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Introduction
Rice (Oryza sativa L.) is one of the most widely grown and consumed cereals worldwide, 

and estimates are that demand will increase by 60% in 2050 [1]. Brazil is the ninth-largest 
rice-producing country, the largest outside Asia, with 11.75 million t in 2018, which 
represented approximately 1.5% of the world’s rice production [1,2]. The southern region of 
Brazil is responsible for 82% of Brazil’s rice production, mainly the states of Rio Grande do 
Sul (71.5%) and Santa Catarina (9.2%) [2]. Widely divergent environments, such as irrigated 
uplands and lowlands, flooded and rainfed lowlands, and rainfed upland ecosystems, are used 
to grow rice. In Brazil, rice production occurs predominantly in flooded lowlands, which are 
mainly Hydromorphic Planosol in the Rio Grande do Sul State [3]. Rice plant is susceptible 
to pathogens that may compromise it development and production by lowering the number 
and weight of grains and reducing grain nutritional quality by lowering the contents of 
carbohydrates and/or proteins [4,5]. The main diseases affecting rice plants in Brazil are 
blast (Magnaporthe oryzae Hebert), brown spot (Cochliobolus miyabeanus Ito & Kuribayashi), 
leaf scald (Monographella albescens Thuemen) and sheath blight (Thanatephorus cucumeris 
Frank) [6]. Resistant cultivars, healthy seeds and fungicide application are the main control 
alternatives used to manage these rice diseases [6-8]. A control measure that is gaining 
attention worldwide is the application of silicon (Si) fertilizer. Rice plants can accumulate 
Si up to 10% of dry weight [9], which was been associated to alleviation of abiotic stresses 
such as nutrient imbalance, salinity, drought and heavy metals as well as enhancing resistance 
against diseases and pests [10-15]. Although silicate minerals are dominant soil components, 
the available silicic acid may be scarce to plant uptake particularly in croplands due to 
continuous Si removal with crop harvest [16] becoming Si fertilization an option to increase 
plant’s resistance to biotic and abiotic stresses and gain on yield. In this study we evaluated 
the effects of calcium silicate (a Si source) fertilization on diseases intensity, and yield and 
quality of grains produced by rice plants grown on flooded soil in Rio Grande do Sul, Brazil.
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Abstract
Rice (Oryza sativa L.) is a strategic crop for food security, with significant economic importance for many 
countries. Silicon (Si) is a mineral element that increases both rice resistance to diseases and yield. In 
this study we evaluated, in two crop seasons, the effect of calcium silicate (source of Si), incorporated in 
the soil, on disease control, grain yield and its quality on three rice cultivars grown in flooded soils in Rio 
Grande do Sul, Brazil. The leaf diseases only occurred at the end of the crop cycle and in low intensity. 
Plants grown on plots supplied with calcium silicate showed higher concentration of Si in leaves and 
lower intensity of two diseases (brown spot and leaf scald), but without significant effect on grain yield 
and on quality parameters (brown rice content, head rice yield and translucent rice content). Grain yield 
and quality parameters were only affected by cultivars. In conclusion, calcium silicate fertilization did 
not influence grain yield and its quality under low intensity and / or occurrence of biotic stress in final 
development stages of the plant.
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Material and Methods

Experimental area, rice cultivars and climatical measurements. 
The experimental area used in the experiment is located in the 
municipality of Capão do Leão, RS, Brazil (31°48’29”S 52°28’52”W). 
The soil of the experimental area is classified as solodic eutrophic 
Hydromorphic Planosol with the characteristics as follows: pH water 
(1:1)=5.2; CEC pH 7=7.1cmolc; organic matter=1.38%; clay=25%; 
Ca=1.2cmolc dm-3; Mg=2.1cmolc dm-3; Al exchangeable=0.5cmolc 
dm-3; P available=8.1mg dm-3; K exchangeable=39mg dm-3. The 
concentration of available Si (extracted with 0.01M CaCl2) in the 
soil was 14.0mg dm-3. The experimental area was previously used 
for rice cultivation, but at the time of installation of the experiment 
it was two years of fallow.

Seeds from the rice cultivars BRS Querência (Embrapa), BRS 
Atalanta (Embrapa), and Puitá INTA CL (BASF S/A) were used 
for experiment. The grain produced by these three genotypes 
are categorized as long slender and high amylose. Data on 
average rainfall, air humidity, and maximum and minimum daily 
temperatures were obtained from the Terras Baixas Meteorological 
Station of the Brazilian Agricultural Research Corporation 
(Embrapa) in Capão do Leão, RS (31°48’12”S, 52°24’40”W-altitude 
of 13.24m).

Experimental design
A randomized 3x2 factorial block design was used (three 

cultivars and two calcium silicate treatments - without (-Si) or with 
(+Si)), with four replications. Each replication consisted of 10m² 
(2×5m). The experimental units were separated from each other 
by 100cm and surrounded by a ridge (40cm tall and 60cm wide). 
The experiment was conducted twice (2016-17 and 2017-18 crop 
seasons).

Soil management
The calcium silicate (Agrosilício Plus®), which was composed 

of 25.0% calcium, 6.0% magnesium and 10.5% Si, was applied at 
a rate of 4.9 tons ha-1. To standardize the amount of calcium and 
magnesium supplied to the plants in the calcium silicate treatment, 
soil of the control treatment was amended with limestone, 
composed of 26.5% calcium and 15.0% magnesium, at a rate of 
4.1 tons ha-1. Calcium silicate or limestone was incorporated in 
the soil using a rotary hoe 30 days before sowing. In the second 
year (experiment repetition), the products were applied again to 
keep the soil pH at 6.5. Fertilization with nitrogen, phosphorus and 
potassium, flooding management and other crop practices were 
carried out according to the recommendations for flooded rice 
cultivation [6].

Biotic stress assesses
The assessment of diseases was initiated after seedling 

emergence and repeated weekly until harvesting. The intensity 
of diseases (blast, brown spot, eyespot (Drechslera gigantea) and 
leaf scald) was recorded during the reproductive stage. For disease 
assessment, the severity (percentage of total leaf area affected by 
each disease) was evaluated on all flag leaves of 12 marked plants, 
systematically positioned inside each plot to represent as best as 

possible the area of the replication. Leaf blast was assessed using a 
10-level scale [17]; brown spot was assessed using a 7-level scale 
[18]; leaf scald was assessed using a 6-level scale [19]; and eyespot 
was assessed using a 7-level diagram [20]. Disease severity data 
were plotted to obtain the disease progress curves and the area 
under disease progress curve (AUDPC) was calculated according to 
Shaner [21].

Determination of yield and grain quality
The rice grains were harvested from each plot when the 

moisture content was approximately 22% . Grains were then 
subjected to cleaning and drying processes until 13% moisture 
content was achieved. Afterwards, rice yield was estimated and 
expressed as kg ha-1. The brown rice content and the head rice 
yield were determined according to the Brazilian Rice Regulation 
[22]. For this, rice samples (100g) were subjected to husking and 
milling using a Zaccaria Rice Machine. Subsequently, the polished 
kernels were placed in the trieur component of the same machine 
where the broken kernels were separated from the whole kernels. 
Broken kernels were those with a length lower than ¾ parts of the 
minimum length of 6.0 mm accepted for long grains, i.e., less than 
4.49mm [22]. The brown rice content and head rice yield were 
expressed as percentages. The polished rice samples were subjected 
to chalky and translucent grain identification and separation. For 
each sample, totally translucent grains were weighed, and their 
percentage was calculated.

Leaf silicon quantification
In the last assessment of diseases, the flag leaves were sampled 

and used to determine the Si concentration. Briefly, samples were 
rinsed with deionized water, dried for 72 hours at 70 °C and ground 
to pass through a 40-mesh screen using a mill. The percentage of Si 
was determined from 0.1g of leaf tissue using the yellow method 
with sodium hydroxide and hydrogen peroxide [23].

Data analysis
The Shapiro-Wilk test was applied to verify the normality of the 

data, and the Cochran’s test, was used to assess homoscedasticity. 
Further, data were subjected to analysis of variance (ANOVA) and 
the means were compared by the Student t-test (P<0.05) or Tukey 
test (P<0.05). The statistical analyses were performed using R 
software [24].

Results and Discussion
The cultivars and calcium silicate fertilization were significant 

for some variables, but the interaction of factors was not significant 
(P<0.05) for all variables. The concentration of Si in leaves was only 
influenced (P<0.05) by calcium silicate treatment, increasing 10% 
in leaves of plants grown in flooded soil fertilized (Figure 1a).

In the 2016-17 crop season, the occurrences of brown spot, 
leaf scald and blast were recorded. These diseases occurred only in 
the reproductive stage, and their progress was affected by cultivar 
and calcium silicate fertilization, especially for those that occurred 
earlier such as brown spot (Figure 1c) and leaf scald (Figure 1d), 
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but not blast (Figure 1b), which occurred at the end of the crop cycle 
with low severity. Calcium silicate fertilization reduced the AUDPC 
values by 16.5 and 14.3% for brown spot (Figure 1c) and leaf scald 
(Figure 1d), respectively. Eyespot was recorded on BRS Querencia 
and BRS Atalanta with severity below than 0.5%, regardless of Si 
treatment (data not shown).

Among the cultivars, the lowest AUDPC value for brown spot 
(Figure 1c) was recorded in the cultivar Puitá INTA CL, and for 
leaf scald (Figure 1d) the lowest AUDPC value was recorded in the 
cultivars BRS Querência and Puitá INTA CL.

Figure 1: Leaf silicon (Si) concentration (A), progress curve of the severity of blast (B), brown spot (C) and 
leaf scald (D), grain yield (E), brown rice (F), head rice yield (G) and translucent grains (H) of rice plants of the 
cultivars BRS Querência, Puitá INTA CL and BRS Atalanta, grown in flooded soil containing calcium silicate (+Si) 
or limestone (-Si). For each disease is	showed the area under disease progress curve (AUDPC) inside each figure. 
Data of the two crop seasons are combined in Figures A, E, F, G and H. Data in Figures B, C and D are from 
the 2016-17 crop season. *means followed by distinct letters differ by the Tukey test at 5% probability. ns=non-
significant.

In the 2017-18 crop season, diseases (brown spot, eyespot and 
leaf scald) were recorded at very low severity (below than 1%) only 
at the end of the crop cycle (data not showed), probably due to less 

favorable climatic conditions, especially linked to irregular rainfall 
during the reproductive stage (Figure 2).
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Figure 2: Rainfall, maximum (Tmax), mean (Tmean) and minimum (Tmin) temperature during the growing cycle 
of rice in the two seasons (2016/17 and 2017/18).

Grain yield (Figure 1e) and translucent grain (Figure 1h) were 
only influenced by cultivars (P<0.05). The grain yield of the BRS 
Atalanta was 19% higher than Puitá INTA CL, while translucent grain 
of Puitá INTA CL was 12 and 11% higher than BRS Atalanta and BRS 
Querência, respectively (Figure 1h). Calcium silicate fertilization 
resulted in significant increase in the Si concentration in the leaves. 
Silicon is considered a benefic element, and its accumulation in rice 
plant tissue is associated to reduction in the intensity of several 

diseases including blast, brown spot, sheath blight and leaf scald 
[14]. In the Figure 3 is summarized the main procedure and results 
of the study, showing that the field application of calcium silicate 
in the Hydromorphic Planosol, one of the main soil types used for 
rice grow in Brazil, reduced brown spot and leaf scald severity, but 
the slight increases in the Si concentration in the leaves not affected 
significantly the grain yield and some quality attributes such as 
brown rice content, head rice yield and translucent grain content.

Figure 3: Procedure to incorporate calcium silicate into the soil, rice plants growth, plant development stages 
where the main variables were evaluated and effects of calcium silicate on the leaf diseases and on the yield and 
quality of grain.
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The result of this study is in agreement with previous studies 
conducted in arenic eutrophic Hydromorphic Planosol at two 
regions of Rio Grande do Sul: Central Depression and Campanha 
[25]. These results, contrasting to several other studies (reviewed 
by Rodrigues et al. [14]), may be attributed to intrinsic soil 
characteristics and to the adopted cultivation system (flooding) 
which induced alteration in the soil increasing the release of Si to 
the soil solution.

This hypothesis is reasoned in previous studies demonstrating 
that flooding the soil affect electrochemical (decrease in redox 
potential and changes in soil and solution pH), chemical, and 
microbial processes increasing the availability of several elements 
including Si concentration in the soil solution [26-28]. However, the 
increase in the Si concentration in plant tissue conferred by calcium 
silicate fertilization was associated to the reduction in the AUDPC of 
the brown spot and leaf scald during the 2016-17 season. For brown 
spot, a minimum concentration of Si in plant tissue is needs to 
reduce the disease intensity [29]. Thus, the slight increase in the Si 
concentration in plants grown in soil supplied with calcium silicate 
reduced disease progress. However, the low severity of the diseases 
and their occurrence in the final stages of crop development neither 
affect the grain yield nor the rice quality attributes such as brown 
rice content, head rice yield and translucent rice content.

In the 2017-18 season, diseases were recorded at the end of crop 
cycle with severity below of 1%. In this case, the beneficial effect 
of calcium silicate fertilization was not observed, either on disease 
severity or grain yield and its quality. Silicon has some effects on 
plant metabolism under normal conditions, but its benefic effects 
are normally observed under stress (biotic and abiotic) conditions 
[30,31]. Thus, the flooded field, reducing water deficiency to plants, 
and the low biotic stress, mitigated the effects of calcium silicate 
fertilization on rice plants. However, further studies should be 
performed to assess the effect of calcium silicate under conditions 
favorable to the disease epidemic occurring on earlier development 
stages and at greater intensity to measure the calcium silicate effect 
on grain yield and its quality.

Conclusion
Calcium silicate fertilization in Brazilian’s Hydromorphic 

Planosol reduces the intensity of the brown spot and leaf scald. 
However, under low disease intensity or its occurrence during final 
stage of plant development, calcium silicate neither affect the grain 
yield nor quality parameters (brown rice content, head rice yield 
and translucent rice content).
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