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Application of silicon (Si) influences the stress resistance, and thereby could
boost up the growth and yield of rice. An experiment was conducted to investi-
gate the effect of Si fertilization on rice cv. Binadhan-8 at ambient and elevated
temperature during Boro season of Bangladesh. Significant differences were
observed in the studied parameters: plant height, SPAD reading, yield and con-
centration of NPK in grain and straw of rice. At ambient temperature (AMT)
condition, plant height, SPAD reading, grain and straw yield were also the high-
est in case of 10 g pot™ Si application. Moreover, the highest NPK contents in
grain and straw were observed in the application of Si @ 10 g pot™, whereas the
lowest NPK contents were mostly recorded in control (0 g Si pot™). The in-
creased rate of Si contributed to the NPK absorption in grain, yield attributes
and yield of rice up to 10g pot™ Si application. On the other hand, yield contrib-
uting characters, grain yield and NPK uptake were showed a similar response to
Si application at elevated temperature (ELT). But, the yield contributing charac-
ters as well as grain yield at ELT showed less performance in comparison to
AMT. Therefore, the application of Si could be recommended to optimize the

yield attributes, yield and NPK uptake of rice.

© Society of Agriculture, Food and Environment (SAFE)

Introduction

Rice (Oryza sativa L.) is a staple food as well as the princi-
pal source of carbohydrate for the majority of the 1.7 billion
population of South Asia including Bangladesh (Mohanty,
2014). Currently, Bangladesh is producing 50 million tons of
paddy from 11 million hectares of rice field (Mohanty,
2014). Now, Bangladesh is the world’s fourth-biggest rice
producing country and achieving self-sufficiency in rice pro-
duction (BBS, 2017). Land use intensification for high rice
production without appropriate nutrient management practic-
es causes depletion of residual soil nutrients, which is strong-
ly related to yield decline. But the introduction of high yield-
ing varieties in cropping patterns along with the optimization
of nutrients can boost up the average yield and overall crop
performances. A hypothesis postulated that a diminution in
the effective N supply from the soil although total soil N
remains unaffected causes a substantial decline in yield
(Cassman et al., 1995). Beside essential plant nutrients, long

term intensive crop cultivation also drains the availability of
soil Si (Meena et al., 2014). However, another possibility
that lack of availability or depletion of plant-available Si,
could be one of the possible limiting factors amongst others
contributing to declining crop yields.

Si has been shown essential for maximizing growth and yield
of different crop species including rice (Ma and Yamaji,
2015). Its absorption brings several benefits, especially for
rice, such as the increase of cell wall thickness below the
cuticle, imparting mechanical resistance to the penetration of
fungi, decrease in transpiration and improvement of the leaf
angle, making leaves more erect, thus reducing self-shading,
especially under high nitrogen rates (Rodrigues and Dantoff,
2005). Increased level of Si in rice plant is associated with
decreasing grain discoloration at harvest. Si has been report-
ed to reduce shattering of the grains in rice and to increase
the number and weight of grains. Although Si is not consid-
ered as an essential plant nutrient but it is proved that Si is a


http://journal.safebd.org/index.php/jafe
http://doi.org/10.47440/JAFE.2020.1309

fundamental element for rice farming (IRRI, 1965; Ma et al.,
1989; Yoshida, 1981; Ma et al., 2001). The deposition of Si
varies greatly among different organs of the rice plant like
hull, leaf, culm and grain and it is considered to be the most
Si-accumulating species (Akter et al., 2017). For instance, Si
is available @ 0-5 g kg in polished rice, 50 g kg " in rice
bran, 130 g kg " in rice straw, 230 g kg " in rice hulls and
350 g kg* in the base of the rice grain (Currie and Perry,
2007). Availability of Si in soil and its increase uptake influ-
ence plant defense mechanism and enhance root system,
which demands absorption of high amount of plant nutrients
(Savant et al.,, 1996; Singh et al., 2005; Jawahar and
Vaiyapuri, 2013). The application of Si in rice can substan-
tially influence the growth and yield of rice. Moreover, foliar
silicon application has a biostimulative effect and the satis-
factory plant performances are observed in high temperature
conditions (Artyszak, 2018). Hence, Si management is essen-
tial for increasing and sustaining rice productivity to tackle
the challenge of ensuring the food security of Bangladesh. In
Bangladesh, a limited research program was carried out
about silicon application on growth and yield performances
and the uptake of N, P and K in grain and straw of rice.
Therefore, the present study was undertaken to investigate
the suitable Si level for maximizing the grain and straw yield
of rice and finally the uptake of nitrogen (N), phosphorus
(P), and potassium (K) in grain and straw at (AMT) and at
(ELT) conditions.

Materials and Methods

Experiment site and plant materials

The experiment was conducted at the greenhouse of Bangla-
desh Institute of Nuclear Agriculture (BINA), Mymensingh,
Bangladesh during January - June 2012 to observe the effect
of Si on the NPK uptake, growth and yield of rice. The geo-
graphical position of experiment site was 90°25' E and
24°74' N. The plants were grown in 24 cm x 30 cm size plas-
tic pot containing 10 kg air dry soil, collected from rhizo-
sphere of rice field. The soil was silty loam with low organic
matter content (1.64%) and slightly acidic in nature (pH 6.5).
The N (0.08%), P (7.0 mg kg™*) and K (0.12 meq%) contents
were low. S (10mg kg™), Zn (0.09 mg kg™), B (0.07 mg kg™*)
contents are also low but Ca (5.16 meq%) and Mg (2.94
meq%) contents are sufficient. Binadhan-8, a high yielding
rice variety which is recommended for cultivation in both the
Boro and Aman seasons in Bangladesh used in the experi-
ment.

Treatment and design

The experiment consists of six levels of Si viz. 0 (Sig), 5
(Sis), 7.5 (Sizs), 10 (Siy), 12.5 (Si1zs) and 15 (Siys) g pot™
soil. The treatments were assigned in two different tempera-
ture conditions: AMT condition (outside of greenhouse) and
ELT condition (inside greenhouse). During the experimenta-
tion, the average maximum temperature prevailed in the
greenhouse condition was 37°C to 39°C, and outside the
greenhouse it was below 35°C. Treatments were assigned in
completely randomized design with four replications.

Crop husbandry

Before transplanting rice seedling, each pot soil was ferti-
lized with urea, triple super phosphate (TSP) and muriate of
potash (MoP) at the rate of 12 g (N), 6 g (P,Os) and 6 ¢
(K50) on high yield goal basis. The full amounts of TSP,
MoP were applied as a basal dose and urea was applied in
three splits. Calcium silicate (CaSiO3) was supplied as a
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source of Si (24% Si). Calcium silicate and all other fertiliz-
ers were applied before transplanting. Sprouted seeds were
sown in a plastic tray and 20-day old two seedlings pot™
were transplanted. Intercultural operations e.g., gap filling,
weeding, irrigation, and drainage was done as per require-
ment. The experiment was terminated at plant maturity,
when the plants were ripen and started to die.

Recording data and statistical analysis

The data on plant height, tillers plant™, grains spanicle™, pan-
icle length, 1000-grain weight, grain & straw yield and con-
centration of NPK in grain & straw were measured from
each pot at final harvest. A chlorophyll meter (SPAD-502,
Minolta Camera Co. Ltd, Osaka, Japan) was used to record
the SPAD value from rice plant. A new fully expanded
leaves that adjacent to a similar leaf about to emerge was
selected for recording SPAD values. The mean of five read-
ings per plant was taken in between 7:00 and 9:00 am to
lessen the potential effects of light intensity on chloroplast
movement. The analysis of N, P, and K in plant samples
were done by micro-Kjeldahl digestion, spectrophotometer
and flame photometer, respectively. Analysis of variance
was done with the help of computer package MSTAT-C
(Russel, 1986). The mean differences among the treatments
were adjudged by Duncan’s Multiple Range Test (Gomez
and Gomez, 1984) and LSD test at 0.05 level of probability.

Results and Discussion

Effect of Si on plant height and SPAD reading of rice
Plant height was significantly influenced by the different
levels of Si (Table 1). At ambient temperature, the highest
plant height (91.67 cm) was attained in Siy, followed by Siys
(90.33 cm) and the lowest plant height (85.67 cm) was ob-
served in Siy (control). On the other hand, for elevated tem-
perature, the highest plant (99.33 cm) was attained in treat-
ment Sijo and the lowest plant height (86.00 cm) was ob-
served in treatment Si,. These mean that nitrogen (N), phos-
phorus (P), potassium (K) fertilizers together with 10 g Si
pot™ showed the highest plant height compared to control.
These findings are supported with the results of Tamai and
Ma (2008), who also revealed that the increased plant height
of rice resulted from the increased Si application as the depo-
sition of Si in the cell wall can make the leaves and stems
more erect and increase the culms. Besides this, Si applica-
tion in rice significantly influenced the SPAD reading (Table
1). The highest SPAD reading (47.07 and 45.80) were ob-
served in the treatment Siyo, and the lowest SPAD reading
(41.03 and 38.30) was observed in the control condition un-
der both growing conditions. The previous work of Ali et al.
(2014) also agrees with our findings who also obtained max-
imum SPAD reading value with increased Si application
which ultimately contributed to higher grain yield of rice. At
the same time the positive effect of Si might be attributed to
increases in SPAD values under two different growing con-
ditions. As the SPAD value gave the best indicator of photo-
synthetic activity in cereals, the increased chlorophyll con-
tent is also correlated with increased grain yield (Rahman et
al., 2014).
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Table 1. Effect of different levels of Si on plant height and
SPAD readings at ambient and elevated temperature.
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Effect of Si on yield attributes and yield grain and straw
Data revealed that Si application significantly contributed to

the different yield contributing characters and yield of rice

Level of Si Plant height (cm) SPAD reading (Table 2). The highest number of effective tillers hill™
AMT ELT AMT ELT (18.33) was obtained inSiy, and the lowest number (14.33)

Sig 85.67¢ 86.00b  41.03c 38.30c was recorded in Sowhich was statically similar to all other
Sis 87.33bc 95.67a 42.67bc 40.87bc levels of Si application. Similarly, the highest number of
Sis 8767bc  97.33a  43.20bc  43.90ab effective tillers hill™* (15.33) was obtained in the treatment
Sis 91674 99332 47.07a 45.80a Siy whereqs the Iow_est number (12.33) was recorded in
Si e 883300 9633 42,0000 435330 treatment Sip. Interestingly, the number of t|IIe_rs was much
Sise 90.33ab 95438 43.900 20 00be less in elevated temperature compared to ambient tempera-
ture. Both the ambient and elevated temperature condition,

LSDo.s 3.18 4.06 2.54 3.73 the highest number of effective panicles hill'* (17.00) and
SE(2) 0.885 1.90 0.853 1.15 (14.00) was obtained in the treatment Siyo Whereas the lowest
CV% 8.02 7.40 5.30 4.99 number of effective panicles hill™ (11.67) and (12.00) were

recorded in treatment Siy, respectively. The findings are in
agreement with Cuong et al., (2017) who stated that the ben-
eficial role of Si fertilizer in an increasing number of tillers
hill'™.

Table 2. Yield and yield contributing attributes of rice as influenced by different levels of Si application at ambient and
elevated temperature.

Figures having common letter (s) in a column do not differ signifi-
cantly; SE () = Standard error of means.

Level of Si  Number of Number of Pan- Panicle length Number of grains 1000-grain weight  Grain yield Straw yield

Tillers hill™ icles1 (cm) panicle™ (@) (g pot™ (g pot™

hill”

AMT ELT AMT ELT AMT ELT AMT ELT AMT ELT AMT ELT AMT ELT
Sig 14.33b 12.33d 11.67d 12.00e 21.17b 20.83b 87.67d 33.33c 23.37c 20.99b 26.21e 18.28c 38.44e 25.19d
Sis 15.33b 13.33bc 12.67cd 13.33bc 22.67a 21.33b 93.67c 55.67ab 24.49bc 21.89ab 35.67d 19.12c 42.67d 27.86¢
Sizs 15.67b 14.00ab 14.33b 13.67ab 22.83a 21.33b 117.00a 56.33ab 25.29ab 22.45a 39.47c 21.30b 45.88c 29.04b
Si 10 18.33a 15.33a  17.00a 14.00a 23.17a 24.50a 119.0a 58.00a 26.07a  22.53a  46.50a 25.40a 48.21a 31.15a
Sis 14.67b 12.67cd 12.33cd 12.67d 22.33ab 21.00b 107.0b 35.33c 24.09bc 21.25b 42.95b 20.58b 47.46b 30.42b
Si g5 14.33b 13.00cd 13.33bc 12.00cd 21.33b 21.33b 93.67c 52.00b 24.33bc  21.02b  35.69d 18.36c 47.22b 29.86b
LSDyg,05 169 0679 121 0424 119 0.993 4.20 4.60 1.16 0.842 192 0.823 1944 1.026
SE(%) 0.618 0.315 0.782 0.294 0.336 0563 5.41 4.54 0.387 0.286 872 0817 0.645 0.624
CV% 6.16 6.64 5.02 7.70 3.01 3.57 9.29 5.34 3.19 3.68 4.87 6.44 8.26 7.57

Figures having common letter(s) in a column do not differ significantly; SE(+) = Standard error of means.

The highest panicle length was observed in Siyy whereas the
lowest panicle length was observed in Si, at both ambient
and elevated temperature conditions. The results are in line
with the findings of Abro et al. (2009), where they reported
that Si significantly increased the length of rice panicle. The
number of grains per panicle was substantially increased by
the exogenous application of Si. The highest number of
grains panicle™ (119.0) and (58.00) was found in Si;o and the
lowest number of grains panicle™ (87.67) and (33.33) was
recorded in Sip under AMT and ELT, respectively. The no-
table information is that the filled grain in case of ELT con-
dition greatly fall down which might be due to less absorp-
tion of Si in high temperature resulted in poor resistance to
abiotic and biotic stress, and less plant growth. Our findings
were also exhibited similar trends like the findings of Lavin-
sky et al. (2016) who revealed Si as a key player to enhance
the number of grains in rice. It might be because of the avail-
ability of Si at the reproductive stage might have more as-
similation of carbohydrates in panicles which resulted in
more number of grains panicle™ in rice.

The highest 1000-grain weight (26.07 g) and (22.53 g) were
observed in the application of Si @ 10 g pot™ whereas the
lowest 1000-grain weight (23.37 g) and (20.99 g) were ob-
served in control under both growing environments. Dal-
lagnol et al. (2014), reported, a substantial increase in the
weight of 1000-grain weight when Si level was increased.
The highest grain yield (46.43 g pot™ and 23.43 g pot™) was
produced by Si;,. On the contrary, the lowest grain yield

—

(26.21 g pot*at AMT and 18.28 g pot™at ELT) was found in
Sig. The findings were in agreement with Lavinsky et al.
(2016) and Pati et al. (2016), who stated that Si positively
affected yield-related traits of rice.

Like grain yield, the straw yield of Binadhan-8 responded
significantly to the application of different silicon levels. The
highest straw yield of 48.21 g pot™ was obtained fromSi;,and
the lowest straw yield of 38.44 g pot™ was found in Si, under
AMT. On the contrary, the straw yield of rice varied from
25.19 g to 31.15 g pot ™ under ELT condition where the high-
est straw yield (31.15 g pot™) was obtained from treatment
Siyo and the lowest straw yield (25.19 g pot™) obtained from
Sip. These results are supported by the findings of Cuong et
al. (2017) who obtained straw yields was significantly af-
fected by Si application.

Effect of Si on nutrient contents of grain and straw of
rice

The N content in grain and straw of rice was significantly
influenced by the different treatments of Si (Table 3). In
AMT, the highest N content (1.67%) in grain was observed
in Sijpwhereas the lowest (0.920%) was observed in Sij,s
treatment. On the other hand, the highest N content (1.67%)
in straw was observed in Si;, and the lowest N content
(0.440 %) was observed in the Sig treatment. In case of ELT,
the highest N content in grain (1.66%) was observed in the
treatment Sijgwhereas the lowest N content in grain (0.800%)
was observed in the treatment Si, treatment. For straw maxi-
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mum N content (0.55%) was observed in the treatment Siyg
and the lowest N content in (0.42%) was observed in Siy;s.
The P content in grain and straw of Binadhan-8 was influ-
enced significantly by the different Si levels at both AMT
and ELT condition (Table 3). The highest P content (0.26%)
in grain was observed in Siyg at both temperature conditions,
whereas the lowest P content (0.19% and 0.17%)were ob-
served in Siys and Sig treatment in AMT and ELT conditions,
respectively. Similarly, the treatment Sijqoffered the highest
P content (0.260% and 0.155%) in the grain of rice at AMT
and ELT conditions, respectively. On the other hand, control
and Siy,streatment produced the lowest P content (0.107%
and 0.105%) in the straw at AMT and ELT conditions, re-
spectively.

Table 3. N, P and K contents in grain and straw of rice as
influenced by different levels of Si under ambient and
elevated temperature.

Level of Si %N %P %K

Grain Straw Grain Straw Grain Straw

Sig 0.970b 0.440c 0.210ab 0.1070a 0.180b 1.370b

Sis 1.100b 0.550a 0.250ab 0.150b 0.240ab 1.520a

Sizs  1.120b 0.530a 0.230ab 0.127b 0.230ab 1.460ab

Sijp 1.670a 0.560a 0.260a 0.170b 0.290a 1.540a

g Sips  0.920b 0.500ab 0.200ab 0.123b 0.240ab 1.210c
— Si;s  1.170b 0.460bc 0.190b 0.120b 0.240ab 1.380b
<§( LSDges 0.238 0.0562 0.0562 0.0795 0.0562 0.0974
SE(x) 0.110 0.021 0.011 0.164 0.014 0.050
Sign. 0.01 0.01 0.01 0.01 0.05 0.01
level
CV% 11.73 5.41 1050 1454 1412 4.10
Siy 0.800c 0.430b 0.170b 0.115 0.1430b 1.100a
Sis 1.140b 0.540a 0.220ab 0.119 0.119b 1.130a
Sisg 1.070b 0.510a 0.240a 0.153 0.2160a 0.940c
Si 1.660a 0.550a 0.260a 0.155 0.239a 1.140a
;G Si;p,s  1.050b 0.420b 0.230ab 0.105 0.226a 1.060ab
— Si;s  1.090b 0.430b 0.200ab 0.115 0.214a 1.010bc
il LSDyos 0.125 0.0562 0.0562 0.056 0.0562 0.0795

SE(x) 0.116 0.026 0.012 0.009 0.020 0.031

Sign. 0.01 0.01 0.05 ns 0.01 0.01
level

CVv% 604 653 1389 1947 20.05 4.69

Figures having common letter (s) in a column do not differ signifi-
cantly; SE () = Standard error of means.

Different doses of Si significantly influenced the potassium
content in grain and straw of rice under AMT and ELT con-
ditions (Table 3). The highest K content in the grain (0.290%
and 0.239%) and straw (1.540% and 1.140%) were as found
in the treatment Siyy at the both temperature conditions, re-
spectively. On the contrary, the lowest K content (0.180 %
and 0.119%) in grain were obtained from Sijand Sis treat-
ment under AMT and ELT conditions, respectively whereas
the minimum K content(1.21% and 0.94%) in straw were
observed from Siy,5 and Si;s under AMT and ELT, respec-
tively. The findings of the present study were in close
agreement with the observations of Savant et al. (1996) and
Singh et al. (2005). They reported that, increased absorption
of Si enhanced the essential nutrients uptake, root growth,
cell division and development of rice.

Conclusion

Results of the present study revealed that the application of
Si had a positive significant effect on the plant height, SPAD
value, yield attributes and yield of rice along with the accu-
mulation of N, P and K. Therefore, it may be recommended
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to apply Si along with N, P, K fertilizer for increasing rice
productivity. The study warrant the field experiment in dif-
ferent locations to optimize the rate of Si application in rice.
However, since Si application has been swelling fast for en-
suring a good harvest across the world, impacts of Si should
be studied in multi-locations along with different settings to
ensure judicious use of Si in the crop field and before reach-
ing any precise conclusion.
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