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Abstract

Silicon is an enzyme stimulator that promotes signaling for the production of antioxidant,
osmoprotective compounds and attenuates interference in photosynthesis in rice plants subjected to
water deficit. The aim of this study was to evaluate the possible effects of silicon as a stress reliever in
rice plants grown from seeds treated with dietholate under of water deficit conditions. The experimental
design was fully randomized with three replicates, 144 experimental units consisting of pots containing
4.4 pounds soil, and a 3x2x2x4 factorial arrangement: three soil water conditions (50% and 100% of soil
water retention capacity and water blade of 5.0 cm); two cultivars (IRGA 424 Rl and Guri INTA CL); two
sources of Si (sodium and potassium metasilicate); and four Si rates (0; 4.0; 8.0 and 16 g L™). Silicon
boosted stomatal density; induced an increase in the maximum photochemical efficiency of photosystem
Il (PSIl) under both water deficit and optimal conditions, boosting photosynthesis; and increased
effective quantum yield of PSIl and levels of total dry mass. Thus, silicon attenuated the effects of water

deficit in plants grown from seeds treated with dietholate.
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1. Introduction

Irrigated rice (Oryza sativa L.) is grown on over 167 million hectares of land (FAO, 2018) in ecosystems
with varying temperatures and water regimes. Annual worldwide yield is estimated at over 487 million
tonnes, with 11 million tonnes produced in Brazil (EMBRAPA, 2018). Rio Grande do Sul is the largest
rice producer in Brazil, responsible for approximately 71% of production (CONAB, 2017).

Almost all areas cultivated with rice are irrigated by controlled flooding, representing more than 90% of
Brazil’s total national production (EMBRAPA, 2018). The high costs of electric energy, the seasonality
of rains and the increase in temperatures, makes it the option to rationalize the use of water, however, it
can cause several morphological, biochemical and physiological changes in the plants, directly interfering
in the final productivity (Carneiro et al., 2011).

Around 40% of the total crop losses are because of the single abiotic stress i.e., drought (Fabregas et al.,
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2018), diminishing yield and inducing biochemical and physiological changes in plants, including higher
stomatal density (Lukovi¢ et al., 2009), impaired stomatal opening and a drop in the photosynthetic rate
(Bota et al. 2004). Plants also regulate stomatal closure and their development to control water loss as one
of the stress adaptation strategies (Yadav et al., 2019). Furthermore, these adverse responses to water
deficiency are aggravated in plants grown from seeds treated with the dietholate safener (0.0-diethyl 0
phenyl phosphorothioate) (Mauad et al., 2011).

Dietholate is a seed protector, which gives culture, tolerance to the herbicide clomazone, even in low
doses (Sanchotene et al., 2010). However, the enzymatic compounds inhibited by dietholate are also
responsible for reducing the harmful effects of reactive oxygen species (ROS) formed during cellular
metabolism (Gill et al., 2013) under biotic and abiotic stress conditions. Thus, the use of biostimulants
(Inoue et al., 2012), such as silicon (Si) (Mauad et al., 2011) has been recommended to minimize the
phytotoxic effects of dietholate in the presence of water deficit.

Silicon (Si) is an enzymatic stimulant (Taiz et al., 2017) and can affect plant growth and development by
initiating signaling for the production of antioxidant compounds (Etesami et al., 2017) and
osmoprotectants, such as proline and glycine betaine (Etesami et al., 2017). The accumulation of silicon
in plants can mitigate the stresses that result in interference in rice plant photosynthesis under water
deficit conditions (Artigiani et al., 2012) or due to anaerobic conditions and the formation of ROS (Zia et
al., 2017). By increasing stomatal conductance and maintaining elevated electron transfer, high rates of
photosynthesis are possible, together with high levels of total chlorophyll that affect photosynthetic rates.
Si is also associated with the prevention of leaf senescence by maintaining continued photosynthesis and
protecting chlorophyll distribution, especially under high air temperature and water deficit conditions
(Agarie et al., 1998). According to the authors, silicon promotes the thermal stability of lipids in cell
membranes and, under stress conditions, prevents rice cell membranes from structural and functional
deterioration. Thus, the aim of this study was to evaluate the possible effects of Si as a water drought
reliever in rice plants grown from seeds treated with dietholate.

2. Material and methods

The experiment was conducted in the greenhouse (6 x 20 m, headroom 5 m) from February to April
2018. The experimental design was fully randomized with 48 treatments and three replicates, organized
in a 3x2x4x2 factorial arrangement: three soil water regimes (50% and 100% of soil water retention
capacity (WRC) and water blade of 5.0 cm); two cultivars (IRGA 424 Rl and Guri INTA CL); four Si
rates applied to the furrow (0; 4.0; 8.0 and 16 g L) and two sources of Si (sodium metasilicate
(composition: Na20= 28%; SiO2 = 27%; Fe = 0.02%) and potassium metasilicate (composition: N= 3%;
P20s= 2%; K20= 15%); SiO2= 25%)).

The 144 experimental units each consisted of a pot containing 4.4 pounds de soil. The fertilization of the
experimental units was based according to the soil physical analyses report of the Soil Physics Laboratory
— UFSM. The soil belonging to sandy loam textural class (SBCS), with base saturation < 50, 60.6 of
sand, 22.8% of silt and 16.6% of clay. Ten seeds treated with dietholate seed protector (Permit Star®) at
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a rate of 6 mL per kg seed were sown in each pot at a depth of two centimeters, and after emergence the
six most uniform seedlings in each pot were retained.
Irrigation was carried out daily through the weighing method, using an electronic scale (ACS System)
with precision of 5 g, by adding water until reaching the total predetermined mass (pot + dry soil + water
volume to reach 100 or 50% soil WHC). To determine soil water conditions (50 and 100% soil WHC),
the following adapted formulas were used (Schwab, 2011):

MP50% = (MPWHC —MPdry)0.5 +MPdry 1)

MP100% = (MPWHC —MPdry)1.0 +MPdry 2
Where: MPn% - mass of pot for each treatment; MPWHC - mass of pot at water holding capacity; and,
MPdry - mass of pot filled with dry soil.
Treatments related to soil water conditions were begun 15 days after sowing, simulating water ingress
conditions in an irrigated rice crop. Physiological and morphological variables were evaluated when the
rice plants had reached vegetative stage, scale 39 of the BBCH (MEIER, 2001).
The physiological variables of chlorophyll “a” fluorescence, including the ratio of variable fluorescence
to maximum fluorescence (maximum photochemical efficiency of PSII) (Fv/Fm), effective quantum
yield of PSII (Yllzs) and the electron transport rate (ETRu1s00), were measured with a JUNIOR-PAM
modulated pulse fluorometer (Walz, Germany) between 3:00 am and 8:00 am. Measurements were taken
using the fourth leaf fully expanded of three different plants from three experimental units for each
treatment. Before measuring, the leaves to be analyzed were pre-adapted in the dark for a period of 30
minutes to determine the initial fluorescence (Fo) and subsequently subjected to a pulse of saturating light
(10,000 pmol m2 s) for 0.6 s to determine the maximum fluorescence (Fm). The maximum
photochemical efficiency of PSII (Fv/Fm) was calculated using the fluorescence ratio variable (Fm-Fo).
The electron transport rate (ETR1s00) was determined using a light curve (electron transport rate x light
intensity - PAR), which was constructed by subjecting each sample to radiation levels of 285umol
electrons m? s every 10 s. The measurements were adjusted using the equation ETR = ETRmax [1-
e™ kQ], where k is a fitting constant and Q represents the light intensity (PAR), according to the method
described by Rascher et al. (2000).
Stomatal density (n°/mm?) was determined based on the epidermal impression of the abaxial and adaxial
surfaces of the leaf on glass slides using instant adhesive (Super Bonder®). This was done by collecting
one fully expanded leaf, in three experimental units different, for each treatment. The slides were then
photographed under a microscope and the images processed using Image Pro Plus software to obtain the
area and stomata count. To evaluate plant dry weight, three plants were removed from each pot, placed in
porous paper bags and dried in a forced air oven at 65° C until a constant dry weight (g) was reached.
Response variables were subjected to analysis of variance, and factors analyzed by the Tukey test at 0.05
error probability, except for the silicon rates which were fit to polynomial models using Sisvar® 5.3
statistical software (Ferreira, 2014).
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3. Results and discussion

Total dry weight, ratio of variable fluorescence to maximum fluorescence and adaxial surface stomatal
density showed significant interaction for all factors (soil water conditions x cultivar x Si rate x Si
source). Abaxial surface stomatal density showed a significant interaction for soil water x Si rate X
cultivar, and no effect was produced for the Si source in the F-test (p <0.05). Thus, for this variable,
regression models and tables were obtained using the means of the two Si sources. For effective quantum
yield of PSII (Ylli2s) and electron transport rate (ETRu1s00), there was a significant effect only for the Si
rate, with no effect for the cultivar, Si source and soil water in the F-test (p <0.05). Thus, regression
models were obtained for the means of the cultivar, Si source and soil water.

It can be seen from an examination of soil water conditions, that, for adaxial surface stomatal density
(Table 1), that of the sixteen comparisons between the water conditions of the soil, within the levels of
the other factors, 81% of the cases the plants under water deficit (50% WRC) did not differentiate the
number of stomata of the adaxial face per mm?, in relation to the plants under 100% WRC and immersed
plants. These results may indicate that transpiration control can be done more by stoma closure than by
the presence of fewer stomata.

Comparing the results for Si sources, in terms of adaxial surface stomatal density (Table 1), of the
twenty-four comparisons between the Si sources, given the levels of the other factors, 79% of cases did
not show any statistical difference between sources. In terms of the cultivar variable (Table 1), in general,
of the twenty-four comparisons between cultivars, given the levels of the other factors, 79% of cases did
not show any statistical difference between cultivars, possibly due to their genetic similarity.

Table 1 — Comparison of means for adaxial surface stomatal density in rice leaves for water conditions
and Si sources at different Si rates and for different cultivars. Santa Maria, RS, 2019.

WATER SOIL CONDITIONS AND CULTIVARS

Si Si Guri INTACL IRGA424Rl  GuriINTACL IRGA424Rl GuriINTACL IRGA424RI
Potassium
11.00 ao* 09.00 a 1133 aa 06.66 af 07.66 ao 08.00 aa
metasilicate
0g.L?
Sodium
09.00 aa 08.66 an 0933 aa 10.66 aa 09.33 aa 10.33 aa
metasilicate
Potassium
09.00 Ba a 11.00 Aa « 09.00 Aa a 10.00 Aaa 12.66 Aao 12.00 Aao
metasilicate
40g.L?
Sodium
13.00 Aa o 09.66 Aap 1233 Aaa 12.00 Aaa 06.33 Bba 08.66 Aaa
metasilicate
Potassium
12.00 Aa a 10.66 Aa o 07.33 Aba 10.33 Aao 10.00 Aaba 13.00 Aaa
metasilicate
8.0g.L*
Sodium
09.33 Aap 13.33 Aaa 09.00 Aaa 12.33 Aaa 09.00 Aaa 09.33 Baa
metasilicate

International Journal for Innovation Education and Research© 2021 pg. 564



International Journal for Innovation Education and Research www.ijier.net Vol:-9 No-05, 2021

Potassium
13.33 Aaa 08.33 Abp 12.33 Aaa 12.33 Aaba 06.33 Bbp 13.00 Aao
) metasilicate
16g.L"
Sodium
09.00 Baa 10.33 Aaa 09.66 Aaa 11.66 Aaa 12.33 Aao 10.33 Aaa
metasilicate

* Means not followed by the same uppercase letter in the column were statistically different for different sources of Si and the
same lowercase letter and the greek one, in the line differed for water regimes in the soil and between the different cultivars

respectively, in the Tukey test (p< 0.05). WRC: water holding capacity in the soil.

The regression analysis of Si rates for adaxial surface stomatal density (Figure 1) show that at the
highest rate of sodium metasilicate (16 g L), there was a linear increase of 32% in the number of
stomata for the immersed Guri INTA CL cultivar compared to non-supplemented plants (0.0 g L™),
whereas none of the other soil water conditions fit the polynomial models (Figure 1a). For the IRGA 424
RI cultivar, there was a quadratic increase at 50% WRC (water deficit), reaching a maximum at a rate of
9.9 g L sodium metasilicate; none of the other soil water conditions fit the polynomial models (Figure
1b). The presence of a greater number of stomata can be a useful strategy to increase atmospheric COz,
absorption or carbon exchange rate.For the potassium metasilicate source and both cultivars (Guri INTA
CL and IRGA 424Rl, Figures 1c and 1d), at 100% WRC there was a quadratic adjustment in adaxial
surface stomatal density for the Guri INTA CL cultivar and linear increase of 85% in the number of
stomata for the IRGA 424 RI cultivar at the highest rate of Si (16 g L™*) compared to non-supplemented
plants (0.0 g LY. In immersed plants, increasing the rate of potassium metasilicate resulted in a linear
increase of 65% in adaxial surface stomatal density in the IRGA 424 RI cultivar at the highest rate of Si
(16 g LY and Guri INTA CL cultivar there was a quadratic increase in adaxial surface stomatal density,
reaching a maximum at a rate 8 g L™ compared to non-supplemented plants (0.0 g L) (Figure 1c and
1d). At 50% of the WRC, there was not adjustment of polynomial models in both cultivars (Figure 1c and
1d). In rice (Oryza sativa L.) seedlings, 2 mM Si treatment increased the stomatal density and decreased
the stomatal size of the adaxial epidermis (Ju et al., 2017). These same authors suggest that higher
stomatal densities and smaller stomatal sizes improved the sensitivity of the stomatal regulation of the
plants and improved the stomatal function at similar leaf areas. Agarie et al. (1998) showed that Si
applications significantly decreased stomatal transpiration by influencing stomatal movement in rice
plants.
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Figure 1 — Relationship between adaxial surface stomatal density and silicon rates in IRGA 424 RI (b
and d) and Guri INTA CL (a and c) cultivars under different water conditions (50 and 100% WRC and
water blade) and for different Si sources (sodium and potassium metasilicate). Santa Maria. RS. 2019.

In general, 25% of the six soil water comparisons exhibited a statistical difference for the effect of soil
water conditions on abaxial surface stomatal density, given the levels of the other factors (Table 2). The
Guri INTA CL cultivar supplemented with 4.0 mg L™ Si and at 50% WRC showed a higher stomatal
density per mm? than at 100% WRC and did not differ statistically from immersed plants.The IRGA 424
RI cultivar supplemented with 8.0 g L™* at 100% WRC showed higher stomatal density, but there was no
statistical difference compared to plants at 50% WRC.

Comparing the cultivars, the only statistical difference was for abaxial surface stomatal density at 100%
WRC and 4.0 g L Si, and the IRGA 424 RI cultivar exhibited a higher mean abaxial surface stomatal
density than the Guri INTA CL cultivar (Table 2). This may indicate a greater capacity to absorb and fix
CO:z2 in this cultivar and under these conditions.

Table 2 — Comparison of means for abaxial surface stomatal density in rice leaves for cultivars under
different water conditions and Si rates. Santa Maria, RS, 2019.

WATER SOIL CONDITIONS

RATES OF Si CULTIVAR
50 % WRC 100 % WRC Water blade
. Guri INTACL 09.16 Aa* 10.16 Aa 07.33 Aa
O0g.L
IRGA 424 RI 11.33 Aa 09.00 Aa 09.66 Aa
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40 gL Guri INTA CL 11.00 Aa 07.83 Bb 10.00 Aab
IRGA 424 RI 11.16 Aa 12.66 Aa 10.33 Aa

80gL" Guri INTACL 12.33 Aa 11.50 Aa 10.83 Aa
IRGA 424 RI 10.50 Aab 12.66 Aa 08.83 Ab

16gL Guri INTA CL 11.00 Aa 9.00 Aa 09.50 Aa
IRGA 424 RI 11.00 Aa 10.33 Aa 11.83 Aa

Coefficient of variation = 21.46%

*Means not followed by the same uppercase letter in the column were statistically different between cultivars and the same

lowercase letter on the rows for soil water regimes in the Tukey test (p<0.05). WRC: soil water retention capacity.

In terms of regression analysis for the rates of Si, abaxial surface stomatal density (Figure 2a) for the
IRGA 424 RI cultivar showed a quadratic increase at 100% WRC, rising to a maximum at an Si rate of
9.0 g LX. None of the other water conditions fit the polynomial models. Under water deficit (50% WRC)
and water blade conditions (Figure 2b), the Guri INTA CL cultivar also showed a quadratic increase in
abaxial surface stomatic density, reaching a maximum at a rate of 11 g L Si for both water conditions.
At 100% WRC, there were no fits to any polynomial model. Research has shown that environmental
factors (e.g. light) regulate the development of stomata in young leaves through a mechanism for
detecting the levels of these factors in mature leaves on the same plant (Nadeau, 2002). The presence of a
layer of silica on leaf surfaces is capable of altering the emissivity spectrum (Da Luz, 2006). Thus, higher
rates of Si can induce a thicker layer on leaf surfaces, which can affect light transmittance and
consequently the formation and density of stomata.
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Figure 2 — Relationship between abaxial surface stomatal density in IRGA 424 Rl and Guri INTA CL
rice cultivars. under different water conditions (50 and 100% WRC and water blade) and Si rates. Santa
Maria. RS. 2019.

In regard to the way in which soil water conditions affect maximum photochemical efficiency of PSII
(Fv/Fm) (Table 3), in general, of the sixteen comparisons of soil water conditions, given the levels of the
other factors, Fv/Fm was higher at 100% WRC and water blade in 31% of cases, indicating that the
efficiency of the PSII light absorption system was higher compared to water deficit conditions (50%
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WRC), increasing capacity to transfer excitation energy from the antenna pigments to the reaction
centers. The fact that Fv/Fm values were maintained in 43% of comparisons for water deficit condition,
given the other factors, may be related to supply of Si. Tatagiba et al., (2017) in a study with Oryza sativa
L leaves, supplied or not with Si, they found increases in the values of Fv/Fm, in the plants that were
supplied with Si. The Fv/Fm value differed between plants under water deficit (50% WRC) and water
blade, in the other 19% of comparisons, with lower Fv/Fm values in plants under water deficit, evidence
of an impairment of the photosynthetic apparatus. Decreases in the efficiency of PSII can be caused by a
drop in the accumulation of acceptors, and by increased thermal dissipation of excess excited energy
prior to reaching PSII reaction centers (Demmig-adams et al., 1995).

Table 3 — Comparison of means for photochemical efficiency of PSIl (Fv/Fm) in rice plants under
different water conditions and for two cultivars and two Si sources in different Si rates. Santa Maria, RS,
2019.

WATER SOIL CONDITIONS AND SOURCES OF Si

RATES 50 % WRC 100 % WRC Water blade
CULTIVAR
OF Si Potassium Sodium Potassium Sodium Potassium Sodium
metasilicate  metasilicate metasilicate metasilicate metasilicate metasilicate

0 LA Guri INTACL 0.66 Abp* 0.75 Aaa 0.78 Aaa 0.78 Aaa 0.80 Aaa 0.77 Aaa
¢ IRGA 424RI 0.69 Aaa 0.61 Bbp 0.76 Aaa 0.74 Aaa 0.75 Aaa 0.81 Aaa
. Guri INTACL 0.75 Aaa. 0.77 Aaa 0.82 Aaa 0.79 Aaa. 0.79 Aaa 0.81 Aaa
B 0.76 Aaat 0.74 Aaat 0.76 Aaat 0.80 Aaat 0.80 Aaat 0.77 Aaat
. Guri INTACL 0.81 Aba 0.79 Aba 0.88 Aaba 0.86 Aaba 0.89 Aaa 0.88 Aaa
SOt IRGA 424RI 0.73 Bba 0.76 Aba 0.85 Aact 0.89 Aad 0.86 Aaa 0.87 Aaa
16 Lt Guri INTACL 0.79 Aba 0.79 Aba 0.86 Aaba 0.92 Aaa 0.89 Aaa 0.84 Aaba
¢ IRGA 424RI 0.80 Aba 0.82 Aaa 0.90 Aaa 0.88 Aaa 0.94 Aaa 0.87 Aaa

Coefficient of variation = 5.43%

*Means not followed by the same uppercase letter in the column were statistically different between cultivars and the same
lowercase letter and greek on the rows for soil water regimes and different for Si respectively sourcesin the Tukey test

(p<0.05). WRC: soil water retention capacity.

With regard to the effects of cultivar and Si source on maximum PSII photochemical efficiency (Fv/Fm),
of the twenty-four comparisons for each factor, 92% showed no statistical differences for different Si
sources and cultivars (Table 3).

In the regression analysis for Si rates and maximum PSII photochemical efficiency (Fv/Fm) (Figures 3a
and 3b), both cultivars IRGA 424 Rl and Guri INTA CL, supplemented with potassium metasilicate,
showed a linear increase in the values of Fv/Fm under all three soil water conditions, with respective
increases of 14, 18 and 25% at 50% and 100% WRC and for immersed plants at the highest rate of
potassium metasilicate (16 g L) compared to plants not supplemented with Si (Og L™). For the Guri
INTA CL cultivar at 50% WRC, all rates of potassium metasilicate produced a positive quadratic
increase, reaching a maximum at a rate of 11 g L™, whereas at 100% WRC and when immersed, there
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was a respective linear increase of 10% and 11% in Fv/Fm values at the highest rate of potassium
metasilicate compared to plants not supplemented with Si.

For the sodium metasilicate source, the IRGA 424 RI cultivar under soil water conditions of 50% and
100% WRC (Figure 3c) showed quadratic increases in the values of Fv/Fm, reaching respective
maximums at rates of 14 and 12 g L%, and a linear increase in water blade conditions, with a 7% increase
in the Fv/Fm values at the highest rate of sodium metasilicate (16 g L) compared to plants not
supplemented with Si (0 g L) (Figure 3c). For the Guri INTA CL cultivar, the rates of sodium
metasilicate resulted in respective linear and quadratic increases at 100% WRC and water blade, with an
18% increase in the Fv/Fm values at 100% WRC at the highest rate of sodium metasilicate (16 g L™?)
compared to plants not supplemented with Si (0 g L), and reaching a maximum at a rate of 10 g L in
immersed plants. There were no fits to polynomial models at 50% WRC.
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Figure 3 — Relationship between maximum photochemical efficiency of PSII (Fv/Fm) and Si rates in
IRGA 424 RI1 and Guri INTA CL rice cultivars under different water conditions (50 and 100% WRC and
water blade) and for different Si sources (sodium and potassium metasilicate). Santa Maria. RS. 2019.

The relationship between Si rate and electron transport rate (ETR1s00) (Figure 4a) was quadratic, reaching
a maximum at a rate of 16 g L™, resulting in an increase in photosynthesis, possibly due to the Si
boosting the photosynthetically active leaf area index (Kozlowski, 2002). The beneficial effect of Si on
Fv/Fm and ETR1s00 values can be attributed, at least in part, to anatomical variations produced by the
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deposition of silica on the walls of epidermal cells, which keep the leaves upright and improve light
interception, stimulating photosynthesis (MA & TAKAHASHI, 2002; SAVIO et al., 2011).

Figure 4 b shows that the regression analysis of Si rates for effective quantum yield of PSIl (Y1l125),
which, as for an ETR1soo resulted in a quadratic increase, reaching a maximum at 16 g L™, evidence of
increased photosynthetic performance in plants supplemented with Si. Normally, the stress on the plant
caused by any environmental factor can lead to an initial reduction in Ylli2s and in Fv/Fm, linked to
impaired functionality of the photosynthetic apparatus (Kramer et al., 2004). The maximum efficiency
photochemical efficiency of the FSII or the FV / FM ratio is a sensitive indicator of the photosynthetic
performance of plants, with values ranging from 0.75 to 0.85 (Wagner & Merotto Junior, 2014). In plants
not supplemented with Si and kept at 50% WRC, Fv/Fm values were below optimal, evidencing
impairment of the photosynthetic apparatus during water drought. In the presence of Si, there was an
increase in Fv/Fm in plants under water deficit and under optimal conditions, indicating the importance
of this element for boosting photosynthesis. One possible explanation for the highest Yllizs values
observed in plants supplemented with Si is that, in the presence of Si, the plants began using a higher
fraction of Yllizs excitation energy instead of dissipating it in the form of heat, thus increasing
photosynthetic yield (Klughamer and Schreiber, 2008). Therefore, according to the findings of this study,
Si supplementation enhances photosynthetic yield in rice plants.
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Figure 4 — Relationship between electron transport rate (ETR1s00) (2) and effective quantum yield of PSII
(Y1) (b) and silicon rates in rice shoots (means for Si sources (sodium and potassium metasilicate).
cultivars (IRGA 424 RI and Guri INTA CL) and water conditions (50 and 100% WRC and water blade).
Santa Maria. RS. 2019.

Comparing the effect of soil water conditions on total dry mass (Table 4), in the sixteen comparisons,
given the other factors, 56% showed higher total dry mass for immersed plants. The drop in total dry
mass under the other soil water conditions was probably due to lower cell expansion and lower turgor
pressure (Kramer, 1994), impairing plant growth and development and impacting dry mass accumulation.
Similar results in rice cultivars were reported by Mauad (2003; 2006), Crusciol et al. (2003 a) and
Crusciol et al. (2003b).
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Table 4 — Comparison of means for rice plant total dry mass for different water conditions and cultivars
at different Si rates and for different Si sources. Santa Maria. RS. 2019.

WATER SOIL CONDITIONS AND SOURCES OF Si

RATES 50 % WRC 100 % WRC Water blade
CULTIVAR
OF Si Potassium Sodium Potassium Sodium Potassium Sodium
metasilicate metasilicate metasilicate metasilicate metasilicate metasilicate

0oLt Guri INTACL 0.29 Abp* 0.67 Aaba 0.65 Aba 0.36 Aba 1.44 Aaa 0.82 Aap
¥ IRGA 424RlI 0.28 Aba 0.26 Bba 0.52 Aaba 0.71 Aaa 0.76 Baa 0.92 Aaa
400t Guri INTACL 0.25 Aba 0.57 Aba 0.49 Aaba 0.54 Aba 0.92 Aap 1.32 Baa
o9 IRGA 424RI 0.32 Aba 0.51 Aba 0.75 Aaa 0.61 Aba 0.68 Aabp 1.80 Aaa
. Guri INTACL 0.24 Aba 0.49 Aba 0.53 Aba 0.80 Aba 2.93 Aaa 2.35 Aap
S0t IRGA 424RI 0.31 Aba 0.50 Aba 0.65 Aaba 0.73 Aba 0.99 Bap 2.17 Aaa
16.0 L Guri INTACL 0.53 Aba 0.53 Aba 0.53 Bba 0.64 Aba 2.79 Aaa 2.55 Aaa
oo IRGA 424RlI 0.45 Aaa 0.38 Aba 0.94 Aba 0.51 AbB 1.47 Bep 2.31 Aaa

Coefficient of variation = 24.75%

*Means not followed by the same uppercase letter in the column were statistically different between cultivars and the same
lowercase letter and greek on the rows for soil water regimes and different for Si respectively sourcesin the Tukey test

(p<0.05). WRC: soil water retention capacity.

In terms of the effects of cultivar and Si source on total dry mass, in the twenty-four comparisons, 75%
showed no statistical difference between cultivars, indicating very similar Si action for both factors,
possibly due to the genetic similarity of the cultivars (Table 4). For Si source (Table 4), in 16% of
comparisons the sodium metasilicate source resulted in higher mean total dry mass compared to
potassium metasilicate; in most cases, this statistical difference between Si sources was found in
immersed plants.

In the Guri INTA CL cultivar supplemented with potassium metasilicate (Figure 5a), there was a
quadratic adjustment for immersed plants, where for the soil water conditions of 50 and 100% of the
WRC there were not adjustments of polynomial models. For the IRGA 424 RI cultivar, potassium
metasilicate rates at 100% WRC and in immersed plants (Figure 5b) there was a linear fit, increase of 77
and 93%, respectively, at the highest rate of potassium metasilicate (16 g L™) compared to plants not
supplemented with Si (0 g L™).

For the sodium metasilicate source, both cultivars when immersed (Figures 5¢ and 5d) showed a
quadratic increase, reaching respective maxima at rates of 15 and 13 g L™*. At 50% and 100% WRC, there
was no significant polynomial fit.

International Educative Research Foundation and Publisher © 2021 pg. 571


http://www.ijier.net/

International Journal for Innovation Education and Research ISSN 2411-2933 01 May 2021

6
6 (2) Guri INTA CL (b) IRGA 424 RI
5 X 5 ¢ 50% WRC y=ns
. * 50% WRCy=ns c) ® 100% WRC y = 0.0003x2 + 0.0176x + 0.5695
7 4 B 100% WRCy=ns ?@’ 4 R2 = 0.7883
7 4 Waterblade y =y =-0.0045x* + 0.1833x + I A - 2=
E 11179 RZ=0.5753 s Water blade y = 0.049x + 0.632 R2=0.8881
P 3 A 5 3
S E
% 2 22
F
1 A 1
0 A 4 v v 0% o *
0 4 8 12 16 0 4 8 12 16
Rates of potassium metasilicate (g.L1) Rates of potassium metasilicate (g.L™2)
6 : 6
(C) Guri INTACL (d) IRGA 424 RI
~5 * 50% WRC y=ns 5 * 50% WRCy=ns
=2 m 100% WRC y= ns > m 100% WRC y=ns
L4 A Water blade y = -0.008x?2 + 0.2435x + 0.7256 & 4 |A Water blade y = -0.0096x2 + 0.2377x + 0.9563
S R2 = 0.9465 S R2=0.9863
>3 > 3
© ©
< T
[ 7'V ~
1 ) 1
L 2 v v v v
0! 0 .
0 4 8 12 16 0 4 8 12 16
Rates of sodium metasilicate (g.L?) Rates of sodium metasilicate (g.L)

Figure 5 — Relationship between total dry mass and Si rates in IRGA 424 Rl and Guri INTA CL rice
cultivars under different water conditions (50 and 100% WRC and water blade) and Si sources (sodium
and potassium metasilicate). Santa Maria. RS. 20109.

Thus, we found that there was a relationship between the availability of Si and total dry mass of the plant,
possibly due to improved use of the water available in the soil. Lee et al. (2010) reported that Si boosts
growth by enhancing the absorption of mineral nutrients, possibly through a kinetic relationship with the
absorption processes for some nutrients. Faria Junior et al. (2009), evaluating the effects of increased Si
rates on rice cultivars (Conai and Curinga), found an increase in plant root dry matter. Savio et al. (2011)
reported that Brachiaria brizantha and Panicum maximum responded positively to Si in terms of dry
weight yield. These results are not consistent with those reported by Melo et al. (2003), who studied the
effect of Si on dry matter yield in two species of the genus Brachiaria under different soil water
conditions. Melo et al. (2003) reported that, despite the accumulation of high quantities of Si in the shoot,
there was no effect on the tolerance of both species to water deficiency in the presence of Si.

4. Conclusion

The physiological responses of rice plants to silicon supplementation were a) higher stomatal density,
adapting them to water deficit; b) increased maximum photochemical efficiency of PSIlI (Fv/Fm) in
plants under both water deficit and optimum conditions, boosting photosynthesis; and c) increased
effective quantum vyield of PSII (YII). In morphological terms, there was an increase in the total dry
weight in plants supplemented with silicon under both water deficit and optimum conditions.

Therefore, silicon attenuated water deficit stress in plants grown from seeds treated with dietholate.
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