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Yield and nutrition of sunflower fertilized with sewage sludge stabilized
by different processes

Altina Lacerda NascimentoRegynaldo Arruda Sampdjd_uiz Arnaldo Fernandés
Geraldo Ribeiro Zuba JunipJodo Paulo Carneirp Marcio Neves RodrigugsHermann Cruz de Albuquerdue

ABSTRACT

The different methods of sewage sludge stabilization modify their physical chemical and biological properties,
altering its efficiency when applied in agriculture. The objective of this study was to evaluate the nutrient levels in soil
and the yield of sunflower fertilized with sewage sludge stabilized by different processes. The experiment was conducted
in Cambisol, with the treatments: control (without fertilization), fertilization with sewage sludge solarized, composted,
vermicomposted, limed and chemical fertilizer recommended for sunflower crop. The experimental design a randomized
block with four replicationsThe diferent methods of sewage sludge treatment did fexttehe yield; howevethe
application of sewage sludge, regardless the stabilization process adopted, was more effective than chemical fertilizer
and the control treatment. Overall, fertilization with limed sewage sludge provided higher soil nutrients concentrations,
while treatments with composted and vermicomposted sewage sludge showed higher levels of nutrients in the plant.

Key words: Helianthus annuusiossolids, composting, vermicomposting, limed sludge.

RESUMO

Produtividade e nutricdo de girassol adubado com lodo de esgoto estabilizado
por diferentes processos

Os dferentes métodos de estabilizacéo de lodo de esgoto modificam suas propriedades quimicas, fisicas e biolégi-
cas, podendo alterar sua eficiéncia para aplicacéo na agricultura. Objetivou-se, com este trabalho, avaliar a produtivi-
dade e os teores de nutrientes, no solo e na planta de girassol, adubada com lodo de esgoto submetido a diferente:
processos de estabilizacao. O experimento foi desenvolvido em cambissolo haplico, com os tratamentos: testemunha
(sem adubacéo), adubacgéo com lodo de esgoto solarizado, adubag&o com lodo de esgoto compostado, adubacéo cor
lodo de esgoto vermicompostado, adubacéo com lodo de esgoto caleado e adubacédo quimica recomendada para ¢
cultura. Utilizou-se o delineamento experimental em blocos casualizados, com quatro repstditerentes formas
de tratamento do lodo de esgoto ndo influenciaram a produtividade; entretanto, a aplicagdo desse residuo, indepen-
dentemente do método de estabilizagdo empregado, mostrou-se mais eficiente que a adubacao quimica e que o trata
mento testemunh& adubacéo com lodo de esgoto caleado proporcionou maiores teores de nutrientes no solo,
enquanto os tratamentos com lodo de esgoto compostado e vermicompostado apresentaram maiores teores de
macronutrientes na folha e no peciolo, exceto no caso do nitrogénio, cujo teor foi maior com a aplicacéo de lodo de
esgoto caleado.
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INTRODUCTION The treatment with lime eliminates pathogens in
sewage sludge by raising the pH and temperature of the

The sunflower Kielianthus .annuoss a plant native waste, and promotes insolubility of metals. Howetres
from the southwestern United States and northern

. . additi f lime to the sl hosph
Canada that belongs to tAsteraceae botanical family addition of lime to the sludge may cause phosphorus

Besides its use as animal feed, the sunflower is constit Per(rcipitation of and nitrogen loss by ammonia
' . . R atilization(Carneircet al, 2005; Figet al, 2005). Chueri
of 48-52% of an excellent quality oil for human

. . ) ) ) .et al. (2007) observed that raising the soil pH above
consumption, and it is also important in canning and paint

. . . neutral, due to the application of limed sludge, affected
industries (Rossi, 1998). Recenilyan attempt to reduce : bp ! udag
tr}e morphological parameters and the dry matter of wheat

dependence on fossil fuels and control emissions Q -
. ? ants, and reduced the manganese availability to plants.
greenhouse gases, sunflower became part in the energy

matrix in biofuel production (Silva & Freitas, 2008). Given the above, the present study aimed to evaluate

Therefore, sunflower cultivation has been expanding itrpef?utrlent. clgr?tent, N So”tar;dt',lr,' tk;e pla::; and the
many countries. sunflower yield in response to fertilization with sewage

. . sludge stabilized by different processes.
Crop production can cause a reduction of organic g y P

matter levels and chemical soil depletion, if the replaceme,
does not compensate the nutrient loss by uptak .ATERIAL AND METHODS
Considering the high content ofgamic matteras well as The experiment was carried out from July to
the expensive availability of nutrients in sewage sludgeélovember 2010, at the InstituteAxgricultural Sciences,
its final disposal in cultivated areas has been reported @siversidade Federal de Minas Gerais, in Montes Cla-
an alternative to alleviate the problems arising fromos, Minas Gerais State, Brazil, lat 16°51'38 “S and long
agricultural production and to the recovery of degrade44°55’00" W in Cambisol. The soil chemical and physical
areas (Guede=t al, 2006; Caldeira Juni@t al, 2009). In  characteristicswere assessed according to the
addition to the economic benefit in the physical anghethodologies recommended by Embrapa (1997), at 0-20
chemical recovery of soil, the agricultural use of sewaggn: pH in water = 5,8; P-Mehlich-1 = 3,5 mg én¥P-
sludge is interesting for an ecological viewpoint, since femaining = 16,7 mgt; K = 229 mg dni; Ca = 3,60 cml
eliminates the negative effects of other alternatives felin?; Mg = 1,50 cmoldm?; Al = 0,20 cmo]dm?; H +Al =
final disposal of waste, and also helps to preserve tB3¢52 cmo] dm?; sum of bases = 5,69 cmalm?; CEC
world’s reserves of nutrients (Aggelides & Londra, 200Gsffective = 5,89 cmobim?; m = 3%; CEC total = 9,31 cmol
During & Gath, 2002). dm?; V = 61%; organic matter = 3,39 dagkgyrit = 5,60
Despite several benefits, the use of sewage sludgedag kg'; fine sand = 14,40 dag ¥kgsilt = 38 dag kg and
agriculture is worrisome because it may contain heaway = 42 dag k@ and at 20-40 cm depth: pH in water =
metals, persistent organics and pathogenic organismgss; P-Mehlich 1 =1,9 mg dfnP-remaining = 14,4 mgl.
which, in addition to contaminate the soil and damage tie= 117 mg dni; Ca = 2,8 cmqdm?, Mg = 0,80 cmaldn?,
crop development, they can be absorbed by plants aAtl= 0,76 cmo] dm?; H +Al = 3,62 cmo| dm?®; sum of
incorporated to the food chain (During & Géath, 2002)bases = 3,90 cmalm?®, CEC effective = 4,66 cmalm®, m
Therefore, it is necessary to stabilize the sewage sludgel6%; CEC total = 7,52 cmalim?; V = 52%; organic
prior to land application, and the most commonly usehatter = 2,50 dag Kg grit = 4,30 dag kg fine sand =
methods are solarization, composting, vermicompostirjl,70 dag kg; silt = 36 dag kg and clay = 38 dag Kg
and chemical treatment with lime. The experimental design was a randomized block with
The different forms of sewage sludge stabilizatiosix treatments and four replications, and one chemical
promote changes in the physical characteristics of titeatment (20 kg hielN, 70 kg ha P,O, and 30 kg h&K., O,
material and in the bioavailability of nutrients, which mayt sowing and 40 kg HaN 45 days after emergence),
change the results obtained with the agricultural use a€cording to the recommendations for the use of lime and
the residueCosteet al.(2009) found that the compostingfertilizers in Minas Gerais Stat€¢missaaleFertilidade
process promotes increases in the nutrients of tlde SolodoEstadadeMinasGerais- CFSEMG1999). Urea,
substrate by reduction of organic carbon for microbiauperphosphate and potassium chloride were used as
respirationGarget al. (2006) and Gupta & Garg (2008) sources of N, Rnd K, respectivelyThe four treatments
evaluating the physical and chemical changes in residusigth sewage sludge, stabilized by different methods, were
subjected to vermicomposting process, observeapplied according to the nitrogen availabilifyhe
increases in the levels of N, R and in the electric equations and methodologies described by the Resolution
conductivity of the substrate, and reduction of pH, totalLONAMA 375, fromAugust, 2006, were adopted in the
organic carbon and of the C:N ratio. calculations (Brasil, 2006), such as follows: solarizated
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(6,12 t ha), composted (37,27 t A vermicomposted down. For the calculation of productivjtyhe grain
(19,17 tha), limed (50,42 t 4, and one treatment without moisture was corrected to 13%fter harvest, eight
fertilization. The cultivated species was the sunflowesubsamples per plot of soil were collected between plants
simple hybrid Helio 863. in a row at depths of 0-20 and 20-40 cm, to form composite
The solarized sewage sludge was collected from tis@mples for K, Ca, Mg and S analysis (Embrapa, 1997).
wastewater treatment station (WWTS) of the municipality Data were subjected to analysis of variance, and the
of Juramento, Minas Gerais Stafthe WWTS has a means compared by Scott-Knott test at 5% probability
treatment line comprising the preliminary treatment and
anaerobic UASB reactpoconnected in series with a post- RESULTSAND DISCUSSION
treatment pond, optional type, and treatment of Sewage 1 gifferent sewage sludge methods of treatments
sludge by the solarization process for drying ok i not afect sunflower yield. Howevethe use of sludge,
composting, the solarizated sewage sludge was mixed gy qless of the stabilization technology employed, was
grass resulted from trimming, which the predomingf,,re efficient than chemical fertilization and the control
species waBaspalum notatuprto obtain a C:N ratio of .o-iment (Bble 2).Considering the Rnd K levels
30:1_. The temp(_erature and moisture were _CO”Sta”tQIvailable in sewage sludgeaile 1), and the doses of the
momtored,_and in order to cqntrol these vanable_s, thesidue added into the soil by sewage sludge treated by
compost piles were systematically revolv@d.obtain  yitterent methods: solarized, composted, vermicomposted
the vermicompost, a pre-composed sewage sludge Wag, jimed, were respectivel§s; 239: 132 and 335 kgha
prepared mixing a mass of grass resulted from trimming P.0, and 21; 126; 92 and 267 kg'at K O. The content
used one month after the start of the decompositiQf} N ayailable was higher in the solarized treatment:
process, as the substrate for vermicomposting Witfierefore, lower doses were necessary to achieve the to-
California red wormsEisenia foetida The limed sewage (5 \ required by the crop. The other treatments exceeded
sludge was obtained by adding lime in the amount of 50§e yecommended application of these elements in the
of the dry sewage sludgAiter mixing, the moisture ¢t e in the soil conditions during the experim@ttkg
mcregsgd to 70%. The chemical characFerlstlcs of materigls: P,0, and 30 kg h&iK 0), even considering the organic
containing sewage sludge are showiiable 1. P mineralization rate of 60%, as cited by the Commission
The fertilizations with sewage sludge were performegr soil Fertility of Minas Geraistate (CFSEMG1999).
only once, at planting. The plots consisted of four rowgnpe lagest amounts of, K, Ca, Mg, S applied using
3.60 mlong, spaced at 0.80 m, and the useful area consi&_;gq,age sludge &ble 1), in addition to the improvement
of the two central lines, ignoring 0.4 m from each end. Thg¥ sojl conditions resulting from the organic matter in the
seeding was performed in grooves with three seeds pgkjdue (Tranniret al, 2008) may explain the higher
hole at a distance of 0.20 m between plants. Thinning Wafoductivity compared to that obtained by chemical
done 15 days after emergence, leaving only one plant pgfilizer.
hole. The weeds were controlled by hand-weeding, and The yield obtained by the control treatment (1.37 t
the water was supplied through sprinkler irrigation.  hat) was higher than the national average yield in 2010
At the beginning of flowering, samples were collectedinstituto Brasileiro de Geografia e Estatistid@GE,
from leaves and petioles of the upper third of ten plan911), which was 1.14 t RaTreatments with chemical
randomly selected in the useful area for chemical analysisrtilizers, solarized sludge, composted sludge,
of the contents of N,,iK, Ca, Mg and S @desceet al, vermicomposted and limed sludge had yields superiors
1995; Malavoltat al, 1997). in 194, 309, 252, 233 and 268% of national average yield,
The sunflower crop was harvested when the plantespectivelyattesting the potential for agricultural use
reached the stage R9, which the chapters were faciofjsewage sludge in sunflower crop.

Table 1 Chemical characteristitsf the sewage sludge solarized, composted, vermicomposted and limed, used in the experiment

Stabilization N P,O, K, O Ca Mg S
method dag Kg

Solarization 2.71 (60) 0.73 (45) 0.34 (21) 0.65(40)  0.20 (12) 1.61 (99)
Composting 1.45 (60) 0.64 (239)  0.34 (126) 0.71(265)  0.15 (56) 1.28 (477)
Vermicomposting 1.39 (60) 0.68 (132)  0.48 (92) 049 (94)  0.15 (29) 0.92 (176)
Limed 0.83 (60) 0.66 (335)  0.53 (267) 10.93 (5511) 0.23 (116) 1.24 (625)

1 Methodologies advocated Biedescoet al. (1995).\alues in parentheses correspond to the amounts of nutrients applied if. kgpha
N, the quantities applied were based on N content available.
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Nonetheless, unlike the results observed during thiiemical fertilization supplied the respective amounts of
study Lobo & Grassi Filho (2007) found that, although0, 21, 126, 92, 267 and 30 kg hK,O. Despite the
sewage sludge increases sunflower yield, when appliddferences in the amounts applied, the K content in the
in higher doses, in a sufficient amount to supply the Boil after the sunflower cultivation, were similaafle 2).
required, the yield is not higher than the obtained bBesides the greatest nutrient export in the treatments with
chemical fertilizers and by the treatment without fertilizeisewage sludge, due to the highest yield, the high
Furthermore, Nogueirgt al.(2006), working in a similar concentrations of cations provided by these treatments
soil condition, found no yield increases in maize and beanay have promoted the leaching of nutrients by the
fertilized with sewage sludge stabilized by differentiisplacement of the element in soil colloidal micelle.
methods, in relation to the yield obtained with chemicaWloreover the highest potassium availability increases
fertilization. However one should consider that thesethe nutrient leaching rate, especially considering the
authors worked with a consortium (maize and beans), andnstant water supply @eet al, 2008).
the amount of sludge applied was calculated based only Several authors consider the sludge residue as low-K,
on the requirement of maize. as it is found predominantly in the ionic form, which tends

The stabilization methods hardly changed the ® remain in solution during the process of wastewater
concentration in the sewage sludgal{lé 1). However treatment, and chemical complementation with this element
as a result of the sharp variation of the concentration isf constantly recommended (Buestoal.,2011; Guedes
nitrogen, the sludge doses changed considerably amagtgl, 2006; Simonetet al, 2003). Howevein the present
treatments, which resulted in a higher amount of P in sa@tudy K could not be considered a limiting element of
treated with limed sludge and, consequentligher productivity, because the quantities added into the soil
concentrations of this nutrient in this treatment at 0-40 chy the treatments solarized, composted, vermicomposted
depth (Bble 2). For the other treatments, although thand limed were, respectively: 0.7, 4.2, 3, 1 and 8.9 times the
levels of P applied in the soil were different, there were nrecommendedAlthough the amount of K applied was
statistical differences, which can be attributed to highéower than recommended in the solarized sewage sludge
productivity in plots that received fertilization with sewagedreatment, no deficiency symptom was detected, but it is
sludge. Unlike found in this experiment, Noguedtaal. worth mentioning the high initial levels of K in the soil,
(2006) cultivating maize and bean inter cropping, observednging 229-117 mg d#in the depth of 0-40 cm.
higher Pcontent in treatments with chemical fertilizer =~ Calcium was the nutrient that has the greatest variation
compared to the treatments fertilized with stabilized sewageits levels due to the different processes of stabilization.
sludge. Howevethe diferences in results between thesdts concentration in limed sewage sludge was at least 15
experiments may be related to the amount of P appliedtimes higher than that observed in other stabilization
the soil, which varied mainly due to the need for P of thmethods (@ble 1) Thus, the application of limed sewage
respective crops. sludge provided higher Ca to the soil at a depth of 0-40

Based on the K content in the materials, the treatmeras). Among other treatments, there were no statistical
control, solarized, composted, vermicomposted, limed anlifferences (&ble 2) The high Ca content in limed sludge,

Table 2 Productivity and nutrient content in soil in response to the application of mineral fertilizer and sewage sludge

Variables Depth TREATMENTS cv
(cm) TE LS LCO v LCA AQ (%)
Yield (t hat) - 1.37b 352 a 2.87a 2.66 a 3.05a 221b 27.06
P 0-20 1.65b 2.3b 55b 492b 11.78a 32b 45.10
(mg dm?) 20-40 0.90b 1.15b 1.63b 1.65b 263a 147b  38.82
K 0-20 162.50a 145.00a  148.75a 15250a  148.00 a 135.75 &2.39
(mg dm3) 20-40 82.50 a 72.75a 60.75 a 79.00 a 83.75 a 70.00 a29.78
Ca 0-20 3.82b 453D 4.42b 430b 10.25a 345b  17.33
(cmol_dm?) 20-40 2.00b 3.40b 2.00 b 230b 590a 1.90b  47.42
Mg 0-20 0.70a 0.70 a 0.73a 0.65a 0.45b 0.68a  17.39
(cmol, dm?) 20-40 0.33a 0.38a 0.28 a 0.28 a 0.38a 0.33a27.90
S 0-20 16.85 b 30.08 b 34.88 b 25.85b 66.10 a 40.28b  51.55
(mg dm3) 20-40 8.48b 28.65 b 21.73b 543b  65.33a 12.58b  57.51

TE — Control; LS — solarized sewage sludge; LCO — composiéd:;viermicomposted; LCA- limed; AQ — chemical fertilized.For each
variable, means followed by the same letter in the line do not differ statistically at 5% probability by the Scott-Knott test.
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thus, its increase in soil due to the application of thiaming of the limed sewage sludge, a plausible hypothesis
residue, results from the addition of large amounts of CaO explain the results is the acceleration of N nitrification
in lime application process, a fact also observed by Chueaite, by raising the soil pH in this treatment (Sixal.
et al. (2007) and Guedest al. (2006). The results 1994). There were no statistical differences in foliar N
corroborate with those of Nogueiea al. (2006), which among the treatments. Howeyirthe solarized sewage
evaluated the Ca in soils treated with sewage sludgiidge treatment, the N content in the leaf reached
stabilized by different methods and found the same effe@ppropriate levels, while in the control, chemical,
using limed sewage sludge. composted and vermicomposted treatments, N contents
For all forms of sewage sludge applied, Mg was thi& leaf were below the optimal (Malavoks al, 1997).
macronutrient with the lowest concentration. Thus, as féiavado (2006) found no difference in N concentration in
the other nutrients evaluated, the treatment with limezhoots of sunflower fertilized with sewage sludge at do-
sewage sludge supplied the higher doses of this elemesgs up to 14 t Ha compared to the treatment without
However lower levels of the nutrient at 0-20 cm werdertilization.
observed in this fertilization treatment. Furthermore, there Fertilization with composted sewage sludge, limed or
were no statistical differences on this variable among tivermicomposted, presented the phosphorus content in
treatments in a 20-40 cm deptlable 2) Similarly, Chueri  sunflower leaf statistically higher than the levels observed
et al.(2007), applying doses of sewage sludge up to 10rtthe other treatments. Howeyiernone of the treatments,
ha', found no effect on Mg levels in soil. the P concentration in leaf reached adequate levels
The concentrations of S varied considerably in sewa@®lalavoltaet al, 1997). Considering the good P availability
sludge, due to the stabilization methods. The S levalsthe soil, in the treatment with limed sewage sludge, the
observed in sewage sludge composted, vermicomposted &nxdontent observed in the leaf was below than the
limed are, respectively9, 57 and 77% of the S content inpotentially possible, since the proper nutritional level was
sewage sludge solarizedafile 1) Although several studies not reachedProbably the high calcium content in the
reported nutrients increases in vermicomposted sludgesail in this treatment promoted the precipitation, il
relation to the initial content, mainly due to the concentratidits determination, using the Mehlich-1, may have
of nutrients, due tthe lossof organic carbon for microbial overestimated the available concentration of this element,
respiration (Dores-Silvet al, 2011; Garget al, 2006; Gupta because of the possibility of its precipitation with Ca (Fia
& Garg, 2008). These facts suggest that, with thet al, 2005; Novaiset al, 2007). Regarding the P
advancement of the process of decomposition, the S magncentrations in the petiole, sunflower plants fertilized
have been reduced by bacteria, with consequent loss of thi¢h sewage sludge composted and vermicomposted
element to the atmosphere, which is found in flooded soilssinowed higher values than the other treatments.
anaerobic sites of well-drained soil (Alvaetal, 2007). The K concentration in sunflower leaf did not vary
The soil input of S in the treatments solarizedwith the treatments and, except for the treatment with limed
composted, vermicomposted and limed, weresewage sludge, whose K content was higher than the
respectively99, 477, 176 and 625 kgh&ven though the considered ideahll treatments showed K concentration
content of S was not greater in the limed sludge, becalseleaf in appropriate levels. Moreoyeghere was no
of the doses applied with this stabilization process, greatdifference in the levels of K in the sunflower petiole. These
amounts of S were added into the soil, resulting in highegsults can be attributed to the high concentration of K in
concentrations of the element in the soil, for the othéhe soil, considering that even in the control treatment,
treatments, at 0-40 cm depthafle 2). Considering that the levels of potassium were rated as very good, according
the residue was incorporated into the seed furrows (10 ¢omAlvarezet al.(1999b).
deep), the influence of the limed sewage sludge treatment Although the content of Ca in the soil in the treatment
on S concentrations at 20-40 cm depth, may have beeith limed sewage sludge has been far superior than the
favored by the presence of large amounts of Ca, whidthers, this treatment, as well as treatment with solarized
connects with S, resulting on neutral ion pairs with highkewage sludge and the control, showed foliar Ca lower
mobility in soil (Alvarezet al, 1999a). than those of chemical treatment, composted and
The N leaf concentration in sunflower plants fertilizedrermicomposted sewage sludgeable 3), which
with limed sewage sludge was higher than the otheginforces the hypothesis of the precipitation of Ca-P in
treatments (able 3), reaching values above thoséhe treatment with limed sewage sludge, as previously
considered appropriate according to Malavataal. mentionedIn spite of the fact that the composted sewage
(1997). The same behavior was observed in the sunflowstudge is the treatment that showed statistically higher
petiole, even though the same amount of N available weevels of Ca in the leaf, only in the chemical and the
applied in all treatments. Considering the power of soilermicomposted treatments, the levels of Ca in the leaf
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Table 3 Nutrient content in leaf and petiole of sunflower in response to the application of mineral fertilizer and sewage sludge
treated in different ways

. TREATMENTS Appropriate
Nutrient cv | |1
TE LS LCO v LCA AQ eve
dag kg % dag kg*
Leaf
N 3.06b 3.38b 3.25b 3.10b 4.07 a 3.10b 8.13 3.3-35
P 0.18b 0.19b 0.23a 0.23a 0.26 a 0.21b 10.27 04-07
K 2.27 a 2.15a 2.32a 2.36a 2.49 a 2.32a 14.56 20-2.4
Ca 1.37b 1.48b 1.65a 1.78a 1.40b 1.79a 12.53 1.7-2.2
Mg 0.24b 0.26 b 0.28 a 0.28a 0.25b 0.28a 7.47 09-11
S 0.23a 0.24a 0.20a 0.22a 0.25a 0.22a 21.66 0.5-07
Petiole

N 0.71b 0.73b 0.65b 0.64b 1.12a 0.66b 10.43 -

P 0.11b 0.11b 0.17a 0.18a 0.14b 0.12b 17.52 -

K 3.44a 3.23a 2.93a 2.95a 3.30a 3.32a 11.26 -

Ca 1.18a 1.06 a 1.23a 1.31a 1.19a 1.17a 9.91 -

Mg 0.24a 0.24a 0.24a 0.25a 0.24a 0.23a 9.83 -

S 0.14a 0.14a 0.15a 0.15a 0.16a 0.14a 6.87 -

TE — Control; LS — solarized sewage sludge; LCO — compostd;viermicomposted; LCA- limed; AQ — chemical fertilized.
IMalavoltaet al (1997).
For each variable, means followed by the same letter in the line do not differ statistically at 5% probability by the Scott-Knott test.

were considered nutritionally adequate, in accordance witlecause of the high levels of sulfur in the soil, which

Malavoltaet al.(1997).In chemical treatment, Ca was notavailability was classified as very good (Alvaretzal.

added into the sqihowever the level of this element in 1999b), even in the control treatment. Nevertheless, foliar

the soil, even after cultivation was considered good were below the considered nutritionally adequate to the

which may have contributed to this res&®egarding the culture (Malavolteet al, 1997) As observed on the leaf,

Ca levels in the petiole, it was observed that this orgdhe amount of S in the petiole of sunflower was not affected

was not sensitive to variation in levels of this element iby the treatments.

the soil, since there was no difference for that variable Considering that the productivity did not vary due to

between treatments. the sewage sludge stabilization methods, the use of
The treatments influenced the leaf levels of Mg, ansblarized sewage sludge is recommended for being the

higher levels were observed in the treatments with sewasfabilization process that demands less time and.labor

sludge composted, vermicomposted and chemical

fertilization. The same behavior was not observed for tttONCLUSIONS

petiole, in which, regardless of the treatment, Mg levels ] o ] o

were equalEven with differences between the treatments, Sunflower yield 'S‘_ hlgher_wnh th? application of

foliar Mg levels were below the nutritionally adequatesewage sIque than with chemical fertilizegardiess the

(Malavoltaet al, 1997). Considering the amount of Mgsludge stabilization process.

applied into the soil in each treatment, these results can Fertilization with limed sewage sludge provides the

be attributed to the greater availability of this element fdtighest levels of nutrients in the soil.

plants, except for the treatment with limed sewage sludge,

. . : Fertilization with composted and vermicomposted
where foliar Mg was not consistent with the amounts . . .
L . . s Sewage sludge provide the highest levels of macronutrients
applied into the soilHowever according tovitti et al.

(2006), the imbalance between Ca and Mg in the soil a|ndleaf and petiole, except for nitrogen, which is greater in

high K levels may exacerbate Mg deficienitythermore, the fertiization with limed sewage sludge.
in th|§ treatment, the proportion of Mg in CEC (< 6%) ISACKNOLEDGEMENTS
considered low

The highest levels of sulfur in the soil in the limed The authors express their sincere thank&\@EMIG,
sewage sludge treatment, did not result in increases iIrlC8IPq and CAPES for the financial support that enabled
concentration in sunflower leaf §ble 3), probably this work.
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