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ABSTRACT 
 

The aim of this study was to evaluate the effect of different seed coatings consisting of various combinations of three 

nutrients (calcium, magnesium and silicon) on two soybean cultivars (BRS 243 RR and CD 233 RR). Dolomitic 

limestone and aluminum silicate were chosen as the nutrient sources. Leaf area, plant height, shoots dry matter, 

crop growth rate, relative growth rate and net assimilation rate were the studied variables, evincing that the seed 

coating that comprised calcium, magnesium and silicon led to better performance in terms of growth rates 30 days 

after emergence. Significant differences in the response to the seed coatings were also observed between the two 

studied soybean genotypes. 
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INTRODUCTION 
 

In order to achieve higher economic returns and to enhance productivity, it is 
essential to improve the quality of seeds. Apart from research on seed production, 
harvest, processing, sampling, storage, distribution and testing, applied and basic 
research on seed genetics, seed biotechnology, seed treatment and seedling 
establishment have also been deemed as key to attain aforementioned goals. We 
hereby discuss the impact of one of those innovative management practices, aimed at 
a more efficient use of nutrients in Agriculture: their direct application to the seeds 
via a coating technique. 
In the particular case of soybean seeds, the effect of several nutrients on seedling 
establishment and yield has been studied in the literature: phosphorus 1,2, potassium 
3, zinc 4, cobalt 5 and molybdenum 6. In the study presented herein, the impact of 
calcium, magnesium and silicon is studied for two soybean genotypes. 
The use of dolomitic limestone, an abundant mineral resource, is one the most 
commonly used materials for the correction of soil acidity 7. Apart from promoting 
the neutralization of Al3+, raising the pH, it is also a well-known approach to correct 
calcium and magnesium deficiencies in soils, thus enabling the proliferation of roots, 
with positive effects on the growth of shoots. However, due to the low solubility and 
slow movement of dolomitic limestone across the soil profile, a uniform distribution 
and deep embodiment is needed prior to the deployment of areas for seeding 8. 
Obtaining a high yield in commercial crops requires the correction of soil acidity in 
the topsoil, so that the roots can explore a larger volume, favoring the absorption of 
water and nutrients by the plant 9. Since much of action of the dolomitic limestone is 
limited to 0-20 cm 10, there is a growing interest in soils and crops that can mitigate 
the negative effects of soil acidity on seed production.  
The interrelationship between Ca2+ and Mg2+ ions in plant nutrition is related to their 
close chemical properties, such as ionic radius, valence, degree of hydration and 
mobility, which results in a competition for the adsorption sites in the soil and root 
uptake. Consequently, the presence of one can be detrimental for the adsorption and 
absorption of the other 11. 
On the other hand, silicon is the main component of silicates, which account for ca. 
28% of the Earth's crust, and is present -in its free form or combined- as the 
dominant part of the solid fraction and also dissolved in the soil solution 12. It is a 
beneficial element for the growth of several species of plants and contributes to the 
mitigation of factors that cause biotic and abiotic stress 13. In fact, it has been 
deemed as a beneficial micronutrient fertilizer under Brazilian law 14. The 
importance of fertilization with silicon is related to an increased productivity through 
several indirect actions, such as more erect leaves; reduced self-shading; more rigid 
structural tissues -thereby reducing lodging–; an increased tolerance to abiotic stress 
–e.g., reduction of the toxicity of Fe2+,3+, Mn2+, Al3+ and In3+–; and a decrease in the 
incidence of diseases and pest attacks 15,16. 
In Brazil, Santos, Korndorfer 17, working with increasing doses of Wollastonite 
(CaSiO3), observed significant increases in rice productivity with the highest applied 
dose (6000 kg·ha-1). In a similar fashion, Pereira, Korndörfer 18, working with 
calcium metasilicate on rice crops, in a quartzarenic neosoil, recorded increases in 
grain yield of up to 33 g·pot-1 for an equivalent Si dose of 500 kg·ha-1. 
Soybean (Glycine max [L.] Merr.) is generally considered sensitive to acidity 
(mainly to high levels of Al or Si) 19, soil texture and flooding stress 20. Addition of 
dolomitic limestone to clayed soils should increase the Mg:Si ratio, thus increasing 
the soil pH (reducing acidity to 6.5±0.5) and creating a better texture to improve 
surface drainage problems. Because the clayed composition of a soil can be referred 
to silicate, different patterns of silicate-dolomitic limestone have been assayed to 
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explore their effect on developing soybean seeds (of BRS 243 RR and CD 233 RR 
cultivars) with a view to increasing crop productivity.  
 
MATERIAL AND METHODS 
 
The work presented herein was conducted at the Laboratory of Seed Analysis 
(LDAS) and at the greenhouse facilities of the Faculty of Agronomy Eliseu Maciel 
(FAEM) at the Universidade Federal de Pelotas, in the 2009/10 season.  
Two soybean cultivars were assessed, namely BRS 243 RR and CD 233 RR, 
supplied by Seeds E. Orlando Roos & Cia. Ltda. Both cultivars feature early 
maturity and determinate growth habit, and have germination rates close to 86%.  
Seeds were sown on 15th November. Prior to sowing, the seeds had been coated with 
the following products: Maxim-XL® (fludioxonil + metalaxyl-M) fungicide, at a 
dose of 100 mL per 100 kg of seeds; Sepiret® polymer (which incorporates Corasem, 
Seed Gloss and Policlaro) at a dose of 250 mL per 100 kg of seed; and Gelfix 5® 
inoculant at a dose of 200 mL per 100 kg of seeds.  
Three treatments based on calcium, magnesium and silicon were evaluated. The 
nutrient sources were dolomitic limestone (CaO 32% and MgO 16%, with a 
reactivity of 73% and relative neutralizing value of 70%) and kaolinite 
(Al2Si2O5(OH)4, produced by the chemical weathering of aluminum silicate minerals 
like feldspar, containing 77.9% SiO2 and with pH 5.5), both of which were applied at 
a dose of 50 g per 100 kg of seeds. For the two nutrient sources used in the 
experiment, the amount of nutrients present was calculated separately and expressed 
in grams: the 50 g of dolomitic limestone contained with 16 and 8 grams of calcium 
and magnesium, respectively, and the aluminum silicate had 39 grams of silicon. The 
seeds were coated according to the method described by Nunes 21, which is a manual 
procedure, using polyethylene bags. The treatments consisted of the coating of the 
seeds of the two cultivars with the following combinations of nutrients: T1 (Ca + Mg 
+ Si), T2 (Ca + Mg), T3 (Si) and T4 (control, no soil correction). 
Seeds were sown in pots with a capacity of 15 liters, filled with approximately 13 kg 
of substrate. Soil had been collected from horizon A1 of a solodic eutrophic haplic 
planosol 22 belonging to the Pelotas mapping unit. Its chemical characterization is 
summarized in Table 1. Fertilization was conducted according to CFQS RS/SC 
recommendations 23, with fertilizers incorporation at the time of sowing. Irrigation 
was performed on a daily basis, according to the daily needs of the soybean plants. 
The experimental unit was represented by a bucket containing three plants, totaling 
32 experimental units. 12 seeds per bucket were initially sown, out of which only the 
three plants per bucket that had a higher initial size were kept after a thinning. 
Experiments were conducted in triplicate, sampling one of those three plants after 
each of the three assessment periods, that is, 10, 20 and 30 days after emergence 
(DAE) to evaluate shoot dry-matter production and other growth parameters, 
detailed below. 

 
Table 1. Chemical characterization of the soil: acidity, exchangeable cations, cation exchange capacity, 
macronutrients and micronutrients. 

pH Ca Mg Al H+Al ECEC Saturation (%) SMP buffer (cmolc·dm-3) Al Base 
4.3 1.3 0.7 0.9 7.7 3.1 29.0 22 5.5 
 
OM (%) Silt (%) P-Mehlich K CECpH 7 Zn Mn Na Fe (%) 

(mg/dm3) (cmolc·dm-3) (mg/dm3)  
2.49 16      7.1 42 9.9 18.6 105 16 0.15 
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CEC: cation exchange capacity; ECEC: effective CEC; SMP: Shoemaker-McLean-Pratt buffer method; OM: 
organic matter; P-Mehlich: Mehlich-3 soil phosphorus test. pH in water 1:1. Exchangeable Ca, Mg, Al and Mn 
extracted with KCl 1 mol·l-1. Silt determined by densitometer method. OM determined by wet digestion. P, K, Na 
and Zn determined by Mehlich-method. 

 
The following variables were considered: leaf area, plant height, shoots dry matter, 
crop growth rate, relative growth rate and net assimilation rate. Leaf area (LA) was 
measured using a LI-3100C Area Meter (LI-COR Ltd.). To determine the shoots dry 
weight (SDW), the aerial parts of the plants were cut at soil height and then placed in 
an oven at 60 ºC until constant weight was attained -to determine dry biomass- and 
weighed on a precision analytical weighing balance. Plant height (PH) was measured 
from the ground surface, using a millimeter ruler and the result was expressed in 
centimeters (cm). 
Growth rates were calculated in agreement with the methodology described by 
Gardner, Pearce 24 :crop growth rate (CGR)      –            , expressed in 
mg·plant-1·day-1; relative growth rate (RGR)       –            

   ,expressed in mg·g-1·day-1; net assimilation rate (NAR)      –         

             –                  , expressed in mg·cm-2·day-1. DM, t and LA 
stand for dry matter, time and leaf area, respectively. 
The experimental design consisted of randomized blocks in a 2×4 factorial scheme 
(two cultivars and four treatments), with four repetitions. Data were subjected to an 
ANOVA. Means were compared by Tukey’s HSD test at 5% significance level. All 
statistical analyses were conducted using Statistical Analysis System Version 2.0 for 
WinStat 25.  
 
RESULTS 
 
Effect of the Treatments 10 Days after Emergence 

Statistical differences between the two cultivars were found in terms of dry weight 
for both cultivars (see Table 2). In the case of CD 233 RR, all treatments had a 
negative impact, which was particularly remarkable for the silicon-based one (T3). 
Conversely, for BRS 243 RR, the dry weights were significantly higher for the 
treated seeds that for the control in all cases (T1, T2 and T3).  
An analogous behavior was shown in terms leaf area, for which the seed coatings 
also had disparate effects on both cultivars: the application of seed coatings again 
had a negative impact on CD 233 RR (i.e., the best results were obtained for the 
control), whereas all treatments were beneficial to BRS 243 RR, in particular the one 
with Ca2+ + Mg2+ (T2), which led to the highest leaf area (135.4 cm2). 
In reference to plant height, the highest plant height for CD 233 RR cultivar was 
obtained for the control (15.8 cm) and all the seed coating treatments had a negative 
effect, while for BRS 243 RR the largest plant height corresponded to T1 treatment 
(15.35 cm).  

 
Effect of the Treatments 20 Days after Emergence 

In relation to the dry weight 20 days after emergence, it was found that the seed 
coatings had a remarkably negative impact on both cultivars (see Table 3). On the 
other hand, the behavior in terms of foliar area was dissimilar for the two cultivars 
under study: while seed coatings had a negative effect on CD 233 RR in all cases 
(specially deleterious for T3), the application of T1 seed coating had a very positive 
impact on BRS 243 RR (557 cm2 for T1 vs. 425 cm2 for the control). T2 and T3 
application was not favorable, but to a lesser extent than for CD 233 RR. 
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With regard to the plant height variable, T1 treatment (Ca + Mg + Si) had the most 
positive impact on both cultivars. On the other hand, for T2 and T3 treatments the 
response of the cultivars differed: while they were detrimental for CD 233 RR (in 
particular T3), they were beneficial for BRS 243 RR (although in this later case there 
were no significant differences from a statistical point of view). 

 
Table 2. Dry weight, leaf area and plant height of the soybean plants for the different seed coating treatments 10 
days after emergence. All values are in average ± standard deviation. 

Nutrient combinations Dry weight (g) 
BRS 243 RR CD 233 RR Average 

Ca + Mg + Si 0.28±0.04 aA 0.22±0.05 aB 0.25 
Ca + Mg 0.29±0.03 aA 0.25±0.02 aB 0.27 
Si 0.27±0.10 aA 0.15±0.01 bC 0.21 
Control 0.14±0.04 bB 0.34±0.02 aA 0.24 
Average 0.24 0.24  Std. dev. 0.07 0.08  CV 29.66% 32.47%  
 

Nutrient combinations Leaf area (cm2) Plant height (cm) 
BRS 243 RR CD 233 RR Average BRS 243 RR CD 233 RR Average 

Ca + Mg +Si 101.96±2.20 aB 93.27±4.52 aA 97.61 15.36±0.17 aA 13.40±0.50 aB 14.38 
Ca + Mg 135.41±16.76 aA 73.57±15.18 bB 104.49 12.58±0.63 aB 11.53±0.68 aC 12.05 
Si 100.08±9.88 aB 65.33±9.35 bC 82.71 10.75±0.44 aB 12.90±0.75 aB 11.83 
Control 96.04±2.32 bB 106.39±3.73 aA 101.21 11.63±1.09 bC 15.80±1.25 aA 13.71 
Average 108.37 84.64  12.58 13.41  Std. dev. 18.19 18.64  2.00 1.78  CV 16.79% 22.03%  15.89% 13.29%  
* Average values followed by the same lowercase letter in the row and by the same uppercase letter in the column 
do not differ statistically among them, according to Tukey’s HSD test at 5%. 
 
Table 3. Dry weight, leaf area and plant height of the soybean plants for the different seed coating treatments 20 
days after emergence. All values are in average ± standard deviation. 

Nutrient combinations Dry weight (g) 
BRS 243 RR CD 233 RR Average 

Ca + Mg +Si 1.30±0.27 aB 1.21±0.09 aB 1.25 
Ca + Mg 1.65±0.12 aB 1.48±0.32 aB 1.56 
Si 1.53±0.23 aB 1.32±0.10 aB 1.43 
Control 2.23±0.51 aA 2.33±0.18 aA 2.28 
Average 1.68 1.58  Std. dev. 0.39 0.51  CV 23.50% 32.09%   
 

Nutrient combinations Leaf area (cm2) Plant height (cm) 
BRS 243 RR CD 233 RR Average BRS 243 RR CD 233 RR Average 

Ca + Mg +Si 556.97±28.88 aA 341.06±35.68 bA 449.01 27.88±1.36 bns 33.85±2.11 aA 30.86 
Ca + Mg 353.2±31.95 aB 312.05±49.25 aA 332.62 27.20±2.37 a 26.38±3.28 aB 26.79 
Si 393.39±56.73 aB 266.58±49.35 bB 329.98 26.50±1.17 a 22.78±0.69 aC 24.64 
Control 425.2±51.26 aB 394.58±40.20 bA 409.89 25.48±1.33 a 27.60±1.27 aB 26.54 
Average 432.19 328.57  26.76 27.65  Std. dev. 88.25 53.63  1.03 4.61  CV 20.42% 16.32%   3.83% 16.68%   
* Average values followed by the same lowercase letter in the row and by the same uppercase letter in the column 
do not differ statistically among them, according to Tukey’s HSD test at 5%. 
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Effect of the Treatments 30 Days after Emergence 

Data from the dry weight of plants 30 DAE (see Table 4) showed that whereas all 
treatments were detrimental for CD 233 RR (in particular T3), treatment T1 was 
beneficial for BRS 243 RR cultivar (although T2 and T3 were not). 
Regarding the leaf area at 30 DAE, T1 and T2 treatments led to a notable increase 
for both cultivars (27% for CD 233 RR and 10% for BRS 243 RR for T1; 26% and 
16% for T2, for CD 233 RR and BRS 243 RR, respectively). On the other hand, T3 
treatment led to a decrease, more marked for CD 233 RR cultivar than for BRS 243 
RR (37% vs. 6%, respectively).  
Plant height 30 DAE was also significantly influenced by seed coatings: for CD 233 
RR it was found that T1 (Ca + Mg + Si) led to an enhanced plant height, while T2 
and T3 were detrimental, as it happened 20 DAE. On the other hand, for BRS 243 
RR, all treatments were beneficial: T3 led to values 35% higher than the control, 
followed by T1 (14% higher than the control) and T2 (12% higher than the non-
treated samples). 

 

Table 4. Dry weight, leaf area and plant height of the soybean plants for the different seed coating treatments 30 
days after emergence. All values are in average ± standard deviation. 

Nutrient combinations Dry weight (g) 
BRS 243 RR CD 233 RR Average 

Ca + Mg +Si 5.57±0.28 aA 4.12±0.63 aB 4.85 
Ca + Mg 3.80±0.78 aB 3.33±0.36 aB 3.57 
Si 3.88±0.45 aB 2.61±0.30 aC 3.24 
Control 4.65±0.06 aB 4.97±0.66 aA 4.81 
Average 4.47 3.76  Std. dev. 0.83 1.01  CV 18.48% 27.00%   
 

Nutrient combinations Leaf area (cm2) Plant height (cm) 
BRS 243 RR CD 233 RR Average BRS 243 RR CD 233 RR Average 

Ca + Mg +Si 716.59±56.31 bA 855.55±27.61 aA 786.07 43.30±4.86 aB 46.85±1.60 aA 45.08 
Ca + Mg 756.91±26.44 bA 849.35±25.84 aA 803.13 42.50±0.75 aB 36.98±1.18 bC 39.74 
Si 613.58±67.46 aB 418.99±19.34 bC 516.28 51.30±0.91 aA 39.00±3.03 bB 45.15 
Control 651.92±49.95 aB 672.33±34.22 aB 662.12 37.93±1.88 bB 42.10±1.15a B 40.01 
Average 684.75 699.05  43.76 41.23  Std. dev. 64.20 205.13  5.56 4.30  CV 9.38% 29.34%   12.70% 10.42%   
* Average values followed by the same lowercase letter in the row and by the same uppercase letter in the column 
do not differ statistically among them, according to Tukey’s HSD test at 5%. 
 

Impact of the Treatments on Growth Rates 

As regards the crop growth rate 10 DAE (Table 5), it showed the same behavior 
discussed for the dry weight 10 DAE.  
In relation to the growth rates 20 DAE, no significant interactions could be found for 
the crop growth rate and between the cultivars for the net assimilation rate, only for 
the relative growth rate. Nevertheless, the three parameters evinced the detrimental 
impact of the seed coating treatments on both cultivars. 
With regard to the results obtained 30 DAE, significant differences between the 
cultivars were found in terms of the crop growth rate, and BRS 243 RR was superior 
to CD 233 RR cultivar in all cases (both with and without treatments).It is worth 
noting that CGR was significantly higher for the seeds coated with T1 treatment for 
both cultivars. No significant differences were found for the relative growth rate and 
the net assimilation rate, except for the T1 treatment: although it had a very limited 
effect on CD 233 RR cultivar, it had a very positive impact on BRS 243 RR cultivar.  
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Table 5. Crop growth rate, relative growth rate and net assimilation rate of the soybean plants -for the different seed 
coating treatments- 10, 20 and 30 days after emergence. 
Crop growth rate (mg·plant-1·day-1) 

Nutrient 
combinations 

10 DAE 20 DAE 30 DAE 
BRS 243 
RR 

CD 233 
RR Avg. BRS 243 

RR 
CD 233 
RR Avg. BRS 243 

RR 
CD 233 
RR Avg. 

Ca + Mg + Si 27.80 aA 22.41 aB 25.10  102.00 † 98.72 † 100.36 427.30 aA 290.88 bA 359.09 
Ca + Mg 28.88 aA 24.88 aB 26.88 136.20 122.68 129.44 214.55 aC 185.85 bC 200.20 
Si 27.23 aA 14.90 bC 21.06 126.13  116.88 121.50 234.43 aC 129.15 bD 181.79 
Control 13.58 bB 33.80 aA 23.69 208.98 198.93 203.95 242.80 aB 263.80 aB 253.30 
Average 24.37 24.00  143.33 134.30  279.77 217.42  Std. dev. 7.23 7.79  46.06 44.28  99.07 73.79   
Relative growth rate (mg·plant-1·day-1) 

Nutrient 
combinations 

10 DAE 20 DAE 30 DAE 
BRS 243 
RR 

CD 233 
RR Avg. BRS 243 

RR 
CD 233 
RR Avg. BRS 243 

RR 
CD 233 
RR Avg. 

Ca + Mg + Si - - - 0.15 aB 0.17 aB 0.16 0.15 †A 0.12 †A 0.13 
Ca + Mg - - - 0.17 aB 0.18 aB 0.18 0.08 B 0.08 B 0.08 
Si - - - 0.17 aB 0.22 aA 0.20 0.09 B 0.07 B 0.08 
Control - - - 0.28 aA 0.19 bB 0.24 0.07 B 0.08 B 0.07 
Average - -  0.20 0.19  0.10 0.09  Std. dev. - -  0.06 0.02  0.03 0.02   
Net assimilation rate (mg·cm-2·day-1) 

Nutrient 
combinations 

10 DAE 20 DAE 30 DAE 

BRS 243 RR CD 233 
RR Avg. BRS 243 RR CD 233 

RR Avg. BRS 243 RR CD 233 
RR Avg. 

Ca + Mg + Si - - - 0.38 †C 0.52 †B 0.45 0.67 †A 0.52 †A 0.60 
Ca + Mg - - - 0.60 B 0.74 C 0.67 0.41 B 0.35 B 0.38 
Si - - - 0.59 B 0.82 A 0.70 0.47 B 0.38 B 0.43 
Control - - - 0.94 A 0.90 A 0.92 0.46 B 0.51 A 0.48 
Average - -  0.63 0.75  0.50 0.44  Std. dev. - -  0.23 0.17  0.12 0.09  * Average values followed by the same lowercase letter in the row and by the same uppercase letter in the column 
do not differ statistically among them, according to Tukey’s HSD test at 5%. 
† There was no significant interaction among the factors. 
 

In short, significant differences in the response to the treatments were found between 
the two cultivars. For CD 233 RR, the three treatments under study had –in general 
terms– a negative impact in the three assessment periods. However, T1 had a 
positive effect on two particular plant parameters: on plant height (20 DAE and 30 
DAE) and on leaf area (30 DAE). On the other hand, all treatments were shown to be 
beneficial to BRS 243 RR cultivar 10 DAE. In subsequent assessment periods (20 
DAE and 30 DAE), the effect of T2 and T3 on some plant variables was neutral or 
negative, but T1 generally had a positive impact (except on the weight 20 DAE), 
which was particularly noticeable on LA (20 DAE), SDW, CGR and RGR 
parameters (30 DAE). These results suggest that T1 treatment (Ca + Mg + Si) would 
be the best among those under study and could be a promising approach to enhance 
crop productivity. 
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DISCUSSION 
 
There is a certain degree of controversy concerning the effect of these treatments in 
the literature. For example, in the work by Castro and Crusciol 26, when using 
dolomitic limestone and calcium and magnesium silicate for soil correction, the 
results evinced that the dry weight of the soybean plants studied 45 DAE was higher 
when silicate was applied in comparison with limestone, and both treatments led to 
better results than the control. Similarly, the study by Pereira Júnior, Rezende 27 on 
the response of soybean to different doses of silicon found a positive response for 
plant height and number of pods per plant with increasing doses. Conversely, 
Oliveira 28 reported that the application of silicon in the nutrients solution to soybean 
plants did not have a significant effect on dry matter production 30, 45 and 60 days 
after emergency.  
Silicon absorption by soybean plants is highly variable and may in some cases do not 
show effects on the analyzed variables, because such effects may be associated to 
more internal features of the plants, for example to the growth of the cell wall or to 
the resistance to pests and diseases and to biotic and abiotic stress factors. In this 
sense, the application of silicon along with calcium and magnesium has nutritional 
factors that are crucial to the good performance of the plants in the field. 
While the influence of silicon in the development soybean is still unclear, as noted 
above, it is not the case with the Gramineae: according to Raij and Camargo 29, 
positive results are commonly observed in plants which accumulate silicon upon its 
application, as it occurs with most Poaceae (rice, sugarcane, sorghum, wheat, maize, 
etc.). In the case of rice plants, silicon supplements lead to more efficient 
photosynthesis and to an increased translocation of carbon to the young parts of the 
plant 30, resulting in higher dry matter accumulation. Mauad, Grassi Filho 31 also 
showed the fertilization efficiency of silicon in rice plants, confirming an intense and 
growing accumulation of silicon up to 20 days after emergence (DAE), keeping a 
steadily growing trend until 75 DAE, when the accumulation stabilized. Nonetheless, 
dry matter accumulation, grain yields and N contents in the plant were not 
influenced by the silicon doses. Zanão Júnior, Rodrigues 32 showed that the 
application of Si also has the potential to reduce the development of brown spot, 
since the high Si content on rice tissue has a negative impact on fungus penetration. 
Gong, Chen 33 reported that plants of wheat growing in pots to which silicon was 
applied before sowing had greater plant height, leaf area, and dry matter compared to 
the control in good watering conditions. This is in line with the findings of Souza, 
Martins 34, who -while working with different doses of calcium silicate and 
magnesium and maize plants- found an increase in the dry matter of the aerial part, 
in leaf area and in height (14 days after sowing) as the silicate dose was increased. It 
improved the speed of emergence and the early growth of corn seedlings too. Other 
studies conclude that low magnesium levels lead to less production of dry matter in 
the case of sorghum 35 and that calcium deficit limits the growth of the root system 
of millet and cotton 36. 
In fodder grasses, the main agronomic traits such as plant height may also be 
influenced by the application of different sources of silicon: Sávio, da Silva 37 
showed that silicon sprayed on leaves promoted an increase in dry biomass content 
in the second and third harvests of P. maximum. 
As regards sunflower, Carvalho, Zanão Júnior 38 reported that the application of 
silicon doses did not influence the plant height or stem diameter, but Kamenidou, 
Cavins 39 found that the application of silicon actually increased the plant height and 
stem diameter of the ornamental sunflower "Ring of Fire". In a similar fashion, 
Gunes, Pilbeam 40 noted that silicon alleviated drought stress and led to an increase 
in dry matter production of the aerial part. 
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According to Fernandez, Bull 41, the dry mass of the aerial parts of bean plants was 
favored by the application of calcium silicate, and doses ranging from 2.31 to 6.95 
g/pot were associated to the highest efficiency. Divergent results were reported by de 
Albuquerque Lima, de Castro 42, who observed that silicon application in the nutrient 
solution significantly increased all growth parameters (dry weight of leaves, stems 
and roots and leaf area) and decreased ion leakage in maize seedlings, whereas this 
response was not observed in cowpea. When foliar supply was tested, it had no 
impact on any of the two crops. 
In relation to the comparison between two cultivars, it is a common approach in 
experiments that evaluate the performance of seeds subjected to a treatment with 
nutrients. Several surveys have been conducted in this way, assessing several 
varieties and their responses to the application of nutrients –such as the works by 
Tavares et al. with barley seeds 43 and rice 44, the one by Ohse, Cubis 45 with wheat 
seeds or that by Queiroga, de Queiroz Castro 46 with cotton seeds, to name a few– 
and significant differences between cultivars were also found, as in the study 
reported herein. 
 
CONCLUSIONS 
 
Three combinations of nutrients (Ca+Mg+Si, Ca+Mg, Si) were assayed on two 
soybean cultivars, namely BRS 243 RR and CD 233 RR, with a view to improving 
crop productivity in soil acidity conditions. Upon evaluation of different parameters 
(dry weight, leaf area, plant height and various growth rates), major differences 
between the response of the two cultivars and amongst the effect of the application 
in different time periods (10, 20 and 30 DAE) were found. It could be concluded that 
only the application of the Ca+Mg+Si treatment –using dolomitic limestone and 
aluminum silicate as nutrient sources– would be advisable for the BRS 243 RR 
cultivar, leading to a very remarkable increase in the crop growth (76%), relative 
growth (97%) and net assimilation (47%) rates in the 21-30 DAE emergence period. 
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