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ABSTRACT

Rice is the most important commodity in Indonesia. Double infection of Rice ragged stunt virus and Rice grassy stunt
virus cause a large decrease in production. The information about yield loss is very necessary for the efforts of policy
action, control, and decision making. This research aims to describe a yield losses assessments caused by the attack of
double infection at different severity levels in Yogyakarta, Indonesia. Rice fields were observed during the three
growing seasons and then observed attacks of double infection of virus based on differences in severity. Rice plant
samples were taken to be analyzed using regression. The validity of the regression model was confirmed using
residual analysis through the Histogram Standardized Regression Residual and Normal Probability Plots on standard
residuals. The result showed that there was a relationship between crop damage to rice growth as indicated by linear
regression. Similarly, the relationship between the severity of the disease and the loss of result was shown by linear
regression with the equation y = 2.866x - 0.3004. Based on residual analysis of regression models indicated that the
regression model used in this research was a 'good fit' to predict loss results caused by double infection of RRSV and
RGSV. Regression analysis showed that there is a very strong relationship between the parameters observed to yield

loss where the higher the severity of the disease that occurred in rice plants, the higher the yield loss obtained.
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INTRODUCTION

For most Asian nations, especially Indonesia, rice plays
an important role in fulfilling the country's food and
economy needs (Wijaya, 2019). FAO reported that
Indonesia is the third largest rice-producing country in
the world after China and India with a production of
more than 66 million tons (FAOSTAT, 2018). In
maintaining the availability of rice in Indonesia, the
efforts are needed to increase rice production, one of
which is by managing rice cultivation properly to fulfil
food needs.

One of the obstacles to increase rice production in the

Submitted: July 27, 2020

Revised: December 04, 2020

Accepted for Publication: December 14, 2020

* Corresponding Author:

Email: helinaselvi@yahoo.co.id

© 2017 Pak. . Phytopathol. All rights reserved.

129

last years is the attack of brown planthoppers (BPH).
The BPH explosion lately had become the main
concern of the government, society, and agricultural
doers because it causes outbreaks in a number of
areas, especially in the central rice area (Krishnaiah,
2014). This pest also acts as a vector for spreading
viruses that causes stunted plants and do not release
panicles so that rice plants cannot produce. BPH is
known to transmit two types of viruses in rice, they
are the Rice grassy stunt virus and Rice ragged stunt
virus (Chomchan et al, 2003; Hibino et al, 1985;
Hibino, 1996; Toriyama et al, 1997). RGSV or RRSV
can cause considerable losses, even double infections
in rice plants have also been reported (Kusuma et al,
2019; Suprihanto et al, 2015). The
information both qualitatively and quantitatively on
rice yield loss is important as a basis for policy action,
control, and decision making.
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Yield losses are a measurement of quantity and quality
reduction (Carlson, 1971; James, 1974). Yield loss of rice
measurement has been carried out since the 1800s
(Teng, 1987; Zadoks and Koster, 1976). Yield losses are
generally caused by pathogens, pests, and weeds that
reached 40% of world agricultural production (Teng,
1983).

Nowadays, research on yield losses is still ongoing.
Several research on yield losses in rice has been widely
reported (Teng, 1987), such as the tungro-infected yield
losses model of rice (John and Ghosh, 1980; Nuque et al,
1988; Valencia et al., 1985), Blast (Padmanabhan, 1965),
Bacterial blight (Reddy et al, 1979; Singh, 1970), Sheath
blight (Reddy et al., 1981). However, yield losses caused
by the dual infection of RRSV and RGSV have not been
widely reported. One model that can be used as a yield
loss measurement is regression analysis (Savary et al,
2006). This analysis is one of the structured approaches
used for decision making and problem solving. This
method can be used to determine the relationship
between variables and identify their impacts on the crop
(Sellam and Poovammal, 2016). This regression is
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expected to be a model for measuring yield losses in the
field, especially rice plants infected with stunt virus.
MATERIALS AND METHODS

Research site: The experiments were conducted in
Indonesia during the year 2017-2018. The observation
of symptoms, disease severity, plant height, number of
tillers per hill, number of panicles, length and branches
of panicles were carried out in rice fields were managed
by local farmers located in Jentis District, Bantul
Regency, Yogyakarta Province (Indonesia). While the
observation of wet weight, dry weight, total grain
weight, and weight of 100 grains and analysis of
regression were carried out in the Department of Plant
Pests and Diseases, Faculty of Agriculture, Universitas
Gadjah Mada, Yogyakarta (Indonesia).

Disease intensity in the field: Detection of double
infection of RRSV and RGSV has been confirmed
molecularly using RT-PCR. Whereas the incidence and
the intensity of the disease were preserved during the
three planting seasons then continued with determining
the severity level with the specified category based on
Table 1 (Lin et al, 2019).

Table 1. Category of the severity of double infection of RRSV and RGSV

Category Description

Healthy No definite symptoms

Mild Slightly shortened, sometimes with serrated edges, panicles yielded are not as much as healthy plants

Moderate A bit stunting, a little number of tillering, grows stiff and short, leaves are in dark green color with
serrated and twisted edges, leaf blades and sheaths develop swelling, delayed flowering and empty
grains

Severe Stunting, very few number of tillering, grows stiff and short, narrow leaves, serrated edges with a twist at
the tip, leaf blades and sheaths swelling, partially exerted panicles, malformed panicles, empty grains or
does not even yield panicles

Crop Stunting, little number of tillering, grows stiff and short, narrow and yellow leaves with mottled spots,

failure does not yield panicles

Study plots and sampling design: The rice fields
with predetermined disease severity scale (Table 1)
were selected to obtain the data used as the
development of the yield loss model. The plant
distance used is 25 cm x 25 cm with a plant area of 1
ha. Both fields were managed by local farmers located
District, Regency,
Province, Indonesia. All rice clumps infected with
stunt virus had been selected and observed. The
healthy rice plants were also chosen as a control. The
variety used is Ciherang variety with a plant life of + 3

in Jentis Bantul Yogyakarta

months or at ripening growth stage with a decimal
scale of 99 (Reissig et al, 1986). Based on data
obtained from farmers, the rice fields with variety and
such plant distance could produce * 6-8 tons / Ha.
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The pattern of land distribution used was random with a
sample of units in the form of rice clumps. The parameters
observed were plant height, number of tillers per hill,
number of panicles, length and branches of panicles, wet
weight, dry weight, total grain weight, and weight of 100
grains. The used sample pattern namely the X pattern
throughout the land (Lin et al, 1979). The 30 samples
from each severity category scale were taken to be
observed so that a total of 150 samples represented in the
field. The data collection to measure the relationship
between disease-loss using the modified single-plant
method followed by Richardson et al. (2007).

DATA ANALYSIS

Analysis of regression variety was used to determine
the influence of each observation variable on the
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severity of rice infected with stunt virus. Further
testing using LSD with a significance level of 0.05
then followed by the correlation analysis to
determine the influence between variables with a
99% reliance level.

Development of yield loss model: Linear regression
methods (single point models) was used in developing
the model of crop damage and yield loss at different
severity levels where yield loss was the result of the
severity of the disease measured once during the
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cultivating season. The initial common regression model
could be written as in equation (Teng and Gaunt, 1980):

Y = a + bX (Plant attacked at 90 d old)
Where Y is the yield loss, a is the constant, b is the

regression coefficient, and X is the disease severity at
one season.

To find out the estimated crop, it was determined by using
four factors, namely the number of clumps, tillers per
clump, the number of grains per panicle and the weight of
1000 grains of rice with the formula (FAO, 1971):

[number of clumps x tillers per clump x number of grains per panicle x weight of 1000 grains]

Yields =

1000

Yield loss per attack category can be calculated using the formula following FAO, 1971:
Crop loss = yield of healthy rice — yield per attack category

After obtained the formula, proceed with the alignment
of the model tested using residual analysis through the
Histogram Standardized Regression Residual and
Normal Probability Plots on standard residuals.
RESULTS

Distribution of rice stunt disease based on a survey
of various levels of severity in the field: The
incidence of double infection of RRSV and RGSV that
attacked Ciherang variety in Bantul regency,
Yogyakarta, for three growing seasons was recorded

between 76.6%,78%, and 82.6% respectively. In
addition on reports from farmers, this area was indeed
an endemic area for stunt virus disease so that the
intensity of the disease was always high. Based on
observations, the symptoms of double infections due to
RRSV and RGSV showed itself like grass, yellowing,
narrowing leaves, upright growth, many tillers, stunted,

abnormal leaves with ragged edges and some plants
indicated the presence of gall at the base of the leaf
(Figure 1).

Figure 1. Symptoms of rice plants infected with RRSV and RGSV in the fields; (A) showing stunt symptoms with
different severity, (B) swelling at base of rice stems, (C) like grassy without panicles.

Infected plants generally lived until flowering but were
unable to produce panicles or produced some panicles
which were dark brown and unfilled when infection
occurred in the early stages of plant growth. Generally,
the older the plant when inoculated, the lower the level
of attack because infected rice plants in the elderly could
not develop symptoms before harvesting. The rice plants

131

sampled in the field were categorized based on their
severity (Figure 2). Previously the detection of stunt
virus in rice plants was confirmed molecularly using PCR
(Helina, et al, 2019) (Figure 3). Based on previous
reports that the nucleotide sequence analysis showed
that rice plants were positive for RRSV and RGSV (Helina
etal, 2019).
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Figure 2. The seve-rin‘ty o} stn éympfc;fﬁ; A Cro failre, B: éevere, C Mbderafe, D: Mild, and E: Healthy (Helina;t al, 2019).
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Figure 3. RT-PCR visualization using RRSV F3/B3 primer and RGSV F1/R and 1.5% agarose gel of Situ Bagendit
variety at a severity level of: healthy (A and B); mild RGSV (C), mild RRSV (D), moderate RGSV (E),
moderate RRSV (F), severe RGSV (G), severe RRSV (H), failure RGSV (1), failure RRSV (]), and Marker 100 bp

(M) (Helina et al, 2019).
Based on field observations, the severity of rice stunt

disease during the three cultivated seasons tends to
remain constant. This could be seen from the
development of charts that were not much different
from each growing season (Figure 4). Overall the

severity of the plant disease varied every growing
season. The hing severity of the plant disease most
commonly found per growing season was mild severity
with an average 28.63% and the otherwise was crop
failure 13,96 % every growing season.
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Figure 4. Percentage of crop population-based on disease severity according to the growing season of sampling.

Correlation between yield loss and disease severity:
Regression ANOVA test was conducted to determine the
effect of the crop damage which were the plant height,
number of clumps, number of tillers, number of panicles,
length and panicle branches, the weight of 100 grains,
and total weight to the severity of the disease. Table 2
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showed that there was a significant difference between
the crop damage and disease severity. LSD showed the
crop damage of rice plants infected with stunt virus with
the severity of serious and crop failure
significantly different at the level of 5% of uninfected

illness

rice plants.
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Table 2. The character of the Ciherang variety of rice plants under different conditions of double infection of RRSV and RGSV.

Parameter
Level of severity Tillers = Number Grain Weight
Plant  per of Wet Dry Panicle Panicle per of 100 Total
height clump panicles weight weight length  branch panicle grains weight
84.64 137.68 106.09 115.09 66.78
Healthy a 26.36a 20.98a a a 21.87a 9.20a a 3.10a a
7536 2182 103.10 83.19 107.02 49.86
Mild b b 16.84b b b 21.56a 820b a 293b b
65.82 87.18 77.66 36.43
Moderate c 18.22c¢ 1244c c b 1891b 6.73¢c 93.40b 263c o
5191 14.18 66.50 58.12 15.75
Severe d d 9.78d d c 15.86¢ 598d 57.38c¢ 1.60d d
34.56 42.59 39.61
Crop failure e 9.27e 6.24¢ e d 11.56d 4.11le 34.09d 1.03e 491e
LSD 0.05 2.92 2.21 1.95 1213 819 1.13 0.54 11.83 0.16 5.45
Coefficient of
diversity (%) 11.24  29.63 35.5 3339 27.03 15.19 18.91 34.97 17.15 37.73

Description: The average number followed by different letters in the same column shows a significant difference
based on the Least Significant Difference test with a confidence level of 95%.

Crop damage regression was performed to determine
the relationship between crop damage to disease
severity and then followed by a correlation test to
determine the effect of crop damage parameters on yield
loss (Table 3). The regression model showed that
disease severity significantly affected crop damage [p

<0.05, with R2 ranging from 0.93 - 0.99] and affected
yield loss [p <0.05, with R2 0.843]. This indicated that
there was a very strong relationship between the
parameters observed to yield loss where the higher the
severity of the disease that occurred in rice plants, the
higher the yield loss obtained.

Table 3. Regression and correlation model of rice-stunt virus attack on several observation variables

Dependent variable (Y) Regression Model Correlation Coefficient of determination
Plant height y =-12.743X + 89.027 -0.861 R*=0.9825
Tiller per clump y =-3.9667X + 26.307 -0.875 R*=0.9965
Number of panicles y=-3.6317X+ 21.503 -0.860 R*=0.9923
Wet weight y =-24.64X + 141.14 -0.872 R*=0.9613
Dry weight y=-17.022X + 110.37 -0.841 R%*=0.965
Panicle length y =-2.7442X + 23.963 -0.785 R*=0.9338
Panicle branch y=-1.2833X + 9.6833 -0.803 R*=0.9884
Grain per panicle y =-23.147X + 135.31 -0.891 R*=0.9568
Weight of 100 grains y =-0.5635X + 3.459 -0.896 R*=0.9323
Total weight y =-16.648X + 70.994 -0.912 R*=0.9932
Yield losses y =2.866X - 0,3004 1.000 R2=0.8439

R2 = Coefficient of determination, all significant at P<0,05; R? is the proportion of plants observed for plant damage at
one planting season by the significant variables. n = number of observations.

Crop damage correlation test, which was the plant
height, tiller per clump, number of panicles, number
of panicles, wet and dry weight, panicle length,
panicle branch, number of grains per panicle, wet
and dry weight, panicle length, panicle branch, grain
per panicle, the weight of 100 grains, and the total
weight on yield loss. Table 3 stated that the crop
damage had a strong significant negative correlation
with yield loss. This indicated that the higher plants
height, tillers per clump, number of panicles, wet
weight, dry weight, panicle length, panicle branch,
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grain per panicle, the weight of 100 grains and total
obtained.
However, there were some crop damage parameters
that showed a very strong correlation to crop loss,
which were the tillers per clump, grains per panicle,
the weight of 100 grains, and total weight. This was
with the FAO that these
parameters were used to presume the estimation of
rice yields (FAO, 1971).

Forecasting and loss model of Ciherang variety rice
corps against attacks on rice-stunt viruses: Estimation

weight caused the lower yield loss

consistent report
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of rice yields and yield loss with different severity using
four factors that is the number of clumps, number of tillers
per clump, number of grains per panicle, and weight of
1000 grains (Table 4) is followed by FAO (1971). Based on
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this estimation, it showed differences between rice yields
and yield loss in each category. In addition, it was clear that
the higher the severity, the higher the yield loss and the
lower rice yields obtained.

Table 4. Estimation of Ciherang variety of rice yields at different severity levels Category

Y Clump > Tillers/ Y, Grains/ Weightof 1000  Yields Percent Yield

sample clump panicle grains (gr) (ton) population (%) loss(ton/ha)
Healthy 160000 25,87 90,37 28,67 10,92 100,0 0
Mild 160000 21,83 89,93 28,23 89 81,71 1,99
Moderate 160000 17,93 78,67 24,8 5,87 53,78 5,04
Severe 160000 12,90 44,93 14,2 1,33 12,16 9,58
Crop 3,45 19,54
failure 160000 7,27 26,87 9,7 0,37

Based on the linear regression model used to describe the relationship yield loss to the disease severity, the following

models were obtained: y = 2.866x - 0.3004

Where y is the yield loss (tons) and x represents the severity of the disease (on a scale of 1-4).

Based on the above equation, the model was a single or
critical point model because X represented the severity of
the disease for one disease at a time during the epidemic
thus showing a linear relationship between yield loss and
disease severity. In addition, the relationship explained
that the majority of loss models used only one predictor
that is the double infection of RRSV and RGSV. This
indicated that yield loss was influenced by the severity of
stunt disease in the field.

Residual analysis of regression models: Table 5
showed the residual statistics with means and standard
Table 5. Residual statistic of regression model

deviation values closed to 0 (0.000 ~ 0) respectively.
Figure 5 also showed the residual standard distribution
which illustrated that the distribution was a normal
distribution because the yield loss data tended to follow
the histogram chart pattern. In addition, based on the
Normal Probability Plot graph showed that the data
distribution points followed and approached the diagonal
line (Figure 5) thus the regression model met the
assumption of normality. It indicated that the regression
model used in this research was a 'good fit' to predict loss
results caused by double infection of RRSV and RGSV.

Minimum Maximum Mean Std. Deviation N
Predicted Value -.3004 11.1672 5.4334 4.06797 150
Residual -7.51020 3.72468 .00000 1.74960 150
Std. Predicted Value -1.409 1.409 .000 1.000 150
Std. Residual -4.278 2.122 .000 .997 150
407 Mean = 2,83E-16 _
Std. Dev. = 0,997
M=150 (A)
30 2
- | o
2 E
] a
$ 20 L E
1\ &
10=
o : |—| . o,0F T T

T
50 25 00 25

Regression Standardized Residual

e T T
0,0 0.2 0.4 0.6 0.5 10
Observed Cum Prob

Figure 5. Histogram (A) and scatterplot (B) of the standardized residuals with dependent variable: losses.
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DISCUSSION

Incidence of double infection RRSV and RGSV reached
85% and caused high yield loss. However, plants that
were attacked could still produce based on variations
in disease severity in the field. The disease severity
depended to the plant's resistance and it caused
different symptoms. Double infection of RRSV and
RGSV caused crop damage which could be seen from
plant height, number of tillers, panicles per clump,
panicle length, panicle branch, number of grains per
panicle and weight of rice grains. The double infection
caused much crop damage and yield loss than a single
infection. This was in line with the reports from
several researches showing the development of
symptoms due to these two viruses (Helina et al,
2019; Ling, 1972).

The existence of double infection attack from this virus
is due to the high ability of BPH in transmitting the virus.
BPH is known to transmit RRSV and RGSV.
Unfortunately, there have been no reports of the ability
of BPH to transmit two viruses at once. The presence of
abundant BPH and the availability of inoculum sources
causes not only one virus to be transmitted. Stunt virus
attack had occurred since the vegetative period because
the BPH preferred young plants. This was the basis for
the importance of using healthy seeds plus the
management of rice cultivation by using various
biological agents to engineer the rice ecosystem so that
crop damage could be minimized.

Based on the yield loss model showed that yield loss was
closely related to the severity of the disease caused by
double infection of RRSV and RGSV. The crop damage
parameters that showed a very strong correlation to
crop loss, which were the tillers per clump, grains per
panicle, the weight of 100 grains, and the total weight.
This was consistent with the FAO report that these
parameters were used to presume the estimation of rice
yields (FAO, 1971).

Yields of healthy rice plants can reach + 10.9 tons. Rice
plants infected with the virus with mild severity will
cause a yield loss of + 1.9 tons, moderate 5 tons, severe
9.5 tons, and crop failure 10.5 tons. Each severity gives
different results where the higher the severity of the
disease, the greater the yield loss obtained. The model
developed in this research could be used to predict
This was very useful for making
decisions regarding the control of rice infected with
stunt virus.

economic loss.
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CONCLUSION

This study illustrates the relationship between disease

severity with different levels and loss. The linear

regression model is used to describe this relationship.

Based on analysis of regression it can be summarized

that there is a very strong relationship between the

parameters observed - i.e. the plant height, number of
clumps, number of tillers, number of panicles, length and
panicle branches, the weight of 100 grains, and total
weight to yield loss; where the higher the disease
severity in rice plants, the higher the yield loss obtained.
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