Selenium in soils of Sao Paulo state and its application to forage legume
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Abstract

The objective of this research was to evaluate Selenium (Se) levels in the form of Sodium Selenate in
Selenium-deficient soils applied to Stylosanthes capitata cv. Campo Grande analyzing the effects of Se on
mineral nutrition of the plant, which has a direct correlation with animal nutrition. The soils used were
selected after sampling the main soils in the Sdo Paulo state. The experimental design used was randomized
blocks in a factorial 3x3x2 with four repetitions. The treatments comprised of three soils (NITOSSOLO
VERMELHO eutroférrico, LATOSSOLO VERMELHO Distroférrico and ARGISSOLO AMARELO
Distrofico Abruaptico), three levels of Se (0, 10 and 20 g/ha) and two cuts (30 and 80 days after plant
uniformity). The analyses were performed by the proc mixed (SAS, 2004) system. The leguminous presented
great capacity of Se absorption, being that the dose of 10 g/ha was enough for the plant to reach the required
level for animal nutrition; nevertheless, this increase was followed by reductions of protein levels. The doses
did not alter dry matter production; however, they affected the levels of Ca, S, Fe, Mn in the plant. It was
observed that soil fertilization with doses of up to 20 g/ha of Se in pastures with legumes can favor Se
consumption by animals. This was verified by the reduction of foliar levels as the maturation stage advanced.
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Introduction

Selenium essentiality in plants has been reported by Malavolta (2006), however Se is an essential
micronutrient in human and animal nutrition (Terry et al. 2000). The geographic origin of the animals is a
more important determinant of the Se concentration in beef than the presence or absence of supplemental Se
(Hintze et al. 2001). Dry matter of forage plants in 12 regions of the S@o Paulo state, presented levels of
0.076 and 0.052 ppm of Se in the wet and dry seasons respectively, showing general deficiency (Lucci et al.
1984). However, data on the soil were not collected, which made it impossible to establish a correlation
between Se in the soil and the plant. There is a need for more research to investigate the role of bacteria
found in the rhizophore, which may facilitate selenate absorption through the root, possibly supplying key-
protein, besides promoting the conversion of SeCys to SeMet, facilitating, therefore selenite volatility (Terry
et al. 2000). The deficit of information on Se levels in the soil and the fact that there are factors related to
soils which are able to affect its absorption by plants, require the need to verify the behavior of a leguminous
forage grass applied to different soils submitted to doses of Se.

Methods

Based on a study on Se in soils of Sdo Paulo state, we investigated the behavior of Stylosanthes capitata cv.
Campo Grande in Se-deficient soils, submitting them to levels of Se application using the sodium selenate as
a source in pots (7 kg) in a greenhouse. The experimental design used was randomized blocks with four
repetitions. The treatments comprised of three soils (NITOSSOLO VERMELHO eutroférrico, LATOSSOLO
VERMELHO Distroférrico and ARGISSOLO AMARELO Distréfico Abruptico), three levels of Se (0, 10
and 20 g/ha) and two cuts (30 and 80 days after plant uniformity). The statistical analyses were performed by
the proc mixed (SAS, 2004) system. The averages were compared utilizing orthogonal contrasts and
significance level of 10%.

Results

The soils evaluated did not present Se levels high enough to supply desirable amounts to the forage plants
(Table 1), considering the requirement of 100 pg/kg of Se in the dry matter for beef cattle (NRC 2000). The
criterion of deficiency is defined whenever there is less than 500 pg/kg of Se in the soil (Millar 1983).
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Table 1. Chemical analyses for soils from depths of 0-20 and 20-40 cm.

= . ! _— Prof. pH M.O p 5 K Ca Mg H+Al Al CTC 5B A m B Cu Fe Mn In Se soil  Se plant
Soils classification Localization
(em) caCl, gdm® mgdm™ mmolc.dm™ [ mg.dm™ (ugka™y
ARGISSOLOANARELG, orazanen: B2 A4 1 4 0 1 6 3 30 3 40 10 % 21 o3 21 o1 &9
Distrofico Abriptico  47°49,852'W 20-40 45 15 3 8 04 7 3 24 1 M4 10 30 12 013 1,160 28 03 845 !
NITOSSOLO VERMELHO 227424075 020 55 27 5 12 52 41 6 227 - 79 52 86 - 0197528 285 19 2202 g
Eutroférmico 47°37 433y 20-40 21 4 13 35 24 5 20 1 62 33 53 4 0466215 211 090 2194
CAMBISSOLO HAPLICOTb 2273g4045 020 85 31 7 W7 17 58 8 35 - 103 68 66 - 02471975 50 35 108 EEs
Alico 47°49,024W 2040 53 24 5 12 12 55 9 35 - 100 65 85 - 016 1753 495 21 1384
NEOSSOLO
SRR R ReD gopigers 020 47 18 3 8 05 8 4 31 1 43 12 20 7 0081343 08 05 1596 o
Distréfico 47°34736W 2040 44 19 3 7 03 4 3 41 4 48 7 15 36 016 1451 06 09 1421 '
EHSES G AT SR ey 20 4 65 6 6 04 3 2 240 5 245 5 2 49 0361376 06 07 803 g4
Distréfico 4752 044w 20-40 39 32 4 & 03 5 3 105 1 113 8 7 12 0212134 02 03 729
LATOSSOLO AMARELO 21°566305 020 55 24 4 8 11 38 6 23 - @9 46 87 - 0161839 29 34  TIE 0.
Distrofico textura média  47°28506W 2040 54 20 2 10 10 20 5 20 - 55 35 B4 - 0131622 11 06 1017
LATOSSOLOVERMELHO 21°5776gs 020 53 28 33 9 12 40 8 29 1 78 49 83 2 0168340 71 57 1971 o
Distroférrico 47°26,856W 2040 53 21 8 & 09 21 4 27 1 53 26 49 4 0106322 8 18 1588 !
ARGISSOLO AMARELO 21°3527gg 020 42 12 2 5 26 7 4 128 1 142 14 107 0100811 26 02 B ggq
Latossdlico Distréfico  43°06 054y 20-40 42 12 2 5 23 6 3 151 2 1682 1 7 17 007 0610 13 01 80,5

Table 2. Chemical analyses of Stylosanthes capitata submitted to Se treatments during the period (Averages
followed by the same letter in the column did not statistically differ from one another by the Tukey (10%) test.

r 5 K Ca Mg Cu Fe Mn In Se

gk’ mg.kg” ngkg’

- i ¢ 12 10° 37 18° 18® #  s64® 609° o 3480
05es 00 5 v - - = 5 e
(/ha) 10 J 13‘? 3?T 19'?‘ 1__9f 9 32:8'_'" is:f{f' 99? 113:?_‘-‘

20 13 148 37 00 1P 9 66 TR 89 135.9°

Evaluation 30 11% 11° 45 21° 1, ¥ 660° 467° 119° 1598°
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The doses applied provided a curved linear response in foliar Se levels. There was reduction from 160 pg/g
in the first cut to 30 pg/g in the second cut. Se levels decrease as the maturation stage advances (Correia 1986).
The Se doses had an effect on levels of S, Ca, Fe and Mn in the plant (Table 2). The average S levels in the
plant were low (Raij et al. 1996) as a consequence of the absence of S in the fertilizer. However the
treatments with Se doses (p=0.0001) presented a positive linear effect in S concentration (Table 2) against
the expectation of a reductions which due to competition for the same absorption paths as Se (Malavolta

1980). Selenate is the predominant form of Se in plant absorption and, unlike selenite, in the soil, it does not
attach to Fe which may have allowed for higher absorption by Fe oxides due to selenate application. Among

the chemical attributes related to soil fertility, only P, Mn and Zn showed response to the doses, while Se
levels in the soil showed only a tendency to decrease (Table 3).

Table 3. Average levels of chemical attributes of soil fertility for the soils cultivated with Stylosanthes capitata

and submitted to Se treatments (Averages followed by the same letter in the column did not statically differ from

one another by Tukey 10% test).
Dosesof pH MO. P S5 K Ca Mg H+Al Al CTC SB V m B Cu Fe Mn Zn Se

Se {g.ha) CaCl: gdm® mg.dm?® mmolc.dm® % mg.dm® pg kg
] 522 267 2P §% 247 21 7T pre 42 572 302 51747 0477 587 397 937 640 384°
10 53% 27% 29% 5% 20°%° 20® 7y 25% 1% 52%° 28% G5 6% 021° 48% 40° V4% 67°% 3417

20 527 267 24" §° 19° 18% 7T 253 1@ 547 397 K35 021 5K 43° 111%61° 238°

Among the soils evaluated, there were differences in the Se levels in the plants (p=0.0010) and in the soil
(p=0.0004), as shown in Figure 1. The levels obtained in the soils (Figure 1) are low, considering the
deficiency criterion (Millar 1983) which suggests low levels whenever they are lower than 500 pg/kg.
Despite the low levels in the soil, the foliar levels of the plants receiving Se doses were high enough to
supply the minimum requirements for animal nutrition, considering the requirement established by NRC
(1996) for beef cattle which is 100 ug/kg of Se in the dry matter.
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Figure 1. Average levels of Selenium in the soil and in Stylosanthes capitata submitted to treatments with Se
(Averages followed by the same letter in the column did not statically differ from one another, Tukey 10% test).

There is a relationship between the Se in the soil and the Se in the plants (Robberecht ez al. 1981). The
relationship (y=2.563x+12.51) has a correlation coefficient of 0.675. The results obtained for the plants
demonstrated the possibility of supplementing Se to animal diets through Se application via fertilizer. There
is a possibility to elevate Se levels in the blood of animals through the increase of Se levels in pasture with
more efficiency than through mineral supplements to animals (Selénio 2002). The production of dry matter,
the residual dry matter and evaluations of plant roots, such as length and weight, did not show effects from
Se application. The crude protein level responded to the treatments (p=0.0195) presenting a decreasing
linear behaviour with the averages 10.4; 9.4 and 8.8% for the control (0 g/ha of Se) and doses of 10 and 20
g/ha of Se respectively. The control value is significantly different from the highest dose, following the
equation y=-0.8x+11.13 (R?=0.979). The CP reduction in the plants due to the increase of Se level can be
explained by the connection of this element with the UGA codon codification, suggested as an agent for
ceasing protein synthesis. This interpretation requires further in-depth studies in the genetics field (Hatfield
et al. 1992). We can not disregard any intervention of Se in the biological fixation process.

Conclusion

Some of the main soils in Sdo Paulo state have low levels of Se. The Se dose applied did not alter the
solubility of the element in the soils, but the dose of 10 g/ha was enough for plants to reach the required level
for animal nutrition, but this increase was associated with a reduction in the level of protein. The doses did
not affect dry matter production; however, they changed the chemical composition of the plant interfering in
levels of Ca, S, Fe and Mn. Se supply through fertilization is effective in elevating foliar levels of Se in
Stylosanthes capitata cv. Campo Grande. Soil fertilization with doses up to 20 g/ha of Se to pastures may
increase Se consumption by animals, however, the reduction of foliar levels from the first to the second cut
must be considered.
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