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Growth and production of rice (Oryza Sativa L.) 
under different fertilization plans with silicon

Crecimiento y producción de arroz (Oryza sativa L.)  
bajo diferentes planes de fertilización con silicio

Javier Giovanni Álvarez-Herrera1, Lida Paola Pinzón-Gómez2, and Javier Enrique Vélez3 

ABSTRACT 

The application of fertilizers to rice crops constitutes a large percentage of productions costs, which in recent years have increased; 
therefore, it is necessary to implement alternatives that optimize the application and improve profitability. It was evaluated the effect 
of different doses and application times of a fertilizer with silicon on a rice crop, Fedearroz 50 variety. The experimental design was 
completely randomized with a 2 × 5 factorial arrangement. The first factor was dose (20 and 40 kg ha-1) and the second factor was 
combination of period and application dose (100 % preplant, 50 % preplant + 50 % first fertilization, 100 % first fertilization, 50 % 
preplant +50 % second fertilization, 100 % second fertilization) for a total of 10 treatments that were applied in 2 locations (Ibagué and 
El Guamo). We found that the preplant fertilizer applications increased the production of root biomass throughout the crop cycle and 
that the biomass of the stems and leaves had a similar behavior with the two doses of silicon. The tillering in Ibagué presented a value 
of 520 clusters m-2, 127 % higher than in El Guamo, which had a value of 229 clusters m-2, a highly significant difference. Throughout 
the period, height showed a behavior model double logistic sigmoid; the height of the rice plants was higher in El Guamo. In the two 
localities, Ibagué and El Guamo, the most appropriate fertilizer dose of silicon was 20 kg ha-1 in the second fertilization.
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RESUMEN

La aplicación de fertilizantes en el cultivo de arroz ocupa un gran porcentaje de los costos de producción, los cuales en los últimos 
años han incrementado, por lo tanto, se hace necesario implementar alternativas que optimicen la aplicación y mejoren la rentabilidad. 
Se evaluó el efecto de diferentes dosis y épocas de un fertilizante con silicio en el cultivo de arroz, variedad Fedearroz 50. El diseño 
experimental fue completamente al azar con factorial de 2 × 5. El primer factor fue la dosis (20 y 40 kg ha-1), y el segundo factor la 
combinación de época y dosis de aplicación (100 % presiembra, 50 % presiembra + 50 % 1a abonada, 100 % a la 1a abonada, 50 % 
presiembra + 50 % 2a abonada, 100 % a la 2a abonada) para un total de 10 tratamientos, aplicados en 2 localidades (Ibagué y El 
Guamo). Se encontró que las aplicaciones del fertilizante en presiembra generaron una mayor producción de biomasa radical a lo largo 
del ciclo de cultivo; la biomasa de tallos y hojas tuvo un comportamiento similar con las dos dosis aplicadas de silicio. El macollamiento 
en Ibagué presentó un valor de 520 macollas/m2, un 127 % más que en El Guamo, que tuvo un valor de 229 macollas/m2, por lo que 
las diferencias entre localidades son altamente significativas. A lo largo del tiempo la altura presentó un comportamiento de modelo 
logístico doble sigmoideo, en donde la altura de las plantas de arroz fue mayor en la localidad de El Guamo. En las dos localidades, la 
dosis de silicio que generó mayor crecimiento y producción fue la de 20 kg ha-1 aplicada el 100 % en segunda abonada.

Palabras clave: Fertilizante, fisiología, macollamiento, altura de planta, logístico doble sigmoide.

Received: July 29th 2016
Accepted: February 27th 2017

How to cite: Álvarez-Herrera J.G., Pinzón-Gómez L. P., and Vélez J.E. 
(2017). Growth and Production of rice (Oryza Sativa l.) under different ferti-
lization plans with Silicon. Ingeniería e Investigación, 37(1), 7-15. 
DOI: 10.15446/ing.investig.v37n1.59344

DOI: http://dx.doi.org/10.15446/ing.investig.v37n1.59344

Attribution 4.0 International (CC BY 4.0) Share - Adapt

1 Agricultural Engineer, MSc. Ph.D. Universidad Nacional de Colombia. Affilia-
tion: Assistance Professor, Universidad Pedagógica y Tecnológica de Colom-
bia, Tunja, Agriculture Research Group, GIA, Colombia.

 E-mail: jgalvarezh@gmail.com
2 Agricultural Engineer, Universidad Pedagógica y Tecnológica de Colombia. 

Agriculture Research Group, GIA, Colombia. E-mail: lpaopg9@gmail.com
3 Agricultural Engineer, MSc. Universidad Nacional de Colombia. Ph.D.  Uni-

versidad Politécnica de Valencia. Affiliation: Civil and Agricultural Engineering 
Department of Universidad Nacional de Colombia. Bogotá.

 E-mail: jevelezs@unal.edu.co 

Introduction

In rice cultivation, fertilizers represent about 19 % of 
production costs; however, proper fertilization management 
helps increase performance and could reduce production 
costs (Reza, Corteza, Hamidreza, Salman and Alireza, 

2012). Fertilizer doses have increased over time in order 
to achieve better yields, which increase the economic cost 
of obtaining high productions; therefore, there is a need to 
test new sources of nutrients based on mixtures of organic 
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fertilizers and chemical materials that could decrease 
production costs and increase crop yields (Álvarez-Herrera, 
Daza-Torres and Mendoza, 2008).

Similarly, it has been proven that an application of OM 
and chemical fertilizers increases the production of rice, 
particularly when silicon (Si) is applied, an element that 
is considered beneficial and, although it does not meet the 
criteria of essentiality, stimulates the growth and productivity of 
some species (Castilla and Flores, 2014). Silicon accumulates 
in the cell walls of Gramineae, such as rice and sugar cane, 
and decreases plant stress (Chen, Yao, Cai and Chen, 2011), 
so that a rice crop absorbs between 1000 and 1200 kg ha-1 of 
silicon oxide from the soil, which is accumulated in the spigot 
and rice grains (Meena et al., 2014).

Silicon is attributed with many beneficial effects for the 
cultivation of rice, as it increases the tolerance of plants 
to the abiotic stress caused by drought and biotic stress 
and reduces the incidence of diseases such as Pyricularia 
(Mauad, Costa, Cruscial, Grassi-Filho and Corrêa, 2013), 
because this nutrient reinforces the cell wall (Epstein, 1999) 
and, thereby, increases the mass and grain production 
(Detmann et al., 2012), also it helps to maintain high 
amounts of dry biomass (Tamai and Ma, 2008).

In this regard, Epstein (1999) stated that, of the 147 
plants observed, rice showed the highest amounts of Si 
in the leaves, with a value of 6,3 % of total dry matter. 
Bejarano and Ordóñez (1999) found that the highest 
dose of potassium silicate (400 kg ha-1) presented a 
higher crop yield (6527 kg ha-1); likewise, Mauad et al. 
(2003a) found that combinations of 5 kg ha-1 of N and 
600 kg ha-1 of Si increased levels of foliar Si, whereas, 
with 5 kg ha-1 of N and no application of Si, the silicon 
content in the plants was the lowest. However, Mauad et 
al. (2011) found that there was no dose effect from silicon 
on the accumulation of dry matter and noted that there 
are reports in the literature about the effects of silicon in 
pests and diseases control; nevertheless, little is known 
about the effect of this element on the processes of cell 
growth and division.

Therefore, the aim of this study was to determine the effect 
of the application of Silicon on the growth and production 
of rice plants, seeking to increase the efficiency of crop 
production.

Materials and Methods

Location: The research was conducted under field 
conditions at two localities in Tolima (Colombia): location 
1, the “Rancho Alegre” farm in the village of Las Mercedes, 
municipality of  El Guamo located at 4º 11’22’’ N and 75º 
1’ 7’’ W and 399 m a.s.l., average temperature of 28 ºC, 
relative humidity of 72 % and annual rainfall of 1288 mm 
year; location 2, the “Cauchitos” farm in the municipality 
of Ibagué with the geographic coordinates 4°23’51’’ 

N, 75°9’ 7’’ W and 979        m a.s.l.,  average temperature of 
24,3ºC, relative humidity of 64 %−86 % and annual rainfall 
of 1450 mm year.

Soil description: The two locations had an ochric epipedon 
that was characterized by a light color when dry and a 
usually grayish brown and darker color when moistened; 
the organic matter content was low; generally, the organic 
Carbon was <0,4% and the iron content were low. The 
endopedon in the El Guamo location was Cambic; this 
horizon was characterized by a low content of organic 
matter, with a more or less developed structure and a lack 
of rock in at least half of its volume, with a sandy loam 
or fine texture (content clay <8 %). The endopedon in the 
Ibagué location is argillic horizon that is located at 40 cm in 
depth; it has an accumulation of clay caused by processes 
of translocation of fine materials through the Ap horizon. 
Moreover, the result of the chemical analysis of the soil for 
the two locations is presented in Table 1.

Ecotype: The rice variety used was FEDEARROZ 50, 
which has a vegetative period of 115 to 130 days and an 
intermediate tillering in traditional planting systems with 
stems that exhibit high resistance to overturning. Its empty 
hulls range from 12 % to 25 %. It is resistant to a large 
number of pests and diseases. It is not tolerant to permanent 
flooding. It responds well to the fertilization doses and 
periods of each zone. Between 180 and 250 kg ha-1 of seed 
should be used, depending on soil type.

Experiment Design: For the two locations, a completely 
randomized design with a factorial arrangement of 2 × 5 
was used. The first factor corresponded to the dose of the 
applied fertilizer (20 and 40 kg ha-1) and the second factor 
was the combination of the fertilizer proportion and the 
period of application for a total of 10 treatments with three 
replicates (Table 2), corresponding to 30 experimental 
units (EU) per location. Each experimental unit (EU) had 
an area of 30 m2, for a total studied area of 900 m2 per 
location.

Planting and Fertilizer: In El Guamo, the planting was 
done with a SEMEATO sowing machine, using a density 
of 180 kg ha-1 of seed. The soil preparation was done with 
four passes with a harrow, one with a rake and one to 
make level areas and ridges with a height of 0,5 m and 
a width of 1,2 m. At 20 days after emergence (dae) and 
after the Butaclor herbicide application, the crop had a 
slight delay because of low rainfall for almost 20 days. In 
Ibagué, broadcast seeding was carried out with a density 
of 200 kg ha-1 of seed. The soil preparation was done with 
two passes with a harrow and one with a rake and then the 
ridges were made.

The fertilizer used in the experiment was a supplement 
fertilizer mainly composed of silicon and O.M., formed 
by phosphoric rock, magnesium silicate, zinc and copper 
sulfate for the mineral content, and legumes, grasses and 
horse manure for the organic matter. This physical mixture 
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of the above sources was done by first crushing and then 
using solidification. The application was done manually 

and the respective concentration was determined in a 
laboratory, as shown in Table 3.

Table 1. Physicochemical soils properties of El Guamo and Ibagué localities

Properties Units El Guamo Interpretation* Ibagué Interpretation*

pH 6,69 Neutral 6,3 Neutral

E.C dS/m 0,57 Low 1,04 Medium

C.E.C. cmolc /kg 11,27 Low 13,79 Medium

CO  % 0,4 Low 0,9 Low

K cmolc /kg 0,29 Medium 0,28 Medium

Ca cmolc /kg 8,35 High 9,1 High

Mg cmolc /kg 2,45 Medium 4,18 High

P mg/kg 14 Medium 30 High

N-NO3 mg/kg 70 Low 120 Medium

S mg/kg 33 High 57 High

Cu mg/kg 0,9 Medium 0,8 Medium

Zn mg/kg 55,1 Excessive 4,3 Medium

B mg/kg 0,3 Low 0,43 Low

Total Si  % 19,45 High 22,10 High

Assimilable Si mg/kg 42,8 High 103,13 High

Texture Sandy-loam Sandy–clay

Saturation of humidity  % 50 High 50 High

Bulk density g/cm3 1,35 1,2

Porosity  % 33 % 31 %

Basic infiltration mm/h 8,90 Mod. fast 4,40 Moderate

*Interpretation performed according of FSA2118. University of Arkansas, United States Depart-
ment of Agriculture, and County Governments Coope- rating

Table 2. Treatments used in nutrition rice variety FEDEARROZ 50 with 
a silicon-based fertilizer in Ibagué and El Guamo (Tolima, Colombia)

Treatments Dose (kg ha-1) Period

T1 20 100 % preplant

T2 20 50 % preplant + 50 % first fertilization

T3 20 100 % first fertilization

T4 20 50 % preplant + 50 % second fertilization

T5 20 100 % second fertilization

T6 40 100 % preplant

T7 40 50 % preplant + 50 % first fertilization

T8 40 100 % first fertilization

T9 40 50 % preplant + 50 % second fertilization

T10 40 100 % second fertilization

Table 3. Composition of fertilizer used in the growth and production 
of rice variety FEDEARROZ 50 

Element Chemical form Quantity ( %)

Total N N 3

Magnesium MgO 6

Zinc Zn 5

Phosphorus P2O5 5

Silicon SiO2 24

Sulfur S 5

Boron B 1

Cooper Cu 0,5

Doses of 20 and 40 kg ha-1 were used because, traditionally, 
applying a fertilizer supplement that contains Si and 
minor elements to more than 40 kg ha-1 is uneconomical. 
The application periods were chosen according to normal 
fertilization plans in the area: preplant, first fertilization 
(when tillering starts 20-25 days after emergence (dae)), 
and second fertilization (initiation of floral primordium 
5-55 dae).

In El Guamo, compound based fertilizer was used; it was 
scheduled as follows: preplant, 50 kg ha-1 of DAP and 
20 kg ha-1 of Zinc Sulfate; first fertilization, 50 kg ha-1 of 
urea, 50 kg ha-1 of ammonium sulfate (SAM), 25 kg ha-1 of 
KCl, 25 kg ha-1 of DAP and 20 kg ha-1 of zinc sulfate; second 
fertilization, 75 kg ha-1 of urea, 75 kg ha-1 of SAM, 50 kg ha-1 
of KCl; and third fertilization, 75 kg ha-1 of urea, 50 kg ha-1 of 
SAM, 25 kg ha-1 of KCl. The fertilization base used in Ibagué 
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was 200 kg ha-1 of urea, 50 kg ha-1 of DAP and 90 kg ha-1 of 
KCl, divided equally between the 4 fertilization periods.

Response variables: The evaluated variables were root 
biomass (kg ha-1), which was determined at 15, 45 and 
90 dae. The samples were taken from a strip of 0,25 m by 
0,25 m for each UE. Similarly, the stem biomass (g cm-2) and 
the leaf biomass (g cm-2) were determined at 45 and 90 dae, 
and the tillering (# of tillers m-2) was realized at 30 and 60 
dae for the two locations. It was determined the number 
of tillers by counting those found in a randomly thrown 
0,25 × 0,25 m sampling square.

Finally, the plant height (cm) was determined based on the 
average of 5 plants per EU at 25, 50, 75, 100 dae, and at 
harvest (129 dae in Ibagué and 133 dae in El Guamo), using 
the distance from the stem base to the tip of the flag leaf 
as a reference. A double sigmoid logistic model was used, 
which is one of the growth models that best fit biological 
variables such as fruit diameter, plant height, and stem 
diameter, among others (Lipovetsky, 2010). This model uses 
the following equation:

 f (t) = α
1+ e−(b + ct−dt

2+e t3 )
 (1)

where f (t) is plant height in cm according to time; α is 
the maximum value of the variable in time in cm; and b, 
c, d and e are constants related to the relative speeds and 
inflection points of the growth curve. 

Data Analysis: a normality test was performed and atypical 
or erroneous data were removed; then, a homogeneity 
test of variance was conducted (Bartlett test) for each 
measured variable to see whether the results obtained in 
the two locations could be analyzed together. In each case, 
an analysis of variance (Anova) was done for each of the 
measured variables at 5 % and not only were the separate 
effects of location, dose and period taken into account, but 
the interactions were also (i.e., dose*location, dose*period, 
location*period and dose *period*location). Next, the 
differences were compared using the method of least 
significant differences, LSD (P≤0,05), and the correlation 
between the different variables was analyzed using the 
statistical package SAS v. 8e.

Results and Discussion

Root Biomass: The Bartlett homogeneity test showed that, 
for the root biomass variable at 15 dae, the variances were 
homogeneous, so the Anova was analyzed jointly for the 
two locations, which showed significant differences for the 
interaction of period and dose and the LSD determined 
differences between the locations.

The root biomass at 15 dae showed differences in the El 
Guamo when the fertilizer was applied by varying the doses 

and periods simultaneously (Table 4); this difference may 
have occurred because some of the plants did not receive 
the fertilization at 15 dae according to the treatments and 
this caused that some treatments had a higher nutritional 
value and a consequent increased root biomass. According 
to Riveros and Rodríguez (2010), the development of the 
root system of rice plants depends on several factors, such 
as soil aeration, proper weed control and proper application 
of the fertilizer.

The El Guamo location, at 15 dae, presented a production 
of root biomass of 176,1 kg ha-1 versus 116,7 kg ha-1 in 
Ibagué, a 50 % increase; this difference was subject to the 
interaction of the period and fertilizer dose and could have 
been caused by the pore space as a clay horizon was found 
in the El Guamo location, which reduced the O2 content 
and increased the accumulation of CO2 in the micro and 
macropores of the soil, reducing the growth of the roots 
(Castilla, 2012).

The treatments with the highest values   of root biomass at 15 
dae were the application of 20 kg ha-1, 50 % preplant + 50 % 
first fertilization and 40 kg ha-1 with 100 % at preplant which 
were significantly better than the other treatments; possibly 
because they were the treatments with a higher fertilizer 
dose than others and because the other treatments, did 
not receive a fertilizer application for these dates (Table 4). 
Ma and Yamaji (2006) mentioned that rice is a typical Si-
accumulating plant because Si can make up to 10 % of the 
shoot dry weight, which is several-fold higher than those 
of essential macronutrients such as N, P and K, moreover 
high levels of Si in rice tissues are attributed to the superior 
ability of the roots to take up this element.

Table 4. Average root biomass of rice variety FEDEARROZ 50 at 15, 
45 and 90 dae sown in two localities with the combination of periods 
and doses of application of a fertilizer enriched with silicon

Treatments

Root Biomass (kg ha-1)

15 dae 45 dae 90 dae

El Guamo Ibagué El Guamo Ibagué El Guamo Ibagué

T1 171 bc 161 a 538 b 321 a 1216 b 1451 ab

T2 268 a 137 a 805 ab 319 a 1546 ab 1435 ab

T3 181 bc 94 a 1077 a 481 a 1765 ab 1518 a

T4 111 c 81 a 549 b 479 a 1413 ab 1465 ab

T5 146 bc 149 a 672 ab 471 a 1477 ab 1479 ab

T6 224 ab 148 a 784 ab 501 a 906 b 1468 ab

T7 169 bc 109 a 613 ab 479 a 1269 b 1445 ab

T8 173 bc 49 a 640 ab 601 a 970 b 1425 ab

T9 186 bc 160 a 533 b 379 a 2309 a 1403 b

T10 195 ab 130 a 949 ab 401 a 1685 ab 1496 ab

Treatments into the same column with different letters indicate signifi-
cant differences according to DMS (P ≤ 0,05).

For the variable of root biomass measured at 45 dae, the 
Anova was done jointly in the two locations, even so, there 
were no significant differences between the treatments; but 
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there were significant differences between the averages of 
the locations. This means that the effect of the treatments in 
the two locations was the same, but the averages varied due 
to different conditions of the experiment, such as different 
soil types, temperatures, and radiation, among others. The 
El Guamo location presented 44 % more root biomass at 
45 dae than Ibagué; this difference was due to the soil 
conditions mentioned above.

The radical system at 90 dae showed highly significant 
differences between the locations for both averages and 
variances. In the evaluation per location, the fertilizer 
application had no effect on the root system at 90 DAE in 
El Guamo; this could have been due to the fact that the soil 
porous space was plentiful and there was no limitation for 
radical growth; while in Ibagué, the period of application 
significantly influenced the production of root biomass when 
comparing only the treatments with the fertilizer application. 
In Ibagué, the best treatment was the application of 20 kg ha- 1, 
100 % first fertilization (Table 4); also, the first fertilization 
had significant differences with the treatments that had an 
application in the second fertilization.

By analyzing the variation of the root system for the two 
locations and treatments over time, it was observed that, 
in the El Guamo location, there was a higher production of 
root biomass than in the Ibagué location for all treatments; 
this might have been caused by the argillic horizon in 
Ibagué, which resulted in less absorption of nutrients by the 
roots, reducing root growth.

Stems Biomass: The Bartlett homogeneity test for the stem 
biomass at 45 and 90 dae determined that the Anova could 
be analyzed for the two locations together; however, it did not 
determine significant differences in the biomass of the stems 
at 45 or 90 dae for any of the combinations of doses, periods 
or locations, indicated that the stems at both locations did 
not respond to the different fertilizer application treatments 
that were enriched with silicon. Mauad et al. (2011) did 
not find any effects from different doses of silicon on the 
accumulation of dry matter in rice plants. Overall, in Ibagué, 
all of the treatments had higher values   than those of the El 
Guamo location, which was consistent with the soil analysis, 
which showed a higher number of bases (Ca, Mg, K) here 
than in the Ibagué location (Table 5).

The stem biomass at 90 dae showed highly significant 
differences between the two locations and had a higher 
response in Ibagué with 159,8 g m-2, while in El Guamo; 
it was 137,9 g m-2, 15 % more. This significant difference 
resulted from the natural conditions of each of the areas.

Over time, the difference between the locations increased 
and there were no significant differences between treatments 
for stem biomass; a comparison was made between the 
locations for  the behavior of this variable based on the 
average and it was observed that the difference in stem 
biomass began to increase at 45 dae and presented a 
higher accumulation in Ibagué at 90 dae than in El Guamo, 

which could have been caused by the higher content of 
nutrients in the soil, which causes the stem and the leaves 
temporarily store photoassimilates that will become part of 
the reproductive organs, especially the grains.

Table 5. Average stem and leaf biomass of rice variety FEDEARROZ 
50 at 45 and 90 dae sown in two localities with the combination of 
periods and doses of application of a fertilizer enriched with silicon

Treatments

Stems Biomass (kg ha-1) Leaf biomass (kg ha-1)

45 dae 90 dae 45 dae 90 dae

El Guamo Ibagué El Guamo Ibagué El Guamo Ibagué El Guamo Ibagué

T1 32,3 a 32,4 a 187,6 a 140 a 102,3 a 102,3 276,6 a 236,3 a

T2 30,6 a 30,13 a 113,3 a 137 a 93,3 a 93,3 392 a 243,6 a

T3 34,3 a 38,33 a 102 a 160,6 a 119,6 a 119,6 317,6 a 306 a

T4 34 a 38,4 a 158,6 a 172,6 a 115,3 a 115,3 383 a 308,3 a

T5 34 a 35,2 a 135 a 148 a 123,3 a 123,3 386,6 a 249 a

T6 36 a 36,8 a 88 a 179,3 a 119 a 119 284,3 a 295,6 a

T7 32,3 a 28,8 a 259,3 a 173,3 a 100 a 100 324 a 257,6 a

T8 26,6 a 30,46 a 126,3 a 173,3 a 85,6 a 85,6 370,3 a 288 a

T9 28,3 a 27,06 a 260,3 a 154,6 a 93,6 a 93,6 436,3 a 258,3 a

T10 37,3 a 35,66 a 264,3 a 153,6 a 122 a 122 251 265,3 a

Treatments into the same column with different letters indicate signifi-
cant differences according to DMS (P ≤ 0,05).

Leaf biomass: The homogeneity test for the leaf biomass at 45 
dae determined that the analysis of variance could be realized 
jointly for the two locations; this was not significantly different 
between the treatments. However, the Ibagué location had an 
average value of 113 g m-2, as compared to 107 g m-2 in the 
El Guamo location, 5 % more, which, according to the LSD 
method for the locations, was not significant.

For leaf biomass at 90 dae, Bartlett’s test indicated that the 
Anova had to be done separately for each location; even so, 
there was no significant difference between the fertilizer doses; 
however, the El Guamo location presented a value of 342 g m-2 
and the Ibagué location presented 270 g m-2, 26 % more, a 
significant difference (Figure 1). These results are consistent 
with previous results; Tokura, Furtini, Curi, Carneiro and 
Abuisi (2007) did not find alterations in biomass production 
of rice plants after applications of Si, inferring that the lack of 
response in rice productivity with increased fertilization with 
Si could have been due to the sum of several factors, including 
the low concentration of Si in the soil available to plants, even 
after application of this element.

This indicates that the fertilizer did not have an effect on the 
production of biomass in the leaves at 45 or at 90 dae and 
correlates with the production variable of stem biomass, 
which was not affected by the treatments because the Si 
would have had little effect on the vegetative stage of rice 
seedlings (Mauad et al., 2003b).

The variation over time for the two locations for leaf biomass 
did not differ between the treatments. It was observed that, 
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in the Ibagué location, the translocation of photoassimilates 
to the spikelets occurred sooner than in the El Guamo 
location, thus reducing leaf biomass. This reduction resulted 
because, in Ibagué, there was more radiation, which 
generated acceleration in the rate of photosynthesis and in 
the production and translocation of carbohydrates (Deng et 
al., 2015). In general, the dry matter of both stems and leaves 
presented a similar behavior, where, in the early days, there 
was slow growth and, after tillering began, there was an 
increase in the growth rate until the flowering stage (90 dae), 
in which the dry biomass filled the spikelets almost 50 % 
faster in El Guamo than in Ibagué.

and generates more tillers than when seeders are used 
because they bury the seed at some depth, decreasing the 
percentage of seed germination.

Another cause of the difference in tillering between the 
locations could have been caused by the height of water 
level because, in El Guamo, the ridge height was 40 cm 
while the height in Ibagué was 20 cm, and, according to 
Monasterio, Lugo, Álvarez and López,(2012), rice plants, 
when subjected to low levels of water, increase their 
potential for tiller production.

The tillering at 60 dae was analyzed separately for each 
location; however, the Anova did not show a significance 
difference between the applied treatments for the two 
locations. The Ibagué location presented a value of 
321plants m-2, while the El Guamo location presented a 
value of 243 plants m-2, 32 % more, a significant difference.

The tillering in the two locations did not differ among 
the treatments; even so, this varies with the time. In the 
Ibagué location, it was observed that the number of tillers 
achieved its maximum value at 30 dae and, then, decreased 
significantly by 40  % at 60 dae (Figure 2). This decrease 
was due to the seeding system used (seed broadcasting) 
and the number of plants per site that this system sees, thus 
causing competition for sunlight and nutrients, especially 
nitrogen, favoring the growth of stronger tillers. Similarly, 
Riveros and Rodríguez (2010) stated that any condition that 
limits the rate of photosynthesis also limits the development 
of tillers. Meanwhile, in El Guamo, there was a significant 
increase of 6 % in the number of tillers, which could have 
been caused by the water stress that presented in this area, 
which could increase the action related to N metabolism 
enzymes in stimulating plant tillering.

Figure 1. Average behavior over time of leaf biomass in the rice va-
riety FEDEARROZ 50 sown in two localities with the combination of 
periods and doses of application of a fertilizer enriched with silicon. 
Error bars represent the standard error (n = 60).

Tillering: The Bartlett test of homogeneity indicated that the 
analysis of variance by location for tillering at 30 dae should 
be done separately; however, there was no significant 
difference between the treatments for the two locations. 
In spite of, Castilla (2011), when making applications of 
soluble Si at doses of 1,0 and 2,0 L ha-1 between sowing 
and tillering, achieved a higher tillering and yield than the 
control treatment, with a high number of grains per panicle.

The Ibagué location presented a value of 520 plants m-2, 
127 % more than the value of 229 plants m-2 seen in El 
Guamo, resulting in highly significant differences between 
the locations. These differences may have been caused by 
the initial level of N in the soil (Table 1), because according 
to Sasaki, Ando and Kakuda  (2002), a better availability 
of N in the soil correlates with a high number of tillers, 
and the results of nitrogen in the soil analysis showed that 
there was a higher value in Ibagué. About, Sharief, El-Kalla, 
El-Kassaby, Ghonema and Abdo (2006) after increasing 
nitrogen levels achieved an increase of tillers m-2 by more 
than 22 %. Similarly, several studies have shown that 
applications of N in rice lead to an increase in plant height, 
number of panicles, leaf size, number of spikelets and grain 
yield (Kamara, Ekeleme, Omaigui and Chikoye, 2011).

Moreover, the planting method has significant influence on 
tillering since broadcast seeding systems will always have 
more tillers than mechanized planting or planting by row, 
because, when broadcasting, the seed is not fully covered 

Figure 2. Average behavior over time of tillering in the rice variety FE-
DEARROZ 50 sown in two localities with the combination of periods 
and doses of application of a fertilizer enriched with silicon. Error bars 
represent the standard error (n=60).

Plant Height: The measurements at 25 and 50 dae for 
height were analyzed separately due to the difference in 
the variances, while the heights at 75, 100 and 129 dae (or 
harvest) were analyzed jointly for the two locations; this may 
mean that initially varying heights depended on the fertility 
and the environmental conditions of each of the soils.
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rate of growth occurred; the opposite of what happened 
in the stages of panicle booting, ripening and senescence, 
where the plant height decreased its growth rate. From the 
previous model, it can define that fertilization for filling 
panicle can be performed from 81 days to El El Guamo and 
88 days for the area of Ibagué.

The plant heights at 25 and 50 dae showed no significant 
differences between the treatments for the two locations; 
however, between the locations, there were significant 
differences among the averages of this variable, with the 
El Guamo location having 43 % and 38 % higher heights at 
25 and 50 dae (Figure 3), respectively, than in the Ibagué 
location. Klotzbücher et al. (2014) stated that the specific 
properties of the soil and climate in different regions make 
plants have a different response to Si applications.

Jointly analyzing the heights at 75, 100 and harvest for 
the locations of El Guamo and Ibagué (129 dae and 133 
dae, respectively) showed no difference among these 
treatments, but there were significant differences between 
the locations, where El Guamo grew heights that were 
46 %, 43 % and 32 % higher at these respective times than 
in Ibagué. The height behavior of the rice plants over time 
showed significant differences between the treatments, 
which mean that, over time, the variable of height behaved 
differently for each of the applied treatments (Figure 3).

Differences were also observed in plant height during the 
rice harvest cycle between the two locations; this might 
have been because the El Guamo ridge height was 40 cm, 
forming a high water surface height, while the height of 
the ridge in Ibagué was 20 cm, favoring excessive stem 
elongation and leaf sheaths (Monasterio et al., 2012).

Figure 3. Average behavior over time of height in the rice variety FE-
DEARROZ 50 sown in two localities with the combination of periods 
and doses of application of a fertilizer enriched with silicon. Error bars 
represent the standard error (n = 60).

The equation that best related height over time for the two 
locations was the double sigmoid logistic model type, which 
was elevated to a polynomial of degree 3 due to the inflected 
rice plant growth during the production cycle caused by the 
different growth stages. This is presented below:

 El Guamo: Height = 118.8
1+ e−(−4.9272 + 0.2336t−0.00339t2+0.000019t3 )

 (2)

 Ibagué:  Height = 91.5573
1+ e−(−6.4066 + 0.3287t−0.00532t2+0.00003t3 )

 (3)

Upon analyzing the growth rate in height, by means of the 
derivate of equations found, which are reflected in Figure 
4, it was observed that right in the middle of the stages of 
tillering (26 dae for both localities) and panicle initiation 
(81 dae in El Guamo and 88 dae in Ibagué), the highest 

Figure 4. Height growth rate of rice variety FEDEARROZ 50 sown in 
two localities with the combination of periods and doses of applica-
tion of a fertilizer enriched with silicon.

Paddy rice production: The application of the treatments 
resulted in significant differences in the two locations. 
When 40 kg ha-1 of fertilizer were applied in second 
fertilization showed increased paddy rice production in 
Ibagué with 8,5 t ha-1, whereas for El Guamo, application 
of 20 kg ha-1 in first fertilization had the highest values with 
6,1 t ha-1 (Figure 5).

In addition to increases in production that generates silicon 
fertilization in the cultivation of rice, other advantages 
of the application of this element is that it helps mitigate 
the effect of biotic stress (blast, sheath blight, brown 
spot, planthopper, stem borer and leaf folder) and abiotic 
(salinity, lodging, high light intensity, drought, toxic metal), 
and also it increases the nutritional quality of rice (Meharg 
and Meharg, 2015). 

Figure 5. Yield in rice variety FEDEARROZ 50 sown in two locali-
ties with the combination of periods and doses of application of a 
fertilizer enriched with silicon. T1:20 kg ha-1, 100 % preplant; T2: 
20 kg ha-1, 50 % preplant + 50 % first fertilization; T3: 20 kg ha-1, 100 % 
first fertilization; T4: 20 kg ha-1, 50 % preplant + 50 % second fertiliza-
tion; T5: 20 kg ha-1, 100 % second fertilization; T6: 40 kg ha-1, 100 % 
preplant; T7: kg ha-1, 50 % preplant + 50 % first fertilization; T8: kg ha-1, 
100 % first fertilization; T9: kg ha-1, 50 % preplant + 50 % second fertili-
zation; T10: kg ha-1, 100 % second fertilization.

Localities have significant differences with regard to 
production, since averaging all treatments in Ibagué 
production was 8,2 t ha-1, while the El Guamo was 5,8 t ha-1, 
a situation that occurs due to greater fertility potential in the 
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area of Ibagué and better climatic and soil conditions for 
the development of rice cultivation (Castilla, 2012).

By linking production with growth variables measures, it 
was found that the production is inversely proportional to 
plant height at 25 dae, as well as the root system at 15 
dae, which means that as the plant height and root system 
are higher, production was lower in the El Guamo. In 
Ibagué, the yield was directly proportional to the tillering 
(r2 = 0,29, P > 0,001), leaf biomass (r2 = 0,45, P > 0,001), and 
biomass of stems (r2 = 0,39; P > 0,001) at 60 dae, implying 
that a vigorous plant 60 dae rice will achieve to translocate 
a lot of photoassimilates to the rice spikelets.

Conclusions

In the two localities, Ibagué and El Guamo, the most 
appropriate fertilizer dose of silicon was 20 kg ha-1 in 
the second fertilization. In the El Guamo location, there 
was a higher production of root biomass than in the 
Ibagué location for all treatments. Applying silicon does 
not generate significant differences in fresh and dry root 
biomass, tillering and plant height. In the El Guamo 
location as the plant height and root system were higher, 
production was lower while in Ibagué the yield was directly 
proportional to the tillering, leaf biomass, and biomass of 
stems at 60 dae.
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