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ABSTRACT

A study was undertaken to determine the effect of diatomaceous earth (DE a source of Slicon) on yield and

disease infestation of rice. The experiments were carried out in old alluvial zone of West Bengal during 2012 -
2013. All the treatments wer e performed in a completely randomized block design. Results showed a significant
increase in grain yield with S application. Highest grain yield was found in the treatment of DE @ 600 kg ha-
t along with POP (package of practice). The POP contained FYM @ 5t ha*, ZnSO,. 7H,0 @ 25 kg ha''and N:
P: K:: 100:50:50 kg hat. All the treatments of S were found to have a significant effect in promoting and disease
resistance while higher doses of DE had a better effect than lower one. The investigation concludes that
application of diatomaceous earth @ 600 kg ha' along with POP was effective to increase the grain yield of
rice. Whereas, regarding reduction of pest and disease infestation DE application (@600 kg ha) showed
significant effect when amalgamated with half the package of practice.
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Silicon (Si) isthe second most abundant element inthe
soil after oxygen (Epstein, 1999). Although Si is
abundant inthe earth crugt, itsavailability in soil isvery
low duetoitslow solubility (Lindsay, 1979). Plantscan
only absorb Si in theform of soluble monosilicic acid
(H,Si0,) anon-charged molecul ethat has asignificant
role in imparting biotic and abiotic stress resistance,
and enhancing crop productivity (Ma et al., 1989).
Silicon as a most abundant mineral element in plant
tissues and shoot concentrations in excess of 0.1 to
10% dry weights have been reported (Epstein, 1999).
However, Si-containing fertilizersareroutinely applied
to several crops including rice (Pereira et al., 2004)
and sugarcane (Savant et al ., 1999) to obtain good crop
yield. Increasein silicon supply improvesthe structural
integrity of cropsand also improves plant tolerance to
diseases, drought and metal toxicities (Epstein, 1999;
Maet al., 2004).

The beneficial effect of S has been thought
due to the precipitation of amorphous silicain plants
which acts as a mechanical barrier (Cheng, 1982). It
has been observed that Si also protects the plant by

other processes which can heighten the guard
mechanisms, including the accumulation of lignin,
phenolic compounds, and phytoalexins (Epstein, 1999;
Ma and Yamaji, 2006). In case of an attack by
pathogenic fungi, Si triggers a rapid and widespread
deployment of the natural defenses of the plant
(Fauteux et al. 2005) either indirectly by sequestering
cationsor directly by increasing some protein activity.
Different researcher reported that for plant defense,
the epidermal cells in Si-fertilized plants produce
phenolic compounds, callose, or methylaconitate
(phytoalexin) (Belanger et al. 2003). Gascho, 2001
reported that diatomaceous earth should meet anumber
of criteria, such as solubility, availability, sui physical
properties and have acceptably low levels of
contaminants. Silicon supply improves plant tolerance
to diseases, drought and metal toxicities (Epstein, 1999;
Maet al., 2004). Theintensity of rice diseasesinregions
with poor leve of silicates (Si) inthesail, together with
high control costs, can make the cultivation of rice
unfeasible. Therefore, the aim of this study was
undertaken to determine the effect of diatomaceous
earth (DE) on yield and disease infestation of rice.
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MATERIALS AND METHODS

The study was carried out at old alluvial zone
(Madandanga) of West Bengal, Indiaduring 2012 and
2013. The soil texture of the experimental location was
silty clay loam with glightly alkali in nature (pH-7.41),
organic carbon (1.02 %), available N,P & K content
was 138.60, 31.18 & 301.45 kg ha, respectively and
availablesilicon content was43.00 ug g*. Experiment
was laid out in randomized block design with nine
treatmentsviz., untreated control ; package of practice
(POP); %2 POP; POP + DE @ 150 kg ha?; POP + DE
@ 300 kg ha?; POP + DE @ 600 kg ha?; %2 POP +
DE 150 kg ha ; %2 POP + DE @ 300 kg hat and V2
POP + DE @ 600 kg ha'with threereplicationsinrice
cv SwarnaMasuri. Twenty five-day old seedlingswere
planted with a spacing of 20 x 10 cm. Recommended
dose of PO, (assingle super phosphate) were applied
infull , K,O (as muriate of potash) were applied in
full. Nitrogen was N (as Urea) was applied asbasal in
half and remaining half nitrogen was given astwo splits
at 30" and 45"day after planting. The POP contained
FYM @5t ha', ZnSO,. 7H,0 @ 25 kg ha'and N: P
K :: 100:50:50 kg ha!. Meteorological data of the
experimental location during rice crop growth period
of two years were recorded (Table 1).

Initial physico-chemical properties of the
experimental soil wereanalyzed by standard procedures
outlined by (Jackson, 1973). Available Si in soil samples
were determined by using 0.01M CaCl.extractant (soil:
extractant :: 1:10) following the method of Haysomand
Chapman (1975).

0.1 gsamplewasdigested in atri-acid mixture
(7 mL of 62% HNO,, 2 mL 30% of H,O,and 1 mL of
46% HF) and kept it for 10-15 min for pre-digestion.
The samples were digested using microwave digester.
The digested samples were diluted to 50 mL with 4%
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boric acid (Maet al. 2002). 0.1 mL of digested aliquot
was placed into a plastic centrifuge tube and mixture
of reagents (3.75 mL of 0.2 N Hydro Chloric acid, 0.5
mL of 10% Ammonium Molybdate and 0.5 mL of 20%
Tartaric acid and 0.5 mL of Reducing agent (ANSA))
wasadded sequentialy. For Si determination, thealiquot
volume was made up to 12.5mL with distilled water
and kept it for one hour. The reading was taken in an
UV-visible spectrophotometer at 600 nm wavel ength.
Similarly, standards (0, 0.2, 0.4, 0.8, and 1.2 ppm) were
prepared by the same procedure.

Observationsweretaken at maximumtillering
stage (45-55 DAT) and dough stage (90-100 DAT) to
record disease incidence based on 0-9 scale (IRRI,
2002). The experimental data were analyzed as per
the procedure outlined by Gomez and Gomez (1994).

The Diatomaceous Earth (DE) commercially
manufactured by Agripower Australiaand wasused in
the field experiment. Composition in percentage of DE
is(63.70 (S10,), 0.02 (P,0,), 0.40 (K,0), 2.70 (Ca0),
3.25(Mg0), 2.00 (Fe,0,), 0.02 (MnQ,), 15.30 (A1,O,)
and 0.55 (Na,0).

RESULTS AND DISCUSSIONS

Among the different treatments, application of POP +
600 kg DE ha' recorded maximum grain and straw
yield of rice (Table 2). Higher grain and straw yield
due to S may be attributed to increased growth and
yield characters of rice, reducing biotic and abiotic
stress, better plant growth, greater photosynthetic
efficiency and increased number of productivetillers.
Gholami et al., 2013 concluded that siliceousfertilizers
significantly increased stems and leaves silicon
concentration, tiller number, leaves dry weight, 1000
grainweight and yield.

Table 1. Meteorological dataof experimental station during rice crop growth period of 2012 and 2013

Months Rainfall (mm) No. of Rainy days Maximum Temperature (°C)  Minimum Temperature (°C)
(2012-13)  (2013-14) (2012-13) (2013-14)  (2012-13)  (2013-14) (2012-13) (2013-14)
July 264.00 180.30 24.00 21.00 32.28 33.44 26.54 26.46
August 203.30 305.30 22.00 18.00 32.31 32.78 26.44 26.00
September 278.80 475.30 18.00 29.00 32.58 32.76 26.02 25.10
October 29.00 0.00 5.00 0.00 33.48 30.14 22.52 16.60
November 50.20 0.00 4.00 0.00 29.49 30.04 17.33 16.44
December 7.30 0.00 1.00 0.00 25.35 24.30 11.74 10.39
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Themaximumgrain yield of rice (5.26 and 5.17 t ha?)
was observed by the application of 600 kg DE ha' and
alongwith full POPduring 2012 and 2013, respectively.
This may be attributed to the increased rate of
photosynthesis, increased percentage of filled grains,
increaseintest weight and reductionin per cent spikel et
sterility and diseaseinfestation. Similar result werea so
found in straw yield of rice. These findings are in
accordance with earlier reportsby Prakash et al., 2011.
Averageincreasein grain and straw yield of rice over
control were 67.96, 50.33 and 61.33, 43.11 in,
(Table2).

DE asasource of silicon hasagood impact to
increase the silicon content in different parts of rice
viz. grain and straw (Table 3). Application of POPalong
with DE @600 kg ha showed higher efficiency for S
uptakeinrice plant parts. 50.00% over control ingrowth
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and straw (52.85% over control). Prakash et al., 2011
reported that application of silicon increase grain and
straw silicon content.

Addition of diatomaceous earth as a source of
silicon had influenced incidence of pest and diseases.
Results indicated that disease was significantly
decreased dueto application of higher dose of DE (DE
@ 600 kg hat) treatment. Application of POP+ DE @
600 kg ha! also significantly reduces the incidence of
diseasesin comparison to other treatments. Application
DE also reduced the disease infestation of rice at
maximum tillering and dough stage (Fig 1 and 2). It
decreases 2.1% of blast, 49.17% of brown spot and
42.58% of sheath blight infestation over POP during
maximumtillering stage of rice. Treatment 100 % POP+
DE @600 kg ha' has pronounced report to reduce
discoloration % (29.71%, 2.95% and 15.32% over

Table 2. Effect of diatomaceous earth Si on grain and straw yield (kg ha) of rice

2012 2013

Percent Percent Percent Percent

increaseof  increaseof increaseof  increaseof
Treatments Grain Straw grainyield  Straw yield Grain Straw grainyield  grainyield

yield yield over control  over control  yield yield over control  over control

Control 2700 4787 - - 2800 5000 - -
Package of practice (POP) 4763 7119 76.41 48.72 4610 6900 64.64 38.00
¥ POP 4005 6767 48.33 41.36 3969 6490 41.75 29.80
POP + DE @ 150 kg ha'* 4929 7602 82.56 58.81 4797 7398 71.32 47.96
POP + DE @ 300 kg ha' 4862 7268 80.07 51.83 4952 7400 76.86 48.00
¥%POP + DE @ 300 kg ha 4125 6968 94.93 64.05 4323 7300 84.82 53.64
¥%POP + DE @ 600 kg ha' 4228 7060 52.04 44.85 4111 6972 50.00 42.04
CD (P<0.05) 259.832 418.665 56.59 47.48 223.993 362.080 46.82 39.44

Table 3. Effect of diatomaceous earth Si on silicon concentration (%) and uptake (kg ha?) of ricein 2012 and 2013

Treatments Concentration (%) Uptake (kg ha?)

Grain Straw Grain  Straw
T,: Control 0.40 2.46 11.0 120.3
T, 100 % POP 0.50 2.66 235 186.1
T,. 50 % POP 0.47 255 18.0 169.0
T, T,+ DE @150 kg ha* 053 293 258 219.4
T,. T,+ DE @300 kg ha* 0.57 3.36 217 246.3
T,. T,+ DE @600 kg ha* 0.60 3.76 311 292.2
T,: T,+ DE @150 kg ha* 0.48 3.02 19.7 2117
T, T,+ DE @300 kg ha* 0.50 3.08 20.9 2195
T, T,+ DE @600 kg ha* 0.52 311 21.7 218.0
CD (P<0.05)) 0.031 0.129 1369  8.758
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POPPOP + DE @ 150 kg ha! and POP+ DE @ 300
kg ha?) and disease infection of rice at dough stage
than other treatments of full POP. It has been observed
that treatment 100 % POP+ DE @600 kg ha' and 50 %
POP+ DE @600 kg ha has given good result to reduce
pest-insect and disease infestation. But in comparison
toyield and Si availability in plant, treatment 100 % POP
+ DE @600 kg ha' found better than 50 % POP+ DE @600
kg hat and other treatments. Regarding other treatments
particularly for introducing 100% package of practice
showed most susceptible to increase disease and pest

Notes: T = Control, T,=100% POP, T,=50% POP, T =T,
+DE @150kgha*, T.= T,+ DE@300kgha®, T=T,+DE
@600kgha', T =T, +DE @150kgha*, T,= T +DE
@300kg ha, T,= T_+ DE @600 kg ha*

Fig 1. Effect of diatomaceousearth on thediseaseinfestation
at maximumtillering stageof rice
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Notes: T = Control, T,=100% POP, T=50% POP, T =T, +
DE @150kg ha*, T.= T, + DE @300 kg ha', T ,=T,+ DE
@600kgha, T =T, + DE @150kg ha*, T,= T+ DE @300
kgha', T,= T + DE @600 kg ha

Fig 2. Effect of diatomaceousearth onthediseaseinfestation
at maximumtillering stage of rice
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infestation due to having more succulence in plants
because higher dose of N and may be due to avoid any
pesticide, insecticide. But incorporation of Si with POP
canreduce the pest-diseaseinfestation and can increase
yield of ricesignificantly. Maet al., 2004 reported that
application of silicon decrease the pest and disease
infestation of rice. In Si deficient soilsit hasbeen shown
that Si reduces the severity of rice blast (Seebold et
al., 2000). Application of Wollastoniteasasilicon source
increased total grainweights, leaf Si content increased
aswell astotal accumulated of Si in the plant with Si
added to the soil. Silicon also dramatically reduced grain
discoloration (Korndorfer et al 1999). Wattanapayapkul
et al., 2011 concluded that application of higher dose
silicon 100kg ha?, leaf and neck blast severity were
reduced by 83 and 75%.

In conclusion, theresults of the study highlight
the role diatomaceous earth silicon in improving rice
yield in all the treatments over control aswell as 100
% POP. We suggest that application of Si through DE@
600kg hat along with POP to obtained significantly
higher rice grain yield. It is also recommended that
application of Si through DE@ 600 kg ha* along with
Y5POP could reduce the disease infestation of rice.

ACKNOWLEDGEMENT

Authorsarethankful toAgripower Austraiafor funding
and Dr. S. Das, Department of Plant Pathology, Bidhan
Chandra Krishi Viswavidyalaya for evaluation of
disease incidence.

REFERENCES

Belanger RR, Benhamou N and Menzies, JG 2003. Cytological
evidence of an active role of silicon in wheat
resistance to powdery mildew (Blumeria graminis
f. sp. tritici). Phytopathol ogy. 93(4):402-412.

Cheng BT 1982. Some significant functions of silicon to
higherplants. Journal of Plant Nutrition. 5:1345-1353.

Epstein E 1999. Silicon.Annual Review of Plant Physiology
and Plant Molecular Biology.50: 641-664.

Fauteux F, Remus-Borel W, Menzies JG and Bélanger RR
2005. Silicon and plant disease resistance against
pathogenic fungi. FEM S Microbiol L ett. 249:1-6.

Gascho GJ 2001. “Silicon sources for Agriculture” In “Silicon
in Agriculture” (EdsDatnoff, L.E., Snyder, GH. and
Korndorfer, GH.), Elsevier Science, Amsterdam, The
Netherlands.



Gholami Y and Falah A 2013. Effects of two different sources
of silicon on dry matter production, yield and yield
componentsof rice, TaromHashemi variety and 843
Lines. International Journal of Agricultureand Crop
Sciences. 5(3): 227-231.

Gomez KA and Gomez AA 1994. Statistical procedure for

agricultural research. Il Edn. John Wiley and
Sons.New York, p. 680.

Haysom MBC and Chapman LS 1975. Someaspect of calcium
silicate trial at Mackay. Proceedings of the
Queensland Society of Sugar Cane Technologists,
42,117-122.

International Rice Research Institute 2002. Standard
evaluation systems for rice.

Jackson ML 1973. Soil chemical analysis. Prentice Hall of
India, New Delhi.

Korndorfer GK, Datnoff LN and Correa GF. 1999. Influence
of silicon on grain discoloration and upland rice
grown on four savanna soils of Brazil. Journal of
Plant Nutrition. 22: 93-102

Lindsay WL 1979. Chemical equilibria in soil. John Wiley
& Sons, New York.

MaJF and Takahashi E 2002. Soil, fertiliser, and plant silicon
research in Japan. Elsevier, Amsterdam.

MaJF and Yamaji N 2006.Silicon uptake and accumulationin
higher plants. Trends in Plant Science. 11:392-397.

Oryza Vol. 51 No.4, 2014 (297-301)

MaJF, Mitani N, Nagao S, Konishi S, Tamai K, IwashitaT
and Yano M 2004. Characterization of the silicon
uptake system and molecular mapping of thesilicon
transporter geneinrice. Plant Physiology.136: 3284-
3280.

MaJF, NishiramraK and Takahashi E 1989.Effect of silicon
on growth of rice plant at different growth stages.
Soil Science and Plant Nutrition.35: 347-356

PereiraHS, Korndorfer GH, Vidal AD and De Camargo MS
2004. Siliconsourcesfor ricecrop. ScientiaAgricola,
61: 522-528.

Prakash NB, Chandrashekar N, Mahendra C, Patil SU
Thippeshappa GN and Laane HM 2011.Effect of
Foliar Spray of Soluble Silicon Acid on Growth and
Yield Parameters of Wetland Ricein Hilly and Costal
Zone soils of Karnataka, South India. Journal of
Plant Nutrition, 34:1883-1893.

Savant NK, Korndorfer GH, Datnoff L E and Snyder GH 1999.
Silicon nutrition and sugarcane production: A
review. Journal of Plant Nutrition.22: 1853-1903.

Seebold KW, Datnoff LE, Correa-VictoriaFJ, Kucharek TA
and Snyder GH 2000. Effect of siliconrate and host
resistance on blast, scald and yield of upland rice.
Plant Disease. 84: 871-876.

Wattanapayapkul W, Polthanee A, Siri B, Bhadalung NN
and Promkhambut 2011. Effect of Silicon in
Suppresing Blast Diseaseand Increasing Grainyield
of organic Ricein Northest Thiland. Indian Journal
of Plant Pathology. 5: 134-145.

0 301 O



