1992-93, and 1993-
94, average disease intensity for 50 maize
crops planted in the area under study be-
tween the third week in October and the
first week in December was 44, 5, 30, and
35%, respectively.

DISCUSSION

Most studies of how climate affects
plant disease have been concerned with
day-to-day weather conditions rather than
with year-to-year climatic variability (2).
A minimum of 8 years of disease data
from one location is needed for correlation
and regression analysis; and 10 or more
years provides the best chance for success
A3).

This work has been based upon that
carried out by Madden et al. (13), who
developed a predictive system for the rela-
tive intensity of the maize dwarf mosaic
virus (MDMYV) in preplanting. In such a



pathosystem, johnsongrass (Sorghum hale-
pense (L.) Pers.) is the overwintering host
of most MDMYV strains that are transmit-
ted to maize in a nonpersistent manner by
a number of aphid species (8).

Regarding the MRC pathosystem, there
is the possibility that winter climatic con-
ditions have a direct influence on the de-
velopment of D. kuscheli populations and
an indirect influence on them by affecting
the growth of oat and wheat crops. Mild
winters would favor the expansion of D.
kuscheli populations and therefore the in-
cidence of the disease on maize fields
planted in the period under study. March et
al. (15) have recently noted that during the
planting period in 1990 and 1992
(“severe” years) higher populations of
vector insects occurred than in 1992
(“mild” year). On the other hand, winter
rainfall would favorably influence the
growth of both oat and wheat and thus in-
directly affect delphacid populations in a
favorable manner (18).

The influence of temperature in MRDV
epidemiology has been pointed out in
many countries of the Mediterranean re-
gion (7) and in Argentina (11,21). How-
ever, these reports only considered prevail-
ing temperatures during the period of
maize planting.

The model presented here allowed all
agricultural years under study to be classi-
fied correctly with a zero error rate, which
indicates its reliability. Moreover, the
model was validated in the following four
agricultural years that were characterized
by different values of relative disease in-
tensity.

The predictive model developed here is
empirical since it is based on the analysis
of historical series of disease intensity data
and series of weather variables (9,12). Al-
though many would feel that fundamental
forecasting systems are preferable to em-
pirical ones because of their explanatory
capability, many useful and functional
forecasting systems are empirical (12).

Forecasting systems provide guides for
disease management (5). If a severe MRC
year is forecasted, the producer will be
able to choose the most suitable technol-

ogy available, to reduce disease intensity
and thus diminish or avoid unwanted
losses.
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