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Composted slaughterhouse sludge as a substitute for chemical fertilizers in the cultures
of lettuce (Lactuca sativa L.) and radish (Raphanus sativus L.)

José Juscelino de OLIVEIRA™, Gabriel Ollé DALMAZO? Tania Beatriz Gamboa Aratjo MORSELLP,
Vanderleia Fatima da Silva de OLIVEIRA*, Luciara Bilhalva CORREAS, Leonardo NORA?, Erico Kunde CORREAS

Abstract

Flotation sludge (FS) is produced in huge amounts at slaughterhouses in western Santa Catarina, Brazil. This waste is rich in plant
nutrients and a valuable resource for soil amendments. Five FS composts were tested as a replacement for chemical fertilizers
(QF), namely T1 (75% poultry manure (PM) and 25% sawdust (SD)); T2 (50% PM and 50% SD); T3 (25% PM and 75% SD);
T4 (100% PM and 0% SD); and T5 (0% PM x 100% SD). For lettuce plants, treatments containing composted FS resulted in
an increased number of leaves, leaf area and leaf fresh weight (LFW). T1 presented the best results with increases of 1.4 fold
in LFW compared to plants supplemented with QF. T2 was the most effective treatment for radish with the best results of root
fresh weight and root diameter. Although T4 had the highest nitrogen content, it did not present the best results in growth
performance for lettuce or radish. The presence of higher proportions of SD in composts (25% for lettuce and 50% for radish)
improved the physical characteristics of the soil and proved to be a more balanced compost.

Keywords: biosolid; organic compost; poultry manure; sawdust; flotation sludge.

Practical Application: Floatation sludge successfully replaced chemical fertilizers in the cultures of lettuce and radish.

1 Introduction

One of the major challenges facing modern agriculture is
to develop sustainable production systems that can produce
enough quality food without compromising environmental
resources (Ahlburg et al., 2013). The region located in western
Santa Catarina state (southern Brazil) is known for its high
concentration of pig and broiler chicken farms and abattoirs,
where 10.8 million pigs and 1.7 billion broiler chickens were
slaughtered in 2015. Due to these quantities, Santa Catarina is
ranked as the largest agro-industrial complex in South America.

Abattoirs treat the water used in the production line by
flocculation and flotation process, resulting in a protein rich
(flocculated) and fat rich (flotation) sludge. Average sized
abattoirs are estimated to produce approximately 80,000 kg of
waste (slaughterhouse sludge) per day (2013 data), which must
be stabilized. Given such huge volumes, composting becomes
the process of choice, due to low technological demands and
reduced costs. However, slaughterhouse sludge is periodically
disposed in landfills because of the huge amounts, consequently
becoming an environmental threat. This type of waste is of a
valuable resource, since it can be stabilized by composting and
become nutrient-rich fertilizers.

Technical feasibility of organic fertilization can be evaluated
with the help of growth performance experiments, where plant
development standards respond to different organic fertilizers
(Klerkx et al., 2012). In this context, lettuce (Lactuca sativa L.)

and radish (Raphanus sativus L.) figure as good models for
growth performance studies. Lettuce is known for its high
nutrient demands and presents satisfactory responses to organic
fertilization (Brasil et al., 2007). Likewise, radish is a short-cycle
crop and demands high amounts of nutrients in order to complete
its life cycle (Linhares et al., 2010).

Organic fertilization is particularly interesting in the case
of vegetable production in western Santa Catarina, which is
practically comprised of small properties (< 10 ha) that rely on
family workforce. The increasing costs of chemical fertilizers
is another reason to adopt the use of organic fertilization
(Montemurro et al., 2015).

Despite the increasing incentives for the adoption of organic
fertilizers, little information is available regarding the growth
performance of vegetables when submitted to fertilization with
composts obtained from slaughterhouse sludge. The objective
of the present study was to evaluate the growth performance of
lettuce and radish plants supplemented with floatation sludge
compost (originated from swine and chicken slaughterhouses),
composted with different proportions of bulking agents (poultry
manure and sawdust). The specific objectives were: i) to determine
which compost allows better vegetative performance for lettuce
and radish; ii) to evaluate the agronomic responses of lettuce
(aerial parts) and radish (roots); iii) to evaluate the nutrient
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intake of the cultures; and iv) to evaluate the residual effect of
composts in soil.

2 Material and methods
2.1 Compost origin and characteristics

The composts used in soil amendment studies were obtained
in previous experiments (data not published). Flotation sludge
(FS), a fat-rich fraction derived from secondary decanters normally
used in poultry and swine slaughterhouses, was composted with
two different bulking agents, poultry manure (PM) and sawdust
(SD), in five different proportions (v:v): T1 (75% PM and 25%
SD); T2 (50% PM and 50% SD); T3 (25% PM and 75% SD);
T4 (100% PM and 0% SD); and T5 (0% PM x 100% SD). Composting
piles contained 10 m?® of SD or PM (in the different proportions),
and each pile received 5,000 L of FS. The composting process
was carried out for 120 days. The final compost characterization
is presented in Table 1.

2.2 Plant material and cultivation

Growth performance experiments were conducted in lettuce
(Lactuca sativa, cv. Veneranda) and radish (Raphanus sativus,
cv. Saxa) plants. Lettuce seedlings were produced in expanded
polystyrene trays containing 128 cells (floating system) and
fertilized peat was used as substrate. Seedlings were transplanted
at the stage of two leaves to plastic bags containing 5 kg of sieved
soil (2 mm sieve). Radish seeds were placed directly in 5 kg
plastic bags. Irrigation was performed manually with three-day
intervals. The criteria used was soil field capacity (100%) and
water demand of the cultures based on their fresh weight, in
which lettuce plants received 1,282.5 mL (95% fresh weight) and
radish plants 1,215 mL (90% fresh weight). The entire experiment
(seedling production and vegetative phase) was carried outin a
controlled temperature greenhouse covered with 0.15 mm low
density polyethylene with UV blocker. Plants were protected from
direct sunlight incidence with the help of shading fabrics (50%).
The soil used in the experiment is classified as Hydromorphic
eutrophic solodic planosol containing: 25% of clay; 56% of sand;
24% of silt; pH 4.8; 1.5% of organic matter (% m/v); 22 mg.L™
of P; 50 mg.L™! of K; 1.5 cmol_dm™ of Al; 1.6 cmol_dm™ of
Ca and 1.1 cmol_dm™ of Mg. The contents of exchangeable
AP*, Ca?* and Mg** were determined by extraction with KCl
solution 1M followed by atomic absorption spectrophotometry,
and P*- and K'* were determined by Mehlich-1 as described
by Tedesco (1995). Organic matter was determined by wet
combustion method (Diaz-Zorita, 1999).

2.3 Growth performance analysis

Lettuce plants were harvested after 37 days (including seedling
production) and radish plants after 30 days. The variables used
to assess growth performance in the plants were: i) estimated
leaf area (lettuce only) was measured at the beginning and end
of the experiment with a digital integrator (Sony Cybershot®
7.2 Mpixels); ii) leaf count (lettuce only); iii) fresh weight (FW)
and dry weight (DW) of the leaves (dried in a stove at 60 °C to a
constant weight); iv) FW and DW of roots (the same drying process
as the leaves); roots were obtained by sieving the soil present in
the 5 kg bags; v) root diameter (radish only); vi) macronutrient
concentrations (N, P, K, Ca, Mg) in the plant tissues and soil
were determined by atomic absorption according to Tedesco
(1995); and vii) nitrate (NO,") content in lettuce leaves, which
was determined by colorimetric analysis through salicylic acid
nitration according to Cataldo et al. (1975). The values of leaf dry
weight (LDW) and root dry weight (RDW) were used to calculate
the ratio LDW/RDW, which was used to determine the nutrient
partition between aerial and underground organs and indirectly
estimate physic mechanical properties of stems and roots.

2.4 Experimental design and statistical analysis

Vegetative growth experiments were carried out in a
completely randomized design. Treatments consisted of four
soil bags (n=4) with one lettuce plant and three radish plants
each. The plastic bags were placed equidistant in the green house
benches (15 cm spacing). In the case of the radish, the three plants
were pooled together and represented one biological repetition
per bag. The entire experiment consisted of seven treatments.
Five treatments contained composted flotation sludge (CFS)
(T1 to T5), one treatment composed of plants submitted to
chemical fertilizers (QF) (T6), and one control treatment (C)
with pure soil. The amount of CFS and QF used in the different
treatments is presented in Table 2. The calculation was based
on the amount of nitrogen recommended for the cultures since
N is considered a limiting nutrient for both lettuce and radish
(Sociedade Brasileira de Ciéncia do Solo, 2004).

3 Results and discussion

The number of leaves in lettuce plants was not significantly
different between the treatments that received CFS (T1-T5),
although these treatments presented a greater number of
leaves than T6 (QF) and control (C) (Table 3). These results
are related to the elevated contents of nutrients present in the
different composts (Table 1), but more importantly, related to

Table 1. Physicochemical characterization of the composts used for growth performance experiments.

c d C N P K Ca M
Treat pH C/N® d;i(::m_l l\g[o/f) (g.Kg) .
T1 7.48 16:1 3.00 60.74 524.64 33.06 493 19.86 18.79 6.71
T2 7.43 16:1 2.95 59.70 507.24 31.85 12.46 20.36 17.35 7.71
T3 7.57 16:1 2.73 54.29 520.77 31.51 4.29 16.39 15.05 5.57
T4 7.35 15:1 2.77 54.02 495.65 33.06 4.61 20.89 18.79 6.99
T5 7.48 16:1 2.75 55.41 526.57 32.87 0.65 13.22 12.24 4.59

@ Treatments: T1 (75% PM x 25% SD); T2 (50% PM x 50% SD); T3 (25% PM x 75% SD); T4 (100% PM x 0% SD); T5 (0% PM x 100% SD); ® Carbon-to-nitrogen ratio; ¢ Electric

conductivity; ¢ Moisture content.
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Table 2. Recommended amounts of chemical fertilizers (T6) and composted flotation sludge (T1-T5). Calculations based on nitrogen demands
of lettuce and radish crops and nitrogen availability on chemical fertilizers.

Treat * (Kg.ha') © Grams in 5 Kg bags
real
Lettuce Radish Lettuce Radish
T1 18,756.16 3,751.23 46.9 9.4
T2 19,461.72 3,892.34 48.7 9.7
T3 19,708.85 3,941.77 49.3 9.9
T4 18,756.16 3,751.23 46.9 9.4
T5 18,870.18 3,774.04 47.2 9.4
T N-PO.-K,0
200 - 200 - 160 40 - 240 - 190 15-15-12 03-18-1.0

(o - - - -

*Treatments: T1 (75% PM x 25% SD); T2 (50% PM x 50% SD); T3 (25% PM x 75% SD); T4 (100% PM x 0% SD); T5 (0% PM x 100% SD); T6 (chemical fertilizer); C (control).® Pure soil;
¢ Amounts recommended is based on the nitrogen concentration in each compost and chemical fertilizer. Soil volume is based on the arable depth (20 cm).

Table 3. Number of leaves and leaf area of lettuce plants cultivated in soils fertilized with composted flotation sludge (T1-T5) and chemical

fertilizer (T6).
Treat ® Number of leaves — Leaf area (cm’) - Pr>F
Initial Final

T1 20.63 £1.99a 123.94 +22.94D 1052.1 + 51.58 Aa <.0001
T2 19.38 + 1.43 ab 132.30 +16.69 D 1058.7 £ 175.6 Aa <.0001
T3 18.38 +0.72 ab 119.99 +17.57 D 863.66 + 76.84 Ac <.0001
T4 17.88 + 0.69 ab 115.41 +9.34 D 894.13 + 66.01 Abc <.0001
T5 17.75 +1.13 ab 131.25+23.02D 1022.97 + 63.23 Aab <.0001
T6 16.50 +1.22b 87.41+7.40C 828.53 +79.20 Ac <.0001
C 8.75+0.56 ¢ 90.13+5.85B 290.41 + 27.81 Ae 0.0498

Pr>F < 0.0001 0.9978 <.0001

* Treatments: T1 (75% PM x 25% SD); T2 (50% PM x 50% SD); T3 (25% PM x 75% SD); T4 (100% PM x 0% SD); T5 (0% PM x 100% SD); T6 (chemical fertilizer); C (control). Number
of leaves: Means followed by the distinct lower letters in the columns are considered statistically different by the t-Student’s test at 5% significance. Leaf area: Means followed by distinct
lower letters in the columns and distinct upper letters in the lines are considered statistically different by the t-Student’s test at 5% significance.

the slower rates of nutrient liberation in the soil, maintaining
a higher availability throughout the plant development cycle
(Chiconato et al., 2013).

Treatments 1 and 2 presented the highest final leaf area
and contained larger proportions of poultry manure, thus more
available N (T1 = 33.06 g.Kg™, T2 = 31.85 g.Kg™).

The organic composts (T1-T5) affected significantly the
aerial fresh weight of the lettuce plants (Table 4) compared to QF
(T6) and control (C), which was a reflex of the higher number
of leaves and leaf area observed in plants fertilized with CFS
(Table 3). The increase in FW of lettuce plants supplemented with
organic fertilizers were detailed in a previous study (Brasil et al.,
2007). Higher proportions of PM led to increases in FW, with
exception of T4 (100% PM). Differently, no significant differences
were observed when comparing leaf and root DW, and root FW.
Melo Silva et al. (2010) obtained similar LFW production using
composted cattle manure at a similar dose (~ 20 ton.ha™), in
which N and K contents were similar to our study; however,
P and Mg were 10 and 2 times higher, respectively. As observed
in this study, LDW was not altered at the same doses of the
composts. Lettuce plants are demanding in irrigation and water
use of 250 L/Kg (FW)/year is estimated for plants in order to
achieve proper development (Barbosa et al., 2015).

Food Sci. Technol, Campinas, 38(1): 91-97, Jan.-Mar. 2018

Soil amendments with organic fertilizers proved to affect the
physical properties of the soil, such as structure, porosity and
organic matter content. These factors combined are responsible
for an improved water holding capacity (Tejada et al., 2009;
Hernandez et al., 2016). The soil in the treatments that received
CFS (T1-T5) presented a darker color (higher moisture) compared
to treatments with QF (T6) and control (C). The occurrence of
improved FW in contrast with an unaltered DW may be due
to better water use by the plants that are grown in the presence
of different proportions of compost. Increases in organic
matter, as a response to organic fertilization, are related to
better productivity of lettuce plants (Hernadndez et al., 1992).
All treatments that received CFS presented a residual effect in
organic matter contents (Table 5) with contents ranging from
1.66 to 2.21% compared to 1.24% in T6 (QM).

In radish plants, no significant difference was observed for
LFW between the different treatments containing CFS, and no
differences were observed comparing treatments containing
CFS and QE Root fresh weight of radish plants was significantly
influenced by the addition of CFS. Treatment 2 (36.40 g) had a fresh
weight increase of approximately 2 and 10 fold compared to T6
(12.83 g) and C (3.35 g), respectively. In addition, this treatment
was the most effective treatment in regards to productivity.
The compost used in Treatment 2 (50% PM-50% SD) did not
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Table 4. Analysis of leaf fresh weight (LFW), leaf dry weight (LDW), root fresh weight (RFW) and root dry weight (RDW) in lettuce and radish
plants fertilized with composted flotation sludge (T1-T5) and chemical fertilizer (T6). Results are expressed in grams (g).

Lettuce
Treat LFW LDW RFW RDW Ratio LDW/RDW
T1 138.08 + 12.58 a 17.61 £ 1.36 8.24 +1.86 3.86 + 0.46 492 +0.75
T2 134,93 + 18.87ab 16.66 + 0.98 7.7040 + 2.64 3.60 + 0.61 5.21+0.37
T3 110.14 + 8.45 abc 16.16 £ 0.72 8.2643 +2.45 3.35+0.36 5.00 + 0.56
T4 112.45 + 8.67 abc 15.00 £ 1.61 8.0643 + 0.64 3.31+£0.07 4.57 £0.47
T5 107.01 £ 9.28 bc 16.90 £ 1.13 12.31 £2.03 3.96 + 0.40 445+ 0.30
T6 9328 +9.54 ¢ 15.68 + 1.65 4.5040 £0.23 2.85+0.07 5.47 +0.48
C 23.95+2.03d 13.00 £+ 1.20 5.7745 +£0.94 2.77 £ 0.06 4.68 £0.41
Pr>F < 0.0001 0.1579 0.1211 0.1181 0.7777
Radish
T1 3249+ 1.65a 4.06+0.12b 31.32 £ 3.79 ab 3.59+0.21b 1.15 + 0.05 be
T2 3349+0.71a 4.34 £ 0.09 ab 3640+ 1.17 a 425+0.12a 1.03+£0.01 ¢
T3 3094+ 1.56a 4.13+0.18 ab 25.77 £2.50 b 3.61+£0.19b 1.1740.06 abc
T4 3290+0.92a 4.56+0.15a 27.44+1.80b 3.99 £ 0.20 ab 1.16 + 0.02 be
T5 29.12+1.65a 4.45 £ 0.07 ab 2743 +296b 3.98+0.15ab 1.13 £ 0.03 bc
T6 28.94 £ 6.56 a 349+0.31c¢ 12.83 £ 0.93¢ 2.62+0.03¢ 1.33+£0.12a
C 5.73+0.26 ¢ 2.60+0.08d 3.35+0.05d 2.64+0.10 ¢ 1.03 £ 0.01 be
Pr>F <0.0001 <0.0001 <0.0001 <0.0001 0.0260

Means followed by distinct letters in the columns are considered statistically different by the ¢-Student’ test at 5% significance. * Treatments: T1 (75% PM x 25% SD); T2 (50% PM x 50% SD);

T3 (25% PM x 75% SD); T4 (100% PM x 0% SD); T5 (0% PM x 100% SD); T6 (chemical fertilizer); C (control).

Table 5. Physicochemical characterization and residual concentrations of macronutrients in the soil after cultivation with lettuce and radish.

Lettuce
Treat * ((:(}/: ;, (I—P}ZHO) ( %OHII//IV) NP KmgKg™! Ca Mg cmol .dm™
T1 26 5.3 1.79 12.4 50.9 118.0 3.5 2.0
T2 26 5.3 1.79 14.7 50.9 127.0 3.7 2.0
T3 26 5.3 2.21 11.7 50.9 116.0 3.8 2.0
T4 29 5.1 1.79 13.6 45.1 114.0 3.4 1.8
T5 16 5.2 1.66 10.9 50.9 88.0 3.9 1.9
T6 19 4.9 1.24 17.2 52.1 336.0 3.0 1.3
C 19 4.9 1.24 6.4 8.1 68.0 2.6 1.3

Radish
T1 27 5.2 1.58 13.3 11.6 104.0 2.9 1.4
T2 26 5.2 1.66 144 8.1 82.0 2.9 1.3
T3 25 5.4 1.90 11.7 33.6 97.0 3.6 1.8
T4 26 5.2 1.58 10.5 9.3 87.0 2.6 1.3
T5 28 5.2 1.66 14.6 6.9 70.0 2.8 1.3
T6 27 5.0 1.79 15.1 40.5 435.0 2.8 1.0
C 26 5.0 1.24 6.1 6.9 70.0 2.8 1.3

a Treatments: T1 (75% PM x 25% SD); T2 (50% PM x 50% SD); T3 (25% PM x 75% SD); T4 (100% PM x 0% SD); T5 (0% PM x 100% SD); T6 (chemical fertilizer); C (control);

present the highest nutrient content, although it produced the
best effects on root fresh weight and root diameter (Table 6).
This finding may be related to the physical characteristics of
the soil, as greater proportions of SD in T2 may have improved
soil porosity and aeration. Another fact to be considered is the
characteristics of the soil used in this experiment, being classified
as sandy clay loam (Sociedade Brasileira de Ciéncia do Solo,
2004) with reduced incidence of macro pores. Regarding radish
RDW, the differences were proportional to those observed in
RFW; however, no difference was observed between the weight
of C (2.64 g) and T6 (2.62 g).

94

No significant differences occurred in root diameter when
comparing treatments that received CFS (T1-T5). On the
other hand, QF (T6) resulted in smaller roots (1.15 cm), which
is approximately half the diameter of roots in amended soils
(Figure 1).

The concentration of macronutrients in lettuce leaves follows
a pattern that is mostly influenced by the proportions of PM as
bulking agent (Table 6). From T1 to T3, the proportions of PM
decreased from 75% to 25% and a gradual decrease in concentration
was observed for P and K. For Ca, Mg and N this tendency was

Food Sci. Technol, Campinas, 38(1): 91-97, Jan.-Mar. 2018
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Table 6. Concentration of macronutrients (g.Kg™ dry weight) in the leaves and roots of lettuce and radish plants fertilized with composted

flotation sludge (T1-T5) and chemical fertilizer (T6).

Lettuce
Treat Leaves Roots

P K Ca Mg N P K Ca Mg N
T1 6.06 68.29 10.79 4.61 29 7.02 7.88 16.58 9.65 0.25
T2 5.93 67.24 8.86 4.00 25 6.94 6.30 15.44 11.86 0.21
T3 5.05 58.83 9.47 4.34 30 5.46 9.72 10.35 8.31 0.22
T4 6.34 71.44 11.32 4.99 41 5.69 10.24 11.67 7.03 0.35
T5 4.95 46.75 8.16 3.81 15 4.95 7.09 9.65 16.46 0.2
T6 7.67 63.04 7.98 4.52 29 493 6.57 12.72 8.68 0.2
C 1.27 26.53 5.61 2.84 24 5.13 11.82 8.86 4.85 0.19

Radish

T1 5.01 38.09 19.21 6.99 35 2.72 36.25 3.54 2.1 0.31
T2 1.15 35.72 18.51 7.19 33 3.85 38.87 3.56 3.04 0.3
T3 1.55 37.3 18.86 7.97 35 4.24 32.83 3.63 2.23 0.42
T4 2.86 35.98 16.93 7.51 42 4.58 32.71 3.58 1.94 0.35
T5 1.9 33.36 19.47 7.82 29 434 36.25 4.39 2.21 0.22
T6 7.1 67.24 14.39 6.26 30 5.36 49.9 3.13 1.83 0.25
C 3.56 30.73 17.02 6.66 29 3.42 32.94 5.61 2.93 0.25

a Treatments: T1 (75% PM x 25% SD); T2 (50% PM x 50% SD); T3 (25% PM x 75% SD); T4 (100% PM x 0% SD); T5 (0% PM x 100% SD); T6 (chemical fertilizer); C (control).

3.0 4

|
2.0

1.5 1

Root diameter (cm)

1.0 1

0.5 4 c

T T2 T3 T4 T5 T6 C

Figure 1. Root diameter of radish plants cultivated in different treatments;
T1(75% PM x 25% SD); T2 (50% PM x 50% SD); T3 (25% PM x 75% SD);
T4 (100% PM x 0% SD); T5 (0% PM x 100% SD); T6 (chemical fertilizer);
C (control). Different letters indicate statistical difference by Tuckey’s
test at 5% significance.

not observed, with T3 presenting higher concentrations than T2.
Treatment 4 (100% PM) presented the highest concentrations of
macronutrients with exception of P, which was more concentrated
in T6 (QM). Among the treatments that received CFS, the lowest
concentrations were observed in T5, as a reflex of the lower
initial contents of macronutrients in this compost (Table 1).
This treatment presented N concentrations (0.15 g.Kg™) even
lower than the control treatment (C). As expected, the lowest
concentrations were observed in the control treatment, with the
exception of N. In the roots, no clear pattern could be observed.

Food Sci. Technol, Campinas, 38(1): 91-97, Jan.-Mar. 2018

The contents of N, P and Ca seemed to accumulate more in tissues
of plants grown in treatments with reduced proportions of PM,
which is an inverse tendency compared to the accumulation in
leaves. The contents of nitrates (NO,") in lettuce leaves were as
follows: T1 (0.255 g.Kg™); T2 (0.210 g.Kg™); T3 (0.220 g.Kg™');
T4 (0.325 g.Kg™); T5 (0.200 g.Kg™); T6 (0.205 g.Kg'); and C
(0.190 g.Kg™). The European Union constantly updates the
legislation regarding the maximum concentrations of nitrate
ion in foodstuff and established that, for lettuce cultivated in
greenhouses, fresh tissues should not exceed 5 g.Kg™' of NO,".
All treatments remained below this maximum; however, those
containing CFS had greater contents than T6, with the exception
of T5 (100% SD). The contents of poultry manure in the composts
directly influenced nitrate content in plant tissues. According
to Viana & Vasconcelos (2008), a rapid increment in nitrate
concentration in soil is observed 15 days after fertilization
with pure poultry manure, from 0.5 mg.Kg™ to 3.5 mg.Kg™',
consequently decreasing to initial concentrations after 30 days
of cultivation with lettuce.

A small variation was observed in the concentration of
macronutrients in radish leaves from T1 to T’5, with exception of
P with a concentration of 5.01 g.Kg™' in T1 (Table 6). Phosphorus
and K were more present in T6 (QM); however, N was more
concentrated in the leaves of plants grown in T4 (100% PM).
In the roots, the concentrations of P and K were greater in T6,
which was the same observed in the leaves. The highest contents
of nitrogen were observed in T3 and T4, with 0.42 and 0.35 g Kg™,
respectively. Interestingly, Ca and Mg were more concentrated
in the roots of plants grown in pure soil (C).

The soil used for plant cultivation was analyzed after
harvesting the cultures (Table 5). The pH of the soil was increased
in all treatments that received CFS, for both lettuce and radish
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(4.8 to ~5.3); however, a smaller increase was observed in T6 and C
(4.9 and 5.0). The organic waste originated from slaughterhouse
facilities has a potential to decrease the potential acidity of the soil,
not to mention improvements in action exchange capacities, base
saturation and Ca, Mg, Zn and P content (Strojaki et al., 2014).

The content of organic matter in lettuce bags was also
affected by compost addition, with increases in all treatments
(T1-T5) and a decrease in T6 and C. In the radish cultivation,
T6 also increased organic matter content. Higher proportions
of SD in the different treatments directly influenced residual
organic matter content. The residual N was higher in the soils
that received QM (17.2 mg.Kg™' for lettuce and 15.1 mg.Kg™!
for radish); however, the differences in residual N between QF
and CFS were not high. For lettuce, similar residual contents of
P were observed in the soil after cultivation and T6 (QM) had the
highest residual P content (52.1 mg.L™"). The residual P content
presented a greater variation in radish cultivation among the
treatments that received CFS, and T3 presented a residual P of
33.6 mg.L!, just slightly lower than T6 (40.5 mg.L™). Similar
contents of macronutrients in soil amended with composted PM,
following radish harvest, were observed by (Hiranmai, 2015),
however, NPK fertilization resulted in much smaller residual
content of P (9 mg.Kg™') and K (89 mg.Kg™') than those observed
in this study. The content of P in root tissues of radish in T5
(Table 6) were also the highest between the different treatments,
which indicates that P availability in T6 was high, therefore
accumulating in tissues and remaining as a residue in the soil.
However, the best results of REW, RDW and root diameter were
obtained in treatments that received CFS. Similarly to P, the
residual content of K in the soil was extremely high in T6 for
both lettuce and radish. On the other hand, Calcium and Mg
ions were more concentrated in the treatments that received CFS.

4 Conclusion

The concentrations of macronutrients in lettuce leaves were
influenced directly by the contents of poultry manure in the
bulking agent mixture. Higher proportions of poultry manure
resulted in a greater intake of P and K. The concentrations of
nitrate in plant tissues followed the same tendency and were
directly influenced by poultry manure content. However, the
accumulation of Ca, Mg and N did not present this tendency.
Nitrogen demands of plants were satisfactorily met by the
application of composted flotation sludge, which is confirmed
by the increases in productivity of 1.4 fold of leaf fresh weight
(Treatment 1) compared to plants cultivated in the presence of
chemical fertilizers. The use of poultry manure was fundamental
as a source of readily available nitrogen for plant development.
However, the exclusive use of poultry manure as bulking agent
did not present the best results of leaf fresh weight in lettuce
plants. For radish plants, the highest increments were obtained
in T2 (50% poultry manure and 50% sawdust) with root fresh
weight and root diameter incremented in two fold compared
to chemical fertilization. In this manner, soil fertility alone may
not be a determinant factor in radish root development, and
greater content of sawdust in compost (50%) played an important
role in root development. This was likely due to better physical
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characteristics of the soil, such as higher porosity and aeration
which favors root development.
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