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ABSTRACT

The use of organic waste in agriculture has stimulated the search for technologies that reduce environmental
pollution.Among the residues are the biochar and swine wastewater (SW), which incorrectly disposed cause negative
impacts, howevemwhen combined, they can enhance agricultural production, due to thgisymbetween both. In
this sense, the objective was to evaluate the influence of doses of bimmharonilon cafee strawcombined or not
with swine wastewater diluted to 50% (SW50%), on the nutrient content in medium and clayey texture soils and in the
corn plant tissuelThe experiment was carried out in a greenhouse, with five doses of biveharigation waters
and two soils, with three repetition&he pH, PK*, Ca? Mg*?, Zn*? and N4 in the soil and N, K, Ca, Mg, Zn and
Na in plant were evaluated. The addition of biochar in doses linearly increased the levels ofRnalnoltiK soil
textures, with synergy when irrigated with SW50%. The SW50% provided a nutrients increase in the corn plant
tissue. The agricultural use of biochar from conilon coffee straw was important to increase the content of P and,
mainly, K in the aerial part of corn.

Keywords: biochar coffee strawcorn nutrition, nutrient availabilifgwine slurrywater reuse.

INTRODUCTION and increae of nutrients, promoting better nutritional
The use of residues from agricultural activities iperformance of plants grown in nurseries or in the field
agriculture has been constantly studied by researcherdfjidersetal, 2012; Novotny2014).
search of improvements in environmental conservation and Depending on the material that originated the bigchar
productivity mainly related to the cycling of nutrients andt can provide more or less nutrients (Akigaal, 2015).
the increase of soil organic matter (Pires & Mattiazzo, 2008)ccording to Barbosa (2016), the biochar from coffee straw
Biochar is the product obtained from the thermadhas a high concentration of potassium and phosphorus,
decomposition of organic waste, in an environment witinhancing its use in agriculture. Corroborating this
low oxygen availability and temperatures that can vargtatement is the conclusion of the work Alyarenga
from 250 to 700 °C, by the pyrolysis process (Lehmann £019), where the increase in the K content available in the
Joseph, 2015). Biochars, when compareéhtaatura soil was directly proportional to the doses of coffee straw
biomass, have the advantage of providing nutrients ahibchars applied, reinforcing the evidence there is the work
carbon to the soil, which can change chemical attributedeveloped by Fonsea al (2020), where the authors
due to the transformation of open chain carbon into carbeoncluded that coffee straw biochars are efficient in
of stable aromatic structure, through dynamic angromoting the optimization of phosphate fertilization,
reversible interactions with nutrients and mineral particlggroviding the largest accumulation of phosphorus in the
in the soil.That way aiding in the retention, availability aerialpart of plants.
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The State of Espirito Santo, Brazil, stands out as td ATERIAL AND METHODS
largest Brazilian producer of Conilon coffee (CONAB, 2020), 110 study was conducted in a gnéouse at the Fe-

being coffee straw the main waste generated during tHSral Institute of Espirito Santo (Ifes), Campus\bgre,

process‘”g’ a”‘?' that incorreF:tIy disposed of ComribUt?&cated in the municipality dflegre, state of Espirito San-
to the proliferation of pests, like the stable Btdmoxys 1, gya;il The regions climate is tropical, with an average

calcitrang. For this reason, Ordinance N. 23-R of 2003annua| temperature of around 23 °C. The experimental

prohibits the use of coffee straw in the decompositio&eSign used was in randomized blocks. with three

phase Qs a source of orgam_c material, W'_thf)_Ut adequ?é%lications. The experiment was implemented in a 5x2x2
prgventpn measures, Wh,'(,:h is one of the limiting aSpG_’cﬁctorial scheme, with five doses of biochar conilon coffee
of its agricultural use (Espirito Santo, 2003). Therefore, it Sraw (Coffea canephora) (equivalentto 0, 5, 10, 15 and 20
of great importance to study new technologies that enat&lﬁag ha), two irrigation waters (deionized water-DW and

the:setrc])f this res_|due 'rl ag“ftu:;rri' icultural swine wastewater diluted to 50%-SW50%) and two soil
nother organic waste suitable for agricultural use ig, oo (medium and clayey texture).

the swine wastewater (SW), the State of Espirito Santo'is For the evaluation of the effect of textural differences,

notthe lagest Brazilian producgbut accprdmg to Egen deformed samples of the B horizon (depth of 25 to 60 cm)

(2014), a volume of 2,000 m3 of swine wastewater is . :

. . . . 0of aRed-¥llow Oxisol, of medium texture, and of a Red-

launched in the State on a daily basis, a material rich | .

. . . ellow Ultisol, of clay texture, were collected (USDA, 1999).
nutrients, which has aroused the interest of researche

Many authors have reported the use of, SKV [Fhe soils were collected starting horizAn with the

- : . L objective to reduce the effect of high levels of organic
substitution or complementation of mineral fertilization, as -
atter on the surface of the soil, in order to assess the

a way to supply the water and nutritional needs 0maximum otential of treatments. Initiglhefore any other
agricultural crops (Freita al, 2004; Moreirat al, 2015). P - g y

. . " f the experiment, th ils were characteriz
However the agricultural use of SW large quantities stage of the experiment, the soils were characterized

or inappropriately can negatively affect the plant nutritiorci\h('}m'c‘ijIIy dar:jdbphélagaljyacczo (;(ihng Ttéolthe methodology
and development due to problems such as nutriernetcomme_n ed by Embrapa ( _7a)h§ ) _
The biochar used was obtained from conilon coffee

imbalance in the soil (Seganfredo, 2000; Dal Batcd, ¢ h : ¢ ion 6o b h
2008). There is also an environmental risk, since the usef2W from the processing of conilon eansThe

SW in agriculture can increase the concentration 8Pﬁee straw palllssde_d trr:rough a pyroIIyS|s re?cr':or model
potentially saline ions and heavy metals in the soil, due PTVE0, installed in the experimental area of the Center

the high concentration mainly of sodium, zinc and CoppéQr_Agri_cultural S,(?ience and Engineering at the Fedgral
in the SW (Pereira, 2006). University of Espirito Santo (CCAE/UFES). The carboniza-

As a way to mitigate the negative effects of the use fjpn temperature was 350 °C, with an hour of residence in
waste or saline water in irrigation, some authors haJQ'S temperature. The biochar was characterized in terms

studied its interaction with biochafhe results obtained °f PH values in watgirsh content (Ac), cation exchange

are encouraging because; in addition to attenuating tfigPacity - CEC and macro and micronutrient contents (Sil-

harmful effects of the salinity and toxicity of some ions?2 2009) (8ble 2)After characterization, the biochar was

biochar improves soil attributes, the absorption of nutrienf@ssed through sieves of 2 and 0.5 mm mesh, being used
by plants increases plant production (Akfegal.,2015; the granulometry in this interval in the experiment.

Costa, 2017), and further enhances the agricultural use of 1he swine wastewater (SW) used in the experiment
wastewater from various activities. came from the farm located on the premises of Ifes - Campus

In view of this, it is expected that the agricultural use dieAlegre.The SWas collected from the biofertilizer pond
biochar from conilon coffee straw and SW promotes ad transported to near of the greenhouse, where it was
increase in the levels of nutrients in the soil and in cogfored. The water was diluted in a 1:1 ratio with deionized
plants, culture that was chosen for evaluation, due to water and stored in 50 liter drums. Before the implementa-
fast cultivation cycle and socioeconomic importance dfon of the experiment, an undiluted SW sample was
world order being used in human and animal feeding, itg0llected and sent for chemical analysis in a specialized
insertion in this study is relevant in order to enrich thiboratorythe results are shownTable 3.
literature. The collected soils were air dried, crushed and passed

Therefore, this study aimed to evaluate the influendgrough 2 mm sieves. Subsequeritig soils were prepared
of doses of biochar from conilon ¢eé strawcombined to be incubated for a period of 35 days with dolomitic
or not with SW diluted to 50%, in the nutrient content idimestone (CaO 32%, MgO 14%, PRNT 86%) together with

soils of different textures and in the nutrition of the cornthe different doses of biochar (equivalent to 0, 10, 15 and
plants. 20 Mg h&), the biochar doséis Mg ha', were extrapolated
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104 Erivelton Goncgalves da Cunleaal.

for the experiment in a greenhouse based on tfithe tubes were protected in the basal para Ishhading

transformation of the biochar dose in hectare, for the volmaterial, with small holes (< 2mm), preventing the passage

me of soil used in each container (Experimental unit). Limingf the soil, but allowing good drainage.

was performed to increase base saturation to 60%, ideal The corn used was the hybdds 1051, a material

for corn culture (Prezotét al, 2007). The incubation was suitable for grains and silage. Sowing took placaugust

carried out in plastic bags with maintenance of humidityg, 2017, and the experiment was dismantled on October

with the addition of water and homogenization witlp1 2017, 62 days after planting.

agitation. Deionized water and 50% SW were added in sufficient
In order to evaluate the initial effect of different dosegyantity to make up around 50% of the total pore volume

of biochar on the chemical properties of the soil, in additiofrpv/) (Bedinet al, 2003). The calculation used as basis

to obtaining the initial condition of the soil for eachihe values of soil density (Sd) and particle density (Pd)

treatment, soil samples were collected after incubatictﬁrame 1), for medium texture and clay texture sdite
(soil+limestone+biochar) to assess the chemical attributgs 5 pore volume was calculated usitige formula
(Embrapa, 2017) @ble 4). B sd '
The experimental units were composed of PVC tubdd Y = {1 - (ﬁ)} x 100, reaching values of 0.525dwfm®
with 100 mm in diameter and 50 cm high, of which 45 crand 0.602 dihdm?, for medium and clay texture soils,
were filled with soll, that is, 3.53 dm?3 of soil inside eachiespectively Thus, to maintain 50% ofPV, it was
tube As the soils showed a €&fence in density (1.149 kg necessary to 0.262 dm? of water in 1 dm3 of medium texture
dnr®for medium textured soil and 1.016 kg-éifar clayey soil and 0.301 dm3 of water in 1 dm3 of clayey soil. Then,
soil), 4.05 kg of medium textured soil and 3.59 kg of clayeyeighing the set (tube + soil + water needed to maintain
soil were required for each experimental unit correspondifi®% of the TPV), the weight value for each experimental
to these soils. unit was found. Thus, the maintenance of soil moisture
The tubes had their internal walls sanded, in order teas performed through daily weighing of the experimental
prevent irrigation water from taking a preferential pathunits.

Table 1:Chemical and physical attributes (granulometric composition) of soils wighetif textural classes before the implementation
of the experiment

Soil pH P K* Na* Zn*?  Ca'? Mg* AlI** H+Al SB* CEC* \V/* m*
Texture (H,0) mg dn$ cmoldm3 %
Medium  5.40 1.10 28.0 11.0 0.38 2.27 0.83 0.35 3.63 323 6.86 47.0 9.79
Clay 510 0.80 11.70 230 0.26 0.54 0.59 0.30 346 117 463 250 200
Granulometric composition Density TPV*
Total Sand Silt Clay Soil Particle dm3dm?
g kg* kg dfh

Medium 610 90 300 1.149 2.419 0.525
Clay 390 10 600 1.016 2.558 0.602

* SB: Sum of bases; CEC: Cation exchange capa¥ityBase saturation; m: aluminium saturatidi®V: total pore volume. Medium texture
is Red-¥ellow Oxisol; Clay texture is Redeflow Ultisol.

Table 2: Chemical characterization of the biochar from conilofieeo$traw produced at a temperature of 350 °C

) pH Ash CEC Zn Cu N P K Ca Mg
Attribute
H,O % cmol_kg* mg kg %
Values 8.9 13.6 296.9 28.8 37.5 35 0.04 6.2 0.1 0.09

Table 3: Chemical characterization of swine wastewater

, Fe Na Zn Cu PO K Ca Mg B Mn  NO_, NH/
Attribute  pH
mg L*

Values 7.9 0.3 40.4 55 2.4 2.8 66.0 125 3.3 2.1 0.2 15 0.4
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Three fertilizations were carried out. Phosphatdetermined by atomic absorptigrestrophotometer (Ca
fertilization was carried out at planting with 3.07 and 3.2&nd Mg?), according to methodology of Embrapa (2017).
grams/PVC tube with simple superphosphate (1999)P The nutritional status of corn was evaluated by
for soils with medium and clayey texture, respectivelydetermining the levels of N, R, Ca, Mg and Zn in the
Nitrogen fertilizations were carried out in coyvar21 and aerial part of the plant, according to methodology of Silva
45 days after planting, with 2.12 and 2.22 grams ¢2009).
ammonium sulfate (21% N), by PVC tube for clayey and The data were submitted to analysis of variance,
medium soils, respectivelfpllowing recommendation by applying the F test (p d” 0.05) to verify the significance of
Oliveiraet al (1991)As there was a considerable increasthe effect of the factors and their interactions. In the case
in potassium in the soil due to incubation with biocha®f significant effect for the interactions, the Tukey test
(Table 4), the potassium fertilization was not necessarywas applied to compare means at 5% probabllitghe

To evaluate the variables associated with the soil, @&se of significant interaction between the factors with
the end of the experiment, corn plants were cut close to ff doses of biochathe efect of the doses in each type
soil, separating the aerial part from the root. The soil &f irfigation water and soil type was verified. The regression
each experimental unit was removed from the tubegnalysis of the significant factors was carried out, choosing
separated from the root, dried in the open air arfhe model of best fit according to the level of significance
homogenized. Samples of each treatment and repetiti®fd the coefficient of determination. Sisvar was the
were collected for chemical determinations of pH in wateftatistical program used (Ferreir@12).
of K, Na', Zn2and P extracted with Mehlich-1 (HCI 0.05
mol L* + H,SO, 0.0125 mol [*) and determined by flame RESULTSANI? DIS_CUSS|ON
emission spectrophotometry {kand N&), tomic Soil nutrient content
absorption spectrophotometer (Zrand colorimetry (P). The levels of PK* and N& were significantly higher
Available calcium (C&) and magnesium (M@, were  for the two soils studied when irrigation was carried out
extracted with potassium chloride solution (1 m&) and  with SW50% (Bble 5) and in interactions with all doses of

Table 4:Average values of chemical attributes of soils dedént textural classes after 35 days of incubation with biochar doses of
conilon coffee straw and limestone

Biochar doses (Mg h&)

Attribute Soil Texture
0 5 10 15 20
oH Medium 6.32 6.42 6.39 6.55 6.75
Clay 6.29 6.29 6.38 6.42 6.58
Medium 0.92 1.69 2.10 2.88 3.07
P (mg dn) Clay 0.73 3.34 1.46 1.93 2.95
< (g ) Medium 15.34 110.34 175.00 245.50 390.67
Clay 28.83 109.17 169.84 253.00 361.00
et (mg drgl Medium 4.50 3.00 3.00 3.67 4.00
Clay 7.50 8.00 8.67 9.67 10.17
e -
Medium 1.80 1.30 1.30 150 1.30
K ) Clay 2.70 2.80 2.80 2.90 2.80
Mg (omol ) Medium 1.02 0.91 0.93 0.99 0.91
b Clay 1.00 1.04 1.01 1.02 1.01
Al omol dmy MeEdiUm 1.60 153 1.87 1.60 111
: Clay 2.16 213 1.94 2.02 1.72
S8 (emol ) Medium 2.88 259 278 3.16 3.32
! Clay 3.89 4.22 4.29 4.63 478
CEC (omojamy  Medium 4.43 412 4.65 4.76 4.47
! Clay 6.05 6.35 6.23 6.66 6.50
v o Medium 65.96 63.52 59.80 66.33 75.34
Clay 64.42 66.35 69.02 70.05 73.92
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biochar except for Rit doses of 0 and 5 Mg-h@lable 6). experiment was implanted. Thus, it assumes that as the
These results show the potential of the SW to increaS&/50% passes through the clay soil, P is retained, this
these elements in the soil, corroborating the work carrieituation that does not occur as efficiently in the average
out by Medeiroset al. (2011), who highlighted the texture and the nutrient is lost through percolation.
contribution and increase of macronutrient and sodiuituation reported byoor & Sims (2015) where greater
contents in soil irrigated with SW100% or diluted. Queiromteraction between soil particles (clay texture) and
et al (2004) also found similar results, where they observezrcolated water resulted in low P leaching.
an increase in the levels aof © and Na in soils treated When the C&content was analyzed, the medium
with SW, even if for a short period (four months). textured soil had a significantly higher content than the
The clayey soil had a highecBntent (&bles 5 and 7), clay textured soil (@ble 7), which is due to its higher initial
this situation can be explained by some factors, initi@ly concentration (@ble 4) When calculating the average of
general, the clay texture soil already had a higher P contéime¢ Ca? content in the soil after incubation and at the end
than the medium texture soildfle 4).To understand a of the experiment, it appears that, proportion#figre was
fact that can corroborate with the maintenance of the greater increase in the clayey texture soil (40.2%) in
highest P value in the clayey soll, it is necessary to knowlation to the medium textured soil (17.8%).
that the mineralogical composition of the clayey soil has a The levels of P and Kin the soil showed a linear
higher proportion of clay (60%) than the medium texturethcrease as a function of the applied biochar doses (Figure
soil (30%), and with that the soil becomes a P draid, A, B, C and D).These results are associated with the
increasing the retention of this nutrient in the soil (Novaikigh levels of these nutrients in the biochat(€ 2). Bar
et al, 2007).According to Falcdo & Silva (2004), the bosa (2016), when characterizing biochars frorfeeaitraw
adsorption of P varies depending on the mineralogicabserved high concentrations of phosphorus and,
composition of the soil, with a positive correlation betweeaspecially potassiumAnd they can also be associated
the maximum adsorption capacity of P and the clay contenith the biochars chemical structure, which according to
in the soil. Despite the control of irrigation, it was observeRetter & Madari (2012) provide stability and reactivity to
percolation ofWA and SW50% of the tubes where thehe soil, conditioned to the time of application, aromatic
structures and functional groups, which will result in the
accumulation and persistence of carbon in the soil, in
Table 5: P, K* and Na in medium and clayey soils cultivated 9réater or lesser amounts which will cause retention and
with corn and irrigated with DW and SW50% availability of nutrients.
Another important fact is the alkaline characteristic of

Nutrient Soil Texture DW SW50% . . ) .
the biocharas noted ifable 2, which can influence the
Clay 16.2Ab 20.3Aa . N . L .
P (mg dn¥) : nutriens availabilityespecially Pvhich is more available
Medium 11.9Bb 14.8Ba . . . . .
ol Ra3Ab 26 6A in soil conditions with a pH close to 7.0 (N6brega, 2011).
K* (mg dm?) ay ) oA The pH of the environment influences the adsorption
Medium 84.5Ab 263.9Aa . e
reactions of P and the solubilization of phosphates,
Na* (mg dn) Cl&_‘y jj oAb 40.3Ba interfering in the availability of P in the soil (Novaisal,,
Medium 11.9Ab 57.8Aa

2007).According to Oliveira (2018), the biochar from

*DW: deionized water; SW50%: swine wastewater diluted 50% Wit% . .
deionized water; Same uppercase letters in the column and lowerc Qemlon coffee straw has a zero charge point (ZCP) above

letters in the row do not differ at 5% probability by the Tukey test/.5, & value higher than the pH of the soils studied in this

Table 6: B K*and Na values in soils cultivated with corn irrigated with DANd SW50%, in response to the application décéht
doses of biochar

NuthSHit Irrigation Biochar doses (Mg h&)
A water 0 5 10 15 20
P (mg di) DW 11.3A 12.2A 14.4B 15.8B 16.4B
9 SW50% 14.7A 14.4A 18.6A 19.1A 21.0A
K (mg dmf) DW 26.0B 65.2B 89.0B 144.0B 163.0B
9 SW50% 142.7A 191.2A 238.7A 297.0A 356.8A
Na dre DW 10.7B 10.8B 7.7B 9.7B 9.8B
a (mg dnr) SW50% 51.5A 46.7A 51.7A 45.7A 49.7A

*DW: deionized water; SW50%: swine wastewater diluted 50% with deionized water; Same uppercase letters in the column do not differ at
5% probability by the Tukey test.
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experiment. In this waythe biochar surface will be It was observed a synergistic effect between biochar
protonated and will present an accumulation of positivend SW50% in the increase of P arfdrkthe soil (Figures
chages, contributing to the anion exchange capasityh 1 B and D). The increase irf iKontent in the soil is due to

as HPQ,, therefore, increasing the availability of P forthe high concentration of the nutrient in SW50%I(E 3)
plants. Howevelthe application of biochar did not changeand in the biochar from conilon ¢eé straw (@ble 2).

the acidity of the sail, since no significant differences werdowever the high increase in*fnust be accompanied,
observed between the pH with the increase of the appliedpecially if there is an increase in the soil of,NG&?,
doses (@ble 7).These results demonstrate that the pig*?because togethernt high levels, they generate
change was not the determining factor in increasing tisalinization causing a decrease in the productive potential
availability of P in the soil. of plants (Fernandex al., 2019).

Table 7:pH, P K and C& values in medium and clayey texture soils cultivated with corn in response to applicatidarendif
doses of biochar

Biochar doses (Mg ha)

Attribute Soil Texture
0 5 10 15 20
pH Clay 5.5A 5.4A 6.6A 5.6A 5.5A
Medium 5.5A 5.4A 5.5B 5.5A 5.6A
P (mg dn?) Clgy 13.5A 15.9A 20.0A 19.8A 22.0A
Medium 12.6A 10.8B 12.9B 15.1B 15.4B
3 Clay 77.0A 115.7A 156.8A 205.7A 257.5A
K (cmol_ dn3) i
i Medium 91.7A 140.7A 170.8A 235.3A 262.3A
Ca? (cmol dm) Clgy 2.5B 1.8B 1.8B 2.0B 2.0B
¢ Medium 3.2A 3.3A 3.3A 3.4A 3.3A
*Same uppercase letters in the column do not differ at 5% probability by the Tukey test.
25 A 25, B
.20 4
on 15
)
[a B
10 4
—— Clay=0.418*+14.06 R*=0.92 ———- SW50%=0.344%+14.12 R*=0.91
~=—- Medium = 0.198*x+11.38 R*=0.67 —— DW=0276%1126 R=097
5 " 5 - : - .
0 S] 10 15 20 0 S 10 15 20
Biochar (Mg ha"l) Biochar (Mg ha'l)
360 | C 360 ,,I?
320 | 320 T
-
280 - 280 e
27240 1 240 s
-S 200 -5 200 el
& 160 | 2 160 -
120 | 2 120 ]
80 80
] -——- Medium =8.124*z + 93 R*=0.99 . . * a_
o —— Clay=9.612*x+7234 R = 0.98 404 _ ;‘i’;ﬂ?g&iiﬂ?;giﬁz w0
0 , : : 0 % 8RI=0 .
0 5 10 15 20 0 5 10 15 20
Biochar (Mg ha™) Biochar (Mg ha™)

* significant at the 5% level by the F test.

Figure 1: P and K values in medium and clayey texture soils under corn cultivation irrigated with DW and SW50% in response to
the application of dferent doses of biochar
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108 Erivelton Goncalves da Cunkaal.

An important aspect about biochar is the presendgocharwhich can be explained by the lower levels ofZn
of electrochemical adsorption sites on the surface efMg?in the original clay soil.
particles capable of retaining nutrients (Petter & As for the N content, the influence of irrigation water
Madari, 2012). In a situation of low concentration ofvas observed, being higher in plants irrigated with SW50%
nutrients with saline potential in the soil, thisin both soils (@ble 9) and in all doses of biochexcept 10
characteristic of biochar is of great importance foMg ha' (Table 10), confirming the potential of SW
maintaining fertility However according td/erheijen providing this nutrientAuthors highlight this positive
et al. (2010) salts contained in biochar in higheffectin their work. Medeirost al (2015) and Guidinelle
concentrations, depending of the source of productio(2019) irrigated the corn with SVibr two consecutive
can cause secondary salinization of the soil. This facycles, and verified a significant increase in the N content
reported by Costat al. (2019) in their studyobserving in the plants DMAP.
a linear increase of 45% in Ultisol ECs between zero Corn plants when irrigated with DW showed N levels
dose and 1.5% biochandependent of water salinity in the plant tissue below the range stated as idealized by
In this sense, the use &W, which contains saline Martinezet al (1999), which corresponds to 27.5-32.5¢g
elements in high concentrations, together with biachakg?, howeverwhen irrigated with SW50%, the N content
require further studies to better understand its interactiomas higher than ideal for the crop (<32.5 g)ké¢n order to
especially when biochar presents saline elements in highoid high leaf values, Seganfredo (2000) recommends
concentrations. applications of SW with the criterion of defining the supply

The application of SW50% did not significantly affectof the N necessary for the corn, avoiding the excess of this
the levels of C&, Mg+ and Zn?in the studied soils, even nutrient in the sail.
though their concentrations are high in this residue. This The P contentin the DMAP was not influenced by the
result probably occurred due to the high consumption 8W50%, but were higher in plants grown in medium texture
these nutrients by the corn plant, which can be seendails (Table 9). Regardless of the treatment, the levels of P
Table 8, where the mineral nutrition of corn is compared
between treatments under the influence of irrigation with

DW and SW50% in diérent doses of biochar Table 9: Nitrogen, phosphorus and potassium contents in the

. . aerial part of corn plants in medium and clayey texture soils, in
Nutrient content in the corn plant response to irrigation with DW and SW50%

In general, irrigation with SW50% increased the Ieveiﬁutri ent

) ) Soil Texture DW SW50%

of Ca, Mg and Zn in the dry mass of aerial part (DMAP) of
corn, mainly when the plants were grown in medium textuité (g kg*) Clay 12.4AD >Lara
m, mainly when the p ghang wie Medium 7.4Ab  44.7Aa
soils (Table 8). Similar results were obtained by Oliveira o 0558 0598
al. (2004), who, when using SW for corn irrigation,P (g kg') ay ~oba ~uba
. 3 . Medium 0.62Aa 0.72Aa

observed a higher concentration of Ca, Mg and Zn in
DMAP, when compared to common water K (g kg?) Clay 25.4Ab 33.0Aa
Medium 21.5Bb 29.4Ba

The levels of Mg and Zn in DMAP in treatments with

. . *DW: deionized water; SW50%: swine wastewater diluted 50% with
0 DEX ;
SW50% were higher or equivalent to ceptwhen the deionized water; Same uppercase letters in the column and lowercase

plant was grown in clayey soil and in the absence @iters in the row do not differ at 5% probability by the Tukey test.

Table 8:Ca, Mg and Zn contents in the aerial part of corn plants grown in medium and clayey soils, irrigated with 20% W
and submitted to different doses of biochar

Biochar doses (Mg hd)
Nutrient 0 5 10 15 20
Clay Medium Clay Medium Clay Medium Clay Medium Clay Medium

DW  6.4Ab 52Bb 4.1Bb 5.1Ab 53Ab 4.8Ab 4.6Ab 39Bb 4.6Aa 4.5Ab
SW50% 6.9Ba 7.8Aa 5.4Ba 6.7Aa 6.4Aa 6.4Aa 5.7Ba 6.7Aa 4.9Ba 5.8Aa
Voakqy OW  68Aa 45Bb  27Bb 33Ab  33Aa  28Bb 28Ab 22Bb 30Aa  19Bb
9OKI) sws0% 5.1Bb  7.2aa  3.1Ba  4.5Aa 33Aa  35Aa  32Aa  31Aa  3.1Aa  3.3Aa
Jnmglkgy DW 610Aa 453Bb 224Bb 414Ab 297Ba 39.4Aa 310Ba 39.4Ab 247Ab 30.7Ab
9%9) sws0% 53.4Ab 57.0Aa 33.4Ba 57.4Aa 32.0Ba 42.0Aa 29.0Ba 50.4Aa 33.0Aa 38.4Aa

* DW: deionized water; SW50%: swine wastewater diluted 50% with deionized water; Same uppercase letters in the column and lowercase
letters in the row do not differ at 5% probability by the Tukey test.

Ca(g kg)
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in the plant tissue were below the ideal range described by Similar results were obtained by other authors. Effgen
Martinezet al (1999), which corresponds to 2.5 — 3.5 g kg2014) found higher K levels in Mombagca grass with the
1. This fact may be associated with clay soils that haveirecrease in the amount of SW used in irrigation. Olivetira
high Padsorption capacitycompeting with plants for al. (2004) found K concentration in corn DMAP 2.3 times
phosphorus applied in irrigation and via biogtmaking higher where SW was used. In the present work, the K
the nutrient less available to be absorbed by plants (Nova@ntent in the DMAP was approximately 1.3 times higher
etal, 2007). This result is supported by Beeliral (2003), in the treatments with SW50%, in relation to the plants
when observing that even after a greater supply of P in thegated with deionized water (DW). This may have
clayey soil than in the medium textured soil, corn plantsccurred due to the dilution of SW50% deionized water
absorbed less nutrient when cultivated in clayey soil. reducing the concentration of the element in the residue.
The K content in the corn DMAP was influenced byEven so, the K content in the plant tissue in DMAP is
irrigation water and soil texture, being higher in plantabove the ideal range (17.5 - 22.5g kdescribed by
irrigated with SW50% and cultivated under clayey soiMartinezet al (1999) in all corn plants irrigated with
(Table 9). SW50% also increased the K content in DMABW50%.
when combined with biochaexcept at doses of 10and 20 The P content in DMAP increased linearly in the
Mg ha' (Table 10). Costa (2017) reports that highnteractions between clayey soil x biochar doses and
concentrations of Nan the soil can reduce the absorptiorS5W50% x biochar doses, and quadratically in the
of K*, with a consequent reduction in the content of thigteractions between medium textured soil x biochar doses
element in the corn leaf. This fact may explain the loweand DWx biochar doses (FiguresARand B), showing
concentrations of K in plants grown in medium texturethat, independently of the interaction, increasing doses of
soil, which in its initial state has a higher concentration dfiochar were important to increase the absorption of P by
sodium compared to clayey soib@le 4). corn plants. These results are in line with the statement of
The K content in corn DMAP was significantly higherLehmann & Joseph (2009\.ccording to the authors,
in plants irrigated with SW50%, even with the addition obiochar has high persistence in the soil with a high capacity
exchangeable sodium to the soil. This result can be explairfed adsorption and release of nutrients, presenting residu-
by the high supply of de K by SVd rich source of this al effect when combined with different irrigation waters
nutrient and, also, by the addition of biochar which helps tnd soil type.
reduce the negative effects of Ncesso in the soil. The K content in the aerial part of the corn grew
However no significant €ect was observed betweenlinearly with the increase of biochar doses, regardless
the increase in biochar doses and the decrease’in M&the type of soil (Figure 2 C) and irrigation water
content. Unlike this stughpkhtaret al (2015) observed (Figure 2 D). This behavior is similar to that seen in the
that the addition of biochar in saline soil reduced the Naoil, where the application of increasing doses of
absorption by wheat plants, due to its high capacity twochar guaranteed the linear increase of potassium.
adsorb this element and releasérkthe soil solution. Therefore, it is believed that the growth and high

Table 10: Nitrogen, Phosphorus and potassium contents in the aerial part of corn cultivated in medium and clayey texture soils
irrigated with DW and SW50%, in response to the application of different doses of biochar

Nutrierit Irrigation Biochar doses (Mg ha)

water 0 5 10 15 20

g  J DW 6.4B 10.1B 14.3A 9.4B 9.2B
(9 kg?) SW50% 60.3A 58.2A 41.5A 63.5A 46.6A
DW 0.49A 0.57A 0.65A 0.58A 0.61A
P (9kg) SW50% 0.51A 0.57A 0.65A 0.65A 0.63A
K (g kg) DW 558 17.1B 30.0A 32.2B 32.4A
SW50% 21.6A 26.4A 33.8A 37.4A 36.8A

texture soils

b (gkg) Clay 0.48A 0.54A 0.62A 0.58A 0.62A
9kg Medium 0.52A 0.62A 0.69A 0.65A 0.63A
K (g kg) Clay 14.9A 25.6A 34.9A 34.8A 33.6A
Medium 12.2A 18.0A 28.8A 34.8A 33.6A

*DW: deionized water; SW50%: swine wastewater diluted 50% with deionized water; Same uppercase letters in the column do not differ at
5% probability by the Tukey test.
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———- Medium = -0.001*x*+ 0.0252 + 0552 R*=0.95
—— Clay=0.0064*x+ 0.504 R*=0.73

———- SW50% = 0.0064*z+0.538 R*= 0.69
—— DW=-0.0008*x"+0.0208x+ 0.496 R*=0.74

0,0 . , . ; 0,0
0 5 10 15 20 5 10 15 20
Biochar (Mg ha") Biochar (Mg ha'')
45 - C 45 D
40
35
~30
25
2020 |
Mo15 e
10 10 A ,
—— Clay=1.0112*x+19.04 R2=079 -——- SW50%=0.828%x+ 22.92 R*=0.89
5 ———- Medium=1.192*x+ 13.56 B2 =0.90 51 — DW=1387x+9.66 R'= 034
0 : : : 0 : : : .
0 5 10 15 20 0 5 10 15 20

Biochar (Mg ha'')

Biochar (Mg ha'l)

* significant at the 5% level by the F test.

Figure 2: Phosphorus and potassium contents in the aerial part of corn cultivated in medium and clayey texture soils irrigated with
DW and SW50%, in response to the application déckht doses of biochar

content of this nutrient in the aerial part of corn iICONCLUSIONS

directly linked to its large contribution to the soil, due Under the conditions of the present stutig addition
,to the ad'd|t|on of.blocharTh|s potassmm linear of biochar doses linearly increased the levels of P and K in
increase in the aerial part of corn was different froqhe soil, presenting a synergistic effect when combined

that observed by Pinhet al (2009), who verified a iy s\w5006, being a satisfactory alternative to increase
quadratic behavior during the corn crop cycleSoilfertility

However the same authors pointed out that the peak ) . ) . .
of K absorption is in the initial phenological stages, '"Mgation with 50% SWisolated or associated with

where up to two thirds of K are accumulated by thRiochar increaset_j the. Necontent in the medium and_
plant, varying from the vegetative stage to thglayey_texture soils. Circumstance that due to the saline
beginning of reproductive development, which roughip©tential of N&, deserves the development of new
coincides with the duration of this experiment, 62 day@Periments with the application of doses of 100% of SW
of leading, and according to the authors, in the findP deepen the knowledge.
stages of the corn crop cycle, after 90 days, there is no The agricultural use of biochar from conilon coffee
accumulation of K, generating a quadratic curve.  straw was important to increase the content of P and,
It was also found that the combination of biochar anahainly, K in the aerial part of corn. In turn, SW50% irrigation
irrigation with SW50% increased the K content in the aeriaéas important for increasing the levels of N, K, Ca, Mg
part of the corn. This fact is related to the greater potassiand Zn in the aerial part of the corn. Demonstrating that
supply to the soil due to the addition of biochar anthe joint application of the residues, presents itself as an
SW50%, associated with the high demand for the nutriemtiternative to increase the nutrition of the corn culture,
which is the second most absorbed by the corn crop (Piroviding a correct alternative for the destination of
nhoet al,, 2009). residues with polluting potential.
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