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ABSTRACT

The yellow stem borer, Scirpophaga incertulas (Walker) (Lepidoptera:

Pyralidae) is one of the major pests in all rice-growing regions of India. An
experiment was conducted at Agricultural Research Station, Anand
Agricultural University, Derol, Dist. Panchmahal, Gujarat, India during
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borer, Silicon, kharif(rainy) season in 2011 and 2012 to know the effect of soil and foliar
I‘Q‘rfégmggga application of silicon on the incidence of yellow stem borer, S. incertulas in

: rice. Four doses of calcium silicate (500, 1000, 1500 and 2000 kg/ha)
IR applied as soil application and three concentrations of potassium silicate
Accepted: (0.5, 1.0 and 2.0 per cent) applied as foliar sprays were evaluated along
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with control. Soil application of calcium silicate @ 1500 and 2000 kg/ha
significantly reduced dead heart and white ear head damage due to yellow
stem borer, S. incertulas in rice. These treatments also increased grain and

straw yield of rice.

Scirpophaga incertulas (Walker)
(Lepidoptera: Pyralidae) is one of the major

Introduction

Rice(Oryza sativa Linnaeus) is a staple food
for more than half of the world’s population.
Asia is considered to be a “Rice Bowl” of the
world occupying 90 per cent of the world’s
rice area. China and India are the two largest
rice-producing countries. Rice is attacked by
more than 100 species of insects, of which
about 20 are major pests (Pathak and Saxena,
1980). Among the various insect pest
inflicting yield losses, the yellow stem borer,

pests in all rice-growing regions of India
(Chelliah et al., 1989). Larval feeding and
subsequent internodal penetration during
vegetative and reproductive stage cause
severing of the growing apical plant part and
finally results in the characteristic symptom of
dead heart and white ear head at the vegetative
and reproductive growth stage of rice plant,
respectively (Satpathi et al.,, 2012). S.
incertulascan cause yield losses ranging from
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3-95 per cent (Ghose et al., 1960), while
Prasad et al., (2007) reported yield losses
ranging from 38-50 per cent.

Insecticides are widely used to manage rice
pests including S. incertulas. However, the
continuous use of a wide range of insecticides
has caused many adverse effects. Hence, there
is a need to find a suitable alternative to the
chemical method of insect control. Insect pest
damage may also be reduced through careful
management of nutrient requirements of the
crop or amendments with mineral nutrients,
such as silicon (Si), that reduce crop
susceptibility to pests (Meyer and Keeping,
2005). Hosseini et al., (2011) reported a
decrease in white ear head damage due to
striped rice stem borer, Chilo suppressalis
with an application of silica. Very few
workers have studied the effect of silicon
application on the incidence of S.incertulas in
rice in India and such studies have not been
reported from Gujarat. Hence, it was thought
worthwhile to conduct an investigation on the
impact of soil and foliar application of silicon
on the incidence of S.incertulas.

Materials and Methods

The present study was conducted at
Agricultural  Research  Station, Anand
Agricultural ~ University,  Derol,  Dist.

Panchmahal (Gujarat) during kharif (rainy)
season for two successive years i.e., 2011 and
2012. The experiment was laid out in
Randomized Block Design with eight
treatments and three replications using rice
variety GR-11. Initially, rice seedling were
raised in the nursery for 25 to 30 days. Later
on, seedlings were transplanted at a spacing of
20 x 15 cm in the experimental plot. The gross
plot and net plot size was 3.90 x 3.20 m and
3.00 and 2.40 m, respectively. Four doses
(500, 1000, 1500 and 2000 kg/ha) of soil
application (SA) of calcium silicate (CaSiO3)
and three concentrations (0.5, 1.0 and 2.0 %)

of foliar application (FA) of potassium silicate
(K2Si03) along with control were evaluated
for their impact on the incidence of yellow
stem borer, S. incertulas. Calcium silicate was
applied into soil at the time of transplanting,
whereas potassium silicate was applied as a
foliar spray at 30, 45 and 60 days after
transplanting. Spray application was carried
out with knapsack sprayer fitted with a hollow
cone nozzle. The volume of the spray solution
used was 500 litres per ha. All recommended
agronomical practices were followed to raise
the rice crop. Calcium silicate (CaSiO3)
contains 24 per cent silicon, whereas
potassium silicate (K2SiO3) contains 18 per
cent silicon.

The observations on tiller damage by yellow
stem borer, S. incertulas were recorded from
the ten hills selected randomly from each net
plot area. For this purpose, total tillers and
dead hearts were counted at 30 and 45 days
after transplanting (DATP), whereas total
tillers and white ear heads were counted at 60
and 75 DAT. Based on this counts per cent
dead hearts and white ear heads were
calculated. Rice crop was harvested on
maturity and it was allowed for sun drying in
field for 2-3 days. Thereafter, it was threshed
and cleaned manually. The grains and straw of
each net plot were weighed separately. The
yield obtained per plot was converted into
kg/ha.

Results and Discussion

Effect of Silicon Application on Incidence of
S. incertulas

The data on per cent dead hearts and white ear
heads are presented in Table 1.

Dead hearts

During the first year of study, the pooled data
of per cent dead hearts indicated the
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significant  difference among  various
treatments (Table 1). Among the different
treatments, the SA of calcium silicate @ 2000
kg/ha was the most effective with 1.21 per
cent dead hearts and it was at par with SA of
calcium silicate @ 1500 kg/ha (1.52 %), 1000
kg/ha (1.66 %) and 500 kg/ha (1.83 %). Foliar
application of potassium silicate (0.5, 1.0 and
2.0 %) was not effective in reducing dead
hearts in rice against S. incertulasas they were
at par with control (3.08 %).

During the second year, differences between
treatments with respect to per cent dead hearts
were significant (Table 1). Here also, the
treatment of SA of calcium silicate @ 2000
kg/ha recorded the lowest dead hearts (1.36
%) and it was at par calcium silicate @ 1500
kg/ha (1.65 %). Calcium silicate @ 1000
kg/ha (2.25 %) and 500 kg/ha (2.68 %) were
equally effective against yellow stem borer,
but they were inferior to the most effective
treatment. Foliar application of potassium
silicate at 0.5 to 2.0 per cent registered 3.20 to
3.37 per cent dead hearts. However, these
treatments failed to give significant protection
against stem borer and they were at par with
control (3.40 %).

The overall pooled analysis revealed
significant differences among treatments
(Table 1). Significantly lowest dead hearts
(1.28 %) was recorded in the treatment of SA
of calcium silicate @ 2000 kg/ha and it was at
par with calcium silicate @ 1500 kg/ha (1.59
%). SA of calcium silicate @ 1000 and 500
kg/ha, noticed 1.94 and 2.24 per cent dead
hearts, respectively. SA of calcium silicate @
1000 kg/ha was equally effective as calcium
silicate @ 1500 and 500 kg/ha, whereas the
lowest dose of calcium silicate (500 kg/ha)
was at par with foliar application of potassium
silicate @ 2.0 per cent, in reducing the dead
hearts due to S. incertulas in rice. Foliar
application of potassium silicate @ 0.5 to 2.0
per cent recorded 2.81 to 3.15 per cent dead

hearts, but they were at par with control (3.24
%).

White ear heads

In the first year, there were significant
differences among the treatments with respect
to per cent white ear heads (Table 1).

Significantly lowest (2.91 %) white ear heads
was observed in the treatment of SA of
calcium silicate @ 2000 kg/ha and it was at
par with SA of calcium silicate @ 1500 kg/ha
(3.28 %), 1000 kg/ha (3.89 %). The lowest
dose (500 kg/ha) of calcium silicate noticed
4.42 per cent white ear heads and it was
equally effective as calcium silicate @ 1000
and 1500 kg/ha in protecting the crop against
S. incertulas. Foliar application of potassium
silicate @ 0.5, 1.0 and 2.0 per cent recorded
6.43, 5.78 and 5.45 per cent white ear heads,
respectively. Furthermore they were at par
with control (6.93 %).

During the second year, the differences among
various treatments were significant. The
lowest (2.61 %) white ear heads was observed
in the treatment of SA of calcium silicate @
2000 kg/ha and it remained at par with SA of
calcium silicate @ 1500 kg/ha (3.10 %) and @
1000 kg/ha (3.72 %). SA of calcium silicate @
500 kg/ha noticed 4.08 per cent white ear
heads and it was equally effective as SA of
calcium silicate @ 1000 and 1500 kg/ha. All
three concentrations of foliar application of
potassium silicate exhibited 4.66 to 5.46 per
cent white ear heads but they were at par with
control (6.00 %).

The data pooled over periods and years
revealed significant differences among the
treatments (Table 1). The lowest (2.76 %)
white ear heads was noticed in the plots
treated with calcium silicate @ 2000 kg/ha
and it was at par with SA of calcium silicate
@ 1500 kg/ha (3.19 %).
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Table.1 Effect of silicon application on dead hearts and white ear heads due to of S. incertulas in rice

Treatments Dead hearts (%0) White ear heads (%)
2011 2012 Pooled 2011 2012 Pooled
SA of calcium silicate @ 500 kg/ha at TP 7.78ab 9.43cd 8.60cd 12.14bc 11.65bcd 11.89cd
(1.83) (2.68) (2.24) (4.42) (4.08) (4.25)
SA of calcium silicate @ 1000 kg/ha at TP 7.40a 8.62bc 8.01bc 11.38ab 11.12abc 11.25bc
(1.66) (2.25) (1.94) (3.89) (3.72) (3.80)
SA of calcium silicate @ 1500 kg/ha at TP 7.09a 7.39ab 7.24ab 10.44ab 10.14ab 10.29ab
(1.52) (1.65) (1.59) (3.28) (3.10) (3.19)
SA of calcium silicate @ 2000 kg/ha at TP 6.31a 6.70a 6.51a 9.83a 9.30a 9.56a
(1.21) (1.36) (1.28) (2.91) (2.61) (2.76)
FA of potassium silicate 0.5 % at 30, 45 and 9.87c 10.57d 10.22e 14.69d 13.52de 14.10ef
60 DATP (2.94) (3.37) (3.15) (6.43) (5.46) (5.94)
FA of potassium silicate 1.0 % at 30, 45 and 9.35c 10.50d 9.93e 13.91cd 13.34de 13.62ef
60 DATP (2.64) (3.32) (2.97) (5.78) (5.32) (5.55)
FA of potassium silicate 2.0 % at 30, 45 and 9.01bc 10.31d 9.66de 13.50cd 12.47cde 12.98de
60 DATP (2.45) (3.20) (2.81) (5.45) (4.66) (5.05)
Control 10.11c 10.62d 10.36e 15.29a 14.18e 14.74f
(3.08) (3.40) (3.24) (6.96) (6.00) (6.47)
S.Em. £ Treatment (T) 0.47 0.48 0.36 0.80 0.61 0.40
Period (P) 0.24 0.24 0.18 0.28 0.30 0.20
Year (Y) - - 0.18 - - 0.20
TxP 0.67 0.68 0.51 0.79 0.86 0.57
TxY - - 0.51 - - 0.57
PxY - - 0.25 - - 0.28
TXPXxY - - 0.72 - - 0.80
CV.% 13.87 12.68 14.15 10.75 12.47 11.29

Figures outside parenthesis are arcsine transformed value and those inside the parenthesis are retransformed values.
Treatment means followed by the same letter do not differ significantly by DNMRT at 5 per cent level of significance.
TP : Transplanting, SA : Soil Application, FA : Foliar Application, DATP : Days After Transplanting
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Table.2 Effect of silicon application on yield of rice

Treatments

SA of calcium silicate @ 500 kg/ha at TP
SA of calcium silicate @ 1000 kg/ha at TP
SA of calcium silicate @ 1500 kg/ha at TP
SA of calcium silicate @ 2000 kg/ha at TP
FA of potassium silicate 0.5 % at 30, 45 and 60 DATP

FA of potassium silicate 1.0 % at 30, 45 and 60 DATP
FA of potassium silicate 2.0 % at 30, 45 and 60 DATP

Control
S.Em. £ T

TxY
CV.%

Grain yield Straw yield
(kg/ha) (kg/ha)
4545hc 5211ab
4820ab 5423a
4922ab 5514a

5015a 5690a
4084d 4662c
4119cd 4734c
4156c¢d 4803bc
4056d 4533c
135.88 148.19
67.94 74.09
192.17 209.57
7.45 7.16

Treatment means followed by the same letter do not differ significantly by DNMRT at 5 per cent level of

significance.

TP : Transplanting, SA : Soil Application, FA : Foliar Application, DATP : Days After Transplanting

The SA of calcium silicate @ 1500 and 1000
kg/ha (3.80 %) were equally effective against
S. incertulasin rice. Similarly, the SA of
calcium silicate @ 1000 and 500 kg/ha (4.25
%) were equally effective. Among the
different concentrations of foliar spray
potassium silicate, the highest (5.94 %) white
ear heads was observed in the treatment of 0.5
per cent and it was at par with 1 per cent (5.55
%) and control (6.47 %).

The above results are in line with the results of
Sasamoto (1961) who found a decrease in the
susceptibility to the stem borer, C.
Suppressalis when rice was grown in silicon
supplied soils. Panda et al., (1975) observed
that the larvae of the yellow rice borer, S.
incertulas were unable to attack resistant rice
plants because of the high silica content of
their stems. Hosseini et al., (2011) showed
that there was a decrease in white head
damage with an increase in silica application
rate in rice.

Effect of Silicon Application on Yield of
Rice

The grain and straw yield of rice was recorded
during both years of study; their data are
presented in Table 2.

Grain yield

The data on grain yield, pooled over years,
revealed significant differences among
treatments (Table 2). All four doses (500 to
2000 kg/ha) of calcium silicate recorded
significantly higher grain yield as compared to
control plots.

The highest (5015 kg/ha) grain yield was
obtained in the treatment of calcium silicate @
2000 kg/ha and it remained at par with
calcium silicate @ 1500 kg/ha (4922 kg/ha)
and 1000 kg/ha (4820 kg/ha). All three
concentrations (0.5, 1.0 and 2.0 %) of
potassium silicate produced grain yield
between 4084 and 4156 kg/ha, but they were
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at par with control (4056 kg/ha).
Straw yield

The data on straw, yield pooled over years,
indicated significant differences among
treatments (Table 2). Plots applied with four
different doses of calcium silicate registered
significantly higher straw yield of rice as
compared control. The highest (2000 kg/ha)
dose of calcium silicate yielded 5690 kg/ha
straw of rice and it was at par with the
remaining three doses (1500, 1000 and 500
kg/ha). All three concentrations of potassium
silicate (0.5, 1.0 and 2.0 %) produced the
straw yield between 4662 and 4803 kg/ha,
however, they were at par with control (4533
kg/ha).

Present findings tally the results of Singh et
al., (2006), who reported that the application
of silicon increased grain and straw yield of
rice. The highest grain and straw yield was
obtained with 180 kg silicon/ha, but it was at
par with 120 kg/ha. Jawahar and Vaiyapuri
(2010) observed that increasing levels of
silicon increased the grain and straw yield of
rice up to 120 kg/ha. The grain yield in the
treatment of silicon @ 120 kg/ha was 17.14
per cent higher than control. Jawahar et al.,
(2015) reported that the application of calcium
silicate @ 2000 kg/ha to rice increased grain
and straw yield of rice by 13.40 and 12.61 per
cent, respectively.
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