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Abstract:
							                           
The application of silicon (Si) to the soil can increase the grain yield of the soybean crop by improving the nitrogen biological fixation, due to its beneficial effect on the Bradyrhizobium-soybean symbiosis. This study aimed to investigate the effect of fertilization with calcium and magnesium silicate on plant growth, root nodulation and nitrogen (N) uptake, in two soybean cultivars [BRS 1074 IPRO (transgenic) and BRS-MG 800A (conventional)], under greenhouse conditions. The application of silicate significantly increased the number of root nodules only for the BRS-MG 800A, while the positive effects of the silicate addition on nodule size, chlorophyll level and leaf N concentration were observed in both cultivars. The soybean cultivars show distinct responses to the silicate application, with respect to growth and dry matter yield, being the BRS 1074 IPRO more responsive than the BRS-MG 800A. Therefore, Si may induce the formation of root nodules in soybean plants and lead to significant increases in the nitrogen biological fixation and plant growth. These results highlight that Si is not only involved in the improvement of plant growth, but it can be also considered a crucial element to improve the symbiotic performance of soybean plants. However, the physiological basis of how and where silicate exerts its influence on nodulation and nitrogen biological fixation still remains unknown.
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Resumo:
						                           
A aplicação de silício (Si) ao solo pode aumentar o rendimento de grãos da cultura da soja, por melhorar a fixação biológica de nitrogênio, devido ao seu efeito benéfico sobre a simbiose Bradyrhizobium-soja. Objetivou-se investigar o efeito da aplicação de silicato de cálcio e magnésio no crescimento, nodulação e absorção de nitrogênio (N), em duas cultivares de soja [BRS 1074 IPRO (transgênica) e BRS-MG 800A (convencional)], em condições de casa-de-vegetação. A aplicação de silicato aumentou significativamente o número de nódulos apenas para a BRS-MG 800A, enquanto os efeitos positivos da adição de silicato no tamanho do nódulo, nível de clorofila e concentração foliar de N foram observados em ambas as cultivares. As cultivares de soja têm distinta resposta à aplicação de silicato, em relação ao crescimento e produção de matéria seca, sendo a BRS 1074 IPRO mais responsiva que a BRS-MG 800A. Portanto, o Si pode induzir a formação de nódulos radiculares em plantas de soja e levar a aumentos significativos na fixação biológica de N e no crescimento das plantas. Esses resultados ressaltam que o Si não está envolvido apenas na melhoria do crescimento das plantas, mas, também, pode ser considerado um importante elemento para melhorar o desempenho simbiótico destas. No entanto, a base fisiológica de como e onde o silicato exerce sua influência na nodulação e na fixação biológica de nitrogênio ainda permanece desconhecida.
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INTRODUCTION


Soybean [Glycine max (L.) Merrill.] is one of the most important crop plants in the world, especially due to the high amount of seed protein (36-40 %) and oil content (18-20 %), and due to its capacity to fix atmospheric nitrogen through symbiosis with soilborne microorganisms (Hungria & Mendes 2015). Therefore, the use of management practices that can optimize the biological nitrogen fixation and yield performance of the crop are of extreme importance for the agribusiness of the soybean crop in Brazil. The nitrogen biological fixation in soybean is dependent on an adequate supply of macro and micronutrients. These elements are not only essential for the symbiotic interaction, but also for the host plant and its microbial partner (Nelwamondo & Dakora 1999). Regarding the effect of silicate nutrition, there is evidence that silicon (Si) may have an influence on the Bradyrhizobium-soybean symbiosis (Castro & Crusciol 2015) and, therefore, has the capacity to improve the fixation of atmospheric nitrogen (N2) by rhizobia.

Calcium and magnesium silicate can be used as a corrective of soil acidity (Castro & Crusciol 2015, Sarto et al. 2015) and as a Si source (Ruppenthal et al. 2016). The application of Si shows beneficial effects on the growth and yield of several crops, especially those considered as Si-accumulating plants, such as rice, sugarcane, maize, sorghum and wheat (Hattori et al. 2005, Kaya et al. 2006, Zanão- Júnior et al. 2010, Sarto et al. 2015, Camargo et al. 2017). However, dicotyledonous species, considered as non-Si accumulating plants, such as tomato, cucumber, cowpea, cotton, potato and soybean, have also responded positively to the soil-applied Si (Nelwamondo & Dakora 1999, Toresano-Sánchez et al. 2012, Ferraz et al. 2014, Pilon et al. 2014, Wang et al. 2015, Pascual et al. 2016).

Responses to Si fertilization may be potentiated when crops are exposed to various abiotic and biotic stress conditions (Coskun et al. 2016). The beneficial effects of Si on plant growth have been attributed to the increase in the chlorophyll content and photosynthetic capacity, reduction in the transpiration rate and increase in the nutrient uptake (Ma & Yamaji 2006, Ferraz et al. 2014, Coskun et al. 2016). These effects are mainly attributed to the high accumulation of silica on the surface of leaves and stems (Ma & Yamaji 2006) and other mechanisms.

The beneficial effect of Si on soybean nodulation is related to its role in modulating the metabolism of phenolic compounds in plants (Zhang et al. 2013). Silicon is involved in the synthesis or in biochemical processes of isoflavonoids (Bockhaven et al. 2013), and, therefore, it influences on the expression of nod genes related to the formation of root nodules in leguminous plants (Nelwamondo & Dakora 1999). In addition, the isoflavonoids released by legume roots also serve as chemo-attractants for the nitrogen-fixing bacteria (Bradyrhizobium sp.) (Eckardt 2006).

Therefore, Si has the potential to increase the nodulation, growth and yield of leguminous plants. Indeed, Nelwamondo & Dakora (1999) reported that applying Si resulted in a significant increase in the number of root nodules, nodule dry matter and N fixed by cowpea plants (Vigna unguiculata L. Walp.) inoculated with Bradyrhizobium. Lopes et al. (2011) also found that the Si application resulted in increased nodulation, root dry matter production and nutrient uptake of Stylosanthes guianensis (Aubl.) Sw. cv. Mineirão. Kurdali et al. (2013) concluded that Si is not only involved in growth improvement and in maintaining the water status, but it also can be considered a crucial element for the symbiotic performance of chickpea plants (Cicer arietinum L.). However, the effect of Si application for improving root nodulation and growth of soybean plants is still unknown.

Thus, this research was carried out to investigate the effects of fertilization with calcium and magnesium silicate on growth, nodulation and N uptake, in two soybean cultivars grown in a greenhouse.





MATERIAL AND METHODS


The experiment was conducted in a greenhouse in Cassilândia, Mato Grosso do Sul state, Brazil (19º05’20’’S, 51º48’24’’W and altitude of 510 m), from October to December 2017. The environmental conditions during the experiment were: minimum and maximum air temperatures of 19.4 ºC and 36.7 ºC, respectively; average air relative humidity of 72 % (±5 %) and midday photosynthetic photon flux density of 980 μmol m-2 s-1 (±235 μmol m-2 s-1).

The soil used in the experiment was a Si-deficient typical Red-Yellow Latosol (Typic Hapludox), collected from a Savannah area, with 210 g kg-1 of clay, 60 g kg-1 of silt and 730 g kg-1 of sand; pH (CaCl2) = 5.0; P (Mehlich-1) = 32 mg dm-3; K (Mehlich-1) = 85 mg dm-3; Al3+ = 0.0 cmolc dm-3; Ca2+ = 3.7 cmolc dm-3; Mg2+ = 1.6 cmolc dm-3; H+ + Al3+ = 2.6 cmolc dm-3; CEC = 8.1 cmolc dm-3; base saturation = 68 %; and organic matter = 20 g kg-1. The concentration of available Si (extraction in CaCl2) was 8.6 mg dm-3, which can be considered very low and adequate for an experiment aiming to test the Si application efficiency. The soil was then placed in 8 L plastic pots and fertilized with 250 mg kg-1 of P as simple superphosphate (18 % of P2O5, 25 % of CaO and 12 % of S), 80 mg kg-1 of K as potassium chloride (60 % of K2O) and 30 mg kg-1 of S as gypsum (13 % of S and 18 % of Ca). Each plastic pot was filled with 10 kg of air-dried soil sieved in 4.0 mm mesh. Fertilizer was applied according to the recommendations for greenhouse crops by Novais et al. (1991), with modifications. The exceptions were the omissions of N and micronutrient applications.

The experiment was arranged in a randomized block design, using two Si levels (0 mg kg-1 or 200 mg kg-1) and two soybean cultivars [BRS 1074 IPRO (transgenic, Intacta RR2 PROTM, indeterminate growth habit, cycle of 108-115 days, maturation group 7.4) and BRS-MG 800A (conventional, determinate growth habit, cycle of 120-125 days, maturation group 8.0)], considering a 2 × 2 factorial arrangement, with six replications. Calcium and magnesium silicate, used as the Si source [AgroSilício Plus®, Agronelli Insumos Agrícolas, Timóteo, MG, BRA], was composed of 10.5 % of Si, 25 % of Ca and 6 % of Mg. Calcium and magnesium silicate was incorporated into each pot, at the rate of 1.9 g kg-1 of soil (equivalent to 200 mg kg-1 of Si, 475 mg kg-1 of Ca and 114 mg kg-1 of Mg), at seven days before the soybean sowing. The application rate of silicate used in this study was based on investigations carried out with other crops (Lopes et al. 2011, Kurdali et al. 2013, Sarto et al. 2015, White et al. 2017), where the application of 150-250 mg kg-1 of Si resulted in the best plant growth rates.

The soybean seeds [Glycine max L. (Merrill)] were previously inoculated with Bradyrhizobium japonicum, using the commercial liquid inoculant Simbiose Nod Soja. (Simbiose: Biological Agrotechnology), containing SEMIA 5079 and SEMIA 5080 strains (minimum concentration of 7.2 × 109 viable cells mL-1), at a rate of 3 mL kg-1 of seeds. Six soybean seeds were then sown in plastic pots containing sandy soil and, at seven days after emergence, seedlings were thinned down to two per pot. The soil water content was monitored daily and maintained close to the field capacity with daily irrigations.

At full flowering (R2 phenological stage), the plants were harvested and then the number of trifoliate leaves, plant height, stem diameter, number of nodules per plant and shoot, root and nodule dry matter were measured. The roots were put in a 1.0 mm mesh sieve and washed under running tap water to remove the adhered soil. The nodules were gently removed, washed and counted. The plants were then separated into leaves, stems, roots and nodules, oven dried for three days (65 ºC) and then weighed. The results were expressed in g plant-1. The leaf area (LA; dm2 plant-1) was determined using the equation proposed by Benincasa (2003): LA = [(LAs × LTDM)/DMs], where LAs is the leaf area of the collected sample, LTDM the leaf total dry matter and DMs the dry matter of the collected sample.

The relative chlorophyll index was measured by a chlorophyll meter Apogee model MC-100 (Apogge Instruments Inc., Logan, UT, USA), with six measurements in two plants per pot, at the third trifoliolate leaf totally expanded, between the edge and the main nerve of the leaf blade. After measuring the relative chlorophyll index, the trifoliolate leaves were collected for the determination of N and Si concentrations. The leaf samples were dried for three days (55 ºC) and ground in a Willey mill. N was determined by sulfuric acid digestion and vapor distillation by the semi-micro Kjeldahl method (Embrapa 2009) and Si by hydrogen peroxide and sodium hydroxide digestion, determined by colorimetry (Korndörfer et al. 2004).

The leaf area ratio (LAR), specific leaf area (SLA) and leaf weight ratio (LWR) were determined from the leaf area values (LA) expressed in dm2 plant-1, total dry matter (TDM) and leaf dry matter (LDM), both expressed in g plant-1, using the following equations (Benincasa 2003): LAR (dm2 g-1) = LA/ TDM; SLA (dm2 g-1) = LA/LDM; and LWR (g g-1) = LDM/TDM.

The data normality was previously tested by the Kolmogorov-Smirnov test at 5 % of significance and then the data were submitted to analysis of variance (Anova), and the averages for silicon fertilization and soybean cultivars were compared by the F test, at the 0.05 level of significance. The analyses were performed using the Sisvar (version 5.3) software for Windows (Statistical Analysis Software, UFLa, Lavras, MG, BRA).





RESULTS AND DISCUSSION


A summary of the analysis of variance for the measurements of mineral nutrition, nodulation, growth and dry matter partitioning of soybean plants is shown in Table 1. The results of the analysis of variance showed significance (p < 0.05) for the main effects of soybean cultivars and Ca and Mg silicate application, as well as interaction for most the traits measured (Table 1). The significant interaction between the main effects of cultivars and silicate application for most of the evaluated traits indicates that soybean cultivars have different responses, regarding Ca and Mg silicate fertilization or non-fertilization.




Table 1




Summary of the analysis of variance for the measurements of nodulation, mineral nutrition, growth and dry matter partitioning of soybean plants, as affected by Ca and Mg silicate fertilization
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NNP: number of nodules per plant; NDM: nodule dry mass; MPN: mass per nodule; RCI: relative chlorophyll index; N: foliar nitrogen concentration; Si: foliar silicon concentration; PH: plant height; NTL: number of trifoliate leaves; SD: stem diameter; LA: leaf area; SDM: shoot dry matter; RDM: root dry matter; TDM: total dry matter; SLA: specific leaf area; LAR: leaf area ratio; LWR: leaf weight ratio.











The application of Ca and Mg silicate increased the number of root nodules of the BRSMG 800A cultivar at 82 %, if compared to the nonsilicate fertilization, whereas the number of nodules of the BRS 1074 IPRO was not significantly affected (p > 0.05) by the Si supply (Figure 1A). Although the transgenic cultivar (BRS 1074 IPRO) did not respond positively to the silicate application, with an increase in the number of nodules, it presented a nodulation similar to the conventional cultivar (BRS-MG 800A), with the application of silicate. These results report the high nodulation potential of the transgenic soybean cultivar, when compared to the conventional one.
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Figure 1



Effect of soil fertilization (+silicate) and nonfertilization (-silicate) with calcium silicate on number of nodules per plant (A), dry mass of nodules (B) and average dry mass per nodule (C), in two soybean cultivars, under well watering conditions. Bars followed by the same lower-case letter between the silicate treatments or the same upper-case letter, for the two soybean cultivars, are not significantly different by the F test at 0.05 of significance. Data refer to mean values (n = 6) ± standard error















The positive response in the formation of root nodules in the BRS-MG 800A (conventional) cultivar may be related to the beneficial effect of Si on the biosynthesis and metabolism of phenolic compounds such as isoflavonoid (Zhang et al. 2013). The isoflavonoids released by legume roots have been reported to play multiple roles at distinct stages of the nodulation process, especially because it acts as chemo-attractants of Bradyrhizobium and regulates the nod genes expression (Nelwamondo & Dakora 1999, Eckardt 2006).

The Ca and Mg silicate application resulted in the greater dry mass of nodules per plant (Figure 1B) and average dry mass per nodule (Figure 1C), in both soybean cultivars, if compared to non-silicate fertilization. The percent increments for nodule size in the treatments with silicate were 38 % and 76 %, respectively for the BRS-MG 800A and BRS 1074 IPRO cultivars, when compared to the unfertilized control with silicate (Figure 1C). These results indicated that the application of silicate improved the nodulation of both soybean cultivars, resulting in higher N biological fixation (Figure 2), and also improving plant growth (Figure 3).
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Figure 2



Effect of soil fertilization (+silicate) and nonfertilization (-silicate) with calcium silicate on relative chlorophyll index (A), nitrogen concentration (B) and silicon (C) in the leaves of two soybean cultivars, in well watering conditions. Bars followed by the same lower-case letter between the silicate treatment or the same upper-case letter, for the two soybean cultivars, are not significantly different by the F test at 0.05 of significance. Data refer to mean values (n = 6) ± standard error.
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Figure 3



Effect of soil fertilization (+silicate) and non-fertilization (-silicate) with calcium silicate on plant height (A), number of trifoliolate leaves (B), stem diameter (C), leaf area (D), shoot dry matter (E) and root dry matter (F) of two soybean cultivars, in well watering conditions. Bars followed by the same lower-case letter between the silicate treatments or the same upper-case letter, for the two soybean cultivars, are not significantly different by the F test at 0.05 of significance. Data refer to mean values (n = 6) ± standard error.















The beneficial effect of Si application on the nodulation process of leguminous plants has been reported in other crops. In cowpea plants (Vigna unguiculata L. Walp.) inoculated with Bradyrhizobium strain CB756, Nelwamondo & Dakora (1999) showed that the Si supply significantly increased the number of root nodules and nodule dry matter. In stylo plants [Stylosanthes guianensis (Aubl.) Sw. var. guianensis], Lopes et al. (2011) also found that the silicate application improved the root nodulation. Kurdali et al. (2013) state that Si is a crucial element for the symbiotic process, especially for potentiating the nodule formation in chickpea plants (Cicer arietinum L.). Positive effects of Si supply on nodulation of leguminous plants are due to its role in regulating the metabolism of phenolic compounds in plants (Zhang et al. 2013). According to Bockhaven et al. (2013), Si is involved in the synthesis or in biochemical processes of isoflavonoids, and these compounds induce the formation of root nodules by different mechanisms (Nelwamondo & Dakora 1999, Eckardt 2006).

The silicate application resulted in the greater relative chlorophyll index and leaf concentrations of N and Si in both soybean cultivars (Figure 2). The silicate application resulted in an increase of 49 % and 85 % in the chlorophyll levels (Figure 2A) and 10 % and 18 % in the leaf N concentration (Figure 2B), respectively for the BRS 1074 IPRO and BRS-MG 800A cultivars, if compared to the unfertilized control with silicate. These results confirmed the hypothesis that Si has a beneficial effect, regarding chlorophyll. Similarly, Silva et al. (2012) reported that Si resulted in an increase in the chlorophyll level of two tomato cultivars (Lycopersicon esculentum L.). Xie et al. (2014) applied 750 kg ha-1 of silicate and also observed chlorophyll levels 20 % higher in maize plants. In a study made by Hattori et al. (2005), a marked Si-induced enhancement in photosynthesis and chlorophyll fluorescence was reported in sorghum plants [Sorghum bicolor (L.) Moench], under water deficit conditions.

The beneficial effect of Si on chlorophyll level has been attributed to the accumulation of silica on the tissue stirface (Ma & Yamaji 2006), which changes the architecture of the plants and keeps the leaves more exposed to light. The greater exposure of the leaves to light induces a higher photosynthetic rate and a greater synthesis of total chlorophyll, thus interfering in the production of chlorophyll a and b, confirming the results reported by Locarno et al. (2011) in rose plants and by Silva et al. (2013) in strawberry plants.

The positive effect of silicate fertilization on leaf N concentration in both cultivars (Figure 2B) may be explained due to the improvement of the root nodulation of soybean plants and higher N biological fixation (Figure 1). In addition, the higher N concentration in the leaves resulted in the higher chlorophyll synthesis in the soybean plants (Figure 2A). However, some studies have reported that the Si source application has not been sufficient to enhance the N level of plants. Freitas et al. (2015) reported that application rates of 50-120 mg kg-1 of Si did not result in a significant effect on the N concentration in rice leaves. Similarly, the soybean leaf N concentration was not significantly affected by application rates of 50-200 mg kg-1 of Si (Ruppenthal et al. 2016).

As expected, the silicate source application significantly increased the leaf Si concentration of the soybean plants (Figure 2C). The silicate application resulted in increases of 110 % and 102 % in the leaf Si concentration, respectively for the BRS 1074 IPRO and BRS-MG 800A cultivars, when compared to the unfertilized control with silicate. These results are due to the fact that the silicate application has increased the availability of this element in the soil and confirm the evidence that soybean, which is considered as a non-Si accumulating plant, also has a great capacity to translocate the Si absorbed by roots to the shoot, especially to the leaves. Indeed, the Si absorbed by root cells as monosilicic acid (H4SiO4) is deposited into leaf epidermal cells (Ma & Yamaji 2006). The significant increase in the leaf Si concentration, with the application of silicate, also has been reported in other leguminous plants, such as cowpea (Nelwamondo & Dakora 1999) and soybean (Ruppenthal et al. 2016).

The soybean cultivars have distinct responses to the application of Ca and Mg silicate, with respect to growth and dry matter yield (Figure 3). A positive response of the silicate fertilization to the soil on the BRS 1074 IPRO (transgenic) cultivar was observed for all growth traits measured, except for root dry matter (Figure 3). On the other hand, the silicate application only resulted in a positive effect for the number of trifoliolate leaves (Figure 3B) and leaf area (Figure 3D) on the BRS-MG 800A cultivar, whereas the plants fertilized with silicate had lower root dry matter, if compared to the unfertilized control with silicate (Figure 3F). These results indicate that the Ca and Mg silicate application has the potential to improve the growth and dry matter accumulation of soybean plants, but these effects depend on the cultivar, being the transgenic cultivar more responsive to the silicate fertilization.

The lower root dry matter yield with silicate fertilization, in the conventional soybean cultivar (Figure 3F), may be related to the beneficial effect of silicate addition on increasing the number and size of root nodules (Figure 1). This increased nodulation results in a greater number of root drains, therefore reducing the availability of photoassimilates that could be used for root growth. Nodulation and biological nitrogen fixation are highly energetic physiological processes, and symbiotic bacteria may use 10-30 % of the total net of photoassimilates produced by the host plant (Schubert & Ryle 1980).

The higher growth and dry matter yield of plants fertilized with Ca and Mg silicate, especially for the BRS 1074 IPRO cultivar, may be related to the effects of Si in the plant metabolism and morphology. Silicon alleviates the nutritional disorders of higher plants by being involved in the plant metabolic or physiological and/or structural activity (Coskun et al. 2016). Silicon can also suppress the activity of certain enzymes, particularly invertase, resulting in a greater sucrose production in plants (Coskun et al. 2016). Therefore, Si has been reported to increase the dry matter and length of shoot and roots, especially when supplied to roots. Indeed, Meena et al. (2014) reported that the Si application resulted in a higher sugar production in sugarcane, and the reduction of phosphatase provided a greater supply of essential high energy precursors needed for optimum plant growth. Pascual et al. (2016) reported that the Si addition to the nutrient solution led to an enhancement in the soybean plant growth. Similarly, Kurdali et al. (2013) reported that the application of Si can increase the dry matter yield of chickpea plants in well-watered conditions and improve the growth under drought conditions by maintaining the water status of plants. In this case, Si ensures a high assimilatory capability, thickening the leaves that are beneficial to reduce the loss of water by transpiration (Meena et al. 2014). Therefore, the application of silicate to the soil may increase the grain yield of the soybean crop in many agricultural areas around the world.

The Ca and Mg silicate application resulted in higher values for leaf area ratio (Figure 4B) and leaf weight ratio (Figure 4C) of both soybean cultivars, if compared to the unfertilized control with silicate, whereas the specific leaf area in both cultivars was not significantly affected (p > 0.05) by the silicate addition (Figure 4A).
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Figure 4



Effect of soil fertilization (+silicate) and non-fertilization (-silicate) with calcium silicate on specific leaf area (A), leaf area ratio (B) and leaf weight ratio (C) of two soybean cultivars, under well-watering conditions. Bars followed by the same lower-case letter between the silicate treatments or the same upper-case letter, for the two soybean cultivars, are not significantly different by the F test at 0.05 of significance. Data refer to mean values (n = 6) ± standard error.















Specific leaf area is an important morphological characteristic of the plant that determines the new leaf area to be deployed for each unit of biomass produced, and has been widely used as an indirect measure of leaf thickness (Benincasa 2003). Any storage of extra carbohydrate in the leaves, or any reallocation of biomass to thicker leaves, would tend to increase the leaf mass more than leaf area, thereby decreasing the specific leaf area. In this study, the silicate fertilization could be expected to result in thickening the leaves (i.e., lower specific leaf area) in various crops, since this element has been reported to accumulate in the leaf epidermal cell walls (Meena et al. 2014). In a study made by Gong et al. (2003), it was found that wheat plants grown in pots with Si applied before sowing had lower specific leaf area, if compared to those without Si applied under drought stress conditions. This demonstrates that the leaves of stressed plants growing in pots with applied Si were thicker, when compared to those without Si. However, these effects were not reported in this study, under well-watering conditions.

The application of Ca and Mg silicate increases the leaf area ratio and leaf weight ratio of soybean plants by 15 % and 16 % for the BRS 1074 IPRO cultivar, and by 23 % and 17 % for the BRS-MG 800A cultivar, respectively, relatively to plants unfertilized with silicate (Figures 4B and 4C). Similarly, Gong et al. (2003) also verified that wheat plants fertilized with Si had a greater leaf weight ratio and leaf area ratio, if compared to those without Si applied. The leaf area ratio represents the photosynthetic surface area per unit dry mass of a plant, and it is a measure of the efficiency with which a plant deploys its photosynthetic resources (Benincasa 2003). In turn, the leaf weight ratio represents the fraction of dry mass not exported from leaves to the other organs of the plant (Benincasa 2003). Therefore, the increase of leaf area ratio and leaf weight ratio with the Si addition indicate that there was a greater allocation of photoassimilates to leaves, in detriment to the other organs of the plants, such as stem and roots. Subsequently, with the progress of the crop cycle to the reproductive stage, these photoassimilates stored initially in the leaves are then translocated to the soybean pods and grains.

In summary, the results presented here demonstrate that, though not essential for soybean growth, silicon is important for the symbiotic process in this species. However, how and where silicon exerts its influence on nodulation and N2 fixation is yet to be determined.





CONCLUSIONS





	1. 
						Calcium and magnesium silicate fertilization has stimulating effects on the formation and size of the root nodules of soybean plants, improving the biological nitrogen fixation, nitrogen level and relative chlorophyll index, in leaves of the BRS 1074 IPRO (transgenic) and BRS-MG 800A (conventional) cultivars;

	2. 
						The soil fertilization with calcium and magnesium silicate has the potential to improve the plant growth, dry matter yield, leaf area, leaf area ratio and leaf weight ratio of soybean plants, but these effects depend on the cultivar, being the transgenic cultivar more responsive to the silicate fertilization.
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