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ABSTRACT

A field experiment was conducted at College of Agriculture, Padannakkad, Kasaragod, Kerala, during
the kharif season of 2013 to study the yield and uptake of nutrients in rice as affected by silicon and boron
nutritionin on laterite soils. The experiment was laid out in randomised block design replicated thrice with nine
treatments using Aishwarya as the test variety. The results revealed that the three folia sprays of potassium
silicate @ 0.5% and borax 0.5% were more effective in improving the content and uptake of nutrients compared
to soil application of silicon and boron. The Fe content in straw (136 mg kg ™) and grain (137 mg kg™) decreased
with application of silicon while Fe uptake in plant alone was significantly increased. Application of three sprays
of silicon and boron proved significantly superior with respect to plant height (90 cm), number of productive
tillers plant® (17.33), thousand grain weight (30.70g), grain (6.54 t ha™) and straw (4.95 t ha™) yield of rice.
Application of Si and B significantly improved the uptake of nutrients by crop, grain and straw yield of rice over

control. Available B and Si in post harvest soil increased with their application over control.
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INTRODUCTION

Rice (Oryzasatival.) is the most important
food grain in India contributing 41.5% to the total
food grain production. Rice yields are
decelerating / stagnating / declining in post
green revolution era mainly due to imbalance in
fertilizer use, soil degradation, lack of suitable
rice genotypes for low moisture adaptability and
disease resistance. Crop production in laterite
soils has been found to be low due to several
constraints. However, there is considerable
scope for improving the productivity of these acid
soils through proper land management.The
prevailing form of silicon in soil solution is
monosilicic acid (HsSiO4). Iron and aluminum
oxides of soil have the capacity to adsorb a
considerable amount of silicon (Si) on their
surfaces.Aluminum oxides are more effective in
binding silicon through adsorption mechanism
than iron oxides. Silicon (Si) is the second most
abundant element in soil. Si is assimilated by
plant roots as monosilicic acid (H4SiO,) (Epstein,
1999). Rice is a high silicon accumulating plant.
Silicon is a beneficial element for plant growth
and is agronomically essential for improving and
sustaining rice productivity. Besides rice yield

increase, Si has many fold advantages of
increasing nutrient availability (N, P, K, Ca and
Zn) and minimizing biotic and abiotic stress in
plants. Hence the application of Si to soil or plant
is practically useful in laterite derived paddy
soils. Ahmad et al. (2013) reported that
application of Si fertilizers enhanced the growth
parameters, increased vyield, yield attributes and
quality of rice crop.The boron requirement is
much higher for reproductive growth than for
vegetative growth in most plant species. Boron
uptake correlated well with the concentration of
Hs;BOj3 in soil solution. Boron is immobile in plant,
deficiency symptoms of B in rice begin with a
whitish discoloration and twisting of new leaves.
Barman et al. (2014) observed that application of
boron significantly increased N, P, K, Ca, Mg, S
and Zn content in soil due to application of
boron. The application of boron through different
sources either through soil or foliar spray was
found to be beneficial in stimulating plant growth
and in increasing yield of rice (Rao et al., 2013).
With this background, the present study on the
yield and uptake of nutrients in rice as affected
by silicon and boron nutritionin laterite soilswas
carried out.
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MATERIALS AND METHODS

The field experiment was laid out in
farmer's field at Padannakkad. It is
geographically located at12.2°N latitude, 75.1°E
longitude and at an altitude of 16 m above mean
sea level, having a humid tropical climate. The
experimental soil was sandy loam belonging to
the taxonomical order Inceptisol, having pH 4.7,
EC 0.12 dSm-1, CEC 7.25 ¢ mol (p+) kg-1,
organic carbon 3.3 g kg™, available nitrogen
220.8 kg ha-1, available P205 61.6 kg ha-1,
available K,O 58.5 kg ha™, available Ca 261.7
mg kg™, available Fe 144.2 mg kg™, available
Cu 1.26 mg kg*, available Zn 2.65 mg kg™,
available B 0.16 mg kg™ and available Si 20.5
mg kg*. The experiment was laid out in
randomized block design replicated thrice with
the test crop of rice variety Aishwarya. There
were 9 treatments viz.,T;- control, T, - 100 kg
calcium silicate ha®, T; - potassium silicate @
0.5% spray, T, - 10 kg borax ha™, Ts - borax 0.5
% 3 foliar sprays,Ts - 100 kg calcium silicate ha™
+ 10 kg borax ha®, T; - 100 kg calcium silicate
ha® + borax 0.5% sprays , Tg - Potassium
silicate @ 0.5% sprays + borax 0.5% sprays, Ty -
potassium silicate @ 0.5% sprays + 10 kg borax
ha™.Nitrogen, P and K fertilizers were applied as
per package of practices recommendations..
Straw and grain samples were analysed for N by
Kjeldahl method. (Jackson, 1973).Phosphorus
was analysed in di acid digest by
vanadomolybdate yellow colour method, K by
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flame photometer, and Ca (Issac and Kerber,
1971) Fe, Cu and Zn on atomic absorptions
spectrophotometer. Boron was analysed by
azomethine-H colorimetric method (Bingam,
1982) and Si by blue silicomolybdous acid
method (Ma et al., 2002). Biometric observations
viz., plant height, number of productive tillers
plant?, thousand grains weight, grain and straw
yields were recorded at maturity. The results
obtained were statistically analysed using
statistical analysis software (SAS).

RESULTS AND DISCUSSION

Growth and Yield

The three sprayings of 0.5 % silicon + 0.5
% boron (Tg) recorded maximum plant height (90
cm) and number of productive tillers plant™
(17.33). The test weight of 30.70 g and grain
yield of 4.94 t ha™* were obtained in the treatment
receiving three sprayings of 0.5 % silicon + 0.5
% boron (Table 1). In case of straw yield (6.57 t
ha'), the treatment receiving 100 kg calcium
silicate ha™ + 10 kg borax ha® was superior to
other treatments. The tune of increase in grain
yield due to Tg treatment was 1.90 t ha(Table
1). This can be attributed to the significant
increase in available nutrients and positive
influence on the availability and uptake of
nutrients as reported by Gholami and Falah
(2013); Ahmad et al. (2013); Nagula et al.
(2015).

Table 1: Effect of silicon and boron on yield and yield attributes of rice

Treatment Plant height Productivgltillers Thous_and grain Grain y_ileld Straw Yileld
(cm) plant weight (Q) (tha™) (tha™)
T, 74.66 12.00 20.96 3.05 4.75
T, 84.66 15.33 30.20 4.61 6.17
T3 80.66 14.66 29.30 4.25 6.20
T, 85.73 14.00 29.90 3.50 6.00
Ts 83.33 14.66 29.53 3.52 6.04
Te 87.00 16.00 30.30 4,76 6.57
T, 82.33 14.33 29.63 3.54 6.33
Tsg 90.00 17.33 30.70 4.95 6.54
To 85.33 15.00 29.86 4.00 6.22
CD (P=0.05) 2.71 2.34 1.57 0.09 0.41

Available nutrients
Application of 100 kg calcium silicate ha™
+ 10 kg borax ha™ (Te) increased available Si
content (27.08 mg kg™) in soil at harvest stage

(Table 2) over control. Application of calcium
silicate prevailed in soil as monosilicic acid
(H4Si0,4) and enhanced soil silicon availability
(Singh et al., 2006). Available boron (0.30mgkg™)
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in soil at harvest stage, increased with soil
application of 10 kg borax ha™(T,) over control
(Table 2). Therefore after meeting the
requirement of the crop, the added boron might
have helped to increase the boron status of the
soil from the deficiency to sufficiency level. These
finding are in line with those reported by Nagula
et al. (2015). The lowest amounts of available Si
and B were recorded under control.

Table 2: Silicon and boron content in soil at
harvest stage of rice

Treatment | Silicon (mgkg™) | Boron (mgkg™)
T, 16.66 0.19
T, 24.00 0.24
Ts 23.91 0.22
Ty 19.58 0.30
Ts 18.33 0.25
Ts 27.08 0.28
T, 25.00 0.22
Ts 23.00 0.24
Ty 21.16 0.25
CD (P=0.05) 5.00 0.02

Uptake of nutrients

Total uptake (180.2 kg ha®) of N was
maximum with, 100 kg calcium silicate ha™ +
10kg borax ha™(Te) (Table 3). This might have
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naturally resulted in enhanced absorption of N by
the crop ultimately leading to higher N uptake.
Similar results have also been reported by Singh
et al. (2006) and Barman et al. (2014). The
sprayings of potassium silicate @ 0.5 % + borax
0.5 % (Tg) resulted in significantly higher total
uptake of P (37.1 kg ha). The higher uptake of
P under this treatment may be due to better
absorption of P by plant and higher yield of rice
grain and straw. Similar results were reported by
Ma and Takahashi (1990). The sprayings of Si
and B increased total uptake (258.7 kg ha™) of K
over control. The sprays of potassium silicate @
0.5 % + borax 0.5 % (Tg) was superior in terms
of total uptake of Ca (18.7 kg ha™) This increase
may be ascribed in enhanced absorption of
calcium along with vyields (Cachorro et al.
1994).The treatment receiving 100 kg calcium
silicate ha®(T3) produced significantly higher total
uptake of iron (3.25 kg ha®) compared to the
other treatments (Table 2). Similar results were
reported by Qiang et al.,, (2012).The results
revealed a significant increase in and total
uptake of Zn and Cu in crop (Table 2) with
potassium silicate @ 0.5 % spray + borax 0.5 %

spray.

Table 3.Effect of silicon and boron on total nutrient uptake by rice crop (kg ha™)

Treatments | N | P | K | ca | Fe Zn Cu Si | B
T, 69.4 10.6 138.1 11.6 2.76 0.19 0.37 125.6 0.018
T, 146.9 215 229.9 15.8 3.25 0.43 0.41 377.4 0.032
Ts 147.0 21.1 211.3 16.7 3.16 0.30 0.45 448.4 0.032
Ta 123.9 18.0 193.2 15.6 3.24 0.27 0.38 2535 0.044
Ts 120.8 18.5 186.5 16.0 3.24 0.28 0.38 259.9 0.042
Ts 180.2 235 248.1 16.5 2.96 0.38 0.46 352.5 0.044
T, 153.3 20.7 216.0 15.3 2.74 0.33 0.41 310.1 0.039
Ts 175.8 37.1 258.7 18.7 2.94 0.45 0.49 362.5 0.047
To 151.9 22.1 228.0 16.9 2.80 0.42 0.44 298.0 0.041

CD (P=0.05) 6.8 5.5 13.0 1.0 0.19 NS NS 44.1 0.005

This increase may be associated with the
above treatments which contributed to the higher
uptake of Zn and Cu in the crop. These results
also corroborate with the findings of Bhutto et al.
2013).The silicon nutrition of rice evaluated in
terms of uptake was influenced by silicon
fertilization as calcium silicate (soil application)
and potassium silicate (foliar spray). Application
of potassium silicate @ 0.5 % spray was
superior to soil application of calcium silicate in
respect of silicon uptake by the crop. Hence it

can be presumed that the foliar application of
potassium silicate (0.5%) resulted in better
absorption and translocation of silicon compared
to soil application of calcium silicate. These
finding are in line with those reported by Singh et
al. (2006).Soil application of boron (10 kg borax
ha') and foliar sprays (borax 0.5 % spray)
showed significant increase in boron uptake in
straw and grain over control. Application of
potassium silicate @ 0.5 % spray + borax 0.5 %
spray (Tg) was superior in terms of B uptake
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(0.047 kg ha') over other treatments. This is
because the available boron content of soil also
was increased from sub optimal level to the
sufficiency level for the addition of borax as soll
and foliar spray. Similar results were reported by
Rakshit et al. (2002).
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