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ABSTRACT

The agricultural use of waste products represents an interesting alternative for nutrient
cycling. Biodigested vinasse, the final waste product of vinasse biodigestion and biogas
production, can be reused for agricultural purposes. The present work sought to quantify the
shoot dry mass production of lettuce plants, as well as foliar nitrogen, phosphorus and
potassium content following the application of biodigested vinasse on soil. Biodigested
vinasse was produced from anaerobic vinasse digestion, using anaerobic sludge as a source of
microorganisms. The treatments, with four replications in entirely randomized design,
consisted of anaerobic sludge from a gelatin factory, vinasse in natura, biodigested vinasse
and a control treatment. The experiment was conducted over 45 days using 5 L vases and
applying a dose equivalent to 150 m* ha™. Lettuce treated with biodigested vinasse showed
higher shoot dry mass production and higher accumulation of nitrogen, phosphorus and
potassium in its leaves than that treated with vinasse in natura.

Keywords: biomass, Lactuca sativa, nutrients, residue, stillage, wastewater.
Reciclagem agricola de vinhaca biodigerida para producao de alface

RESUMO

O uso agricola de residuos é uma alternativa interessante para ciclagem de nutrientes. A
vinhaca biodigerida, gerada ap6s o processo de sua biodigestdo e producdo de biogas, permite
0 reuso agricola. O presente trabalho quantificou a producéo de massa seca da parte aérea em
plantas de alface, assim como o acumulo foliar de nitrogénio, fosforo e potéassio apds
aplicacdo de vinhaca biodigerida no solo. Os tratamentos, com quatro repeticdes em um
delineamento inteiramente casualizado, utilizaram lodo anaerdbio de industria de gelatina,
vinhaca in natura, vinhaga biodigerida, além de tratamento testemunha. Foi aplicada a dose
equivalente a 150 m® ha™ em vasos com capacidade para 5 L, sendo o experimento conduzido
por 45 dias nos vasos. A vinhaca biodigerida foi produzida a partir da biodigestdo anaerobia
de vinhaca, utilizando lodo anaerdbio de industria de gelatina como fonte de
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micro-organismos. Tratamentos com vinhaca biodigerida demonstraram melhores indices de
producdo de massa seca da parte aérea e acimulo de nitrogénio, fosforo e potassio em folhas
do que tratamentos utilizando vinhaga in natura.

Palavras-chave: agua residuaria, biomassa, Lactuca sativa, nutrientes, residuo, vinhoto.

1. INTRODUCTION

In Brazil, the most common final use of vinasse is in crop fertigation, where it is used to
meet potassium fertilization requirements and to contribute other essential nutrients. Biogas
production has emerged as an additional alternative use of vinasse, with a dual purpose:
bioenergy production and production of a waste with fertilization potential.

The beneficial effects of vinasse in agricultural crops are already well known, and studies
on vinasse biodigestion have already been performed by several authors, among them Cabello
et al. (2009) and Szymanski et al. (2010).

Vinasse biodigestion requires sources of microorganisms for inoculation, such as sludge.
The benefits of sludge were evaluated by Chiba (2005), applying 16 t ha™ of sewage sludge to
ratoon cane, in combination with nitrogen fertilizer. The conclusion was that sludge can
replace 100% of nitrogen fertilizer, thus emphasizing the usefulness of sludge in agriculture.
In a study by Almeida et al. (2012), the addition of sewage sludge as fertilizer in soil
increased the concentrations of Fe, Zn, Cu, K, P and organic matter in the soil, favoring the
growth of lettuce plants.

Barros et al. (2011) studied the soil application of biosolids treated anaerobically in a
UASB (Upflow Anaerobic Sludge Blanket) reactor, and observed an increase in
macronutrient levels in the shoot of plants and in the dry matter in corn plants. Moreover,
Gajdos et al. (2012) also observed the positive effects of the application of biofertilizers on
corn and sunflower dry matter nutrition and production.

Lettuce is a short-cycle annual vegetable, with large leaves and rapid growth. It adapts
best to lower temperatures, requiring wide temperature variations and high relative humidity
(Cermefio, 1990). According to Simeoni et al. (1984), rapid-growth leafy plants such as
lettuce tend to accumulate more metals than grains, leguminous grasses and vegetable crops;
however, phosphorus and potassium deficiency can reduce lettuce plant growth
(Gadelha et al., 2003). Santos et al. (2010) observed improved performance in crop
physiological attributes such as photosynthesis, transpiration, carboxylation efficiency and
chlorophyll levels in treatments with higher doses of vinasse in a basic mixture as substrate.

Faced with the lack of works evaluating the effects of biodigested vinasse in agricultural
crops, the objective of the present work was to assess its effect in dry matter production and
accumulation of nitrogen, phosphorus and potassium in lettuce plants.

2. MATERIAL AND METHODS

The experiment was conducted in a greenhouse located at 23° 25” S, 51° 57° W, elevation
542 m. The soil used was Dystrophic Red Latosol (EMBRAPA, 2006) collected at an
agricultural area located in Iguatemi - PR, at the 0 and 20 cm depths.

The soil is derived from Caiua sandstone, and usually occurs in the toposequence
associations with Ultisols and Entisols (EMBRAPA, 2006). The mineralogy of this soil is
dominated by quartz in the sand fraction and by kaolinite and hematite in the clay fraction.
Other minerals detected by x-ray diffraction include muscovite and anatase in the sand
fraction and maghemite and gibbsite in the clay fraction (Souza Junior et al., 2010).

The soil was crushed and sieved through 2 mm mesh screens. The soil was then
transferred to a 5 L flask. The soil was later chemically characterized and the calcium,
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magnesium and aluminum contents were extracted with KCI 1 mol L™; phosphorus and
potassium were extracted by Mehlich 1; hydrogen and aluminum were extracted by the SMP
method; and carbon was extracted by the Walkley & Black method. The methods are
described in EMBRAPA (2009). The results can be seen in Table 1.

After the characterization, the soil received dolomitic limestone in order to reach 70%
base saturation, based on data from the initial chemical analysis (Table 1). A total of
2.59 t ha* dolomitic limestone with 85% TNRP was required for soil correction.

Table 1. Particle size and chemical
attributes of the Dystrophic Red Latosol.

Parameter Result
pH (CaCl,) 4.3
Ca”* (cmol, dm™) 0.77
Mg®* (cmol, dm™) 0.33
K* (cmol, dm?®) 0.15
SB (cmol, dm™) 1.25
CEC (cmol, dm™) 4.93
P (mg dm™) 2.2
C (gdm?) 4.99
N (g kg™ 0.6
Sand (g kg™) 670
Silt (g kg™) 10
Clay (g kg™ 320
Silt / Clay Ratio 0.031

Note: Ca, Mg — extracted with KCI 1mol L?, P,
K — extracted with Mehlich 1, C - method
Walkley & Black (EMBRAPA, 2009); SB — sum
of bases; CEC — cation exchange capacity.

The initial biodigested material consisted of a mixture of 80% vinasse from an ethanol
plant and 20% liquid anaerobic sludge from a gelatin factory, both located in the region of
Maringa-PR. The sludge was used as source of microorganisms for anaerobic vinasse
biodigestion. The materials were kept in sealed Erlenmeyer flasks. Biodigestion took place for
20 days, at 30° C and continuous agitation at 150 rpm, using an agitator under controlled
temperature. Later, the sludge, vinasse and biodigested vinasse were chemically characterized
and the Ca and Mg were extracted with KCI 1 mol L™, P and K were extracted with Mehlich
1, and the Walkley & Black method was used to determine C (EMBRAPA, 2009).

No chemical fertilizers were added to the soil for lettuce cultivation — only biodigested
vinasse. Following fertigation, there was a 30-day incubation period before transplanting the
seedlings of iceberg lettuce (Lactuca sativa), produced in Styrofoam trays with an organic
substrate made from pine bark. The 30-day-old seedlings were then transplanted, one per
vase, and grown for 45 days under daily irrigation.

The experimental design chosen was entirely randomized, with four replications. The
vinasse dosage used was 375 mL, equivalent to 150 m* ha™. Four treatments were tested: a
control, vinasse, sludge and biodigested vinasse. The treatment with sludge sought to evaluate
the sludge’s ability to improve crop production, given that biodigested vinasse included
20% sludge in its formation.
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After 45 days of cultivation, the plants were harvested and the shoot dry mass was
determined. To that end, the material was cleansed in running water to remove rough and
undesired materials, and then stored in pre-weighed paper bags. The material was then taken
to a forced-air oven at 60-70° C, until constant weight. Next, the paper bags were transferred
to a desiccator until completely cooled, followed by weighing of the dry mass of the shoot.

Chemical analyses were conducted on the leaves in order to quantify the nitrogen (N),
phosphorus (P) and potassium (K) contents according to the methodology proposed by
Malavolta (1997). After being oven-dried at 60-70° C, the leaves were ground by passing all
materials through a 2 mm mesh sieve. Total nitrogen was determined by the classic Kjeldahl
method, phosphorus and potassium were determined by UV/Vis and atomic absorption
spectrophotometry of the extracts of the nitro-prechloric digestion, respectively.

The results were statistically analyzed using SAS software (SAS, 1999). Means were
compared using Tukey’s test, at a 5% significance level. Multiple regression analyses for
estimating dry matter yield of shoot in the treatments was performed using the Stepwise
routine of SAS software (SAS, 1999), at a 5% significance level.

3. RESULTS AND DISCUSSION

The chemical attributes and major nutrients added to the soil by the different wastes are
shown in Table 2.

Table 2. Values of pH and nutrient content of the wastes to be added to the

soil.

Parameter s' V! BV"
pH (H,0) 7.00 5.02 6.74
Organic Matter (g L™ 1) 49.64 26.80 3.55
N(gL 1) 7.00 2.38 1.26
C/N Ratio 4:1 6:1 2:1

CaO(mgL™ 9 3153 2823 2218
MgO (mg L~ %) 345 1616 1296
K,O(mgL™ 1) 853 3927 3640
P,Os (mgL™ %) 796.0 127.3 199.0

Note: ' Sludge; " Vinasse; "' Biodigested vinasse
Ca, Mg — extracted with KCI 1 mol L, P, K — extracted with Mehlich 1, C - method
Walkley & Black (EMBRAPA, 2009).

The nutrients present in the biodigested vinasse treatment (Table 2) do not correspond to
the sum of 80% vinasse plus 20% sludge, thus evidencing that the presence of sludge in the
mixture was important for the positive and significant response in the treatments with sludge
or biodigested vinasse.

The relatively high losses of C and N during the mineralization of the combination of
sludge + vinasse were compensated by very high accumulation of phosphate and potassium
and the other secondary macronutrients (CaO, MgO).

A reduction in nutrient levels and in the C/N ratio can be observed in biodigested vinasse
compared to vinasse in natura and sludge. This is due mainly to the hydrolysis reactions that
took place in the first stage of the anaerobic processes, in which the nutrients are hydrolyzed
and solubilized. When water passes through the mass of solid organic waste, it carries
dissolved nutrients along with it by lixiviation, thus decreasing their levels after biodigestion.
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Organic materials with a lower C/N ratio lead to faster nutrient release (Kiehl, 1998),
providing better growth conditions for short-cycle plants, as in the case of lettuce, and can
increase moisture retention (Aradjo et al., 2008).

There were statistically significant differences (p < 0.05) in the biomass production from
the shoots when comparing the treatments.

The accumulation of biomass from the lettuce plant shoots subjected to the treatment
with added sludge (Table 3) showed the best results for the dry mass productions from the
shoot. The high shoot yield in the sludge treatment is due to the superior balance in the
chemical attributes of that waste compared to the others (Table 2). The incorporation of
organic waste added high levels of nutrients (N, P, K, Ca and Mg) to the soil, complexed to
the organic forms of the wastes and available for absorption by the root system of lettuce
plants (Lopes et al., 2005). These complexes, barely found in the original soil, doubled shoot
yield compared to the control treatment.

The biodigested vinasse resulted in significantly positive (p < 0.05) increases in dry mass
shoot (DMS) production as it improved vinasse chemical attributes, providing nutrients,
balancing existing biological activity and reducing the impact of salinity of that waste
product, which is rich in potassium and other salts (Table 2).

Following the anaerobic digestion of cattle manure, Costa et al. (2006) observed positive
interactions on fresh phytomass of the shoot with the use of biofertilizers in the production of
two lettuce cultivars.

Ortega e Cazetta (2011), recommend biodigested vinasse concentrate for sugarcane crops
as it showed no significant differences in plant growth compared to vinasse in natura.

Franklin (2004) observed that differences in the treatment systems, such as the
stabilization procedure used, percentages of N-NO3 and N-NH,", and method of application
to the soil (dry, moist), affect the percentage of available N.

Notwithstanding this, the dry mass values are lower than those found by some authors
(Martins et al., 2009; Lopes et al., 2005); however, the growing season (warm months)
justifies the low yield (Viggiano, 1990). The intense heat particularly affected the control
treatment, which featured approximately half the values of the sludge and biodigested vinasse
treatments.

The positive response in dry matter production in the shoot of lettuce plants grown with
biodigested vinasse, when compared to control treatment and vinasse in natura, is related to
the process of biodigestion undergone in vinasse. The active microorganisms in the
biodigestion process make nutrients more easily absorbable for plants. In the anaerobic
biodigestion of goat waste, Orrico et al. (2011) observed that increasing the amount of
concentrate in the animal diet resulted in more absorbable substrates after anaerobic
biodigestion, which favored the development of anaerobic microorganisms, thus facilitating
the reduction of organic material and biogas production.

With regard to the accumulation of nitrogen, phosphorus and potassium in lettuce leaves,
significant differences (p < 0.05) were observed resulting from the application of waste on
soil (Table 3). The biodigested vinasse treatment significantly favored the accumulation of
nitrogen, phosphorus and potassium compared to the other treatments.

The treatment with biodigested vinasse showed significantly higher levels of N, P and K
in the plant leaves (Table 3). With the exception of phosphorus, the treatment with added
vinasse in natura in soil showed significantly higher amounts of nitrogen and potassium than
treatments with added sludge. The control treatment showed the smallest values for all
nutrients, but was statistically similar (p < 0.05) for nitrogen levels when compared to the
treatment with sludge, and resulted in the lowest nutrient levels in the shoot of plants.
Therefore, it was not the amount of nitrogen added to the soil via sludge, but rather the
amounts of the other nutrients (phosphorus, potassium, calcium and magnesium), biological
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activity and various forms of N that determined the significant differences (Table 3) in DMS
yield when compared to the control treatment.

Table 3. Biomass from lettuce plant shoots and accumulation of nitrogen (N), phosphorus (P) and
potassium (K).

Treatment Shoot N P K
g plant™ g kg™
Sludge 5.86 +0.80" a 16.68 +0.32" ¢ 1.90 #0.01°b  19.97+0.12"¢c
Vinasse in natura 4.75+0.17 ¢ 24.26 +0.28" b 1.80£0.02° ¢ 23.87+0.16 b
Biodigested vinasse 5.25+0.04 b 51.17 +0.37" a 2.13+0.02°a 24.53+0.06" a
Control 2.66 +0.49" d 16.14 +0.15" ¢ 1.64£0.02°d  15.57 +0.55 d

Note: ~ Average value + standard deviation.
Letters in the same column mean significant difference (p <0.05) among treatments.

The amount of absorbed nitrogen, phosphorus and potassium were smaller than the
values observed in the literature (Martins et al., 2009; Almeida Janior et al., 2011) due to the
warmer conditions as observed previously (Viggiano, 1990).

Higher values of P and K in the leaves of lettuce fertilized with organic compounds were
observed by Rodrigues and Casali (1998), and by Garcia-Martinez et al. (2009) in tomato
cultivation. Camilotti et al. (2006) determined that sewage sludge as a source of N and vinasse
as a source of K were efficient sources of these minerals, and resulted in increased yields and
higher industrial quality of third and fourth ratoon cane.

The low C/N ratio of all waste treatments might have contributed to better nutrient
accumulation, smaller than 18:1 (Kiehl, 1998).

Thus, biodigested vinasse, which contains sludge and vinasse in its composition,
significantly contributes as a source of N from sludge, and P and K from vinasse.

Multiple regression analyses were performed for the variable DMS regarding the
different chemical attributes of the soil and plants, in selected treatment clusters (Table 4),
using the Stepwise routine of SAS software (SAS, 1999). Potassium was the only dependent
variable chooser when the multiple regression equation considered the control x vinasse X
biodigested vinasse treatments. For the control x sludge treatments, however, no independent
variable contributed to DMS at a 5% probability level. When the vinasse x biodigested
vinasse treatments were used, the independent variable CEC was positively correlated to the
DMS.

The multiple regression equations confirmed previous observations, demonstrating that
the contribution of vinasse to soil potassium levels was essential for DMS accumulation
(Camilotti et al., 2006). With regard to the mixture of vinasse and sludge, the greater
contribution comes from sludge, which might have favored the accumulation of organic
colloids and significantly increased soil CEC, and consequently DMS yield (Kiehl, 1998).

Table 4. Multiple regression analyses for estimating dry matter yield of shoot in the treatments.

Treatments considered Equation R2 P
Control x V x BV Y =-1.59999 + 0.2728 * K folha 0.94 <0.0001
Control x S There was no equation Not significant
V x BV Y =-3.56524 + 0.0029 * CEC 0.92 0.0002

Note: V = vinasse; BV = Biodigested vinasse.
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4. CONCLUSIONS

The absorption of the nutrients nitrogen, phosphorus and potassium in lettuce leaves was
significantly greater in the treatment with biodigested vinasse. In the sludge treatment,
nitrogen levels in the plants were statistically equal to the control treatment, despite greater
DMS vyield. Phosphorus and potassium accumulated in the leaves were determining factors
for DMS production.
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