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Assessment of Yield Loss Due to Rice Blast Disease in Iran
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ABSTRACT

Grain yield loss in rice (Oryza sativa L.) caused by blast disease, Magnaporthe grisea
(Hebert) Barr, is a major concern of rice growers worldwide. Blast is considered as the
most injurious disease of rice in Iran, resulting in severe loss especially to susceptible rice
cultivars. In order to assess yield loss caused by blast pathogen and develop an
appropriate model, different disease onsets and levels were simulated in the experimental
field in a split-plot experimental design. Independent variables including early diseased
leaf area (X,), final diseased leaf area (X,), early neck blast index (N;), final neck blast
index (N,), area under leaf blast disease progress curve (AUDPC,) and area under neck
blast disease progress curve (AUDPC,) were taken as predictors and regressed to the loss
in yield. Statistics as coefficient of correlation (r), coefficient of determination (Rz),
adjusted coefficient of determination (aR?), standard error (SE), F and Durbin-Watson
were considered in evaluating the resulting models. The most appropriate model was the
one which predicts rice yield loss based on final diseased leaf area and final neck blast

index.
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INTRODUCTION

Rice is Iran’s second most important crop,
providing food for the majority of its
population (Javan-Nikkhah, 2001). Every
year, various hazardous factors including
pests, diseases, weeds, drought, and also
during harvestand storing period damages,
etc. inflict heavy losses to rice. Blast with
the causal agent of Magnaporthe grisea
(Hebert) Barr, is considered to be the most
important disease of rice in Iran resulting in
severe losses to susceptible rice cultivars
(Javan-Nikkhah, = 2001). Despite  the
availability of resistant varieties to blast and
their increased cultivation in recent years,
Iranian farmers still prefer the susceptible
local varieties, that being due to their more
superior qualities.

Modeling and predicting yield loss due to
blast disease is necessary as a measure for
practical disease management. A

mathematical model, through which grain
yield loss of rice, due to blast, can be
determined, has not yet been developed in
Iran. Hence, this study was carried out to
develop a predictive crop loss model using
various observed disease severities that lead
to yield loss.

There are two approaches for predicting
yield loss: (1) empirical damage functions
and (2) combined blast-crop simulation
models. Empirical damage functions are the
most common methods of estimating yield
losses caused by blast disease. They are
derived by applying regression analysis or
nonlinear curve fitting techniques to the
field data. The first equation is that of
Kuribayashi and Ichikawa (1952). Goto
(1965) reported several examples of
functional disease-yield loss relationships
for panicle blast.

Katsube and Koshimizu (1970)
determined the relationship as Y= 0.57X,
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where Y= percent yield loss and X= percent
neck blast incidence 30 days after heading.
In India Padmanabhan (1965) reported that
the apparent loss associated with neck
infection at 1% incidence corresponded to
0.99% yield loss in a resistant variety and
1.22% yield loss in a susceptible one. In
Brazil, Prabhu and De Faria (1982)
described the relation between time of neck
infection in days after milk stages (X) and
loss in 1000-grain weight (Y) as Y=
38.02X°-0.92 (r=0.98).

Kingsolver ef al. (1984) used data from 24
epidemics gathered by various researchers in
different locations, varieties and under
different rice spectra to estimate three
separate simple linear regression models
representing the relationship between
percent yield loss (Y) and percent daily
increase in lesions (X;), the highest lesion
count observed (X,), and percent days with
weather favorable for infection (X3). In a
multiple linear regression analysis, only X,
and X; were significant.

In the ex-USSR, Klochko et al. (1985)
developed the formula Y= 0.3a; +0.5a,
+0.8a;, where Y= percent yield loss and a,,
a, and a; the number of infected panicles in
severity groups 1 and 3 per random sample
of 100 panicles. At IRRI, Torres (1986)
derived an equation linking leaf and panicle
blast, Y= 0.21+1.012X,+0.51X, (R*= 0.8).

In Thailand, Surin et al. (1986)
demonstrated that blast severity during the
reproductive stage (75 days after seeding)
was most closely related to yield loss with
an infected area of 1% corresponding to 3%
yield loss. Tsai (1988a, b) analyzed data
collected within two years from two
varieties and two locations in Taiwan to
compute the relationship between percent
diseased leaf area (X) and percent yield loss
(Y). The regression equations were Y= -
5.89+1.09X for Tainung 67 and Y= -6.65
+1.08X for Tainan 5.

Prediction of yield loss using pest effects
combined to a rice crop model has been
attempted at IRRI, using the CERES/RICE
(Torres, 1986; Teng et al., 1989) and the
Dutch MACROS models.
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Shim et al. (2005) introduced some
regression equations based on positive
correlation between incidence of the
panicle blast and rice yield losses. They
reported that panicle blast caused
deterioration of grain quality, healthy
grain rate being reduced by increase in
panicle blast infection.

In this study, the objectives were to
identify (1) the importance of early vs. final
diseased leaf area, and (2) the early and final
neck blast index in predicting yield loss due
to blast disease.

MATERIALS AND METHODS
Plant Material and Cultural Conditions

A rice cultivar, Hashemi, which is one of
the most susceptible rice cultivars to blast
disease in Iran and is preferred by the
farmers for cultivation, because of its
superior quality, was studied in the present
work. The experiments were conducted at
the experimental field of Rice Research
Institute of Iran (RRII) using split plot
design of two replications during the 2006
and 2007 growing seasons. The different
times of disease onset and different levels of
disease epidemic were simulated using
fungicide application (Tricyclazole, 0.5 kg
ha™) at different stages of the disease. The
main plot (A) represented five levels of
evaluation including: a;; evaluating leaf
blast 40 Days After Transplanting (DAT)
and controlling the disease until harvest, a;
evaluating leaf blast 50 DAT and controlling
the disease until harvest time, a;; evaluating
neck blast 15 days after heading and
controlling the disease in the leaf stage as
well as after evaluation until harvest, ay,
evaluating neck blast 25 days after heading
and controlling the disease in leaf stage, and
as; evaluating neck blast at harvesting time
without controlling the disease in leaf and
panicle stages. Subplot (B) involved three
levels of timing including b;: once, b;:
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twice, and b; three times of artificial
inoculation at 10°-10" spores ml ™.

The plot size was 3X4 square meters (m?)
in the first year and 4X5 m’ during the
second year. Transplanting was done at
25X25 cm space and such cultural practices
as fertilization, irrigation, weed and pest
control, etc. were done as practiced for rice
in the experimental region. Blast was
completely controlled in the control plot
using frequent fungicide applications.

Disease Evaluation

For a measurement of diseased leaf area,
15 tillers per plot were randomly selected
and diseased leaf area determined using
international scale (IRRI, 1996) and then the
mean of diseased leaf area calculated. Neck
blast incidence and its severity were
assessed through randomly selecting 150
panicles per plot with infection type of
diseased  panicles determined  using
international scale (IRRI, 1996). Neck blast
index was then calculated accordingly.

Plants were harvested excluding three
border lines at each plot. The grain yield of
each plot was weighted at 14 percent of
moisture content. Finally, yields were
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compared with the yield from control plots
(complete control of the disease) and the
relationship between different times of
disease onset in the field and different levels
of leaf and neck blast along with yield loss
identified through regression analysis using
Stat Graphics plus 3.0. Analysis of variance
and mean comparison were carried out using
SAS version 6.12 after transforming data to
arcsinVX. Statistics like r, R?, aR?, SE, F and
Durbin-Watson were applied to compare the
models and to select the most appropriate
one.

RESULTS
Disease Severity and Yield Loss

Early and final diseased leaf area and neck
blast index along with the extent of yield
loss (%) in different treatments during 2006
and 2007 have been presented in Figures 1
and 2, respectively. Variance analysis and
mean comparison of the yields revealed a
significant difference between different
times of evaluation (different times of
disease onset) and inoculum levels (a< 0.01)
in 2006. Mean comparison, using Duncan s
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Figure 1. Early and final leaf and neck blast severity (X;, X, N; and N, respectively) and yield loss (L) in
different treatments in 2006 (R, T and I are replication, time of evaluation and inoculum level, respectively).
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Figure 2. Early and final leaf and neck blast severity (X;, X, N; and N, respectively) and yield loss
(L) in different treatments in 2007 (R, T and I are replication, time of evaluation and inoculum level,
respectively).

multiple range test (a= 0.05), divided times
of evaluation and inoculum levels into two
groups (A and B). During the second year of
the experiment, significant difference has
been only observed for different times of
evaluation (o< 0.01) and mean comparison
based on Duncan's multiple range test (o=
0.05) divided times of evaluation into two
major groups (A and B) and minor group
(AB) (data not shown). Variance analysis
also showed significant differences between
the yield loss data obtained for the two
years. From Figures 1 and 2 it is revealed
that neck infection alone caused yield loss as
much as did leaf blast. When the disease was
not controlled till harvest, maximum amount
of yield loss occurred.

Model Development

Model development for yield loss
assessment was done using the data of each
year and the pooled data of two years. For
modeling, early and final diseased leaf area
(X, and X,), early and final neck blast index
(N; and N,) and also area under leaf blast
disease progress curve (AUDPC,) and area
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under neck blast disease progress curve
(AUDPC,) regressed to the percent yield
loss as simple or multiple regression models
(Table 1). Statistics like r, R%, aR?, SE, F and
Durbin-Watson were applied to compare the
models and select the most appropriate one.
When single regression analysis of 2006
data was used, only N, had high correlation
with percent yield loss. In 2007, high
correlation was observed for X;. When
pooled data of the two years were used, no
significant  correlation was  observed
between these independent variables and
percent yield loss. There was also a
significant correlation observed between
AUDPC, and yield loss based on two years
of pooled data. The most appropriate models
for predicting yield loss due to blast disease
were found to be the ones when early or
final diseased leaf area along with final neck
blast index applied in multiple regression
equations of:

L= 37.4145.51X; -7.98N, (R’= 85.25)
(2006 data)

L= 36.13+3.84X, -9.63N, (R’= 94.04)
(2006 data) and

L= 20.90+3.77X, -5.81N, (R’= 69.86)
(two years data)
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DISCUSSION

It is evident that, the effects of blast on the
host plant can be better simulated with
quantitative information on all important
pathways of disease-host interactions than
with empirical damage functions. But the
advantage of empirical damage functions
may be that they are simple and easy to use.
However, almost none of them are
transferable across years, locations, varieties
and cultivation practices. This suggests that,
for any possible combination of the major
components of the  agroecosystem
(such as variety, cultivation practices and
location) a separate forecasting formula
would have to be developed, with some
possible interactions of the system
components still not accounted for.

The task in the study was to identify the
importance of early and final diseased leaf
area and early as well as final neck blast
index in forecasting yield loss and to
introduce a suitable model for rice yield loss
prediction due to blast disease. It was
observed that, independent variables like
early diseased leaf area (X,), final diseased
leaf area (X,), final neck blast index (N,)
and also AUDPC, are in high correlation
with yield loss. It is evident that an early
occurrence of blast in tillering stage can
cause high damage to the leaves and finally
cause high yield loss during harvest while
the infection occurring after this stage has
lower damaging effects. Sometimes blast
occurrence is delayed to late tillering stage,
so it was preferred to apply final diseased
leaf area in the multiple regression models in
addition to early diseased leaf area.

The best models for forecasting yield loss
due to blast disease were the ones that early
or final diseased leaf area and final neck
blast index were applied in multiple
regression equations. At IRRI, Torres (1986)
also derived an equation linking leaf and
panicle blast. Surin et al. (1986) also
reported a model to predict yield loss from
diseased leaf area. Okhovat et al. (1989,
1990) also estimated rice yield loss due to
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blast disease. All of these researches show
that final leaf and neck blast severity are the
most important predictors of yield loss due
to blast disease and the existing difference
between the models is related to either
different locations, varieties or cultivation
practices.

The model L= 36.13+3.84X>-9.63N, (R’=
94.04) which is of a high coefficient of
determination, will be introduced for
forecasting yield loss in Guilan province,
following validation and determination of
the model capability for forecasting. A yield
loss forecasting model helps plant
pathologists and farmers to have more
information concerning the disease and its
ability to inflict losses. It also affects their
decisions in IPM programs to apply suitable
fungicides when they are facing a specific
blast disease level. It also can help the
government to have information about the
extent of rice production each year which
can ultimately influence and guide the
programs for any needed rice import.

REFERENCES

1. IRRI, 1996. Evaluation of Partial Resistance
to Blast in Irrigated Rice (IRBN-S). IRRI,
The Philippines.

2. Goto, K. 1965. Estimating Losses from Rice
Blast in Japan, In: "The Rice Blast Disease".
The Johns Hopkins Press, Baltimore,
Maryland. PP. 195- 202.

3. Javan-Nikkhah, M. 2001. Study on Genetic
Diversity of Rice Blast Causal Agent,
Magnaporthe grisea (Hebert) Barr, Based on
Determination of VCGs, Pathogencity Test
and Molecular Approach in Guilan Province.
Ph. D. Thesis, Plant Protection Department,
Faculty of Agriculture, Tehran University,
Tehran, Iran.

4. Katsube, T. and Koshimizu, Y. 1970.
Influence of Blast Disease on Harvests in
Rice Plant. 1. Effects of Panicle Infection on
Yield Components and Quality. Bull.
Tohoku Nat. Agric. Exp. Station, 39: 55- 96.

5. Kingsolver, C. H., Barksdale, T. H. and
Marchetti, M. A. 1984. Rice Blast
Epidemiology. Bull. Pennsylvania Agric.
Exp. Station, 853: 1-33.


https://dorl.net/dor/20.1001.1.16807073.2010.12.3.7.7
https://jast.modares.ac.ir/article-23-9614-en.html

[ Downloaded from jast.modares.ac.ir on 2025-06-13 ]

[ DOR: 20.1001.1.16807073.2010.12.3.7.7 ]

Assessment of Yield Loss Due to Rice Blast

JAST

6. Klochko, A. I., Tikhonova, N. A. Zhuk, O.
M. Khalvashi, K. H. M. and Aleksandrini,
D. S. 1985. Methods for Determining Yield
Loss from Blast in Rice. Selektsiyva I
Semenovodstvo, USSR, 4: 23-24.

7. Kuribayashi, K. and Ichikawa, H. 1952.
Studies on Forecasting of the Rice Blast
Disease. Spec. Rep. Nagano Agric. Exp.
Station, 13: 1-229.

8. Okhovat, M., Sharifi Tehrani, A. and
Eshtiaghi, H. 1989. Blast Loss Assessment
in Amol. The Proc. of 9" Iranian Plant
Protection Congr., Mashhad, Iran. PP 77.

9. Okhovat, M., Sharifi Tehrani, A. and
Eshtiaghi, H. 1990. Study on Blast Disease
Impact on Rice Yield. Iran. J. Agric. Res.,
21(1, 2): 17-25.

10. Padmanabhan, S. Y. 1965. Estimating
Losses from Rice Blast in India. In: "The
Rice Blast Disease". The Johns Hopkins
Press, Baltimore, Maryland. PP. 203-221.

11. Prabhu, A. S. and DeFaria, J. C. 1982.
Relacionamentos Quantitatives entre
Brusone nas Folhas e Paniculas e seus
Efeitos Sobre Enchimento e Peso dos Graos
em Arroz de Sequeiro. Pesqui. Agropecu.
Bras. Braz., 17(2): 219-223.

12. Shim, H. S., Hong, S. J., Yeh, W. H., Han,
S. S. and Sung, J. M. 2005. Damage

14.

15.

16.

17.

Analysis of Rice Panicle Blast on Disease
Occurrence Time and Severity. Plant
Pathol. J., 21(2): 87-92.

. Surin, A., Arunyanart, P., Dhitikiattipong,

R., Rojanahosdin, W., Munkong, S. and
Disthaporn, S. 1986. Yield Loss Due to Rice
Blast (Bl) Disease at Different Crop Stages.
Int. Rice Res. Newsletter, 14: 34-35.

Teng, P. S., Calvero, S. B. and Torres, C. Q.
1989. The CERES-rice-blast Simulation
Model. In: "IBSNAT Symposium: The
Decision Support System for
Agrotechnology Transfer". Part 2. Poster
Presentation. American Society of Agronomy
Meeting, Oct. 1989, Las Vegas, Nevada.
Torres, C. Q. 1986. Effect of Plant Age on
the Expression of Resistance to Pyricularia
oryzae Cav. In: "Upland Rice Varieties".
Ph.D. Dissertation, University of the
Philippines at Los Banos, Laguna,
Philippines. 82 PP.

Tsai, W. H. 1988a. Estimation of Rice Yield
Losses Caused by Leaf Blast Disease. J.
Agric. Res., Chin., 37: 207-210.

Tsai, W. H. 1988b. Estimation of Rice Yield
Losses Caused by Panicle Blast Disease. J.
Agric. Res., Chin., 37: 86-90.

Ol gl 90 8 9 Cawdly Solow G:;ls Oyl @lg‘})‘

Lo g godlple £ oF wen . o

NS>

Solow ol ba 5287 K5 5 011 55 01355887 o LSS 51 oy (ko 31 S50 Er ol

s @a b el & 1) 63l Dol ST Sl Blpl 53 m Golen e B S
Ears s Gl Ol cgoley ol 51 (A6 sl L5l (e 4 plas skt 4 il e
ol 5 5 6yl Gl S LB s alesT # b ol G b 1 OT Calites # sk imen 5 (6)ley
(X2) 5 et olg s (K1) 6F il adyl sl s gls ke Uik (6 5luacd
i 5 o (N2) ais 035 ST Glg pas s (N1 s 058 (ST oyl el
i 038 Codly oo Zd 0y soe ) w5 (AUDPCY) o8, by (soley 2y
L L) s Slee Solust 4 5 0s 4 8 L35 53 oS 2w b sl e Ol « (AUDPCy)


https://dorl.net/dor/20.1001.1.16807073.2010.12.3.7.7
https://jast.modares.ac.ir/article-23-9614-en.html

[ Downloaded from jast.modares.ac.ir on 2025-06-13 ]

[ DOR: 20.1001.1.16807073.2010.12.3.7.7 ]

Mousanejad et al.

sy ol ladde Uil @l Osmils —mss 5 FSE @R” R” 0 ks slae,bT s
55 cad oy ol el 1y s Slas Sl & 35 S e o g b S 15 eslizal

25 o srotn i 008 ST plg e

364


https://dorl.net/dor/20.1001.1.16807073.2010.12.3.7.7
https://jast.modares.ac.ir/article-23-9614-en.html
http://www.tcpdf.org

