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Abstract

We have a good idea of what pests and diseases affect rice, but we do not always have a clear picture of where
individual or groups of pests and diseases occur and how much effect they have on rice yield. One approach that can
be used to gain insight into this is to develop a yield loss model based on a wide range of pest and disease injuries and
corresponding yield losses under different rice production situations across Asia. A production situation is a combination
of physical and socio-economic factors that influence agricultural production. Models like this are instructive tools that
simplify real-world processes, but still provide useful information about the outcome of these processes.
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Introduction

The next step is to determine where these production situations
occur and how many hectares they cover, and then use the model
to estimate the loss in yield and production for each region of rice-
growing Asia in which these situations are thought to occur. Finally,
these pieces of information can be combined and visualized in a
geographic information system to extrapolate the results of the yield
loss model and generate maps that provide a broad overview of possible
pest and disease occurrences and the resulting yield losses across large
geographic areas [1]. Here, we used rice pest, a rice yield loss model
that simulates yield losses due to sheath blight, brown spot, sheath
rot, bacterial leaf blight, brown plant hopper, defoliating insects, dead
hearts and whiteheads caused by stem borer, and weeds. Although not
exhaustive, this list includes the most important pests and diseases
that afflict rice in tropical Asia [2]. Next, we looked at the losses that
could be expected in two of the most common rice agro-ecologies of
tropical Asia: an intensive irrigated mono-culture system in rice is
cropped twice or three times a year, and a rain-fed system in which
rice is cultivated once and is followed by another non-rice crop in
the same year. We estimated the area under both of these systems for
different Asian regions by following the same methodology used in the
well-known Huke and Huke rice maps of Asia that is a combination of
expert opinion and recently published agricultural statistics.

Methodology

Using GIS, yield loss estimates were combined with estimates of
the area that these agro-ecologies occupy in each region in countries
across Asia [3]. Thus, we were able to generate maps of possible yield
loss estimates and possible total paddy production losses per region.
In general, the greatest predicted average yield losses take place in
regions where double-or triple-rice irrigated systems dominate. This is
because there are at least two seasons of rice in these regions annually
and these losses are summed. On the other hand, the rain-fed rice and
other crop systems have only one season of rice annually [4]. In each
of these systems, weeds and sheath blight caused the most losses in
the double/triple irrigated system, while weeds and, to a lesser extent,
sheath blight, brown spot, sheath rot, and whiteheads caused losses in
the rain-fed rice and other crop system. These maps are just the first
step as we find new ways to obtain more information about insect pests,
diseases, weeds and the amount of yield losses they cause in rice plants,
based on weather data, production situations, crop health surveys of
farmers’ fields, and results of field experiments [5]. Maps such as these
are useful tools that show where researchers should focus their efforts

for pest and disease management and help understand which pests
and diseases should be managed in different regions. Also, these maps
can be used to determine where specific pest and disease management
strategies have the greatest impact in reducing yield losses, formulate
policy-making decisions, and guide further scientific research, thus
helping IRRI and partners achieve larger goals [6].

Discussion

In a study conducted by the International Rice Research Institute,
it was found that, on average, farmers lose 37% of their rice yield to
pests and diseases, and that these losses can range between 24% and
41% depending on the production situation [7]. The field experiment
was conducted during 2015-16 at Viswavidyalaya farm on summer rice
following system intensification methodology to study the effects of
three major pests on biological productivity. There were two treatments,
unprotected and protected which were replicated six times following
pair plot technique design. The invading weed, insect and disease pests
in the experimental plots were identified as shown in (Figure 1). Weed
pest caused maximum loss in seed yield 37.02% followed by insect
pest 27.9% and disease pest 15.6%. SRI productivity increase may be
attributed to improvement in growth and yield parameters resulting
from management of pests in the respective critical infestation period.
Eco-safe integrated management of all these three major pests during
the critical crop pest competition period effectively below the ETL
minimized losses to sustain paddy productivity at desired levels [8].
The severity of the diseases was recorded at 30, 50, 70 and 90 DAT on
five randomly selected plants of each plot using the following rating
scales. After scoring for different diseases PDI were calculated for each
of the diseases separately. Blast disease of rice was scored based on 1-9
scale by following international rice research institute recommended
grading scale [9]. Scoring of brown spot of rice was done by using
the 0-9 rating scale by following international rice research institute
recommended grading scale [10]. Recorded infection scores were
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Figure 2: Rice field.

then used in calculation of Percent Disease Index as suggested by
McKinny. The result related to weed density and biomass showed that
gradual increasing trend of the density and biomass of the weed flora
from 30 to 70 DAT and the trend declined at the later stage of crop
growth. In transplanted summer rice, the weed density and biomass
is normally higher than that of the kharif rice. Moreover, as the crop
was grown following SRI methodology, the more weed competition
was observed as usually because of favorable low moisture status and
suitable temperature under field condition [11]. The higher density
and biomass of the rice associated weed Echinochloa formosensis and
others like Leersia hexandra, Paspalum vaginatum, Cyperus difformis,
Fimbristylis dichotoma, Ammania baccifera and Ludwigia octovalvis
were higher over the semi aquatic weeds like Monochoria hastaefolia
and Marsilea quadrifolia due to use of alternate wetting and drying
situation in the summer rice field as shown in (Figure 2). Maximum
grain yield was obtained from the protected plots of weed pests, followed
by the insect and disease pests.Significant differences were observed in
all the three major pests taken under observation. Protected plots under
weed pest recorded an extra yield advantage of 1.92 t ha-1 from their
unprotected plots [12]. More yields under the protected plots may be
associated with lesser crop weed competition in the critical crop weed
competition period along with higher dry matter accumulation, LAl
and greater number of effective panicles m-2 and filled grain % [13].
These observations are fully supported by Rajkhowa where it has been
documented that proper weed-control methods during the critical crop

growth stages, significantly improved the yield attributes in rice might
be due to decreased weed—crop competitions and thereby providing
better crop-growing environment and nutrition to the crop [14]. Similar
observations were also recorded in case of other two important pests,
i.e. 1.45tha-1and 0.81 t ha-1 more grain yield of rice were obtained
in protected plots compared to their unprotected plots only because of
adapting proper pest management practices in appropriate insect and
disease infestation period which was in conformity with the results of
Karmakar. The protected plots of weed, insect and disease pest recorded
143tha-1,1.13tha-1and 0.74 t ha-1 more straw yield from their
respective unprotected plots. Significant variation had been observed
between the treatments of weed and disease pest experimental part
on harvest index of rice. This comparative assessment of weed, insect
and disease pests helped us to understand the extent of losses in seed
yield of SRI under prevailing pest scenario is offered most by weeds
followed by insects and then by diseases and how eco-safe management
options respond to crop-pest competition. By minimizing the losses
due to these major pests the paddy productivity could be increased to
the desired level. Eco-safe integrated management of all these major
pests during their critical crop pest competition period, so that the
infestation could be brought below the ETL.

Conclusion

The average PMI value indicates 37% more contribution in grain
yield of SRI by minimizing the losses in the experimental plots. The
findings of the experiment may also help farmers to strategize their crop
protection plan accordingly in summer SRI in the light of individuals’
resource affordability.
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