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ABSTRACT

Rates of lesion development over time and disease gradients over distance for blast disease on the two rice
varieties, Braios and M-201 were significantly affected by two different cultural conditions, upland and flooded
conditions. Flooding rice field plots lowered the rates of lesion increase and flattened the disease gradients for
both varieties. Despite absence of statistically significant differences in the rate of lesion increase between four
sampled distances from infection focus, rate of lesion development tended to be slightly greater as distance from
the infection focus increases. Rate of lesion increase was greater with more susceptible variety M-201 than with
Brazos. Disecase gradient was steeper for M-201 than for Brazos. As blast disease progressed, disease gradients
became flattened regardless of variety due to the infections originated from secondary foci. Between two
empirical disease gradient models examined, Kiyosawa & Shiyomi model was fitted better over Gregory model.
Rates of blast isopath movement under upland conditions were calculated as approximately 0.2m/day and
0.4 m/day for Brazos and M-201, respectively. The results in this study suggest that differences in varietal

resistance to blast could be detected by measuring disease gradient as efficiently as by measuring infection rate,
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INTRODUCTION

Two main approaches in analysis of plant disease
epidemics are to characterize disease progress'in
time and disease spread in space (2, 3, 11). In this
type of analysis, simple mathematical equations are
often used as models to describe the relationships
between disease spread and epidemiological time
(11) or distance (2.4). The equations are frequently
transformed to simple linear regression equations
to obtain infection rates in unit time or disease
gradients in unit distance. Either infection rates or
disease gradients have becen used as parameters to
evaluate cultivar resistance to certain diseases in
fields (1, 9, 10). Among few researchers who
examined the relationships between infection rates

and disease gradients in an epidemic, MacKenzie

(10) and Berger and Luke (1) reported that disease’

gradients did not differ between varicties that had
different infection rates. In addition, Berger and
Luke (1) calculated the rate of isopath movement
and used it as a parameter of spatial spread to rank
variety resistance,

The disease gradients of rice blast have been
studied little so far. Therefore, the purposes of this
study were to characterize the dispersal gradients
of blast discase under two different commercial
cultivation conditions and to examine the relation-
ships between infection rates and gradients of the
disease. Some other epidemiological studies rela-

ting to this research have been published (5, 6, 7).
MATERIALS AND METHODS

Two rice varieties; M-201, susceptible to blast,
and Brazos, partially resistant to blast, were drill-
planted with drills spaced 18cm apart. Planting rate
was 112kg/ha and fertilizer was applied at planting
at the rate of 672 kg/ha of 20-10-10 (N-P, 05-K, O).
A split-plot design was employed with two irriga-
tion practices, flooded or unflooded simulating

commercial paddy or upland conditions, assigned

to main plots and the two varietics assigned to sub-

plots. Subplots each consisting of 29-row drill
strips 4.6m long were separated by a 0.9m alle_y.
Main plots were isolated from each other by 1.5m
wide earthen levees and 6.1m wide ditches so that
each main plot could be irrigated independently.
In flooded plots, the water was maintained at
5-15cm in depth. The upland (unflooded) plots were
flushed when necessary for plant growth. Water
treatments started from 33 days after planting and
were replicated six times.

Data collection points in each subplot were
marked with garden stakes in transects oriented in
eight compass directions (N, S, E, W, NW, SW, NE,
SE). The points were 0.61, 1,22, 1.83 and 2.44m
from the plot center. Therefore each plot had a
total of 32 data collection points.

To initiate epidemics, a plant inoculated with
the isolate 74L2 of race IH-1 of Pyricularia oryzae
having four susceptible type lesions was introduced
8 days after the beginning of water treatment into
the center of each subplot as a point source of
inoculum. Number of .susceptible type lesions
develbped on the plants at the data collection points
was counted at 3-4 day intervals.

Rates of lesion increase in each subplot were
calculated from a linear regression of In X with
time in days, where X is number of susceptible type
lesions.

Disease gradients in each subplot were obtained
using two empirical models:

Y=a Xb {reference 2)

Y =c exp (~dX) (reference 8)
where Y = number of susceptible type lesions; X=
distance from the infection source; ab,c and d are
constants. Both equations were transformed to as
follows:

In(Y)= ln(a)+b In(X)

In(Y)=In(c)-dX
Above equations 'were used to obtain disease gra-
dients by regressing transformed number of lesions
(In (Y)) against transformed distance ( In (X)) or
untransformed distance (X) from the infection
source. Coefficients of determination (R?) of the

two linear regression models were used to compare
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the model fitness. than in flooded plots on both varieties (Fig. 1).
Lesion development was particularly retarded under

RESULTS flooded conditions with Brazos. Blast lesions were

developed more rapidly on M-201 than Brazos

Lesion development at sampled distance. under flooded conditions but were developed at
Rates of lesion increase were higher in upland plots similar rate on both varieties under upland condi-
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Fig. 1. Lesion increase of Pyricularia oryzae on the varieties, Brazos and M-201 grown under flooded and
upland conditions at four sampled distances; 0.6, 1.2, 1.8 and 2.4m from infection focus during 18-day
period following inoculation. Simple linear regression coefficients of each line under the same variety
and the same cultural condition were not significantly different at P=95 level.
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Fig. 2. Disease gradients for Pyricularia oryzae on the varieties Brazos and M-201 grown under flooded and
upland conditions at 8, 11, 14 and 18 days after epidemic initiation. Each point is the average of 48
ratings (8 direction x 6 replications). Regression coefficients of linear model for each line were indi-
cated with 95% confidence intervals. NS means no statistical significance of the linear model.
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tions. Number of lesions developed on both varie-
ties tended to decrease as distance from the infec-
tion focus increases, although magnitude of differ-
ences in lesion number between sampled distances
differed with variety and treatment. This tendency
was most obvious with M-201, particularly under
upland conditions. Blast fungus developed lesions
at about similar rate at all sampled distance from
the initial focus in both varieties; i.e. the slopes of
the lines at each distance did not differ significantly
for each variety and treatment combination (Fig.
.

Disease gradients, Among two empirical models
used, Kiyosawa & Shiyomi model described better
the relationships between lesion development and
distance from the infection focus (Table 1), and
therefore was used to obtain disease gradients
(Fig. 2). Both models were not applicable for
Brazos under flooded conditions, where disease
gradients rarely formed (Table 1). Two models also
failed to fit actual disease progress in unit distance
for M-201 under flooded conditions examined 18
days after inoculation, and for Brazos under upland
conditions 8 days after inoculation (Table 1). In
other cases, both models were statistically signifi-
cant for depicting the disease gradients. Model
fitness was always greater with Kiyosawa & Shiyomi
model having higher value of coefficients of deter-
mination. Under the same cultural conditions, both

models fitted disease gradients better with more

susceptible variety M-201. Disease gradients were
also steeper with M-201 under the same cultural
conditions (Fig. 2). As epidemic progressed, disease
gradients became flattened for both varieties.

Rate of blast movement of isopath (annuli of
same amount of disease from the infection foci)
was calculated as a measure of blast spread over
both distance and time. Under flooded conditic;ns,
blast fungus on Brazos developed the same number
of lesions at 1.8m distance 8 days after inoculation
as at 2.4m distance 11 days after inoculation. To
obtain rate of isopath movement, the interlinear
distance (2.4-1.8m = 0.6m) was divided by the num-
ber of days needed to reach the same severity (11-
8day = 3 day). So rate of siopath movement of blast
in this case was 0.2m/day. In the similar way,
rate of blast isopath movement for M-201 was
calculated as 0.4m/day under both upland and floo-
ded conditions. Rate of isopafh movement for
Brazos under upland conditions was not obtained
because no identical amount of disease reached at
any sampled distance and at any date of examina-

tion.
DISCUSSION

Rate of lesion increase and disease gradients were
affected significantly by variety and cultural condi-
tions in the present study. Flooding increased the

level of blast resistance of the varieties resulting

Table 1. Fitness of two empirical disease gradient models as indicated by coefficient of determination (Rz) of
the models for rice blast disease on the varieties Brazos and M-201 grown under flooded and upland

conditions

Coefficient of determination (R?)

Upland Flooded
Days after epidemic Model 12 Model 11° Model | Model Il
initiation Brazos M-201 Brazos M-201 Brazos M-201 Brazos M-201
8 Ns© .9629 NS 9956 NS .8536 NS .9984
11 6728 .8494 .8328 9558 NS .5663 NS 7513
14 6415 .8466 .8141 9546 NS .6869 NS .8365
18 .9163 9692 .9640 .9980 NS NS NS NS

3n(Y)=In(a) + bIn(X) (2), where Y=number of lesions; X=distance from the infection focus; a and b are

constants.

bln(Y) =1In(c) — d X (8), where Y and X are the same as noted in foot note a; ¢ and d are constants.

®The model is not statistically significant by F-test.
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lowered slopes of regression lines of lesion increase.
Varietal differences in resistance to blast under
both cultural conditions were also disclosed by the

slope differences in lesion development. Differen-

ces in lesion development between the two varie-

ties at various sampled distance appeared to be
greater as resistance level of rice variety decreases.
This was shown by wide intervals between regres-
sion slopes. Similar glopes of lesion increase between
sampled distances observed in the same variety and

the same cultural conditions indicate that disease

progress can be effectively monitored regardless

of distance from infection foci. Despite no signifi-
cant differences in slopes of lesion fncrease between
sampled distances, rate of lesion increase tended
to be slightly greater as distance from infection foci
increases, and thus initial severity of blast becomes
less. This tendency was also reported in other
research _(9).

Disease gradients were steeper with more suscep-
tible variety M-201. Steeper gradients were also
observed under upland conditions, where blast
was more severe, The observation was more evident
where disease gradients did not form for more
resistant variety Brazos under more resistant cul-
tural conditions, flooded fields. Steeper disease
gradients on susceptible variety relative to resistant
variety have not been reported. Since this observa-
tion was based on only two varieties and two cul-

tural conditions, it remains to be verified with more

number of varieties having various levels of resis-
tance. Reasons for absence of disease gradients
observed on Brazos under flooded conditions are
not clear. However, there was no evidence that
conidia of P. oryzae dispersed differently from
infection foci under flooded conditions compared
to upland conditions, since disease gradients were
obtained with the other variety M-201 under
flooded conditions. Observed differences in disease
gradients between upland and flooded conditions
might come from the process after conidia of
P. oryzae were deposited at infection courts on leaf
surface. Rate of successful penetration by conidia

deposited at infection courts under flooded condi-

tions might not be consistent between the four
sampled distances due to the changes associated
with flooding. Disease gradients of P. oryzae under
flooded conditions might be more apt to be in-
fluenced by some other factors rather than dis-
tance from infection foci. Evidence for this explana-
tion could be found with increased error variance
in disease gradients under flooded conditions com-
pared to upland conditions.

Flattened disease gradients over time observed
in this study were mainly due to the infections
originated from secondary foci as epidemic progre-
ssed. This was also corﬁmonly observed in other
researches (1, 9).

The results in this study suggest that difference
in varietal resistance to blast could be detected by
measuring either infection rate or disease gradient.
Infection rates have been used as a common criter-
ion for screening varietal resistance (11). Disease
gradients have not been an efficient criterion to
detect differences in resistance level between varie-
ties on stem rust in wheat (10) and crown rust in
oat (1) because of their insensitivity. With rice
blast the present study suggests that higher infec-
tion rate goes together with steeper disease gradient
that could be used as one c.riterion for comparing

varietal resistance.
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