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ABSTRACT

The objective of this study was to evaluate substrates formulated with proportions of sewage sludge (SS)-solarized
and SS-biochar in the production of seedlings of two indicator crops: lettacei¢a satival.) and black wattle
(Acacia decurensWilld). The study was composed of two experiments conducted in greenhouse, in randomized block
designsThe treatments consisted of five doses of SS-solarized and SS-bicminddined with rice husk ash and
vermiculite in different proportions (20:40:40, 30:35:35, 40:30:30, 50:25:25 and 60:20:20) and two commercial substrates
(controls). Morphophysiological characteristics of the seedlings and the physico-hydric characteristics, pH and electrical
conductivity of the substrates were evaluated. The pyrolysis process enhanced the characteristics of SS as a component
of substrates, where the substrate with 20% of SS-biot®¥r of vermiculite and 40% of rice husk ash, presented the
better performance.

Keywords: Lactuca sativa L;.Acacia decurensWilld; biosolids; physical-water characteristics.

INTRODUCTION Black wattle Acacia sp), timb6 (Ateleia glazioveana

Sewage sludge (SS) is a by-product of the domesfaill), teak Tectona grandisand eucalyptusucalyptus
wastewater treatment, and its safe use is still a majdp) are examples of forest species already tested with
challenge for todag'society (Baét al, 2017). Currently substrates formulated from SS (Caldeiral, 2013, Silva
the agricultural use of SS has been indicated as the m§fr@l, 2017). On the other hand, studies with substrates
alternative for its recycling role €saret al, 2016), with from SS in horticultural species are still scarce, perhaps
positive efects when used as a fertilizarsoil conditioner due to the contamination risks of their consumible parts.
and in the recovery of land degraded areas (CaléeiraAmong them, we can mention the use of SS derived
al., 2012; Fari@t al, 2013). Howeveits use as a substrateSubstrates in the production of tomato seedliSgéapum
component for seedling production is still poorly studiedycopersicun (Freitas & Melo, 2013Another reason is
although recent research indicates a high potential (C#te difficulty to formulate such substrates, since these
deiraet al,, 2013; Freitas & Melo, 2013). species are more sensitive to chemical and physical

The use of SS as a component of substrates can a#é@racteristics of the growth medium.
be a better destination when compared to its final disposal Although positive results have been noticed by
in landfills (Caldeiraet al, 2012). Howeveit is fundamen- researchers regarding the agronomic efficiency of SS
tal that SS has undergone a process that guaranteesi@ggved substrates, its practical application has been
innocuousness. Batches of SS must be monitored, in ordigrited, particularly when inactivation of pathogenic
to know that the levels of potentially toxic elements andontaminants is not properly carried out.
pathogens for human health are in accordance with the Solarization is the process by which sewage is
limits established by current regional legislation. subjected to heatd sun rays in containers covered by
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plastic film (Alves Filhoet al.,2016), or in agricultural approximately 45 days until the moisture content of SS
greenhouses (Santekal.,2015; Pereira Limat al.,2009). reached less than 20%iter the solarization, part of the
When properly executed, this is a simple, effective andaterial was identified and stored and the other part was
low-cost alternative for sanitizing SS batches (Ozdeiir submitted to the pyrolysis process, with partial air supply
al.,2013;Alves Filhoet al.,2016). and variable temperature (300-600 °C) for three hours.
Heat treatment is currently considered the modgiinally, SS-solarized and SS-biochar used in this study
effective approach (Liet al, 2014), with pyrolysis being was crushed and sieved until granulometry 100% < 2.0
one of the most promising thermal methods for S&m.
treatment worldwide (Agrafiogt al, 2013 Méndezet al, Samples of SS-solarized were submitted to the
2013;Yuanet al, 2016Agbnaet al,, 2017). characterization of the presence of pathogenic
The resulted product of the pyrolysis process afontaminants (thermotolerant coliforms, viable eggs of
organic carbon sources is known as bioclaastable helminths, salmonella and enteric virus contents),
carbon rich material with high ammount of reactive sitesnorganic contaminants (As, Ba, Cd, Pb, Cu,@f, Hg,
Biochar has been widely tested and used as a sbb, Ni, Se and Zn) and chemical characteristics (pH, N, P
conditioner since it benefits soil quality overall, in par K, Ca, Mg, S, Cu, Zn, Fe, Mn, NAl, B and CTC) at the
ticular soil structure, porositybulk density water EurofinsALAC Laboratory This characterization was
storage, microbial activity and nutritional status (Silvgerformed before the formulation of the substrates and
et al, 2017). Jiret al. (2016), evaluating SS pyrolysis the implantation of the experiments.
temperatures ranging from 400 to 600 °C, performed
during one hourverified that with the increase in Treatments
temperature there is a decrease in SS volume, an increasel he treatments (substrates) were the same for the two
in pH levels and a decrease in the bioavailability of experiments, consisting of five treatments with increasing
wide set of potentially harmful elements, thereforeloses of SS-solarized (T1-T5), five treatments with
resulting in a lower risk of SS-biochar application to théncreasing doses of SS-biochar (T6-T10) and two
environment. commercial substrates (T11 and T12): T1- 20% SS solarized
Production and use of SS based biochar in tH&S sol) + 40% vermiculite (VER) + 40% rice husk ash
formulation of substrates for seedling production in Braz{RHA); T2- 30% SS sol + 35% VER + 35% RHA; T3- 40%
represent a new opportunity for this material, witt8S sol + 30% VER + 30% RHA; T4- 50% SS sol + 25% VER
potential economic gains, reduction of environmentat 25% RHA, T5- 60% SS sol + 20% VER + 20% RHA; T6-
impact and satisfactory agronomic performance. In th0% biochar SS (Bioc SS) + 40% VER + 40% RHA; T7-
context, the objective of this work was to evaluate th80% Bioc SS + 35% VER + 35% RHA; T8- 40% Bioc SS +
performance of substrates formulated with SS-solarize&®% VER + 30% RHA; T9- 50% Bioc SS + 25% VER + 25%
and SS-biochar in the production of lettuce and bladRHA; T10- 60% Bioc SS + 20% VER 20% RHA; T11-
wattle. commercial substrate 1; T12- commercial substrate 2.

MATERIAL AND METHODS Experiment 1: Lettuce (Lactuca sativa L.)

The study was composed of two experiments: The formulated substrates were homogenized and
lettuce (Experiment 1) and black wattle (Experiment 2)istributed in 110 cicells (styrofoam trays containing 78
The experiments were conducted in greenhouse, witells). Commercial seeds of lettuce, 8impson, with
automated controlled temperature (15-30 °C), locatagkrmination power of 74%, were sown on 20 June 2016.
at Embrapa Clim3emperado Terras Baixas Experi- From this moment, the trays were kept in a floating system
mental Station - Capdo do Ledo-RS (31°49'88 during the experiment time. The plants were evaluated at
52°27'50' W). 29 days after their emergence, when the crop stage ideal

) . for transplantation was reached.
SS-solarized and SS-biochar The response variables evaluated were: plant height,

The SS was collected at the Sewage Treatment Statigiy mass of aboveground parts (PDM) and dry mass of
of Rio Grande-RS, during the spring of 20Afier collect, roots (RDM), total chlorophyll index and total leaf area.
SS-solarized was spreaded in 10 cm thick layer iPlant height (cm) was measured in six plants of each plot
fiberglass boxes, placed inside an agricultural greenhoug&h a graduated rulefthe PDM (g) and RDM (g) were
made of transparent plastic with automated control efetermined in the same six plants of each plot, which were
aeration and heating. The heating system was activateacked in paper bags and dried out at 65 °C until reaching
every time the temperature reached 15 °C and turned aftonstant mass. The total chlorophyll index was evaluated
when it exceeded 19 °C, remaining in this condition fah three leaves per plant, using a portable
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chlorophyllometer (ClorofiLOG - Falkéutomacdd\gri- RESULTS AND DISCUSSION
cola Ltda., PortAlegre-RS).The total leaf area of the . .

9 ) : Characteristics of SS-solatized
plants (cm) was obtained by scanning all leaves from the . _ _ .
same six previously used plants using computer and The.concentratlons .of morgan.lc and pathogenic
scannerSubsequentlyhe digital images were processedontaminants evaluated in SS-solarized were lower than
with theAFSoft program (Silva & Jge, 2009)The expe- the maximum limits posed by the Resolution N° 375/2006
rimental design was a randomized block, with foufBrasil, 2006) for SS disposal in agricultural areas, and
replications, where each plot had six cells with one seedlit@yver that the limits allowed in substrates for plants, posed

per cell. by the Normative Instruction N° 07/2016afile 1).
Therefore, the concentrations of these contaminants were
Experiment 2: Black wattle (Acécia not impeditive to the use of SS-solarized in the composition
decurrens Willd) of plant substrates.

The substrates were disposed in polypropylene tubes The concentrations of pathogenic contaminants found
with 53 cm?, thenblack wattle seeds (germination powd SS after solarization demonstrate that this method is
of 72%) were sowed at 2ugust 2016, with two seeds efficient in SS sanitation, being similar to observed by
per tube, and then thinning when necess@y 24 Other studies (Pereira Line al., 2009; Ozdemiet al.,
November 2016, when the plants reached the transplanti#fgt3; Santost al., 2015Alves Filhoet al.,2016). Pereira
stage, the following variables were evaluated: plant heightima €t al. (2009) evaluating the chemical and
dry mass of aboveground parts (PDM) and dry mass Bficrobiological characteristics of SS when subjected to
roots (RDM). The plant height (cm) was measured in fodlygienization in an agricultural greenhouse, observed that
plants of each plot with graded rylevhile the PDM (g) after 28 days of solarization, SS reached the limits of the
and RDM (g) were determined in the three plants of ea@ient legislation for pathogenic contaminants. Thus,
plot, being conditioned in paper bags and dried at 65 €@nsidering that SS-solarized meets the limits posed by
until reaching a constant mass. The experimental desiljif current legislation @ble 1), and SS-solarized is the
was randomized blocks, with three replications and thré&8W material for biochar production, these contaminants

plants per plot. were not evaluated in the SS-biochar
For the SS-solarized, the chemical results are shown
Characterization of substrates in Table 1. Based on agronomic aspects, SS-solarized

The following physico-hydric and chemical atributeées?mbles anima_l manures S_UCh as from c_attles and
were determined: granulometric fractionation, wet densi§duines both used in large scale in agriculture (Kiehl, 1985).
(WD), dry density (DD), total porosity (TP), aeration space

(AS), available water (W), water retained at 10 kPa Characteristics of substrates
(WRlo)’ water retention capacity (WRC), hydrogenionic The proportion of SS-solarized or SS-biochar utilized
potential (pH) and electrical conductivity (EC). in the mix influenced significantly the physico-hydric and

The wet and dry densities of the substrates wegfemical characteristics of the substrate. In general, there
determined by the self-compacting method described lifya tendency to increase the values of wet density (WD),
Brasil (2007). The granulometric fractionation waglry density (DD), total porosity (TP) and pH, and to
performed with samples of 100 g of air dried substratéecrease the electrical conductivity (EC) with the increase
with a set of sieves (4.76, 2.00, 1.00 and 0.50 mm) couplebthe proportions of SS-solarized (T1 - T5) and SS-biochar
to a mechanical stirreworking for three minute§the  (T6 -T10) in the substratesdlble 2). On the other hand,
variablesTP, AS, WA, WR, andWRC were determined this trend was not detected for the aeration space (EA).
according to De Boodt &erdonck (1972)The pH and CE The tendency of increasing in the values of WD and
values of the substrates were determined in 18D as SS-solarized and SS-biochar increase in the

(substrate:water ratio) according to Brasil (2007). substrates are in agreement with the results obtained in
o ) the characterization of these materials (SS-solarized: WD
Satistical analysis =888.50 kg and DD = 718.80 kg f1SS-biochar: WD =

The data sets obtained in experiments 1 and 2, andd87.52 kg niand DD = 728.24 kg ¥, which indicated
the characterization of the substrates, were evaluated whtigher densities compared to rice husk ash and vermiculite
relation to the normality of their distributions and aboufrice husk ash: WD =385.87 kg*rand DD = 249.12 kg i)
the presence of discrepant values. Each response varialdamiculite: WD = 489.81 kg rand DD = 265.60 kg 1).
was then submitted to analysis of variance and for tho$ée high WD and DD values presented by SS-solarized
variables with significant treatment effect, the Scott-Kno@nd SS-biochar resulted in compacted substrates where
test was applied at a 5% error probability level. these materials are predominant. This is a negative aspect
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in comparison with the commercial substrates (T11 and The highest aeration space (AS = 13.62%) was found in
T12), since the commercial substrates have 22% and 2%l (Table 2), while the lowestS (1.64%) was obtained by
lower DD than substrates with SS-solarized and S3-0, which corresponds to the highest dose of SS-biochar
biochar respectively (60%).According toverdonck & Gabriels (1988), the ideal
The TP was higher in the substrates with SS-solarizeahge foAS is 10 to 15%. For De Boodt\erdonck (1972),
(T1 to T5), value 29% higher than the SS-biochar (T6 tihe idealAS is in the range of 20 to 30%hus, only
T10) and 22% higher than commerciBld andT12 (Table Commercial substrate 1 (T)lpresentedS in considered
2). The TP of substrates with SS-biochar did not diffexdequate byerdonck & Gabriels (1988) &ble 2).
statistically from commercial substrates T11 and T12. The highest pH values were found on substrates with
However substrates with SS-solarized and SS-bioch&0% and 60% SS-solarized (T4 and T5, respectively).
showed, respectivelgTPof 17.84 and 32.81% below the Among the SS-biochar substrates, the highest pH value
reference value of 85%, established by De Boodt &.69 to 8.09) was obtained in T2 to T5 (20% to 50% SS-
Verdonck (1972) anderdonck & Gabriels (1988). solarized) and9 (substrate with 50% SS-biocharafle

Table 1:Inorganic and pathogenic contaminants in SS-solarized samples and maximum limits allowed by current legislation

Parameter SS-solarized CONAMA 375/2006* IN 7/20162
Inorganic contaminants

Arsenic (mg kd) <1.72 41.00 20.00

Barium (mg kd) 246.30 1300.00 -

Cadmium (mg kg) 1.37 39.00 3.00

Lead (mg kd) 26.50 300.00 150.00

Copper (mg kag) 147.80 1500.00 -

Chromium (mg kgd) 85.90 1000.00 500.00

Hexavalent chromium (mg Ky <0.172 - 2.00

Mercury (mg kgd) <0.115 17.00 1.00

Molybdenum (mg kg) 4.37 50.00 -

Nickel (mg kg') 25.90 420.00 70.00

Selenium (mg kg) <1.72 100.00 80.00

Zinc (mg kg?) 963.20 2800.00 -
Pathogenic contaminants

Thermotolerant coliforms (MLN/g de TS) 1.00 < 1.000 1.000

Viable eggs of helminths (n°g @8) <0.25 <0.25 1.00

Salmonella Absence Absence Absence

EntericViruses (g/TS) Absence <0.25 -
Agronomic parameters

pH 6.00

Carbon (%) 35.00

Nitrogen (%) 5.70

Phosphorus (%) 2.40

Potassium (%) 0.49

Calcium (%) 1.60

Magnesium (%) 0.56

Sulphur (%) 0.99

Copper (mg kg) 125.00

Iron (%) 2.30

Manganese (mg Kg 328.00

Sodium (mg kd) 520.00

Aluminum (%) 0.92

Boron (mg kd) 56.00

CTC — Cation exchangeable capacity (mmolkg 556.00

1 CONAMA 375/2006: Resolution No. 375, alugust 29, 2006, defines criteria and procedures for the agricultural use of sewage sludge
generated in sewage treatment plants and their by-proculhis7/2016: Normative Instruction SDNo. 7, ofApril 12, 2016, amends
Annexes IV (maximum limits of contaminants allowed in substrate for plants) of Normative Instruction SDA no. 27, of June 5, 2006; MLN
- Most Likely Number;TS - Total Solids.
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2). The lowest pH values were found in commerciavident when analyzing the WWRvalues of T4 and T5
substrates 1 and 2 (pH =5.24in T11 and pH =5.26 in T18ubstrates (50% and 60% of SS-solarized), since in these
Thus, itis noted that both substrates with SS have highrarbstrates the highest values of \)JRere obtained (Fi-
pH than commercial ones. In addition, a positive correlatiggure 1A). This relationship can be corroborated by the
was found between the increase in the proportion of SBesitive correlation (r = 0.94, p = 0.001) between the
solarized (r=0.88, p = 0.001) and SS-biochar (r = 0.92, grcrease of SS-solarized and \WRn the substrate. The
0.001) and increase in pH of the substrates. Substrasemstrates containing SS-solarized presented, in general,
having pH below 5.0 may cause deficiencies of nutrients content of WR  on average 39% higher than the
such as nitrogen, potassium, calcium, magnesium asdbstrates with SS-biochar and 54% higher than the
boron; on the other hand, deficiencies in phosphoruspmmercial ones.
iron, manganese, zinc and copper may happen in thoseln general, the formulated substrates presented low
with pH values above 6.5 @léri & Corradini, 2000). In percentages of particles larger than 4.76 mm (Figure
this study the substrates based on SS-solarized and SIB). On the other hand, expressive differences were
biochar presented an average pH of 7.64, being classifiegrified in relation to particles lower than 0.50 mm, so
in the second case. that the substrates composed by the lower
The highest EC values were found on the substratesncentrations of SS-solarized (T1, T2 and T3) and SS-
T1toT7(1,230.88S cm*to 1,629.67uS cm?), followed by  biochar (T6, T7, T8 and T9) formed the two highest
substrates SS-biochar (T8 to T10) and commercial Thercentage groups (Figure 1B).
(Table 2), respectivelihe lowest EC value was found on ~ Only the substrates T4, T5, T9 and T10 showed
the substrate T12 (309.uS$ cm?). The highest percentage granulometry similar to the commercial substrates. The
of available water (W= 20%) was presented B9 (50% main granulometric differences of the substrates are
SS-biochar) (Figure 1A), remaining at the lower limit ofverified in the granulometric bands between 4.76 and 2.00
the range of 20% to 30% adopted as a reference by Ben and less than 0.50 mm. There was an increase in
Boodt &Verdonck (1972). particles between 4.76 and 2.00 mm as the proportions of
The substrates with 50% and 60% of SS-solarized (T3IS were increased in substrates, while lower particles than
andT5) had the lowestVA values (6.93% and 7.13%, 0.50 mm in substrates formed by lower amounts of SS
respectively) (Figure 1A), a result that may be related {golarized and biochar) were due to the greater proportion
the higher water retention capacity (WRC) from SSef rice husk ash, which has 86% of particles within this
solarized when compared to SS-biochHris fact is grain size range.

Table 2: Wet Density (WD), Dry Density (DD)Total Porosity (TP)Aeration Space (AS), Hydrogenionic potential (pH) and
Electrical Conductivity (EC) of different substrates with sewage sludge (SS): SS-solarized (T1 to T5), SS-biochad (T6 to T10); and
two commercial substrates (T11 and T12)

Physico-hydric characteristics Chemical Characteristics

Treatments* WD DD TP AS EC

kg ¥ % PH uS cmt?
T1 667.84 c 508.78 e 63.04 a 8.37b 7.01lc 1,629.67 a
T2 647.93d 505.61 e 67.81 a 9.30 b 7.69a 1,577.67 a
T3 696.75 ¢ 534.61d 67.55 a 5.67c 7.87a 1,230.83 a
T4 733.19b 570.61 b 68.75 a 2.82d 8.09a 1,240.67 a
T5 816.73 a 614.71 a 68.63 a 5.02c¢ 8.01a 1,431.67 a
T6 689.04 c 535.73d 50.36 b 2.07e 7.37Db 1,532.33 a
T7 705.05c¢ 555.03 ¢ 52.82 b 3.29d 7.53b 1,332.67 a
T8 695.15 ¢ 561.37 ¢ 54.07 b 5.72c¢ 7.61b 930.83 b
T9 720.45 b 585.24 b 53.53 b 1.75e 7.70 a 999.07 b
T10 799.96 a 617.45 a 50.16 b 1.64 e 755D 1,040.20 b
T11 630.92d 440.64 f 55.33 b 13.62 a 5.24d 805.33 b
T12 576.21 e 406.22 g 54.48 b 6.36 C 5.26d 309.10 ¢
CV (%) 2.15 2.02 7.36 13.23 2.77 20.97

1 Means followed by the same lowercase letter in the column belong to the same group by the Scott-Knott test at 5% error piebability
20% SS solarized (SS sol) + 40% vermiculite (VER) + 40% rice husk ash (RHA); T2- 30% SS sol + 35% VER + 35% RHA; T3- 40% SS sol
+ 30% VER + 30% RHA; T4- 50% SS sol + 25% VER + 25% RHA; T5- 60% SS sol + 20% VER + 20% RHA; T6- 20% biochar SS (Bioc
SS) + 40% VER + 40% RHA; T7- 30% Bioc SS + 35% VER + 35% RHA; T8- 40% Bioc SS + 30% VER + 30% RHA; T9- 50% Bioc SS +
25% VER + 25% RHA; T10- 60% Bioc SS + 20% VER 20% RHA; T11- commercial substrate 1; T12- commercial substrate 2.
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There were significant differences between th&1, with the lowest proportion of SS-solarized (20%), did
studied substrates in relation to the water retention st differ from SS-biochar and commercial substrates (Fi-
the tensions of O, 1, 5 and 10 kPa (Figure ¥E)Xhe gure 1D), indicating that the SS-solarized increased the
tensions of 0 and 1 kPa, the substrates composed withter retention of the substrates, even in comparison to
SS-solarized presented greater water retention. Howeveommercial substrates. Data from literature suggest that
in the higher tensions (5 and 10 kPa), only the substrat@8C1 between 20 and 80% is ideal for substrates to
with higher proportions of SS-solarized (T3, T4 and T5)yegetables (De Boodt &erdonck, 1972Verdonck &
formed the group of highest water retention (Figure 1Clabriels, 1988), confirming that the studied substrates are
Thus, introducing SS in substrates clearly increase theiithin the ideal values for this variable.

WRC.

In relation to water retention capacity at 1 kPa (WRC1), Experiment 1 - Lettuce (Lactuca sativa L.)
it was observed that SS-solarized at proportions of 30, 40, The plant height of lettuce had a significant response
50 and 60% (T2, T3, T4 and T5, respectively) formed the the substrates, and three response groups were formed
group of substrates with the highest WRC1, differingTable 3).The group with highest plants was formed by
significantly from the other treatments (Figure 1D). Th&6,T7 andl 10, composed of 20, 30 and 60% of SS-bigchar

70 -
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Figure 1:Water available (W) and remaining water (WR) (A), grain size (B), water retention curve (C) and water retention capacity

at 10cm water column (WRC10cm), in substrates with SS solarized, biochar SS and commercial. * Means followed by the same
lowercase letter in the column belong to the sama group by the Scott-Knott test at 5% error prddalddi§s SS solarized (SS

sol) + 40% vermiculite (VER) + 40% rice husk ash (RHA); T2- 30% SS sol + 35% VER + 35% RHA; T3- 40% SS sol + 30% VER

+ 30% RHA,; T4- 50% SS sol + 25% VER + 25% RHA; T5- 60% SS sol + 20% VER + 20% RHA; T6- 20% biochar SS (Bioc SS) +
40% VER + 40% RHA; T7- 30% Bioc SS + 35% VER + 35% RHA; T8- 40% Bioc SS + 30% VER + 30% RHA; T9- 50% Bioc SS

+ 25% VER + 25% RHA; T10- 60% Bioc SS + 20% VER 20% RHA; T11- commercial substrate 1; T12- commercial substrate 2.
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Table 3:Plant height, plant dry mass, root dry mass, total chlorophyll and total leaf area of lettuce seedlings gréenemirsdiistrates (Experiment 1). Plant height, plant dry mass and rd
dry mass of black wattle seedlings grown on different substrates (Experiment 2)

Experiment 1 - Lettuce Experiment 2 — Black wattle —
Treatments 1! Plant height Plant dry mass Root dry mass Clorofila Total leaf Plant height Plant dry Root dry
(cm) (9) (9) total area (cn?) (cm) mass (g) mass (g)

T1 6.798 b 0.154 c 0.025¢c 12.749ns 28.141 ¢ 14.500" 1.480 a 0.265 a
T2 5.181b 0.104 c 0.020 ¢ 12.750 22.330c 5.553 0.328 b 0.022 b
T3 1.494c 0.007 d 0.001d - 4.001d - - -

T4 1.096 ¢ 0.003 d 0.001d - 2.543d 7.167 0.560 b 0.167 b
T5 0.958 ¢ 0.003 d 0.001d - 1.256d 5.000 0.150 b 0.006 b
T6 10.554 a 0.589 a 0.118 a 13.346 86.806 a 5.167 0.417 b 0.093 b
T7 9.717 a 0.413 b 0.071b 12.997 63.885 b 4.333 0.201 b 0.033b
T8 6.190 b 0.200 c 0.037 ¢ 12.298 40.222 b 5.667 1.353 a 0.350 a
T9 5.574 b 0.162 c 0.024 c 12.494 21.492 c 10.000 1.240 a 0.343 a
T10 10.030 a 0.343 b 0.054 b 12.886 50.453 b 5.833 0.367 b 0.123 b
T11 10.359 a 0.430b 0.077b 13.008 54.504 b 5.611 0.440 b 0.090 b
T12 8.480 a 0.311b 0.080 b 12.595 49.813 b 7.311 0.843 a 0.217 a
CV (%) 26.37 41.13 39.08 3.74 43.49 52.65 78.7 87.11

1 Means followed by the same lowercase letter in the column belong to the same group by the Scott-Knott test at 5% error Plel2@fitysS solarized (SS sol) + 40% vermiculite (VER) + 40% rice
husk ash (RHA); T2- 30% SS sol + 35% VER + 35% RHA; T3- 40% SS sol + 30% VER + 30% RHA; T4- 50% SS sol + 25% VER + 25% RHA; T5- 60% SS sol + 20% VER + 20% RHA; T6- 209
SS (Bioc SS) + 40% VER + 40% RHA; T7- 30% Bioc SS + 35% VER + 35% RHA; T8- 40% Bioc SS + 30% VER + 30% RHA; T9- 50% Bioc SS + 25% VER + 25% RHA; T10- 60% Bioc SS + 2(
20% RHA; T11- commercial substrate 1; T12- commercial substrate 2.
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respectivelyas well as commercial substrates{Bhd deficiency and less gas exchange in the root system, as
T12). On the other hand, the plants submitted to tipserved in the lettuce crop. This decrease in gas
substrates with the highest proportions of SS-solarizékchange is aggravated by the fact that black wattle
(T3, T4 and T5) had the lowest heights. seedlings are produced in plastic tubes, which are

In relation to the dry mass of aboveground parts (PDMnpermeable and therefore avoid the connection of
and dry mass of roots (RDM), there was an identical effegubstrates with the free air environment.
of the substrates on these variablesb(& 3), occurring ) . .
four distinct groups for the two variables. The highest PhyS|C0?hydr.|C character|§t|gs Versus
mass resulted from T6, the lower concentration of ssMorphophysiological characteristics of leftuce
biochar The substrate$7 andT10, containing 30 and and black wattle
60% SS-biocharespectivelytogether with commercial In general, the substrates formulated with SS-biochar
substrates 1 and 2 (T11 and T12) also resulted in higiave shown similar results to commercial substrates in
PDM and RDM, being lower only to T6 treatment. On théhe production of lettuce and black wattle seedlingbl@
other hand, treatments with SS-solarized, especially T3). On the other hand, substrates containing SS-solarized
T4 and T5, resulted in lower values of PDM and RDMnave shown a poorer performance than others, particularly
among the evaluated substrates. with the greater proportions of this material.

The total leaf area was significantly influenced by the Correlation analysis indicates that the physico-hydric
substrates, with the formation of four response groupgrameters that best explain the growth of lettuce seedlings
(Table 3).The lagest leaf area was presented by thareTR WA, WR,  andWRC.This means that, for lettuce,
smallest amount of SS-biochar (TBJter T6, the better physical aspects of substrates are of major importance
performance resulted from the commercial substrates addring the early crop development days. It was observed
T7, T8 andT10, with 30, 40 and 60% of SS-biocharthat higher average valuesid} WRC andV/R,,, verified
respectively On the other hand, the substrates tham the substrates composed with SS-solarized, are related
resulted in the smallest leaf areas were those with tkethe worse performance of these substrates.
highest proportions of SS-solarized (T3, T4 and T5). For The pore diameter distribution and the macro and
total chlorophyll, there was no significant differencegnicropores affect the physico-hydric characteristics of a
among all the substrates. substrate, so that it can retain more or less whtehe

In general, SS-solarized resulted in plants with lowetase of SS-solarized, it probably promotes the micropores
performance than SS-biochar for lettuce seedlingdd these are occupied in greater proportion by water
production (Bble 3).This fact is possibly related to the but in unavailable form for plants, being the main reason
higher content of WR  presented by SS-solarizedthat the material showed a high WRC (Figure 1C and Fi-
substrates (Figure 1A), being on average 39% higher thawre 1D).

SS-biochar substrates, which caused water excess andln addition to the higher WRC presented by substrates
therefore deficiency of root aeration. with SS-solarized, results froAR,  (Figure 1A) indicate

This water excess was possibly aggravated by titat this water portion is harder to be accessed by plants.
production system of seedlings (floating). Consideringherefore, the values WA were low and those ®¥R, |
that in the floating system the trays are suspended invgre high in these substrates. This condition result in
water table, water is largely availablefor plants. In floatinglant stress due to lack of aeration, and certainly
systems it is strongely important to have substrates wigentributed to the fact that the substrates composed of
high macroporosity and water free pores, to ensure g&§-solarized, especially in the higher proportions, have

exchange in the plant root system zone. provided the worst conditions for lettuce plants
. ) development.
Experiment 2 - Black wattle (Acacia decurrens) In the production of eucalyptus seedlings, Caldeira

In the black wattle cropping, there was no significargt al (2013) observed in substrates with different do-
effect of the studied substrates on plant heighbl@ 3). ses of SS-solarized and vermiculite (100:0, 80:20, 60:40,
On the other hand, for PDM and RDM, the substrates T40:60 and 20:80) that higher microporosity were
T8, T9 and T12 presented the largest mean values faresented by substrates with higher doses of SS-
both PDM and RDM variables. The low biomassolarized and, consequentlglso increasedVRC.
production of black wattle crop on T2, T3, T4 and TS hese results are similar to those obtained in the present
substrates, based on SS-solarized, is probably relatedstady According to De Boodt &erdonck (1972), itis
the high WRC of the SS-solarized. essential that the substrate retain water in an energy

This high WRC provided by SS-solarized is related tetate as low as possible to the plants, in addition to
the high WR content (Figure 1A), causing an oxygensufficient air in the root zone. Howevesome stress
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symptoms due to water excess and lack of oxygen {Nascimentcet al, 2014) and the preconcept regarding
pores of substrates with SS-solarized were identified the use of SS in agriculture.
the two evaluated species. However biochar produced from SS, when mixed with
The significant correlation observed between totalther materials that complement its chemical and especially
chlorophyll from lettuce plants and physico-hydricphysical characteristics, has proved to become a viable
parameters (TRVA, WR,  andWRC), indicates that the alternative. From efficiency aspects, SS-biochar was su-
balance of macro and micropores from substrates playerior to SS-solarized and similar to commercial substrates.
an important role in water availability and root aerationn addition, it can be considered a safe material because
Lettuce seedlings are more sensitive during the eardyter the pyrolysis process, the pathogenic contaminants
stages of life, and a substantial part of water was nate eliminated (Agrafiott al, 2013; Liuet al, 2014) as
available to plants because of its stronger state wkll as a waste recycling process.
retention and, at the same time, this water occupied most Although the results indicate that several proposed
of the pores, causing lack of aeration. Lenleaial (2010) substrates have achieved similar performance and even
reported a reduction in chlorophyll concentration in leavdsgher than the commercials tested, further studies should
of several species as a consequence of oxygen restricibesconducted. There is a need to test new combinations
caused by inadequate substrate pore volume distributisiith other materials and/or proportions of the same
or soil flooding. materials, since some chemical and physical parameters
The two evaluated species had different responses(fiH, WD, DD, TP, AS andWA) did not reach the values
the substrates éble 3).The lettuce crop showed to beconsidered ideal by the literature, indicating that the
more sensitive to the different formulations, with theesults obtained in the present study could be maximized
formation of several groups of response of the growibr extended to a greater number of species.
variables to the tested substrates, being able
differentiate substrates with bettaimilar or inferior 8ONCLUSIONS
performance to the commercial ones. Black wattle The biochar made from sewage sludge is more
presented at most two response groups, one with simigffective in comparison to the solarized sewage sludge as
performance and other poorer than the commercig@mponent of substrates for the studied species;
substrates. These results can be related to several aspectsthe formulated substrate composed by 20% sewage
such as the great difference of rusticity between specigfudge biochar40% vermiculite and 40% rice husk ash
For example, tolerance to water stress, which is high gresented better performance among the studied
black wattle and small in lettuce (Attiasal, 2013) may substrates:;

explain most of the effects on the morphophysiological - gqarized sewage sludge increases the water retention

variables of the evaluated plants. capacity of the substrates, but negatively affects the

The different responses obtained in the two Specigg,elopment of lettuce and black wattle seedlings.
show the importance of performing multispecies studies
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