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ABSTRACT: Slaughterhouses generate large amounts of rumen content and its use as a fertil-
izer may offer an environmentally friendly strategy for its management. The effect of an organic
fertilizer produced from slaughterhouse waste on the fertility of sandy and clayey soils as well as
soybean yield (Glycine max L.) and corn (Zea mays L.) crops was evaluated. Field experiments
were set up and five rates up to 16 t ha-! of organic fertilizer (293 kg ha! N, 334 kg ha! P
and 27 kg ha-! K) were applied annually, before sowing in spring/summer, as well as a mineral
fertilization of 300 kg ha! in the formulation 2-20-20 for soybean and 300 kg ha! of 12-15-15
for corn. The organic fertilizer changed soil fertility in the field experiments by increasing pH, Ca,
Mg, K, P-Mehlich and P-resin. Such effects were more evident in the sandy than in the clayey soil,
and the most superficial layer was affected more. The organic fertilizer rate needed to achieve
maximum yield decreased for corn in both soils and for soybean in the sandy soil, although the
amounts required may still be regarded as high.
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Introduction

Livestock production has rapidly expanded in
Brazil over the last decade (IBGE, 2013). In 2012 it
generated more than 900,000 tons of bovine rumen
content, which is the main waste produced by this
activity. This waste must be properly disposed of if
environmental damage is to be avoided, and the most
usual way to do this is by burying it in landfills, which
represents an additional cost to the beef production
chain and constitutes a waste of resources. Its recycling
as fertilizers for growing crops may be an environmen-
tally friendly strategy for managing the large amounts
of waste produced.

These waste products have been used as raw mate-
rial for manufacturing organic composts used to fertil-
ize crops, but few products can be found in the market.
However, agricultural performance assessments are very
rare and generally focus on vegetable and forage crops
(Roy et al., 2013).

Studies evaluating the response of grain crops,
such as soybean (Glycine max L.) and corn (Zea mays
L.), to organic fertilizers usually focus on poultry ma-
nure, fresh or composted, (Adeli et al., 2005; Slaton et
al., 2013), biosolid waste (sewage sludge) (Lixandru et
al., 2011), or pig slurry (Barbazan et al., 2009). Adeli et
al. (2005) observed that soybean grain yield, nitrogen
(N) and phosphorus (P) uptake increased quadratically
in line with increases broiler litter and commercial
fertilizer application rates, and broiler litter treatment
produced a grain yield of 3 % than commercial fertil-

izer. Poultry litter was a valid alternative to mineral
fertilizer for soybean growth and yield (Slaton et al.,
2013).

Higher corn production was obtained using bio-
solid fertilization with 50 t ha~!, which provided a pro-
duction gain 20 % higher than the unfertilized treatment
and 5 % higher than the mineral supply (Lixandru et al.,
2011). Yield corn increases were observed by Barbazan
et al. (2009) in response to manure and mineral fertilizer,
mainly when both were applied together. As regards the
soil attributes, Adeli et al. (2005) observed an increase
in pH and P levels when poultry manure was applied,
while Slaton et al. (2013) found out that this waste was
as effective as mineral fertilizers in supplying P and K to
the soybean crop.

In this study, we aimed to evaluate the agro-
nomic performance of an organic compost produced
from slaughterhouse waste, in successive soybean
and off-season corn crops, as well as its effects on
soil fertility.

Materials and Methods

The compost used in the experiments was a com-
mercial product made from the waste of slaughtered
cattle (with great emphasis on rumen content), with the
addition of tannery sludge, waxing and trimming waste,
vegetable waste, coal boilers, sawdust, basalt powder,
phosphorite and talc. The mixture of materials was ho-
mogenized and thereto an aqueous solution was added
containing compost accelerator microorganisms such as
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bacteria and fungi. The product was stored in conical
cells, maintained with forced aeration for ten days until
the compound was ready for use.

For the analysis of total mineral content in the
samples of the organic compost, nitric perchloric acid
digestion was used, consisting of the digestion of 500
mg of a sample with 8 mL of 65 % HNO,, placed on a
hot plate to gradually raise the temperature to 180 °C
and maintained at this temperature until the volume
was reduced to about 1.0 to 2.0 mL. After 5 mL of 72 %
HCIO, were added the sample was maintained at 200
°C until the volume was reduced by half, and then it
was filtered and the volume completed to 50.0 mL. The
extract was used for subsequent determination using the
atomic absorption spectrometric method (Ca, Mg, Cu,
Zn), molecular absorption (P), emission photometry (K,
Na) and turbidimetry (S). For nitrogen, sulfuric digestion
with catalyst salts in a digesting block was employed,
with semi-micro Kjeldahl distillation (Miyazawa et al.,
1999).

The experiments were conducted using two soils
from the state of Matto Grosso do Sul, Brazil, with con-
trasting textures: (i) a sandy dystrophic Rhodic Haplu-
dox from Bataypora, (22°14'06.77" S; 53°16'30.53" W),
dubbed as “"sandy soil”, and (ii) a clayey dystroferric
Rhodic Hapludox from Dourados (22°16'42.4524" S;
54°48'49.9134" W), dubbed as “clayey soil".

The first sowing took place in Oct 2008, with soy-
bean, in cultivar BRS 239. After the harvest of soybeans,
corn cultivar BRS 2020 was sown in Feb 2009, both un-
der a no tillage system. The same procedure was adopt-
ed in seasons 2009/10 and 2010/11.

Organic fertilizer was applied annually before the
spring/summer sowing. The treatments were: TO - con-
trol without fertilization; T1 - 4 t ha~! of organic com-
post; T2 - 8 t ha~' of organic compost; T3 - 12 t ha!
of organic compost; T4 - 16 t ha~! of organic compost,
always with fresh amounts (15 % moisture); and T5 -
fertilization with mineral fertilizers (NPK) at the rates
usually applied to crops in the region (300 kg ha~' of
the formulation 2-20-20 for soybean and 300 kg ha~! of
12-15-15 for corn). The 16 t ha! rate of organic compost
provides 293 kg ha ! N, 334 kg ha-! P and 27 kg ha!
K, which exceeds the joint requirement of N and P in
soybean and corn crops, but is insufficient to meet the
requirement of K. Soybean was planted at a spacing of
0.45 m between rows and 16 plants per meter, while for
corn the spacing was 0.9 m between rows and 5 plants
per meter. Four replications per treatment were used, in
a randomized block arrangement. The plots were 5.4 x
6.0 m, and the effective cultivation area consisted of two
internal rows, 3 m long. At the end of the corn crop in
the third year, in Aug 2011, soil samples were taken for
chemical analyses.

The chemical analyses on the soil samples were
performed according to Claessen (1997): pH was mea-
sured with a glass electrode pH meter at a 1:2.5 soil/dis-
tilled water ratio after 5 min shaking and left to stand for
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30 min; exchangeable Ca?* and Mg?* were extracted with
1 M KCl at 1:10 soil-to-solution ratio and determined by
atomic absorption spectrophotometry (AAS); available P
and K were extracted with Mehlich-1 solution (0.0125
M H,SO, + 0.05 M HCI) with a soil-to-solution ratio of
1:10 determined by flame emission spectrophotometry:.
During the extraction (KCl or Mehlich-1), solutions were
stirred at 220 rpm in an Erlenmeyer flask for 5 min and
left to stand for 16 h. Then, an aliquot of supernatant
was taken for analysis.

Soil P was also extracted with an anion-exchange
resin. The resin had been previously saturated with 1 M
NaHCO, pH 8.5 and then mixed with in a 1:1:10 soil-res-
in-distilled water ratio, shaken for 16 h at 220 rpm and
then left to stand for 16 hours. Soil P was extracted from
the resin with 50 mL mixture of 0.8 M NH,Cl + 0.2 M
HCI (Raijj et al., 2001). Both P-Mehlich and P-resin were
determined by molecular absorption spectrometry in the
presence of ascorbic acid. Organic carbon analyses were
performed using a Total Organic Carbon Analyser (TOC-
V cpm Shimadzu), with a sample of 200 mg oxidized at
900 °C.

Soil analysis data and soybean and maize yield
were subjected to variance analysis and, where signifi-
cant effects were detected (p < 0.05), regression equa-
tions were adjusted for the variables assessed and the
compost rates applied.

Results and Discussion

Soils differed in texture and fertility, and the clay-
ey soil was richer than the sandy soil in both the layers
analyzed (Table 1). The presence of sludge liming (tan-
nery waste) mixed with ruminal content from the slaugh-
terhouse provided high levels of Ca?** (8.79%) and Na*
(0.30%) to the fresh compost (15% moisture) and a high
pH (8.0). This high pH value, combined with a low C:N
ratio (6.2), provides conditions conducive to ammonia
volatilization. Nitrogen (1.83%) and phosphorus (2.09%)
levels are compatible with other organic composts or sol-
id wastes (Adeli et al., 2005; Slaton et al., 2013; Lixandru
et al., 2011). The compost presented 18.22% of organic
carbon, K at 0.17% and S at 0.94%.

Because the compost was alkaline, its application
increased the pH of both soils (Figure 1), corroborating
what has been observed as a liming effect, as reported
by Oliveira and Pavan (1996). There were small differ-
ences (p < 0.05) between the 0-10 cm and 10-20 cm lay-
ers. These results are in agreement with the findings of
Bulluck III et al. (2002), who evaluated a composted cot-
ton (Gossypium hirsutum L.) gin trash, composted yard
waste and cattle manure.

The effect of the compost on soil pH can also be
due to the transferring of H* ions from the soil to the
organic matter (Wong et al., 1998) or to increasing the
aluminum complexation by organic molecules (Hoyt and
Turner, 1975). It is possible that these three mechanisms
were active simultaneously. The sandy soil had a greater
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Table 1 — Original values of pH, soil organic matter (SOM), P, K, Ca, Mg, Na, Cu, Fe, Mn, Zn, sand, silt and clay at the 0-10 cm layers and at a

depth of 10-20 cm of soils used in field trials with soybean and corn.

pH SOM P K Ca Mg Na Cu Fe Mn Zn Sand Silt Clay
g kgt mg dm-3 mmol, dm-3 mg dm-3 g kg!
Sandy soil
0-10cm 4.8 19 1.0 1.6 121 4.3 0.3 0.6 9.3 4.4 0.1 832 29 139
10-20 cm 4.1 9 0.2 0.3 3.1 0.8 0.3 0.6 7.2 3.7 0.1 798 25 177
Clayey soil
0-10 cm 6.2 28 2.8 3.6 481 23.8 0.9 134 217 97.5 0.6 86 141 773
10-20 cm 5.7 12 1.5 23 411 21.2 0.8 124 188 77.5 0.5 49 124 827
g { 1A A0-10cm m10-20cm g | 1B A0-10cm m10-20cm

¥ =4.680 + 0.265*x - 0.006**x?
R?=0.967

pHH,0
[e)]

5
Y =4.542 + 0.089**x
R?=0.938
4 T T T T
0 4 8 12 16

Compost fertilization (Mg ha™)

¥ =6.194 + 0.064**x

7 ] R?=0.946
ON
T 6 4 [ ]
5 =5.716 + 0.032*x
R?=0.853
5 .
4 . . . .
0 4 8 12 16

Compost fertilization (Mg ha™)

Figure 1 — pHH,0 in sandy (A) and clayey soil (B) in the layers 0-10 cm layers and at a depth of 10-20 cm in successive soybean and off-season
corn crops fertilized with organic compost produced from slaughterhouse waste over three years.

pH range, and a quadratic model was set as a response
to the rates applied, when compared to the clayey soil,
whose response was linear (Figure 1). As these soils
have a similar kaolinitic mineralogy, the lower clay and
organic matter content in the sandy soil could explain
its lower buffering capacity and, as a consequence, the
lower resistance to changes in soil pH.

There was a small difference in the increase in
Ca?* content as a response to rates of compost between
soils, and the differences observed are explained by
the different initial levels of this cation (Figure 2 A-B).
The Ca?* content had a strong increase in the most
superficial layer, while the increase was lower in the
10-20 cm layer (Figure 2 A-B), perhaps because of the
low mobility of this cation in the soil (Friesen et al.,
1982). However, in the presence of organic waste,
Ca?* mobility can increase due to the formation of
organic and metallic complexes, which could explain
increased values of this cation also in the subsurface
(Friesen et al., 1982).

The Mg?* content in both soils followed the same
trend observed for Ca** as a response to the compost rates
applied; although the absolute values were lower (Figure
2 C-D). A small increase was observed in Mg?* content in
this soil, at both depths. Responses of Mg?* content in the
clayey soil were greater than in the sandy soil, reflecting
the higher retention capacity of the former.

The K* content in the soil also increased linearly
with the rates applied, with a difference between these
soils, depending on the initial K* levels (Figure 2 E-F).
Wong et al. (1999) observed the same effect of the
compost made from cattle manure on the K* content
in soil. Regarded as an element with high mobility in
soil, higher rates of the compost could cause a more
significant increase in the levels of this cation in the
layer 10-20 cm deep, especially in the sandy soil, which
was not observed in this work.

The slopes of the linear equations for the sandy
soil for K* and Mg?* (cations regarded as mobile in
soil) were lower than those observed in the clayey soil,
indicating greater probability of leaching. Franchini et
al. (2003) observed a significant leaching of K* and Mg?*
when the soil was fertilized with poultry manure, and
the cations were percolated below 50 cm deep.

There was a linear effect of the rates of the
compost in the availability of P extracted with
Mehlich-1. This is consistent with Eghball and Power
(1999), who observed increases in P levels after four
years of compost and manure amendment. The P
levels in the layer 0-10 cm deep showed a marked
increase with the application of the organic compost
(Figure 3 A-B), as a consequence of the supplying of
this element by the compost. In the underlying layer,
P levels increased, although to a lesser magnitude, as
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Figure 2 — Levels of Ca*, Mg?* and K* in sandy (A; C; E) and clay soil (B; D; F) in the 0-10 cm layers and and at a depth of 10-20 cm in response
to successive soybean and off-season corn crops fertilized with organic compost produced from slaughterhouse waste over three years.

a reflection of the low mobility of this element in soil
(Dias et al., 2000; Villani et al., 1998).

It is possible that the P added as phosphorite
is not immediately solubilized due to the pH values
of the compost along with relatively high calcium
contents. It is also possible that precipitation of the
calcium phosphate took place, which would decrease
the P level already present in the soil (Haynes, 1982). In
fact, a difference between the P levels obtained by the
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different extractors was identified in the 0-10 cm layer.
The P-Mehlich increased linearly as a function of the
increased compost rates (Figure 3 A-B), while the P-resin
had a quadratic behavior (Figure 3 C-D), indicating
that, at higher compost rates, part of the P would not
be available to plants, and would remain in the form of
calcium phosphate. The Ca-phosphate complexes were
likely inconveniently solubilized by the acid extractor
Mehlich-1, inducing an overestimation of the content of
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this element, thereby corroborating the observation of
Gatiboni et al. (2003). Sharpley et al. (2004) found similar
results when studying soils amended with manure,
which overestimate P soil content as extracted with
Mehlich 3. Otherwise, Nziguheba et al. (1998) increased
the available soil P after application of aged cattle
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manure, which provided this nutrient and decreased P
adsorption sites, blocked by organic matter released by
manure decomposition.

A small variation was found in the soil organic
matter (SOM) content in the topsoil (0-10 cm) (Figure 4
A-B), while in the 10-20 cm layer there was no change.
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Figure 3 — Levels of P-Mehlich in sandy (A) and clay soil (B) and P-resin in sandy (C) and clay soil (D) in the 0-10 cm layers and and and at a depth
of 10-20 cm in response to successive soybean and off-season corn crops fertilized with organic compost produced from slaughterhouse

waste over three years.
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Figure 4 — Levels of soil organic matter (SOM) in sandy (A) and clay soil (B) in the 0-10 cm layers and at a depth of 10-20 cm in response of
successive soybean and off-season corn crops fertilized with organic compost produced from slaughterhouse waste over three years.
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The same was observed by Maillard and Angers (2014).
Slight increases in SOM (Kapkiyai et al., 1999) or even
decreased carbon levels due to a priming effect or sec-
ondary mineralization (Fontaine et al., 2004) were ob-
served after applying organic composts.

The application of the organic compost produced
from slaughterhouse waste has provided quadratic
responses in the yield of soybean and corn crops (Figure
5 A-C and Figure 5 D-F), although great variation in the

Season 2008-09
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yields of these crops was observed over the years, probably
due to the climatic conditions; there was even a reversal in
the prospect towards improved yield in Dourados (clayey
soil), in the corn crop for the season 2010/11, when the
culture experienced low rainfall and frosts.

The rates required to achieve the maximum yields
were above the dose range in the early applications
of compost conducted in both soils and both crops,
except for corn in the clayey soil (Table 2). However,
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Figure 5 — Soybean yield in response to the organic compost fertilization in the crops harvested in 2009 (A), 2010 (B), 2011 (C) and corn yield
in response to the organic compost fertilization in the crops harvested in 2009 (D), 2010 (E) and 2011 (F). The dashed line indicates the yield
achieved with mineral fertilization (300 kg ha! de 2-20-20) in the clayey soil and the dotted line indicates the yield achieved the same way in

sandy soil.
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Table 2 — Doses of organic compost required to achieve maximum
yield in trials with soybean and corn, harvested from 2009 to
2011.

2009 2010 2011
t of compost ha!
Sandy soil
Soybean 27.9 17.9 14.5
Corn 17.0 13.8 11.4
Clayey soil
Soybean 20.8 14.0 13.2
Corn 14.8 125 10.2

we can hypothesize the existence of a cumulative
effect in applications of the organic compost with the
decrease in these rates observed during the course of the
experiment. This effect was clear in the corn crop in both
soils and in the soybean crop in the clayey soil, although
the amounts required after three years of application
may still be regarded as high, about 10-11 t ha~'. Such
amounts hinder the logistics required for applying the
compost, and results in a greater expenditure of time.
The decreased rate to achieve maximum yield, as well
as to match the yield achieved by mineral fertilizers,
agrees with the claims of Miller and Mackenzie (1978),
who evaluated other types of organic wastes and found
that their continued application led to higher yields than
those obtained with mineral fertilization.
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