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ABSTRACT

Exogenous silicon through the basal field application of diatomaceous earth at 50, 100, 200, 300, 400 and 500 kg ha™! exhibited
a promising result in enhancing plant resistance to rice stem borer. A maximum of 69.8 and 67.2 % decline in borer damage
were recorded at vegetative and reproductive stages, respectively with 300 kg ha' dose as against 43 and 76 % decline in
standard check, calcium silicate at 2000 kg ha'. This enhanced resistance was primarily attributed to a higher silicon deposit of
13 g kg dry plant sample compared to 4.3 g kg in untreated check resulting in 52 % gain in yield. At higher doses, however,
the product showed breaking down of resistance against the borers.
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Rice, Oryza sativa L. is a good silicon (Si) accumu-
lator (Takahashi er al.,1990; Ma et al., 2006; Zhao et
al., 2010) and this element benefits the plant immensely.
Thick silicate epidermal layer formed due to this ben-
eficial element provides resistance to various insect pests
(Kvedaras and Keeping, 2007). Yellow stem borer
(YSB), Scirpophaga incertulas (Walker) is the most
serious pest prevailing in all the rice growing regions of
Asia and South-east Asia (Khan et al., 1991). Freshly
emerged larvae feed on leaf epidermal layer for a short
period before boring. Thereafter, they bore into the paddy
stem through the leaf sheath resulting in dead heart (DH)
and white ear head (WE) during vegetative and repro-
ductive stages, respectively resulting in 40-60% loss in
grain yield (Jayaraj and Muthukrishnan, 2013). Chemical
insecticides are generally less effective because of short
exposure time of the larvae prior to their entry into the
stem(Sheng et al., 2003). Moreover, chemical control is
considered as expensive, labor consuming and leads to
environmental pollution including toxicity to the non -
target species (Tanaka et al.,2000). Hence, integrated
pest management involving eco-friendly components like
inherent resistance and crop management is suggested
as an alternative strategy to get a long-term solution (Hao
et al., 2008). One of the crop management tactics is
through the amendment of silicate fertilizers (Alvarez
and Datnoff, 2001; Ma et al., 2001), which was
undertaken in the present investigation with the
hypothesis that the Si amendment will enhance the rice
plant defense response to yellow stem borer attack.

A replicated field trial was conducted in randomized
block design during rabi 2016 to test the efficacy of
diatomaceous earth (DAE) at different doses against YSB
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inrice. DAE is an organic source of silicon, commercially
marketed by Agripower Australia Pvt. Ltd., and contains
sea diatoms having 63.7 % SiO,. The product was tested
at 50, 100, 200, 300, 400, 500 kg
ha' and performance was compared with those of
standard check, calcium silicate (CaSiO,) at 2000 kg
ha' and control. DAE was soil incorporated as basal
application during the final puddling, one day before
transplanting. Three weeks old rice (Var. TN1) seedlings
were transplanted in 20 m?plots at 20 cm row to row
and 15 cm plant to plant spacing. The crop was then
raised following recommended practices except plant
protection measures.

Stem borer damage was assessed at both vegetative
and reproductive stages from ten randomly selected hills
leaving two border rows from the sides of each plot. At
thirty and fifty days after transplanting (DAT)
observations on dead heart (DH) were recorded by
counting the total and the infested tillers whereas, white
ear head (WE) symptom was recorded just before
harvesting by counting the number of total panicle
bearing tillers and the infested tillers, from which the
per cent damage was computed. Spiders and mirid bug
population (numbers hill") was recorded at pre-harvest
to ascertain the effect of the test product on natural
enemies of insect pests. Prior to harvesting, plant samples
were collected for Si estimation. The grain yield was
recorded from each plot excluding two border rows and
yield per hectare was computed. Plant samples were used
to estimate the silicon content following the
Molybdenum-blue colorimetric method (Hallmark ez al.,
1982).

The plant response to the basal application of DAE
at different doses in restricting the stem borer damage
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was evident from Table 1. In the early tillering stage (30
DAT) borer damage varied significantly with a record
of 5.16-17.28 % DH, minimum being in plots receiving
300 kg DAE ha' as against 20.83 % in untreated check.
This was followed by 100, 200 and 500 kg doses with a
corresponding damage of 9.47,10.10 and 10.12 % DH.
Calcium silicate, the standard check, on the other hand
could restrict the borer damage up to13.26 % DH, which
was at par with that of 400 kg dose of DAE. Low dose
of DAE failed to give adequate protection (17.28 % DH)
and was the least effective treatment at this stage.

At the active tillering stage (50 DAT), the lowest
(5.74-7.77 % DH)YSB damage was observed in 300 to
400 kg ha'' treatments followed by the standard check,
CaSiO,with 11.11% DH as compared to 22.07 % in un-
treated control. All other test doses remained poor per-
formers with 20.73-24.71% DH. Mean borer damage
revealed better performance of DAE at 300 and 400
kg ha' with an average damage of 6.47 to 9.75 % DH
accounting to 59.54 — 69.83 % decline over control com-
pared to 43.17% decline in standard check (Table 1).
Earlier report of Fallah ef al. (2011) corroborates the
present finding. According to them 10-20 % reduced
borer damage was recorded in plants supplemented with
silicate fertilizer, because of silica deposition in shoot,
leaf and panicle. Hou & Han (2010) on the other hand
reported lesser success on larval penetration into silica
treated plants, thus making the neonates vulnerable to
be preyed upon by their natural enemies. Antibiosis
mechanism of resistance conferred by Si on YSB has
also been reported by Panda and Khush (1995).

The residual effect of Si amendment at the fag end
of the crop was good enough to restrict the borer damage.
The lowest WE incidence of 3.46 and 4.5 % with a cor-
responding decline of 76 and 67 % over control was
recorded from plots receiving CaSiO, and DAE at 300
kg ha''dose compared to 14.45 % WE in control (Table
1) signifying the practical utility of this natural source
of silicate fertilizer in rice. Higher doses of DAE (400
and 500 kg ha'') with a damage of 8.23-10 % WE though
proved efficacious in declining borer damage by 30-43
%, remained inferior to 300 kg dose that resulted in
68.85 % reduction as against 76.05 % reduced damage
by inorganic calcium silicate. Damage during heading
stage is more crucial from the yield point of view
(Krishnaiah and Verma, 2012) attributing a loss of 27.6-
71.7 % compared to 11.2-40.1% losses at the vegetative
stage. Poor performance of DAE at higher doses in ar-
resting borer damage at both vegetative and heading
stage may be attributed to breaking down of resistance
to YSB at higher doses. Such breaking down of resist-
ance in rice to YSB by higher doses of DAE, CaSiO,
and rice hull ash has also been reported earlier by Mishra
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(2018). Further the finding has been substantiated by
Kanew et al. (2006) who observed a maximal effect of
enhanced resistance to stem borer (Chilo suppressalis)
by an addition of silicon at 20 g kg of soil. The increased
damage on plants receiving higher doses of Si amend-
ments indicates that plant is not able to derive optimal
benefit from additional dose of Si supplements for re-
sisting the YSB damage. Similar observations with rice
leaf folder have earlier been reported by Han et al.
(2015).

Pre-harvest observation revealed the existence of the
spider complex comprising Lycosa sp., Tetragnatha sp.,
Oxyopes sp. and Argeopes sp.of which, the former was
the predominant one. The population of spiders varied
from 1.03 — 1.17 hill"' in different treatments as against
1.25 hill'! in control. Since spiders can feed on wide
range of insects, their population reduction in treated
plots might not be attributed to the resistance induced
by Si on YSB, rather it could be due to poor insect pest
load existing in the treated plots. Earlier studies also
showed that application of silicon had no effect on natural
enemies (Reynolds et al., 2009).

The Mirid bug, Cyrtorhinus lividipennis is basically
a predator of plant and leaf hoppers infesting rice.
Therefore, their population appeared in a hopper density
dependent manner. At pre harvest, peak activity was
recorded with a population of 0.71- 1.05 hill' as against
1.08 hill! in control. The variation was presumed to be
due to change in hopper density in different treatments.
The finding is supported by an earlier report of Reynolds
et al. (2009) who suggested that silicon may increase
the production of herbivore induced plant volatiles,
which play an important role in attracting predators and
parasites.

Silicon content estimated from field samples of rice
plants revealed a marked variation amongst the
treatments. The maximum accumulation of this benefi-
cial nutrient was observed from plants receiving DAE
at 300 and 400 kg ha!' with a record of 13.01 and 14.84
g kg! dry weight, respectively whereas the same was
4.3 gkg'!in untreated check. Further increase in dose to
500 kg ha' adversely affected Si accumulation (7.08 g
kg™") and remained on par with that of standard check
(9.12 g kg™"). Such higher Si accumulation at 300-400
kg ha! doses explain the reason for their greater
effectiveness in arresting the borer damage (Fig. 1) as
observed earlier by Marwat and Baloch (1985) who
detected more damage to mandibles of larvae feeding
on plants having higher silicon content, thus, facing
difficulty in penetration.

Silicon amendment at various doses resulted in dis-
tinct variation in grain yield with a minimum of 20%
gain over control. Maximum yield (38.9 q ha') was
obtained from plots receiving 300 kg dose accounting
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Fig.1: Relation of stem borer damage (DH and WE) with silicon content in plant samples as influenced by

various doses of DAE

for about 52 % gain over control compared to 36.8 q
ha' (43.75 % gain) in standard check and 25.6 q ha! in
untreated check. Rest of the treatments yielded at par
with each other with a record of 30.9 -34.5 q
ha! exhibiting the benefit of this silicate fertilizer as a
soil ameliorating agent besides inducing resistance
against YSB in rice. According to Takahashi and Miyake
(1982) supplementation of silicon enhanced photo
assimilation, further promoting transport of carbon
towards rice panicles that contributed towards greater
yield. Our finding on the correlation of Si and yield
(Fig. 1) have been substantiated with the findings of Ma
and Yamaji (2006) who observed that rice plant gains
benefit due to higher silicon accumulation in its tissues
promoting healthy growth, consistent production and
protection from major insect pests like stem borer.

CONCLUSION

The investigation thus, demonstrated the effective-
ness of DAE at various doses in inducing resistance to
YSB in rice plants. Considering the overall performance
of test doses at vegetative and reproductive stages, field
application of DAE at 300 kg ha' was found optimum
against YSB. It not only showed greater efficacy, in re-
stricting the borer damage throughout the crop stages
but also resulted higher yield. The finding is of great
practical utility from farmers’ point of view suggesting
use of DAE at the rate of 300 kg ha'' in rice as basal soil
application in a holistic approach to manage yellow stem
borer as well as to enhance the yield.
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