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ABSTRACT

Agroindustrial residues, such as cassava wastewsatee been used as soil fertilizers, reducing environmental
pollution and recovering nutrients. The objective of this work was to evaluate production and morphological components
and oil yield of sunflowerHelianthus annuys hybrid Helio-250, fertilized with cassava wastewalbe experiment
was conducted at the Experimentit®n of the Instituté\gronémico of PernambucWijtéria de Santéntéo, Sate of
Pernambuco, Brazih randomized block experimental design was used, with six cassava wastewater rates (0, 8.5, 17.0,
34.0, 68.0 and 136 1hat) and four replications. The variables evaluated were shoot fresh and dry weight, capitulum
fresh and dry weight, capitulum diametsed yield, oil yield and seed oil contérite use of cassava wastewater as soil
fertilizer improved the production and morphological variables evaluated, except the seed oil content, which decreased
with application of cassava wastewater rates above*A&'m
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RESUMO

Uso de manipueira como fonte de nutrientes nos componentes morfolégicos
e de producéo do girassol

O usodos residuos advindos de atividades agroindustriais, como a manipueira, vem sendo aplicado como forma de
diminuir a poluicdo ambiental e aproveitamento de nutrief$ssn, objetivou-se com o estudo, avaliar os componen-
tes de producéo e o rendimento de 6leo do giradstbfthus annuyshibrido Helio 250, fertilizado com manipueira.
Conduziu-se experimento na Estac@o Experimental do Ingtiguemdémico de Pernambuco, localizada\éibdria de
SantoAntdo - PE. O delineamento experimental adotado foi em blocos casualizados, constituidos de seis tratamentos
(doses de manipueira: 0; 8,5; 17,0; 34,0; 68,0 e 13Bat) e quatro repeticdes. Foram determinadas as variaveis
rendimento de matéria fresca e seca da parte aérea das plantas; rendimento de matéria fresca e seca do capitulo; diamet
de capitulo, rendimento de aquénios, rendimento e teor de 6leo do girassol. O uso da manipueira como fonte de
fertilizante proporcionou aumento das variaveis morfolégicas e de producdo avaliadas, exceto o teor de 6leo das
sementes, que diminuiu para doses de manipueira acima d&&5 m
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INTRODUCTION MATERIAL AND METHODS

Sunflower Helianthus annuus.) stands out as one  The experiment was conducted at the Experimental
of the four main oil-producing crops in the world, withStation of the InstitutcAgronémico de Pernambuco
increasing importance to international agriculture(Agricultural Research Institute of Pernambud&@gria
Sunflower crops are mainly related to seed oil productiae Sant@\nt&o, Sate of Pernambuco (PE), Brazil (8°62 S,
for human consumption and biofuel production. Th&85°172 W and 146 m of altitude), from October 2012 to
Brazilian sunflower production is not very significant, withJanuary 2013According to the classification of Képpen,
only 109,000 Mg yt (average grain yield of 1581.3 kg'ha the climate of the region &s’, tropical hot and humid,
and average oil yield of 563.80 kgavhile Ukraine is the with two well defined seasons, rainy (January to June) and
the worlds lagest producer with approximately dnillion  dry (July to December).

Mg yrtand average seed yield of 2170 kg (iAO, 2015). The soil of the experimental area was classified as

The Brazilian agroindustrial sector generatéxisol. Four simple soil samples (layer of 0.00-0.40 m) were
approximately 330 million Mg of waste per yeahich can collected in each block using an audaubsequentjythe
be reused for several purposes, including energamples were air-dried, disaggregated, sieved in a 2-mm
production and soil fertilization (Moraest al.,2012; mesh sieve and homogenized, forming two composite
Virmond, 201). These residues have high concentratiosamples for each block.
of nutrients and granic matterthus, they can improve the  The physical and chemical characteristics of the soil of
soil fertility and, consequentlyincrease the yield of the experimental area ¢lble 1) were assessed in the
agricultural crops@rigattiet al.2011). Laboratory of Soil Chemistry and Fertility and in the

Among the many agroindustria| residues, there a,l@boratory of Soil Mechanics aidaste Utilization of the
those from the cassava processing for table flour and stakéfiversidade Federal Rural de Pernambuco (Federal Rural
production, which generates residues containing soliddniversity of Pernambuco - UFRPE), following the methods
consisting of the woody parts of roots, fibrous fractioflescribed by Embrapa (1997).
retained in sieves and the cassava biomass, and liquids,A randomized block experimental design was used, with
Consisting of the root-wash water and cassava pressﬁié cassava wastewater rates (0, 85, 170, 340, 68.0 and 136
water which is commonly known as cassava wastewat&f’ ha') and four replications. Each block consisted of six
(Magalhaegt al, 2014). experimental plots with four 6-m plant rows spaced 1.0 m

The cassava wastewater has high content of mineffart with 0.20 m between plants, totaling 120 plants per
nutrients and organic compounds and the cyanogerﬂ@t- The evaluation area of the plot (10.3 oonsisted of
glycoside linamarin, a source of hydrocyanic acid, which cdf€ 52 central plants of the two central rows, considering
cause serious environmental problems when impropeffye two external rows and the 2 plants of each end of the
disposed, such as reduction of dissolved oxygen aFf@lVs as border
eutrophication of water bodies, death of aquatic fauna and According to the sunflower crop requirement and the
terrestrial animals that consume water with excess hydrocyaffiil Potassium content, the potassium rate recommended
gas, and imbalance of soil nutrier@amposet al, 2006). was 30 kg h&(Ribeiroet al, 1999), which represented 8 m

However despite the environmental risks when the

cassava wastewater is improperly disposed in the _ . - .
. ¢ | th ider it d Table 1: Physical and chemical characteristics of the soil (layer

eQV|ronmen , several au ors. coq5| er its reuse- 8%-0.40 m) of the experimental area

thickener for the pharmaceutical industry (Antonio-

Cisneiros & Elizalde-Gonzalez, 2010) and as nematicide®

rameters Values

(Nasuet al, 2010) and bio-fertilizer for agricultural soils Sand (g kg) 597
(Fioretto, 1987). Silt (g kg*) 113
Clay (g kg 290

Silva et al.(2004) Barretoet al.(2014) and Magalhdes

al., (2014) successfully used cassava wastewater as soJre)((eTzer;zSS Sang i; (I)oam
of nutrients for sorghum and corn crops, which can be USquanic carbon (g kY 2'8_0
for biofuel production, showing its nutrient content a”‘fl’hosphorus (mg dA 770
benefits, reducing the inherent environmental risks @fotassium (cmokdm?) 0.45
improperly disposed and the need for mineral fertilizers. sodium (cmoldm®) 0.27

In this context, the objective of this work was toCalcium (cmal dm?) 2.70
evaluate morphological and production components afgnesium (cmqldnt?) 2.80
oil yield of sunflowerhybrid Helio-250, fertilized with cas- Aluminum (cmo] dn® 0.00
sava wastewater Hydrogen +Aluminum (cmo] dnr?) 2.93
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ha! of cassava wastewateronsidering the potassium fresh (CFW) and dry (CDW) weight (kg Ha capitulum

content in this residue. The other rates used were baskaimeter (CD) (cm), seed yield corrected to 11% of moisture
on multiples of the recommended rate (2-, 4-, 8- and 16-foflg hat), seed oil content (%) by the Soxhlet method as
the recommended rate). described by Bezerra Neto & Barreto (2011), and oil yield

The cassava wastewater used was from the press{kg ha') obtained by the product of the seed oil content
process of cassava roots for table flour production of (&g ha') and seed yield (kg Ha
flour industry located in Pombos, PE, Bradihe physical Data were subjected to analysis of variance and
and chemical composition of the wastewatab{& 2) was regression with significance levels of 5%.
assessed in the Laboratory of Environmental Engineering
and Quiality of the UFRPE, according to the methOdc’logﬁESULTS AND DISCUSSION
described bAPHA (1995).

The soil preparation consisted of plowing, harrowing The variables shoot fresh (SFW) and dry (SDW)
and furrowing, with row spacing of 1.0 m and depth of 0.8€ight, and capitulum fresh (CFW) dry (CDW) weight of
m.A drip irrigation system was used, with 16-mm flexibl¢he sunflower plants (FiguresAl B, C and D) showed a
dripline, emitters spaced 0.2 m apart and flow of 1.0.L hpositive linear response to increasing cassava wastewater
The irrigation water depth (325 mm), applied in eacFates (CWR).
irrigation during the crop cycle (90 days) was determined The minimum (20,967 kg HaCWR of 0) and maximum
based on the crop evapotranspiration, calculated wi(65,881 kg ha, CWR of 136 mha') SFW found by the
climatologic data from a weather station of the Centro dégression equations (Figure 1A) represented an increase
Previsdo défempo e Estudos Climaticos (Center foiof 214%. The CWR of O resulted in the minimum SDW (4.287
Weather Forecasting and Climate®es - CPTEC/INPE), kg ha') and the CWR of 136 hia' resulted in the highest
in Vitéria do Santéntéo PE. SDW, representing an increase of 219% (Figure 1B).

Seeds of the sunflower hybrid Helio-250 were directly Increases in shoot fresh and dry weight of plants of
sown in the field, placing five seeds per hoMter several crops have been related to the use of organic
emepgency the plants were thinned, leaving one plant pdertilizers, such as the cassava wastewBiretoet al.
hole. The cultural practices consisted of manual weedin@014) evaluated the initial growth of maize in a greenhouse
phytosanitary control using natural pesticides and manan soils (sandy loam and clay loam) fertilized with raw
al harvesting, since the area used was intended for orgauniireated cassava wastewater rates (0, 11.2, 22.4 and 44.8
production. m? ha') and found significant increases in SEWd SDW

Mineral fertilizers and lime were not applied during théVlagalh&eset al. (2014) evaluated maize grown on soil
experiment, in order to evaluate only the effect of the catsrtilized with CWR (0, 12.6, 25.2, 50.4 and 75.8ha")
sava wastewater on the crop. The cassava wastewater retééng 60 days and found higher leaf and stem fresh and
were applied in a single application, at 15 days befodsy weights in treatments with CWR of 63 ma*, which
sowing the sunflower seeds. decreased with higher rates, denoting a probably nutritional

The plants were harvested for evaluation at 90 daysbalance in the plants depending on the chemical
after sowing, when the sunflower capitula were alreadsomposition of the residue.
facing downwards. The variables evaluated were shoot According to Fageria (2001), excess ions in the soil
fresh (SFW) and dry (SDW) weight (kg-Hacapitulum solution, such as potassium, which is an abundant nutrient

in the cassava wastewatean affect the absorption of
Table 2: Physical and chemical characteristics of the cassa@{her essential nutrients to plants, such as calcium,
wastewater magnesium, zinc and manganese, due to the antagonism
between potassium and these elements.

Parameters Content .
Chemical " " 66,617 The SFW of sunflower plants grown under the highest
emical oxygen demand (mg)- : CWR was lower than the that found®fveiraet al.(2010)
Electric conductivity (dS ) 7.27 . . . e .
DH 6.60 (83,900 kg hd), in sunflower grown in soil fertilized with
Nitrogen (mg L) 3,664 mineral fertilizers, with plant density of 60,000 plant3.ha
Phosphorus (mg-) 312 The lower the shoot fresh and dry fractions of
Potassium (mg ) 3,200 sunflower plants, the higher the capitulum fracti@h-(
Calcium (mg 1Y) 241.90 veiraet al, 2010). Therefore, plants with low shoot fresh
Magnesium (mg £) 1,588.20 and dry weight may have higher seed production and,
Sodium (mg 1) 390 consequentlyhigher oil yield and nutritional value, which
Sulfate (mg £) 2,205 is an important characteristic when the plants are used for
Chlorides (mg L) 795 silage (oneret al, 2011).
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Figure 1: Shoot fresh (SFW) (A) and dry weight (SDW) (B) and capitulum fresh (CFW) (C) and dry (CDW) (D) weight of sunflower
(Helianthus annuysgrown under different cassava wastewater rates.

According to the regression equations, the CFW aritie capitulum diameter is important due to the amount of
CDW presented positive linear responses to the CWR (eeds produced, which determines the oil yield.
gures 1C and D). The CFW and CDW at CWR of 0 was Bruginski & Pissaia (2002) assessed the effect of
10,141 and 2,589 kg Barepresenting 219.5 and 56.2 gtopdressing with different nitrogen rates (0, 25, 50, 75,100
plant!, respectivelyOn the other hand, the CWR of 136and 125 kg h4) on sunflower (Hybrid M-734) cropand
m? hat resulted in a CFW of 32,55.1 kgtend CDW of found CD of 16.0 (0 kg i to 18.4 cm (50 kg h4 at the
8,328.9 kg ha

The CDW of sunflower plants grown on soils fertilized 20 1
with cassava wastewater were higher than those found by
Zobioleet al.(2010) with mineral fertilization (3,882.5 kg
ha'). Joneret al. (2011) evaluated the production and the
fresh and dry fractions of seeds, leaves, stems and capitu-
la of two sunflower hybrids (Helio-251 and Helio-360) for
silage production and found CDW of 1,315.54 (Helio-251)
and 2,180.89 kg hgHelio-360) and CFW of 6,473.65 (He-
lio-251) and 11,648.04 kg AidHelio-360). These results
show that the cassava wastewater was an efficient source
of nutrients for the sunflower crop in the present work. 0 T T T )

The capitulum diameter (CD) of the sunflower plants 9 75 o 503 58
significantly increased with increasing CWR; the CD Cassava wastewater rates m3 ha'!
increased from 12 cm (CWR of G ') to 18.4 cm (CWR  Figure 2: Capitulum diameter of sunflowerélianthus annuys
of 136 nt ha?) (Figure 2)According toJoneret al.(2011),  grown under different cassava wastewater rates.

10 A

Capitulum diameter (cm)

Y = 12.046+ 0.0471""x
R2=0.97
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crop R7 stage, with no negative effect by increasinthe cultivar Helio-250, which was lower than the average
nitrogen rates. yields found for the hybrids M-734 (1,820 kg*hsAgua-

The CD found in the present work were also highea-4 (1,805 kg h§ and Catissol (1,368 kg fia However
than those found byhomazet al. (2012) in different the hybrid Helio-250 had higher SOC in all sowing times
sunflower cultivars, including Helio-250, in crops intended51.8 to 37.4%), which were lower in later planting times
for biofuel production. Therefore, these results denotetiie to the lower solar radiation.
that the nutritional contribution of the CWR of 136ma Variations in the sunflower SOC are related to genetic
thad a positive effect on this morphological variable. characteristics, edaphoclimatic conditions and cultural

The sunflower seed yield (SSY) (Figure 3A) and oipractices, especially irrigation and fertilization
yield (OY) (Figure 3B) were positively affected by increasingnanagement#ccording toBiscaroet al.(2008), nitrogen
CWR, reaching 4,562.52 kg h@SY) and 1,965.19 kg tha significantly affects the metabolism and nutrition of
(OY). On the other hand, results of the seed oil contestinflower crops; the deficiency of this nutrient limits
(SOC) fitted a quadratic model, reaching a maximum SO@oduction and its excess decreases the seed oil content,
of 56% (Figure 3C) with CWR of 25%hd. despite increasing protein content. The cassava

Aquino et al. (2013) evaluated agronomic andwastewater used in the present work had high nitrogen
nutritional characteristics of sunflower cultivars growrconcentration (@ble 2), which probably resulted in the
under field conditions, using mineral fertilizers, and foundecreased of SOC from the CWR of 25ha’.

SSY of 3,950 kg h&(Helio-250) and 4,631 kg BdHelio- Uchbaet al.(2011) evaluated the agronomic responses
251). They attributed these high yields to the favorablef three sunflower cultivars (Agrobel-9@Wgrobel-960 and
temperature and water availability during the crop cycl&mbrapa-122/V2000) subjected to topdressing with
Thomazet al. (2012) evaluated the SSY and SOC oflifferent potassium rates (0, 30, 60, 90 and 120 Kgoha
sunflower plants sowed at ten different times and grow,0) and found maximum SOC of 52.5% and OY of 1,079.3
under field conditions and found a SSY of 1,329 kffba kg ha! with potassium rates of 84.62 and 85.62 kg, ha
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Figure 3: Seed yield (A), oil yield (B) and seed oil content (C) of sunflowdsli@nthus annuygsgrown under different cassava
wastewater rates.
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respectivelyAccording to these authors, the addition of-ageria NK (2001) Nutrient interactions in crop plants. Journal
nitrogen and potassium favored the seed production and@ P'ant Nutrition, 24:1269-1290.
SOC of the sunflower crop, indicating the importance g0 - Food andAgriculture Oganization of the United Nations

f il fertilizati f | . (2015) AOSTAT 2015.Acessado em 05 de dezembro de 2016.
an adequate P and N.rate pr soil fertilization bg orep antlngDiSIOOniVeI em: <http://wwwao.og/faostat/en/>.
and the correct .fractlonanon of the tOpdre_Ssmg' Fioretto RA (1987) Manipueira na fertirrigacdo: efeito sobre a

The comparison of the results found in the presentgerminagéo e a producio de algod&mgsypium hirsutmL.) e

work with others from studies developed under field milho (Zea maysL.). Semina, 8:17-20.
conditions and with mineral fertilization denoted the cassrigatti M, Girolamo GD, Chincarini R, Ciavatta C & Barbanti L
sava wastewater nutritional contribution to the (2011) Potential nitrogen mineralization, plant utilization

d | t of fl hich ad tel t th efficiency and soil CQemissions following the addition of
evelopment or sunflowgmwnich adequately me e anaerobic digested slurries. Biomass and Biogne35:4619-

requirements of the sunflower cultivar Helio-250. 4629.
Moreover the application of cassava wastewater in thgner G Metz AM, Arboitte MZ, Pizzuti LAD, Brondani IL&

soil had no negative effects on the morphological andRestle J (201) Aspectos agrondmicos e produtivos dos hibri-

production variables evaluated dos do girassolHelianthus annud..) Helio 251 e Helio 360.
’ CiénciaAnimal Brasileira, 12:266-273.

Magalh8esAG, Rolim MM, DuarteAS, Bezerra Neto ETabosa JN
CONCLUSIONS & Pedrosa EMR (2014) Desenvolvimento inicial do milho sub-

Cassava wastewater is an adequate source of nutrienfrﬁf’;l':;';’Aag r"i‘ggga‘éa:mc;g‘ngf‘“ggg- GF;iV'Sta Brasileira de Enge-

for the sunflower hybrid Helio-250.
) o ) Moraes MT Silva VR & Arnuti F (2012) Residuos liquidos de
The use cassava wastewater as soil fertilizer improveckfiuentes de agroindustria de carnes na produtividade de giras-

the morphological and production variables evaluated,sol. Enciclopédia Biosfera, 8:843-853.
except the seed oil content, which decreased withasu EGC, Pires E, Formentini HM & Furlanetto C (2010) Efeito
application of cassava wastewater rates above*d&m de manipueira sobre Meloidogyne incognita em ensaios in vitro

e em tomateiros em casa de vegetagémpical Plant Pathology
35:32-36.
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