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Abstract

Many pasture areas have Al toxicity, P deficiency and low pH as limiting factors; thus, slag from steel mill can improve Tanzania
grass phosphate nutrition by the beneficial effects of the interaction of Si and P. The objectives of this work were to evaluate the
“availability” of P and Si in the soil, growth, P and Si accumulation and dry matter production in Tanzania grass plants. The
experiment was carried out in a green house in a low-P soil amended with slag and lime and fertilized with P during three cutting
seasons at Jaboticabal - Sdo Paulo, Brazil. The experimental design was a randomized block arranged in a 2x5 factorial with three
replicates. Treatments consisted of lime and steel mill slag applications. The other sources of variation were five rates of P [0, 100,
200, 300 and 600 mg dm™ pot™ as triple superphosphate (45% of P,Os soluble in citric acid at 2%)]. The experimental units were 3
dm? pots. There were increases in the variables plant growth and forage production with increases in available P, suggesting the use
of slag as a soil amendment. Slag as soil corrective improved soil chemical attributes by pH correction and by increases in the base
saturation index, reflecting in yield gains and in P and Si accumulation in the forage Panicum maximum. However, it did not increase
the available Si in the soil, due to the low rates supplied, and did not differ from the traditional source regarding the availability of P
in the soil.

Keywords: acidity corrective, P-resin, triple superphosphate.

Abbreviations: P_phosphorous; Al_ aluminium; Si_silicon; P-resin_determination of available P by the resin method; O.M._organic
matter; SB_sum of bases exchangeable, CEC_cation exchange capacity; V_base saturation; RPTN_relative power of total
neutralization; NP_neutralizing power; Int_ interaction.

Introduction

In Brazil Tanzania grass (Panicum maximum cv. Tanzania) Although not considered a nutrient for plants, silicon benefits
stands out among other forage crops due to its high ability to crops, particularly grass species, accumulators of this element
withstand drought spells and by its remarkable adaptability to (Miyake, 1992; Epstein, 1999). As an example, reduction in
soil types and climates (Lima, 2009), besides having high transpiration (Datnoff et al., 2001) and high photosynthetic
yield potential (33 t ha™ of total leaf dry matter) and good rate due to improvements in leaf architecture (Deren, 2001).
nutritional value, reaching 8 to 12% of crude protein in leaves In a given grass cultivar, the nutritional value varies by age,
and stems (Brancio et al., 2003; Santos and Costa, 2006). plant part, soil fertility and fertilization, among others (Van
However, some areas in the Brazilian Cerrado biome where Soest, 1994). Therefore, adequate fertilizer management is of
grasses are grown are highly degraded, yielding only 70 to capital importance, especially phosphorous (P), which in
80% of their productive potential (Reis et al., 2010) due to tropical soils the mineral fraction is composed of kaolinite
limiting factors such as aluminum toxicity and phosphorous type clays, Fe and Al oxyhydroxides, mainly (Novais and
deficiency. Liming has been the principal method for Smyth, 1999). Thus, P is the most limiting element for the
correcting soil acidity due to its low cost, easy to apply, development and yield of crops (Santos et al., 2002). Many
besides increasing Ca** and Mg*" availability. Another authors reported Si beneficial effects in some species,
alternative method is Ca and Mg silicates application (Souza especially in grasses (Gutierrez et al., 2011; Castro and
et al.,, 2011), since besides raising pH, it also provide the Crusciol, 2013). Some other authors also reported increases
H3SiO4 silicate anion, which competes with the phosphate in P and in micronutrients availability (Marschner, 1995),
anion for the same adsorption site, saturating the site where resistance to pests and diseases (Pozza et al., 2004) and
phosphorous would possibly be adsorbed (Pulz et al., 2008). tolerance to Fe?* and AI** ions (Mengel and Kirby, 2001).
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Nonetheless, the highest efficiency of slag on lime to increase
the available soil P reported in the literature is due more to
the effect of the silicate present in the slag, which promotes
competition for the adsorption sites than to the effect of pH
itself. In this sense Smyth and Sanchez (1980), working on an
Oxisol observed reductions of 18 and 24% in P retention after
lime and calcium silicate applications, respectively. However,
Baldeon (1995) observed that the effect of silicate on the P
available increase is due to pH increase, primarily. Fageria
and Baligar (2008) reported linear P increase in Brazilian
Oxisols as pH increased from 5.3 to 6.9. In addition,
Edmeades and Perrott (2004) observed that liming reduced P
adsorption and enhanced P mineralization from organic
matter. Assuming that silicate applications can result in
increased soil phosphorus availability for crops, because the
silicate anion occupies the sites of absorption of the
phosphate anion (Pulz et al., 2008), the hypothesis proposed
in this research is to demonstrate that slag improves
phosphorus nutrition in Tanzania grass through the beneficial
effects of the interaction Si x P . Therefore, the objectives of
this study were to evaluate the availability of P and Si
"available" in soils, P and Si accumulation in plants, growth
and dry matter production of Tanzania grass grown in a
greenhouse for three cutting seasons in a soil with low P
content amended with steel slag and limestone and fertilized
with different rates of P.

Results and Discussion
Soil chemical properties

At the end of the experimental period (90 days after
germination), P rates affected the levels of P-resin and Si
“available” (Table 1). Even though not significant, the
unfolding of the interaction was performed to check the
performance of each soil corrective type on the parameters
evaluated.

P in the soil

P-resin level in the soil increased linearly with lime, resulting
in an increase of 22,600% at the rate of 600 mg dm of P.
Similar result was obtained with slag, increasing P-resin level
in 8,293% at the highest rate (Fig 1A). In this sense, Castro
and Crusciol (2013), found that the application of slag (4,100
kg ha or 2,050 mg dm™) increased soil P levels after six
months of reaction, due to Si and P competition for the same
adsorption sites of the soil colloids, which would have
provided more P available to plants (Pulz et al., 2008). After
12 months, the authors found that P levels increased in the
uppermost soil layer with the two materials used (lime and
slag), but only slag differed from the control at soil depth
0.05-0.20 m. In the 18" month, both correctives increased P
levels down to 0.10 m.

Increases in the soil P level due to P-soluble applications
are reported in the literature (Moreira et al., 2002; leiri et al.,
2010). Triple superphosphate promotes higher P increases
due to its highly solubility in water, supplying higher
amounts of phosphorus to the plant in the starting days.

Si in the soil

The available Si content showed decreasing quadratic
behavior with lime and slag, and the rates 317 and 363 mg
dm™ provided the lowest content of this element in the soil
with a reduction of 14 and 16% in the "available” Si,
respectively (Fig 1B). The high Si content found at rate P
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zero indicated absence of absorption of the element once the
plants were in a limited growth environment due to the low
soil P content (Santos et al., 2002). Brait (2008), observed the
same effect. Consequently, plant development improved and
Si absorption increased with P rates, reducing the level of the
element in the soil, where Si content in the soil showed
significant negative correlation with the accumulation of the
same in shoots at the three forage cuts (r = -0.61**; r = -
0.36%*; r = -0.49**). Slag rates did not raise Si and P contents
in the soil, probably related to the low amount of silicate
applied (217.5 kg ha™ or 108.75 mg dm? of total Si),
provided together with the rate recommended to raise the soil
base saturation index. In addition, another factor that may
have contributed for the absence of that increase in the Si
content in the soil is the low Si-soluble content found in slag
(Si-soluble extracted with Na,CO3; + NH4;NO; = 6.0%). In
this sense, Korndorfer et al. (1999) found that calcium silicate
at rates 0, 120, 240, 480 and 960 kg ha! of Si promoted
increases in the soluble Si from 10.5 to 22.9 mg dm~ in a
Oxisol and from 3.2 to 7.6 mg dm™ in a Quartzipsamment.
Barbosa et al. (2003) obtained an increase from 1 to 14 mg
dm in the available Si content with 1,000 kg ha* of calcium
and magnesium silicate. Gutierrez et al. (2011) found
quadratic increase in Si extracted by calcium chloride with
rates of P [0 (control), 96, 192, 288, 384 and 480 mg P dm'3]
in the presence of 300 mg dm of Si.

Moreover, Fonseca et al. (2009), working with steel slag
which has low Si concentration but high solubility
(Kornddrfer et al. 2003; Pereira et al. 2007) found increases
in the available Si content in a Oxisol after 90 days of
incubation, extending the effect after two cuts in Brachiaria
brizantha.

Plant growth

There was a significant interaction effect between type of
corrective and P rates for leaf area at the second cut (Table
1). Lime promoted a linear increase of 408% in leaf area at
the highest rate of P. However, slag promoted a quadratic
increase of 545.0 cm? in leaf area with 396 mg dm™ P (Fig
2A).

At the third cut, only the effect of P rates in leaf area was
observed. However, the unfolding of the interaction was
carried out to check the performance of each material. Thus,
lime and slag promoted a quadratic increase in leaf area and
the rates that promoted larger increases were 476 and 440 mg
dm™ P, reaching 633.5 and 582.0 cm?, respectively (Fig 2B).
In this sense, Melo (2005) found larger leaf area in
Brachiaria brizantha with P rates equal to 130 mg dm™ when
associated with Si rates (150 to 450 mg dm®).

Significant effects of P rates were observed for tiller
number at the first and third cuts. However, the unfolding of
the interaction was carried out to check the performance of
each soil corrective in the variable (Table 1). In the first cut, a
linear increase in the number of tillers was observed with
lime, reaching 7.7 tillers with 600 mg dm™ P. On the other
hand, when slag was used, there was a quadratic adjustment,
and the largest number of tillers (6.3) was obtained at the rate
of 473 mg dm™ P (Fig 3A).

There was interaction among types of corrective and P
levels at the second cut (Table 1). Lime increased tiller
number linearly, reaching 9.2 tillers with 600 mg dm™ P, and
slag increased tiller number with quadratic adjustment,
producing 6.5 tillers at the rate of 470 mg dm™ P (Fig 3B). At
the third cut the performance was similar with lime, with
linear adjustment of said variable, reaching 9.2 tillers at the



Table 1. Phosphorus and Silicon available in the soil, leaf area (LA), number of tillers (NT) and dry matter production (DM) at the
first, second and third cut of Panicum maximun cv. Tanzania as a function of acidity corrective type and P rates applied at sowing.

Jaboticabal-SP, 2014.

P-res Si LA (cm?) NT DM (g plant™)

Corrective(C) mgdm® mgdm® 2ndcut 3dtcut Istcut 2dtcut 3dtcut  1stcut  2dtcut  3dtcut
Lime 92.7° 6.2° 45028  4255° 4.4° 4.7° 5.5° 2.5° 39° 3.7°
Slag 92.2° 6.1 341.1° 38407 4.3 45 6.1° 2.8° 3.4° 3.6%
F test 0.004"™ 0.06"™ 547" 0.63™  0.02" 0.25" 0.62™ 1.95™ 2.53™ 0.07"™
P rates (R)

0 55 6.9 24.42 74.6 1.0 1.0 15 0.0 0.1 0.4
100 38.8 5.7 394.2 473.1 45 49 5.2 2.8 35 4.4
200 69.8 5.9 4351 360.7 5.4 4.6 6.3 34 3.8 3.2
300 116.2 6.0 4848 552.7 4.0 47 7.7 33 45 49
600 232.0 6.3 639.6 562.7 6.8 7.6 8.4 3.6 6.4 55
F test 81.27" 8.12"" 19.00” 11917 26.017 24.84™ 1052 13577 37307  14.097
Int CxR 0.25™ 0.32" 4,06 0.12™ 2.15™ 456 0.29™ 1.41™ 3217 0.02"™
CV (%) 25.9 6.7 32.3 35.3 23.7 254 34.9 18.6 25.2 35.9

ns; *; ** not significant and significant at the 5 and 1% level, respectively. Means followed by the same letter do not differ by the Tukey test at the 5% level of probability.

55 - (A) §(lime)=0.3907x - 1.03
R*=10.99:F = 169.74**
:i; 200 -
ey 130
:h
g 100 -
L
A 30 f(zlag) = 0.3729x + 2.69
0 R*=10.99:F = 154 68%*

0

100 200 J
P rates (mg dm™)

300 400 300 600

(B)

1.3

' F(lime) = 0.000009x2 - 0.0057x +
PREE | 6.62; R2=1064; F = 10 83#*
865 -
[-1¥}
50 - -
@A a =

3.3 (zlag) = 0.000008x? - 0.0038x + 6.70

_ Ri=061;F =886+

3.0 T T T . . )
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Fig 1. P resin content (A) and “available Si” (B) in an Oxisol 90 days after Panicum maximum cv. Tanzania germination, as a
function of acidity corrective type and P rates applied at sowing. Jaboticabal-SP, 2014.

highest rate of P, and quadratic adjustment when slag was
used, reaching 8.9 tillers at the rate of 420 mg dm™ P (Fig
3C). Werner (1986) highlighted the importance of P for
forage, especially in the initial stages of plant development,
with great influence in tillering. The same author stated that
low availability of P in the soil does not allow good tillering
and plants have slow growth. In this sense, several authors
observed increases in tillering of Panicum maximum
(Meirelles et al. 1988; Politi and Prado 2009) and in
Brachiaria brizantha (Torteli 2006) with increasing doses of
P. In addition, Melo (2005) obtained better tillering in
Marandu grass, combining high rates of Si (450 mg dm™)
with median rates of P (170 to 250 mg dm).

Forage production

P rates significantly affected dry matter production of
Tanzania grass plants at the first and third cuts; however,
even not being significant, the unfolding of the interaction
was performed, and there was significant effect of the
interaction type of corrective and P rates at the second cut
(Table 1). At the first as at the third cut, there was quadratic
adjustment of P rates in the dry matter production. At the first
cut the 448 mg dm™ P rate provided maximum dry matter
production when lime was used, reaching 4.3 g plant™, but
the 450 mg dm™ P rate provided maximum production when
slag was applied (4.6 g plant™) (Fig 4A). At the second cut,
production of dry matter showed a linear adjustment with P
rates with lime applications, and the maximum production
obtained with the highest P rate (600 mg dm™®) was 8.1 g
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plant™. However, there was a quadratic adjustment of dry
matter production with P rates when slag was applied as
corrective, and the maximum production of 5.4 g plant™ was
achieved with 452 mg dm™ P (Fig 4B). At the third cut, the
highest dry mass productions of 5.7 and 5.6 g plant™ were
achieved with 475 and 480 mg dm™ P when lime and slag
were applied, respectively (Fig 4C). Many studies also report
increases in forage production with P applications (Patés et
al. 2008; Politi and Prado 2009). Melo (2005) also found that
the association of 90 mg dm™ P with Si (450 mg dm?)
increased dry matter production by 2.6 times at the first cut of
Brachiaria Brizantha, compared to the control, a result
repeated at the second cut. In general, there were increases in
the variables growth and forage production with increases in
P availability, not being better than lime. However, when
dealing with an alternative source, the results of this study
suggest the use of steel mill slag as soil corrective in this
forage.

P accumulation

There was significant effect of P rates for nutrient
accumulation in shoots at the first and third cuts, and at the
second cut, the effect of the interaction corrective type and P
rates was observed (Table 2). At the first cut, P rates led to
quadratic adjustment in P accumulation in shoots with
limestone, and the rate of 737 mg dm™ promoted higher
accumulation of P (20.9 mg P plant™). On the other hand slag
promoted a linear adjustment in the variable, reaching 20.4
mg P plant™ at the highest rate (600 mg dm™ P) (Fig 5A).



Table 2. P and Si accumulation in shoots at the first, second and third cut of Panicum maximun cv. Tanzania as a function of acidity
corrective type and P rates applied at sowing. Jaboticabal - SP, 2014,

P accumulation (mg plant™) Si accumulation (mg plant™)
Corrective (C) 1% cut 2" cut 3" cut 1% cut 2" cut 3" cut
Lime 9.52 7.92 6.8° 26.6° 49.62 49.32
Slag 9.4 5.6 7.0% 31.22 41.8° 45,98
F test 0.02ns 8.68** 0.06ns 3.06ns 3.66ns 0.30ns
P rates (R)
0 0.0 0.2 0.3 0.0 1.2 4.2
100 5.2 4.1 43 335 42.7 58.4
200 9.2 5.8 5.0 359 48.0 421
300 12.6 7.6 9.7 36.6 56.7 63.8
600 20.0 16.3 15.4 384 79.8 69.5
F test 95.12** 46.07** 41.78** 31.19** 38.96** 13.85**
Int CxR 2.14ns 6.18** 0.08ns 0.73ns 3.78* 0.05ns
CV (%) 20.2 31.6 315 24.7 24.6 36.4

ns; *; **  not significant and significant at 5 and 1% levels of probability, respectively. Means followed by the same letter do not differ by the Tukey test at 5%
probability.
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At the second cut, the correctives promoted a linear increase
in P accumulation in shoots, reaching the highest level (20.4
and 11.8 mg P plant™?) at the highest rate (600 mg dm™ P)
with limestone and slag, respectively (Fig 5B). At the third
cut similar behavior was observed, reaching the maximum
accumulation of P (16.1 and 15.6 mg P plant™) at the highest
rate (600 mg dm™ P) with limestone and slag, respectively
(Fig 5C). Other studies with forage have shown accumulation
of P in shoots similar to this work with quadratic behavior at
the first cut as a function of P rates (25; 50; 75; 100 and 200
mg dm™) (Santos et al. 2002). Politi and Prado (2009) found
linear increases in P concentrations in Panicum maximum cv.
Tanzania as a function of P rates (0; 137; 274; 411 and 548
mg dm™) at three consecutive cuts. However, Melo (2005)
found that low rates of P (10 mg dm™) associated with Si
(450 mg dm™) promoted higher accumulation of P compared
to low rates of Si (150 mg dm™®).

Si accumulation

There was significant effect of P rates in Si accumulation in
shoots at the first and third cuts. However, there was a
significant effect of the interaction type of corrective and P
levels in said variable at the second cut (Table 2). At the first
cut, Si accumulation showed quadratic adjustment with
increasing P rates for type of corrective, reaching 42.8 and
49.0 mg of Si plant® at rates 435 and 392 mg P dm?
associated with lime and slag, respectively (Fig 6A). Si
accumulation showed linear adjustment with P rates when
lime was used at the second cut, reaching 102.3 mg Si plant™
at the highest P rate (600 mg dm™). On the other hand, when
slag was used, Si accumulation showed quadratic adjustment
with P with maximum level equal to 66.9 mg Si plant™ at the
445 mg dm® P rate (Fig 6B). The third cut presented Si
accumulation with quadratic behavior with P rates in the two
corrective used, reaching maximums of 74.7 and 71.7 mg Si
plant™ at rates 456 and 479 mg dm™ P, with lime and slag,
respectively (Fig 6C).
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Melo (2005) observed higher Si accumulation in B. brizantha
at rates 90 to 250 mg dm™ P associated with Si (450 mg dm™
%. In a study regarding Si accumulation by forages B.
decumbens and B. brizantha, Melo et al. (2003) observed
increasing Si accumulation in three cuts, and B. decumbens
accumulated more Si (112.0 mg pot™) than B. brizantha (105
mg pot™), on the average, in response to silicon fertilization
(0 to 1,452 kg ha™ Si).

Materials and Methods
Location and soil classification

The experiment was carried out in a greenhouse at Faculdade
de Ciéncias Agréarias e Veterinarias (FCAV/UNESP),
Jaboticabal, Sdo Paulo, Brazil. The soil used was classified as
Oxisol (Soil Survey Staff, 2010) collected from the 0 to 20
cm depth layer in 20 random sites in a grazing pasture in the
county of Jaboticabal.

Chemical properties of soil and correctives

The analyses presented the following chemical attributes: pH
(CaCl,) = 4.9; P (resin) = 4 mg dm; O.M. (organic matter) =
10 g dm®; K, Ca, Mg, H+Al, SB (sum of exchangeable
bases), CEC (cation exchange capacity) (mmol, dm?®) = 0.3,
9, 7, 22, 16.3, 38.3, respectively; V (base saturation) (%) =
42.6, determined according to methodology by Raij et al.
(2001). Liming [RPTN (Relative power of total
neutralization) = 70%, CaO 24%, MgO 17%, NP
(Neutralizing power) = 85%] and steel mill slag applications
(RPTN = 72.3%, CaO = 42.1%, MgO = 12.4%, Si-total
extracted with fluoridric acid = 15%, Si-soluble extracted
with Na,CO5; + NH,NO; = 6.0%, Cd = 2.4 mg kg?, Cr = 2,3
g kg, Ni = 163.8 mg kg™, Pb = 27.3 mg kg?) were
performed to raise soil base saturation to 70%, as indicated
by Werner et al. (1997). Soil correctives were homogenized
and incubated into the soil for 90 days, keeping moisture at



60% of the soil water holding capacity. After that, soil
samples were drawn from treatments with lime and slag. Soil
analyses showed the following attributes: pH (CaCl,) = 5.3
and 5.3; P (resin) = 5 and 4 mg dm™; O.M. = 13.0 and 62.0,
respectively (Raij et al. 2001). and 14 g dm™>; K= 0.1 and 0.1
mmol, dm™; Ca = 14 and 19 mmol, dm® Mg = 13 and 14
mmol, dm®; H+Al = 18 and 20 mmol, dm’; SB = 27.1 and
33.1 mmol, dm™; CEC = 45.1 and 53.1 mmol, dm®; and V
(%) = 60.

Experimental design and fertilization

The experimental design was a randomized block arranged in
a 2x5 factorial with three replicates. Treatments were rates of
lime and steel mill slag. The other source of variation were
five rates of P (0, 100, 200, 300 and 600 mg dm™) as triple
superphosphate (45% P,Os soluble in citric acid at 2%). The
experimental units were 3 dm?® plastic pots.

N and K fertilizations were performed as Malavolta (1981),
using 200 mg dm™ of N as urea (45% N) and 150 mg dm™ of
K as potassium chloride (60 % K,O) to supply the exact
amount in all treatments. The other nutrients were applied
following recommendations proposed by Mesquita et al.
(2004): 1.5, 0.8, 4, 5, and 0.15 mg dm™ of Cu, B, Fe, Zn, and
Mo, respectively, using CuS0,.5H,0, H3BO3,
Fe,(SO,),.4H,0, ZnS0,.7H,0, and NaMo0,.2H,0 as
sources. At this stage, fertilizers were incorporated into the
soil.

Plant materials

Ten seeds of Panicum maximum cv. Tanzania were sown
directly in the pots and tinning performed ten days after
germination, keeping four plants per pot and soil moisture
holding capacity kept at 60%.

Soil and leaf analyses

Soil analysis was performed at the end of the experimental
period, 90 days after germination to determine P-resin levels
(Raij et al., 2001) and Si "available" in the soil, using the
method of extraction with calcium chloride 0.01 mol L*
proposed by Korndorfer et al. (2004). After obtaining the
extract, samples were allowed to stand for one hour for
further Si reading on a spectrophotometer at wavelength
660nm (Kilmer, 1965). At 30, 60 and 90 days after
germination cuts were performed to record the number of
tillers and for plant growth evaluations (leaf area with the
help of a Li-Cor apparatus, L1-3000® model). The material
was washed with running water and a neutral detergent
solution (1 mL L™), then washed twice with deionized water,
dried in a forced-air oven at 65°C to attain constant weight
followed by shoot dry mass determinations. After those
procedures, samples were grinded to determine P (Bataglia et
al., 1983) and Si (Kraska and Breitenbeck, 2010) levels for
subsequent nutrient accumulation calculations. After each
cut, 200 mg dm™ of N as urea (Malavolta 1981) was side
dressed in all treatments and irrigation turned on to reduce
losses via volatilization.

Statistical analysis

Data were subjected to the analysis of variance by the F test
(p<0.05), to mean comparison (Tukey 5% probability) for the
source of qualitative variability (corrective type) and to the
polynomial regression analysis for the source of quantitative
variability (phosphorus rates), using the statistical program
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Sisvar® (Ferreira 2003). The coefficients of the components
of each model were tested selecting the significant models
with greater coefficient of determination. It was also applied
a simple linear correlation test among the studied variables,
using the statistical program Assistat, version 7.6 beta (Silva
and Azevedo, 2006).

Conclusions

Steel mill slag applied as acidity corrective improves soil
chemical attributes by correcting pH and increasing the base
saturation index, with increments in P and Si accumulation as
well as in yield gains of Panicum maximum cv. Tanzania.
However, it does not increase the content of Si available in
the soil due to the low rate applied, and does not differ from
the traditional source regarding soil P availability.
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