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Helianthus annuus L. The aim of this study was to evaluate the effect of thermally dried sewage sludge on soil
biosolid fertility, growth and yield of sunflower. The experiment was conducted in a Nitosol area of
organic fertilization the Institute of Agricultural Sciences of the Federal University of Minas Gerais, in Montes
soil pollution Claros-MG, Brazil. The treatments consisted of four doses of sewage sludge (0, 10, 20 or

30 t ha!, dry weight basis), with six replicates in a randomized block design. The levels of
nutrients in soil and plant, soil fertility indices, stem diameter, plant height, head diameter
and grain yield were evaluated. Stem diameter, plant height, head diameter and grain yield
increased with increasing doses of sewage sludge. The application of the residue increased
linearly the contents of soil organic matter and N in sunflower leaves. On the other hand,
pH, the exchangeable bases, total and effective cation exchange capacity, base saturation,
H+Al Al, soil contents of P, K, Ca, Mg, S, Zn, Cu, Mn, Fe and B, and the leaf contents of
P, K, Ca, Mg, S, Zn, Cu, Mn, Fe and B were not influenced by the application of sewage
sludge doses of up to 30 t ha™.

Palavras-chave: Produgio e nutrigdo de girassol adubado

Helianthus annuus L. lodo d
biossélido com lodo de esgoto

adubacéo orgéinica

poluigio do solo RESUMO

Objetivou-se, neste trabalho, avaliar o efeito da aplicacédo de lodo de esgoto termicamente
seco sobre a fertilidade do solo, o crescimento e a produtividade do girassol. O experimento
foi realizado em area de Nitossolo do Instituto de Ciéncias Agrarias da Universidade Federal
de Minas Gerais, em Montes Claros, MG. Os tratamentos corresponderam a quatro doses
delodo de esgoto (0, 10,20 e 30 t ha™', em base seca), com seis repeti¢cdes, no delineamento
em blocos casualizados. Foram avaliados os teores de nutrientes no solo e na planta, os
indices de fertilidade do solo, o diametro do caule, a altura da planta, o didmetro do capitulo
e a produtividade de grdos. O diametro do caule, altura da planta, didmetro do capitulo e a
produtividade do girassol aumentaram com o incremento das doses de lodo de esgoto. A
aplicacdo do residuo proporcionou aumento linear no teor de matéria organica do solo e
no teor de N nas folhas de girassol. O pH, a soma de bases, a capacidade de troca catiénica
total e efetiva, a percentagem de saturagdo de bases, o H+Al, o Al e os teores de P, K, Ca,
Mg, S, Zn, Cu, Mn, Fe e B no solo e de P, K, Ca, Mg, S, Zn, Cu, Mn, Fe e B na folha de
girassol nao foram influenciados pela aplicacido de doses de lodo de esgoto de até 30 t ha'’.
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INTRODUCTION

Sewage treatment has caused sludge accumulation in
treatment stations and problems in its destination, since the
disposal of organic matter in landfills or its incineration also
cause large damages to the environment (Pedroza et al., 2003).
In this context, there is the need to look for sustainable solutions
for the final disposal of this residue, and its agricultural use is
considered as an excellent alternative from the environmental
perspective (Barbosa et al., 2007).

According to Lemainski & Silva (2006), sewage sludge
represents a good source of organic matter to the soil and of
essential elements to plants, and it can complement mineral
fertilizers and reduce production costs. However, caution
should be taken in its use, due to probable contaminations with
pathogens, heavy metals and persistent organic substances,
besides the possibility of nitrate loss through leaching and
contamination of ground waters.

Many authors report that increments in sludge doses have
caused increases in sunflower yield (Ribeirinho et al., 2012;
Lobo et al., 2013); however, other crops have also shown
good yields, like castor bean (Nascimento et al., 2011), maize
and bean (Nascimento et al., 2004). These positive effects are
attributed to the supply of nutrients, especially nitrogen, by
the residue and to the beneficial effects on physical attributes
of soil (Caldeira Junior et al., 2009; Nascimento et al., 2014).

The high costs of chemical fertilizers, due to the high
energy demand in their industrialization, increase the costs
of cropped areas, besides being counterintuitive when used
in the production of crops for biofuels. Thus, because it is
rich in nutrients, sewage sludge becomes a viable alternative
in the fertilization of oilseed crops, which can be used as
either a substitute or a complement of nitrogen fertilization
(Ribeirinho et al., 2012).

This study aimed to evaluate the effect of the application of
thermally dried sewage sludge on soil fertility and sunflower
growth and yield.

MATERIAL AND METHODS

The experiment was carried out from April to August 2011,
in a Nitosol area of the Institute of Agricultural Sciences of the
Federal University of Minas Gerais, (ICA/UFMG), in Montes
Claros-MG, Brazil. Chemical and physical characteristics of
the soil layers of 0-0.20 and 0.20-0.40 m are shown in Table 1.

The single-cross hybrid 250 of sunflower (Helianthus annuus
L.) was used in the experiment. Treatments corresponded to 4
doses of sewage sludge (0, 10, 20 and 30 t ha™', dry weight basis),
with six replicates, in a randomized block design.

Table 1. Chemical and physical characteristics of the soil
used in the experiment

e Layers (m)

Suil attribute 0020  Clas® 020040 Class?
pH in water 7.00 High 5.40 Low
P-Mehlich (mg kg™) 1910  Very good 11.86 Medium
K (mg dm) 509.00 Very good 96.00 Good
Ca (cmol, dm) 6.40 Very good 3.60 Good
Mg (cmol, dm?) 1.80 Very good 1.30 Good
Al (cmol, dm’3) 0.00 Very low 0.40 Low
H + Al (cmol, dm) 1.36 Low 452 Medium
SB (cmol; dm-3) 9.51  Very good 5.15 Good
t (cmols dm®) 9.51 Very good 5.55 Good
m (%) 0.00 Very low 7.00 Very low
T (cmol; dm3) 10.87 Good 9.66 Good
V (%) 87.00  Very good 53.00 Medium
Organic matter (dag kg')  3.39 Medium 2.00 Low
Coarse sand (dag kg™') 6.70 - 4.40 -
Fine sand (dag kg™ 23.30 - 25.60 -
Silt (dag kg™) 26.00 - 16.00 -
Clay (dag kg™") 44.00 - 54.00 -

"Analysis according to methodologies recommended by EMBRAPA (1997);
2 Fertility classes according to Alvarez V. et al. (1999)

Dewatered sewage sludge was collected in the Sewage
Treatment Plant - STP of Montes Claros-MG, administered
by the Sanitation Company of Minas Gerais - COPASA.
The treatment line consists of a pretreatment and an upflow
anaerobic sludge blanket (UASB) reactor. The sludge generated
in the UASB reactor was centrifuged and dewatered in a
thermal drier at 350 °C, for 30 min.

Sewage sludge doses were based on the content of available
nitrogen (6.0 kg t'), calculated as described in the Resolution
No. 375 of the National Environmental Council - CONAMA
(Brasil, 2006) and on the recommendation to meet crop
demand (60 kg ha), indicated by the Minas Gerais Soil
Fertility Commission (CFSEMG, 1999). Characteristics of
sewage sludge chemical characteristics are presented in Table 2.

The experimental plots constituted of four 3.0 m long rows,
with spacing of 0.3 m between plants and 0.8 m between rows.
The useful area of each experimental plot consisted of the
two central rows (20 plants), disregarding 0.5 m on each side,
considered as borders.

For the soil tillage, the area was harrowed and then the
furrows were opened at depth of 0.20 m. The fertilization
with sewage sludge was performed all at once in the planting
furrows, according to the established treatments, and the
residue was incorporated with the aid of a hoe. Three sunflower
seeds were manually planted 0.30 m apart in the row and
thinning was performed 15 days after emergence, leaving
only one plant; manual weeding was performed at 30 and 60
days after planting, to control unwanted plants, and sprinkler
irrigation was used during the entire crop cycle.

Table 2. Sewage sludge chemical characteristics and the amounts of nutrients applied with the different doses

Macronutrients (g kg')

Micronutrients (mg kg-")

Sewa‘gl;:siludge PHio . 0C Nuw  Nows P K Ca Mg 3 Zn Fe Mn Cu B
. 6.64 1162 28.60 600 077 256 270 027 1.69 531.00 42.034.50 218.0 135.50 10.90
(tha) - -
Applied amounts (kg ha*)
10 - - 286.0 60.0 77 256 270 2.7 169  5.31 420.35 2.18 1.36 0.11
20 - - 572.0 120.0 154 512 54.0 54 33.8 10.62 840.69 4.36 2.72 0.22
30 - - 858.0 180.0 23.1 76.8 81.0 8.1 50.7 1593  1.261.04 6.54 4.08 0.33

Analysis according to: Tedesco et al. (1995) and Abreu et al. (2006); OC - Organic carbon (g kg'); N, . - Content of available nitrogen calculated according to the CONAMA Resolution n®

375 (Brasil, 2006)
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At the beginning of the flowering stage, leaf samples were
collected from the upper third part of 12 plants, randomly
chosen in the observation area of each plot, for analysis of N,
P, K, Ca, Mg, S, Zn, Cu, Mn, Fe and B (Tedesco et al., 1995;
Malavolta et al., 1997; Oliveira, 2004).

At the end of the experiment, in the harvesting phase (R9),
when capitula were facing down, the following parameters
were evaluated in the observation area of each plot: stem
diameter, plant height, head diameter and grain yield. Stem
diameter was measured close to the soil surface using a
digital caliper rule; plant height was measured with a steel
tape measure, from soil surface to the apex of the plant, the
head diameter was measured using a tape measure and grain
yield was estimated using the weight of grains determined
with a precision scale.

After harvesting, 8 subsamples of soil were collected in each
plot, between plants and in the layers of 0-0.20 and 0.20-0.40
m, to form the composite samples for the analysis of organic
matter, pH, H+Al, exchangeable Al and contents of available
P, K, Ca, Mg, S, Zn, Cu, Mn, Fe and B (Tedesco et al., 1995;
EMBRAPA, 1997). With these data, sum of bases (SB), effective
cation exchange capacity (CEC ), total cation exchange
capacity (CEC ) and base saturation (V) were calculated.

The data were subjected to analysis of variance and the data
of sewage sludge doses were adjusted to regression models,
testing the coeflicients up to 0.10 of probability by t-test. In
addition, Pearson’s correlation analysis was performed between
head diameter and crop yield.

RESULTS AND DISCUSSION

Sunflower grain yield increased linearly with the application
of increasing sewage sludge doses of up to 30 t ha™' (Table 3).
According to Caldeira Junior et al. (2009) and Nascimento
et al. (2014), the increase in yield of plants under sewage
sludge application can be attributed to the increase in nutrient
availability and the improvement of chemical, physical and
biological conditions of soil, caused by the addition of organic
matter.

Sunflower stem diameter (SD) increased as sewage sludge
doses increased, with the highest value, 34.63 mm, observed
for the maximum dose of the residue (Table 3). Guimaries
et al. (2009), evaluating initial growth of Jatropha curcas as
a function of different fertilizer doses and sources, verified
higher response for SD at the highest sewage sludge dose, 340
kg ha. On the other hand, Prates et al. (2011) did not find
increase in SD of Jatropha curcas plants fertilized with sewage

Table 3. Regression equations of yield (Y), stem diameter
(SD), plant height (PH) and head diameter (HD) of
sunflower as a function of the sewage sludge doses applied
in the soil

SSD

Variable Fitting equation R? (t ha"!) MV
Y (kg ha') Y =1168.95 + 10.159721***X  0.8918 30.00 1,473.70
SD (mm) Y =20.46 + 0.47169***X 0.9984 30.00 34.62
PH (m) Y = 1.65 + 0.009234***X 0.9881 30.00 1.93
HD (cm) Y = 15.02 + 0.007049***X? 0.9288 30.00 21.3

SSD - Sewage sludge dose causing the maximum value of the variable; MV - maximum value
of the variable within the experimental interval
***Gignificant at 0.01 of probability by t-test
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sludge, in doses of up to 19.2 t ha''. According to Modesto
et al. (2009), the increase in SD reflects the increase in root
system, representing a larger soil volume explored by plants,
which tend to show better nutritional state and higher water
deficit resistance.

There was also linear increase in plant height (PH) with the
increase of sewage sludge doses (Table 3). This result agrees
with Backes et al. (2009), who obtained linear response of
castor bean plants to the application of up to 32 t ha™ of sewage
sludge. Zuba Junior et al. (2011) also verified increase in the
height of castor bean plants when the maximum dose, 60 t ha,
was applied. However, Prates (2011) did not find differences in
PH of Jatropha curcas fertilized with increasing sewage sludge
doses of up to 19.2 t ha™'. As previously stated, the higher PH
caused by the application of sewage sludge can be explained by
the improvement of physical and chemical conditions of soil,
which are essential for fast plant growth (Nascimento, 2012).

Similarly to the other biometric characteristics, head
diameter (CD) increased as the sewage sludge dose increased
(Table 3). These results agree with the ones obtained by
Figueiredo et al. (2007), who verified the highest mean values
of CD in the treatment with the highest sewage sludge dose,
approximately 30.4 t ha. Still according to these authors,
sewage sludge fertilization increased the availability of
nitrogen to sunflower, influencing its head growth. Nobre
et al. (2010) pointed out that capitulum growth has direct
implications in the potential number of achenes, which
confirms the results obtained in this study, with a positive
and significant correlation (r = 0.92**) between head diameter
and grain yield.

At the end of the cycle, nutrient contents of soil did not vary
with the applied sewage sludge doses (Table 4). Similar behavior
was observed in sunflower by Nascimento (2012), who found
that sewage sludge fertilization did not influence soil content
of K, Ca and S. This is possibly related to the slower release of
nutrients, since it is an organic residue containing persistent
organic substances, and to higher nutrient extraction, because

Table 4. Relationship between soil nutrient content and
the applied sewage sludge doses

Nutrient Layer (m) Fitting equation’ Class?
POOOT)  gonou  voymotas Gos
KMOOT) o004 YZymo8325  Good

Ca omal. ) g0 oYM =535 Vory soud
Mo GMOkdn) oan5a  y¥mo120  Gon

)
LT RCT S
Zn (mg dm") 0-0.20 Y=Ym =477 High
020040 Y=Ym=176 Good

Mn (mg dm®) 0%)5910 z _ m _ ;67§6 MS&?Sm
) e et

w338, LImISE g,

"There was no equation fitting with significant coefficients;
?Fertility classes according to Alvarez V. et al. (1999); Ym - Mean value
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of the high grain yield with the application of sewage sludge. In
addition, Nascimento et al. (2011) point out that sewage sludge
is an important source of N to plants, but it does not contain the
proper amounts of the other nutrients, which makes necessary
to complement it with other sources.

Soil K availability in the layers of in 0-0.20 and 0.20-0.40
m was classified as very good and good (CFSEMG, 1999),
respectively, before the experiment (Table 1). With the
application of 10, 20 and 30 t ha™* of sewage sludge, 25.6, 51.2
and 76.8 kg ha'' of K were added to the soil, respectively.
These values are close to or much higher than the amount
of K recommended by the CFSMG (2009), which is equal to
24.9 kg ha! of K,O. Despite the increase in K amounts added
by the sewage sludge, soil K contents were similar in all the
treatments (Table 4), but lower than the soil contents before
the experiment (Table 1). This can be explained by the fact
that K is the element most required by sunflower (Zobiole
et al., 2010). However, the classification of very good and
good was maintained for the layers of 0-0.20 and 0.20-0.40
m, respectively.

Soil P availability before the experiment (Table 1) was
classified as very good and medium (CFSEMG, 1999) for the
layers of 0-0.20 and 0.20-0.40 m, respectively. After applying
10,20 and 30 t ha™* of sewage sludge, 7.7, 15.4 and 23.1 kg ha*
of P were added to the soil, respectively, which are close to or
much higher than 13.0 kg ha of P, the value recommended
by the CESMG (2009). At the end of the cultivation, regardless
of sewage sludge application, soil P availability increased,
compared with the condition observed before the experiment,
in the layer of 0.20-0.40 m, with a change from medium to
good in the classification for this layer (Table 4). These results
disagree with the ones obtained by Nascimento (2012), who
verified a reduction in the soil contents of available P in the
layers of 0-0.20 and 0.20-0.40 m, despite the increase in the
applied amounts of P in sunflower cultivation. The author
claims that these results can be related to a slower P release,
since it is a recalcitrant organic residue, and to a higher nutrient
extraction, resulting from higher grain yield.

The application of 10, 20 and 30 t ha of sewage sludge
added 27, 54 and 81 kg ha! of Ca to the soil, respectively. The
classification of very good and good, in the layers of 0-0.20
and 0.20-0.40 m (Table 1), changed to very good (CFSEMG,
1999) in both layers after sewage sludge application (Table
4). According to Zobiole et al. (2010), Ca is the second most
required element by sunflower plants, reaching values close to
116 kg ha'! for a yield of 3.0 t ha™'.

Mg content in before the experiment (Table 1), was
classified as very good and good in the layers of 0-0.20 and
0.20-0.40 m, respectively (CFSEMG, 1999). The application of
10, 20 and 30 t ha™ of sewage sludge added 2.7, 5.4 and 8.1 kg
ha'! of Mg to the soil, respectively. Mg contents decreased in the
layers of 0-0.20 and 0.20-0.40 m (Table 4), compared with the
condition before the experiment. The classification, according
to CFSEMG (1999), changed from very good to good. Unlike
the results obtained in this study, Nascimento (2012) verified
increase in soil Mg contents when the maximum sewage sludge
dose, 29.04 t ha'', was applied.

Soil S availability was classified as very good and good
in both soil layers (Table 4). Only from the dose of 20 t
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ha! on, the applied amount of S reached the value of 30 kg
ha'!, recommended by the CFSMG (2009) for sunflower
fertilization.

Zn, Mn and Fe contents in soil (Table 4) were classified by
CFSEMG (1999) as varying from good, to medium or high,
whereas Cu had a medium value and B was classified as low
and very low, respectively in the layers of 0-0.20 and 0.20-0.40
m. According to Table 2, all the applied sewage sludge doses
provided Zn amounts higher than 4 kg ha™, the recommended
value for sunflower fertilization by the CESMG (2009).

As for B, even the highest sewage sludge dose added only
0.33 kg ha'! to the soil, which corresponds to approximately
1/3 of the dose for sunflower fertilization recommended by
the CESMG (2009), which is equal to 1 kg ha'. According to
Marchetti et al. (2001), B is essential to sunflower growth and
influences its dry matter production, and the highest grain
yield was obtained with the dose of 2 kg ha™'.

Fe was the most concentrated microelement in the sewage
sludge, with the doses of 10, 20 and 30 t ha' adding 0.42, 0.84
and 1.26 t ha! of Fe to the soil (Table 2), which represents a
high amount transported to the soil. However, because of its
insolubilization reactions under pH closer to alkalinity, the
complexing power of organic matter and the fast Fe oxidation
when it is released from organic matter, as described by Cunha
et al. (2011), no effect was observed on soil with the sewage
sludge application (Table 4). Nascimento (2012) found that,
although Fe had been the metal in the highest concentration
in the sewage sludge, there was no influence of the application
of this residue on the available Fe content in the soil.

Soil organic matter, at the end of the cultivation, increased
with the sewage sludge doses in the layer of 0-0.20 m (Table
5), reaching its maximum value with the dose of 30 t ha! of
this residue. Similar results were obtained by Nascimento et
al. (2004), who verified increase in soil organic matter content
with the addition of sewage sludge. Also, soil organic matter
content, which were equal to 3.39 and 2.00 dag kg in the
layers of 0-0.20 and 0.20-0.40 m before the experiment, and
classified as medium and low, increased to 3.62 and 2.10 dag
kg, respectively, resulting in the change of classification for
the layer of 0.20-0.40 m from low to medium, according to
Alvarez V. etal. (1999). Chiba et al. (2008), studying sugarcane,
also verified increase in soil organic matter content with the
application of sewage sludge.

Soil pH (Table 5) was not influenced by sewage sludge
application at the end of the cultivation. However, the
agronomic classification for the layer of 0.20-0.40 m changed
from low to high. This increase in the layer of 0.20-0.40 m
can be related to the use of calcareous water to irrigate the
experiment. These results corroborate the ones obtained
by Nascimento (2012), who verified increases in soil pH,
compared with the values before the experiment, resulting
from irrigation with calcareous water.

The treatments with sewage sludge did not influence the
sum of bases (K, Ca and Mg) of the soil at the end of the
cultivation (Table 5). However, the mean values observed in
the layers of 0-0.20 and 0.20-0.40 m, 9.8 and 6.6 cmol_dm?,
respectively, were higher than the ones before the experiment
(9.51 and 5.15 cmol_dm?) in these layers, with a change in
the agronomic classification for the layer of 0.20-0.40 m, from
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Table 5. Relationships between chemical attributes and soil fertility classes with the applied sewage sludge doses

Variable Layer (m) Equation
o (%) 0-0.20 Y = 2.72 + 0.001338*X?
° 0.20-0.40 Y=Ym=21
y 0-0.20 Y = Ym =69
p 0.20-0.40 Y=Ym=67
0-0.20 Y=Ym=98
S8 (cmol; dm?) 020040  Y=Ym=66
0-0.20 Y=Ym=98
CEC( (cmol; dr) 020040  Y=Ym=66
_ 0-0.20 Y=Ym=107
CEC (cmol; dr) 020040  Y=Ym=862
. 0-0.20 Y=Ym=0914
¢ 0.20-0.40 Y=Ym=758
0-0.20 Y = Ym = 0.00
3+ -3
AP (cmol; drm) 020040  Y=Ym=003
0-0.20 Y =Ym =09
3
bl (el Gl 020040  Y=Ym=20

R? SSD (t ha') MVS Mvy Class’
0.9922 30.00 3.9 3.9 Medium

- - 2.1 2.1 Medium

- - 6.9 6.9 High

- - 6.7 6.7 High

- - 9.8 9.8 Very good

- - 6.6 6.6 Very good

- - 9.8 9.8 Very good

- - 6.6 6.6 Good

- - 10.70 10.70 Good

- - 8.62 8.62 Good

- - 91.45 91.45 Very good

- - 75.80 75.80 Good

- - 0.00 0.00 Very low

- - 0.03 0.03 Very low

- - 0.9 0.9 Very low

- - 2.0 2.0 Low

SSD - Sewage sludge dose required to reach maximum concentration in soil; MVS - Maximum value in soil; MVY - Value in soil with the sewage sludge dose for maximum yield; Ym - Mean
value; "Fertility classes according to Alvarez V. et al. (1999); * Significant at 0.05 of probability by t-test

Table 6. Relationship between nutrient content in sunflower leaves and the applied sewage sludge doses

Nutrient Equation R2 SSD (tha) MCP NSR! NSR?
N (dag kg") Y = 3.46 + 0.03625***X 0.9715 30.00 4.54 3.3-35 -
P (dag kg Y=Ym = 0.57 - - 0.57 0.4-0.7 -
K (dag kg™ Y=Ym=252 - - 2.52 2.0-2.4 -
Ca (dag kg™) Y=Ym=3.17 - - 3.17 1.7-22 -
Mg (dag kg™) Y=Ym=04 - - 0.4 09-11 -
S (dag kg™) Y=Ym=03 - - 0.3 0.5-0.7 -
Zn (mg kg™') Y=Ym=441 - - 441 - 30-80
Cu (mg kg™) Y=Ym=1738 - - 17.8 - 25-100
Mn (mg kg™) Y=Ym=38 - - 38 - 10-20
Fe (mg kg™) Y = Ym = 558 - - 558 - 80-120
B (mg kg) Y=Ym=514 - - 51.4 - 35-100

SSD - Sewage sludge dose causing maximum nutrient concentration in the plant; MCP - Maximum nutrient content in the plant; ' Nutrient sufficiency range, according to Malavolta et al.
(1997); 2 Nutrient sufficiency range, according to Oliveira (2004); °*Significant at 0.1 and 0.05 of probability by t-test

good to very good, according to Alvarez V. et al. (1999). This
fact can be attributed to a contribution to nutrient supply by
the irrigation water, since the increase was also observed in
the treatment without sewage sludge application.

Since sewage sludge doses did not influence the contents
of exchangeable Al, H+Al and sum of bases in the layers of
0-0.20 and 0.20-0.40 m, no influence was found for CEC  and
CEC(T) (Table 5).

The treatments with sewage sludge also did not influence
V% in the layers of 0-0.20 and 0.20-0.40 m (Table 5), which
is related to the lack of influence in sum of bases, CEC  and
CEC,,, as previously mentioned.

Leaf N content was influenced by sewage sludge application,
reaching a value higher than the one considered adequate
for the dose of 30 t ha™' (Table 6). Sludge is known to be an
important source of N to plants, which is the determinant
element in the calculation of fertilization, as established by
the CONAMA Resolution n° 375 (Brasil, 2006). However,
depending on soil fertility, it usually needs to be complemented
by fertilization with other nutrients (Nascimento, 2012).

As observed in the soil, the contents of P, K, Ca, Mg and S
in sunflower leaves were not influenced by the application of
increasing doses of sewage sludge (Table 6). In spite of that, the
contents of P, K and Ca in the plant are considered adequate
(Malavolta et al., 1997), while Mg and S remained below the
recommended range, evidencing that these two elements can
have limited plant growth and development.

As for micronutrients (Table 6), sewage sludge application
also did not cause increase in the leaf contents. Except for
Cu, all were within the nutrient sufficiency range, according
to Oliveira (2004). For Cu, Fe and Mn, similar results were
obtained by Lobo & Grassi Filho (2009), which did not
find increase in the leaf contents of these elements with the
application of sewage sludge. However, these results diverge
from the ones obtained by Nascimento et al. (2014), which
found increase in the contents of Zn, Mn and Cu in sunflower
leaf tissues with the increase in sewage sludge doses. It should
be pointed out that, because of the high complexing power
of the metals of the organic matter from the sludge, soil pH
close to alkalinity, irrigation with calcareous water and high
Fe absorption by the plant, the absorption of Cu by the plant
might have been inhibited (Malavolta et al., 1997).

The limitation of Mg, S and Cu can explain the linear
response of the sunflower yield to the application of increasing
sewage sludge doses. In this situation, the Law of the Minimum
occurs, where the scarcest nutrient tends to limit plant growth
and development. This behavior has been observed in other
studies using fertilization with only sewage sludge, like
Nascimento (2012).

CONCLUSIONS

1. Stem diameter, plant height, head diameter and sunflower
yield increased as sewage sludge doses increased.
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2. The addition of sewage sludge promotes linear increase in
the contents of soil organic matter and N in sunflower leaves.

3. Values of pH, SB, CEC , CEC ), V%, H+Al exchangeable
Al and the contents of available P, K, Ca, Mg, S, Zn, Cu, Mn, Fe
and B are not influenced by the application of sewage sludge
doses of up to 30 t ha! in sunflower cultivation.

4. The contents of P, K, Ca, Mg, S, Zn, Cu, Mn, Fe and B
in sunflower leaves are not influenced by the application of
sewage sludge doses of up to 30 t ha™.
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