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ABSTRACT

The cultivation of upland rice (Oryza sativa) in Brazil occurs mainly in the Cerrado, a region
with adverse weather conditions. The use of silicon in its cultivation becomes important,
since this nutrient provides higher rigidity, lower transpiration and higher resistance to dry
spells in rice plants. The objective of the present study was to evaluate the effect of silicon
fertilization and soil water tensions on upland rice development and yield in a Cerrado
Oxisol. A 5 x 5 fractionated factorial with five soil water tensions (0, 15, 30, 45 and 60 kPa)
and five silicon doses (0, 120, 240, 480 and 960 mg dm™) was used, which were distributed
in a randomized block design, with four replicates. Plant height, number of tillers, number
of panicles, number of grains per panicle, numbers of full and empty grains and percentage
of empty grains were evaluated. Silicon fertilization promotes increased tillering in rice
plants at the dose of 960 mg dm™. The numbers of tillers and panicles decreased with the
application of silicon up to the doses of 460 and 490 mg dm, respectively. The increase in
soil water tensions reduced plant height and the number of full grains, and increased the
percentage of empty grains of upland rice.
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Adubacio silicatada e tensoes de agua
no solo no desenvolvimento e rendimento do arroz

RESUMO

O cultivo de arroz (Oryza sativa) de terras altas no Brasil ocorre principalmente em area
de Cerrado, regido que apresenta condi¢des climaticas adversas. A utilizagao do silicio
em seu cultivo torna-se importante de vez que este nutriente proporciona maior rigidez,
menor transpira¢do e maior resisténcia a veranicos em plantas de arroz. No presente
estudo, objetivou-se avaliar o efeito da adubagio silicatada e tensées de dgua do solo no
desenvolvimento e rendimento de arroz de terras altas em Latossolo Vermelho do Cerrado.
Utilizou-se esquema fatorial 5 x 5 fracionado com cinco manejos de irrigagdo baseados nas
tensodes de agua no solo (0, 15, 30, 45 e 60 kPa) e cinco doses de silicio (0, 120, 240, 480 e 960
mg dm) as quais foram distribuidas segundo delineamento de blocos ao acaso, com quatro
repeticdes. Foram avaliados: altura de plantas, numero de perfilhos, nimero de paniculas,
nuimero de graos por panicula, nimero de gridos cheios e chochos e porcentagem de gréos
chochos. Adubagio silicatada promove o aumento do perfilhamento em plantas de arroz
com a dose de 960 mg dm™. Ocorreu um decréscimo de producio de perfilhos e nimero
de paniculas com a aplica¢éo de silicio até as doses de 460 e 490 mg dm?, respectivamente.
O aumento das tensdes de dgua no solo reduziu a altura e o nimero de graos cheios, e
aumentou a porcentagem de graos chochos de arroz de terras altas.
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INTRODUCTION

The cultivation of upland rice (Oryza sativa) in Brazil is
the most widespread production system in the territory, with
production in Mato Grosso, Goids, Piaui, Maranhéo, Par3,
Rondonia and Tocantins (MAPA, 2014). Current studies
prioritize actions to consolidate the presence of the crop in
grain-production systems in Cerrado regions, with satisfactory
yields (Crusciol et al., 2012; 2013; Artigiani et al., 2012).

This region is characterized by the predominance of soils
with low natural fertility and the occurrence of dry spells that
cause water deficiency to the crop (Bastos & Ferreira, 2010).
This factor, along with high atmospheric evapotranspiration
demand, causes substantial decreases in rice yield.

Sprinkler irrigation is an alternative to minimize the
production problems caused by the dry spells, since it provides
stability for the production, which can increase yield and
improve grain quality. Among the methods to establish the
management of irrigations, the one based on soil water tension
has been proved viable in the monitoring of irrigations under
the conditions of Latosols (Almeida et al., 2010).

Irrigation, combined with fertilization with chemical
elements considered beneficial to crops, has become common
among farmers. Silicon, despite not being physiologically
essential to plants, promotes various direct and indirect
benefits, such as increase in cell wall resistance, regulation of
evapotranspiration and increase in photosynthetic rate, besides
improving leaf architecture and promoting reduction in the
incidence of diseases, especially fungal (Lima et al., 2011),
particularly for monocotyledonous plant like rice.

The use of silicon in Brazil began to be widespread after
its inclusion as a micronutrient (Lima et al., 2011). Silicon
oxide (Lima et al., 2011) is the most abundant mineral in the
soils and is the base of the structure of most clay minerals.
However, considering the advanced degree of weathering of
tropical soils, the available contents of silicon are low and this
element is basically found in forms non-available to plants
(Fageria et al., 2011a).

According to studies conducted to evaluate the use of silicon
in agriculture, the rice crop shows increase in the number of
leaves and in the number of spikelets per panicle, higher plant
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grid for chemical and granulometric analysis, according to the
methodology proposed by EMBRAPA (1997) (Table 1) and
sieved through a 4-mm grid for the filling of the pots.

Liming was performed in order to increase base saturation
to 50%. Acidity was corrected by applying dolomitic limestone
(RNV = 80.3%) in the soil, which was incubated for 30 days
with water content at 60% of field capacity.

Five irrigation managements based on soil water tensions
(0, 15, 30, 45 and 60 kPa) were evaluated in combination
with five silicon doses (0, 120, 240, 480 and 960 mg dm™) in
a response surface study based on a central composite design
modified from a 5 x 5 fractionated factorial, according to Littel
& Mott (1975), distributed in randomized blocks, with four
replicates. Thus, the 13 combinations of soil water tensions and
silicon doses, respectively in kPa and mg dm~, were: 0-0; 0-240;
0-960; 15-120; 15-480; 30-0; 30-240; 30-960; 45-120; 45-480;
60-0; 60-240 and 60-960. Each experimental unit consisted
of one plastic pot with volume of 8 dm® and one tensiometer.

Basal fertilization was performed using 200 mg dm~ of P,O,
as single superphosphate and 80 mg dm™ of K,O as potassium
chloride. The nitrogen dose of 200 mg dm™ was divided into
two equal applications, one at 15 days after sowing and the
other one at 30 days after sowing.

The silicon source used in the experiment was silicon
dioxide (SiO,) with 95% of silicon. The doses corresponding
to the treatments (0, 120, 240, 480 and 960 mg dm™ of Si) were
incorporated to the soil at planting.

Sowing was performed on June 18, 2014, by planting ten
seeds per pot, at a depth of 3 cm. Thinning was performed
ten days after emergence (DAE), leaving four plants per pot.

Irrigation management was performed using the soil-water
retention curve, determined in the layer of 0-0.20 m (Figure
1). Irrigations were manually performed and calculated in
order to increase the values of soil water tension to that of
field capacity (5 kPa) for the treatments, when the established
tensions (treatments) were reached. For the treatment in
which soil water tensions were equal to 0 kPa, a water depth of
approximately 2 cm was maintained on the soil surface along
the experiment.
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of Oxisol of sandy loam texture (EMBRAPA, 2013), in an area Matric potential (cm)
under Cerrado vegetation. The soil was sieved througha2-mm  Figure 1. Soil-water retention curve
Table 1. Chemical and granulometric characterization of a sample of Oxisol collected in the layer of 0-0.20 m
pH P K Ca Mg H Al SB CEC v oM Sand Silt Clay
CaCl, (mg dm?3) cmol,dm? % g dm? g kg
4.1 2.4 28 0.3 0.2 4.2 1.1 0.6 5.9 9.8 22.7 549 84 367

SB - Sum of bases; CEC - Cation exchange capacity; V - Base saturation; OM - organic matter
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At 121 days after rice sowing, the following variables were
evaluated: plant height (from the soil surface to the tip of the
panicle in all the plants in the experimental plots); number of tillers
(counting all the tillers in the plot); number of panicles (counting the
number of panicles in each experimental unit at harvest); number
of grains per panicle (number of grains randomly collected in five
panicles of each plot); number of full (whole grain) and empty
(sterile) grains (counting five panicles per plot); and percentage of
empty grains (ratio between the number of empty grains and the
total number of grains in five panicles per plot).

The results were subjected to statistical analysis using the
program SAS - System for Windows (SAS Institute, 2002), with
analysis of variance and regression test at 0.05 probability level.

RESULTS AND DISCUSSION

There was no interaction between silicon fertilization and
soil water tensions for any of the analysed variables. However,
there was isolated effect of the factors silicon fertilization and
soil water tensions for the analysed variables (Table 2).

There was isolated effect of the soil water tensions on plant
height, which fitted to the quadratic regression model (Figure
2) and showed the lowest value at the tension of 59 kPa. The
maximum plant height (95.37 cm) was obtained at the soil
water tension of 0 kPa.

The decrease in soil water content led to lower height in
the plants subjected to the highest soil water tensions, with a
difference of 25.77 cm between the tensions of 0 and 60 kPa.
These results are similar to those obtained by Zou et al. (2007),

100 -
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PH - Plant height; t - Soil water tension. ***Significant at 0.01 probability level
Figure 2. Plant height of rice subjected to soil water
tensions in a Cerrado Oxisol
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who also reported a negative correlation between water deficit
and height of rice plants, with reductions of up to 12.5 cm in
plant height. In the present study, the highest difference in
plant height may be due to the restrictive conditions imposed
by the volume of the pots, which intensified the effects of the
treatments.

Terra et al. (2013) and Crusciol et al. (2013) also showed
that rice plants subjected to water stress along the cycle reduce
their heights. With the increase in water tensions, there was
water deficit in the soil, close to the roots; thus, the stomata
close, in order to reduce vapor flow and transpiration. Then,
there is a decrease in the absorption of water and nutrients by
the roots and, consequently, plant height is reduced (Andrade
et al., 2002).

Silicon doses had significant effect on the number of tillers
and panicles, which fitted to the quadratic regression model
(Figure 3A and B). Rice plants showed the lowest tillering
(25.5) at the silicon dose of 460 mg dm™and, for the number
of panicles, the lowest values were obtained at the silicon dose
0£490.34 mg dm™. This similar behavior between the numbers
of tillers and panicles occurs because the number of panicles is
directly related to the number of tillers, since panicles originate
from the elongation of tillers (Santos et al., 2006).

The negative effects of silicon on tillering and on the
number of panicles was possibly due to the higher absorption
of silicon and lower absorption of phosphorus and nitrogen,
favored by the chemical similarity with phosphorus (H,PO,’)
(Tokura et al., 2011) and by the competition for absorption
sites of nitrogen (NO,’) (Wallace, 1989) with silicate (H,SiO, ).
Thus, at the doses of 460 and 490 mg dm, there may have
been greater absorption of silicon and lower absorption of
these two elements, which are essential for tillering and panicle
formation.

These results corroborate those reported by Stocco et al.
(2010), who observed reduction in the number of tillers of
grasses with the increase in the application of silicates, and
those reported by Mauad et al. (2003), who concluded that
there was no increase in grain yield or dry matter production,
studying different doses of silicates on rice production.

Yasari et al. (2012), studying rice plant density and silica
application, observed an increase of 11.6% in the total
number of tillers and 14.2% in the number of tillers per
plant, with the application of 250 kg ha™! of pure silica. The
different results in the present study may be due to the use
of high silicon doses, since the dose promoting the lowest
tillering (460 mg dm™) is approximately twice the dose used
by the previously mentioned authors.

Table 2. F values and their respective significances obtained in the analysis of variance for the variables: plant height
(PH), number of tillers (NT), number of panicles (NP), number of grains per panicle (NGP), number of full grains (NFG),
number of empty grains (NEG) and percentage of empty grains (%EG) as a function of soil water tensions and silicon doses

Source of variation PH NT NGP NFG NEG %EG
Soil water tension (T) 167.18** 8.68** 5.69* 5.8* 18.55%* 10.78** 5.49*
Silicon doses (S) 0.12% 410* 5.36* 0.04r 0.34 0.06™ 0.67"
TxS 0.87" 0.19" 0.21m 0.23% 0.96"™ 0.88" 1.45"
Mean 79.44 27.25 23.19 129.14 452.00 193.71 29.92
CVr (%) 6.63 12.75 10.59 20.29 21.11 35.02 25.95
CVs (%) 14.15 15.32 10.62 21.61 25.01 43.54 35.6
CVrs (%) 5.95 12.66 10.26 20.80 21.74 37.69 26.08

"Not significant; **,*Significant at 0.01 and 0.05 probability level, respectively

R. Bras. Eng. Agric. Ambiental, v.20, n.2, p.138-143, 2016.
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Figure 3. Number of tillers (A) and number of panicles (B)

of rice plants subjected to silicon fertilization in a Cerrado

Oxisol

There was significant effect of soil water tensions on the
number of grains per panicle, which fitted to the quadratic
regression model (Figure 4).

The soil water tension of 24.9 kPa promoted 141.7 grains
per panicle. These results corroborate those reported by Mauad
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Figure 4. Number of grains per panicle of rice plants
subjected to soil water tensions in a Cerrado Oxisol

etal. (2011), who observed that tensions above 25 kPa caused
reduction in the values of rice production components. These
authors justified that the decrease in water availability to plants,
due to the increase in soil water tensions, reduced plant growth
and development, leading to lower formation of grains.

The results obtained in the present study are also consistent
with those obtained by Stone et al. (1986), who observed
that soil water tensions above 25 kPa caused reduction in the
number of rice grains. In both excess and deficiency of water,
the water stress caused by soil water tensions reduces the
absorption of all the macronutrients in the soil. The contact
between ions and roots is different according to the nutrient;
nitrogen, calcium and magnesium, through mass flow, while
phosphorus and potassium, through diffusion. Regardless of
the form of the ion-root contact, the ion must be in the soil
solution for the occurrence of absorption (Mauad et al., 2011).

Heinemann & Stone (2009) reported yield reduction in rice
plants subjected water stress, in the period before flowering,
which led to lower number of grains per panicle; this may
have occurred in the present study, in which rice plants were
subjected to irrigation depth treatments still in the vegetative
period and remained under these treatments until the harvest.

For the number of full grains and percentage of empty
grains, there was an isolated effect of soil water tensions
(Figure 5A and C). Soil water tensions had significant effect
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NFG - Number of full grains; NEG - Number of empty grains; %EG - Percentage of empty grains; t - Soil water tension; ***, **Significant at 0.01 and 0.10 probability level, respectively
Figure 5. Number of full grains (A), number of empty grains (B) and percentage of empty grains (C) of rice plants

subjected to soil water tensions in a Cerrado Oxisol
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on the number of empty grains, which fitted to the quadratic
regression model (Figure 5B). The highest number of empty
grains (241.6) was estimated at the soil water tension of 38 kPa.

This may have occurred because, during the reproductive
period, when there is meiosis of spore mother cells for
fertilization, the lack of water causes sterility or malformation
of grains, with reflex in yield (Fageria et al., 2011b). Stone et
al. (1984), also under greenhouse conditions, observed that
water deficiency reduced the number of spikelets with grains
per panicle, grain weight and grain production, and increased
the percentage of empty spikelets in rice plants.

The number of full grains decreased by 30% with the
increase in soil water tensions, while the percentage of empty
grains increased linearly by 46.91%, in the comparison between
the lowest (0 kPa) and the highest (60 kPa) soil water tensions.
Although the cultivar used in the experiment is intended
for rainfed cultivation, it has characteristics inherent to rice
plants, such as root cortex formed by cells with intracellular
space called aerenchyma, which are specialized structures
that store oxygen for the consumption by root cells. These
structures form channels connecting root, stem and leaf, and
allow the survival of the plant even in flooded environments
(Guimaraes et al., 2002).

The lower water availability promoted by the tension of 60
kPa inhibited plant growth. Consequently, it can be inferred
that there was a reduction in the production of assimilates
that would be directed to grain filling (Guimardes et al., 2011),
which justifies the lower number of full grains and higher
percentage of empty grains in this treatment at the highest
tensions studied.

Thus, other authors have also reported that rice plants
subjected to different levels of water stress reduced grain
production (Crusciol et al., 2013; 2012; Heinemann & Stone,
2009), and emphasized the importance of water supply for
grain formation and quality improvement.

CONCLUSIONS

1. The highest number of tillers was obtained with the
silicon dose of 960 mg dm™ and the highest number of panicles
was obtained in the absence of silicon fertilization.

2. The soil water tension of 25 kPa promotes the highest
number of grains per panicle in upland rice plants.

3. The increase in soil water tension reduces plant height
and the number of full grains, and increases the percentage of
empty grains of upland rice.
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