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Abstract

The use of slaughterhouse organic residues (SORs) as a form of fertilization in no-
till systems could be an alternative to promote their appropriate disposal. This
chapter reports a study on a Haplic Cambisol (Inceptisol) regarding the influence of
different rates of SORs applied isolated or together with synthetic mineral fertiliz-
ers (SMFs) for 5.5 years in a no-till system with diverse crop rotation. We evaluated
crop productivity and several soil organic matter pools affected by the SOR and SMF
combinations in a field experiment. In addition, a laboratory incubation experiment
was performed with different rates of SORs to evaluate C-CO, emissions and C
dynamics. The SOR applications provided significant increases in crop productivity,
soil organic matter pools and C-CO, emissions. The SOR applications provided
significant increases in crop productivity, soil organic matter pools and C-CO,
emissions. The treatment with 50% SOR + 50% SMF was the best alternative to
provide higher crop productivity, while the higher use of SOR promoted more
increments in soil organic matter levels. Despite the increase in C-CO, emissions due
to the use of SORs, higher C levels were observed as a function of SOR rates. We
conclude that the application of SORs combined with SMFs represents an efficient
strategy to reduce costs and increase C levels, providing agronomic and environmen-
tal benefits.

Keywords: Carbon sequestration, soil organic matter, conservation agriculture, global
warming, greenhouse gases
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1. Introduction

The world population is expected to reach more than 9 billion people by mid-century, creat-
ing enormous pressure over the global food supply. Concurrently in the food chain, meat
production is an activity that causes the greatest environmental impact due to the inefficiency
of the transformation of nonusable parts for direct consumption in reusable by-products [1].
Thus, the amount of waste to be recycled and reused for various purposes will increase
significantly, negatively contributing to environmental sustainability due to its disposal in the
environment in an inappropriate manner and thereby generating increased emissions of
greenhouse gases (GHGs) [2-4]. This change may trigger an increase in the planet's average
temperature by up to 5.8°C over the next 100 years [5]. It is estimated that alterations in soil
management provide about 20% of the total emissions of greenhouse gases (GHGs) [6].

Global meat consumption is estimated to increase by 72% between 2000 and 2030, and much
of this increase will be due to the consumption of poultry and pork [7]. Around 96 and 113
million tons of poultry and pork, respectively, are produced in the world. The Americas are
responsible for 43.7% of the world's chicken production and 17.4% of pork production [8].

The United States accounts for 17% of the world's poultry meat production, China accounts
for 13% and Brazil, becoming the third largest producer, accounts for 12%. China accounts for
60% of pork production, followed by the United States (10.5%), Russia (5.5%), Spain (3.9%)
and Brazil (3.71%) [8]. The waste from slaughterhouses of poultry, pork and cattle has caused
serious environmental consequences due to its improper disposal in the environment [2-4].

Poultry and pork production will generate 121 and 509 million tons of carbon dioxide,
respectively, via carbon (C-CO,) equivalent until 2020, with a prospective increase of 47% in
2030 [7]. The use of organic waste from the meat processing industry could increase the
potential for soil carbon (C) drain and promote reduction in GHG emissions compared with
industrial fertilizers derived from fossil fuels, thereby minimizing its environmental impact
[9]. In addition to reducing its environmental impact, the organic waste produced in the
slaughtering system is an organic fertilizer option for soil due to the presence of essential
nutrients for plant growth and mainly due to its high content of organic matter, which acts
positively on physical, chemical and biological soil properties, thus promoting plant devel-
opment [10-12].

The use of industrial organic waste in combination with crop residues that return to the soil
increases the C accumulation rate in the long term [13]. The C accumulation potential in the
soil is governed by many factors, such as climate and soil type [14, 15], crop systems [16], soil
management, including conservational systems [17, 18], and soil fertilization [19].

Thus, industrial organic waste presents several benefits regarding soil quality improvement
and agronomic production increase [20]. However, the potential that these residues have to
promote C compensation to the soil-plant-atmosphere system has been scarcely explored
compared with the use of industrial mineral fertilizers.
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2. Problem statement

The organic residues used in agriculture as fertilizers often originate from three main activities:
agricultural, urban and industrial. Among agricultural residues, manure (cattle, porcine and
poultry) is the most commonly used. With regard to the organic residues from urban activities,
the products generated from composting of urban garbage and sewage sludge are the most
used ones [21, 22]. Lastly, the waste generated in the food processing industry is the most used
in the production of organic fertilizers.

The residues generated from chicken and poultry slaughterhouses have been causing serious
pollution problems to the soil, surface water and groundwater. According to COWI Consulting
Engineers and Planners AS [23] and Matos [24], 20% and 30% of chicken and swine weight,
respectively, are considered inedible (blood, feathers, hairs, nails, fat, etc.). Part of the residues
generated is destined for industrial purposes (e.g., animal food production), and approxi-
mately 20-22% are discarded in the environment.

Several reports have demonstrated the benefits of using organic fertilizers to the chemical
properties of soil. According to Rasmussen and Collins [25], the use of organic fertilizers in
agriculture aims to increase the soil organic matter content. The soil organic matter plus the
clay soil content form an absorption complex that increases soil chemical properties. The
complex, in this way, is capable of retaining the nutrients as nitrogen that would be eventually
leached. Organic fertilizers also add micronutrients and macronutrients to the soil. Therefore,
organic fertilizers increase the soil cation exchange capacity (CEC), provide better water
retention, create complex toxic elements [26-29] and determine the biological and physical
qualities of soil.

Marchesini et al. [30] reported crop yield increases provided by the use of organic fertilizers,
which are more persistent despite presenting lower and slower effects compared with
synthetic mineral fertilizers (SMFs). This could be due to their lower and progressive nutrient
release and plant root system development.

However, it is important to emphasize that since agricultural soils can be considered a
destination for residue waste, we must respect the limits imposed by legislation, avoiding
overpowering the soil's capacity [29, 31, 32]. Although the practice can work in ameliorating
soil conditions, it can also cause contamination, consequently affecting crop yield and quality
[33].

Synthetic fertilizers that come from nonrenewable sources are commonly used in agriculture.
In 2012, Brazil consumed more than 29 million tons of industrial fertilizers [34]. Therefore,
lowering their use by replacement with organic residues in this way can positively contribute
to environmental conservation.

In the search for more sustainable practices, correct management of organic residues in
agriculture is an important process to promote their environmental, social and economic
benefits. Exploring the potential of organic residues can promote their proper destination,
increase soil quality and promote economic benefits.
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In this light, the specific objectives of this research were (a) to assess the contribution of
slaughterhouse organic residues (SORs) from poultry and porcine activities to carbon (C)
alterations as well as (b) to study crop performance under a no-till system with organic residue
applications with and without synthetic mineral fertilizers.

3. Materials and methods

The experiment was established in April 2009 at the State University of Ponta Grossa Farm
(Fazenda Escola Capao da Onga) in the city of Ponta Grossa, Parana, in southern Brazil (25°
05" S and 50° 05" W). The climate is classified as Cfb according to the Képpen system [19], with
cold and humid winters and occasional frosts between May and July. The annual mean
precipitation during the experimental period of 44 years is 1545 mm, with higher precipitation
levels in the summer and no dry period defined. The mean maximum temperature is 24°C,
and the minimum is 13.3°C. The soil is classified as Haplic Cambisol with medium texture,
and it represents 27% of the region [35]. The results of the soil fertility analysis performed
before the experiment were pH (CaCl,, 1M), cation exchange capacity = 11.2 cmolc dm™, soil
density =1.35 Mg m™, total organicC=11.9 gkg™, total organic nitrogen=16.12 g kg™, available
P =38.1 mg kg™ and available K = 0.24 cmolc dm™.

The experimental design was of completely randomized blocks with six treatments and three
replications. The following treatments were performed: T, = control, with no slaughterhouse
organic residue (SOR) or synthetic mineral fertilizer (SMF) applications; T, = 100% SMF, with
all plant nutrient supply applied via synthetic mineral fertilizer; T; = 100% SOR, with all plant
nutrient supply applied via slaughterhouse organic residue; T, = 75% SOR + 25% SMF; T; =
50% SOR +50% SMF; and T, =25% SOR + 75% SMEF. For T,, Ts and T, the rates of SORs applied
were equivalent to 75%, 50% and 25% of the residues used in T,, respectively. The rates of SMFs
applied were based on the soil fertility analysis and the recommendation for the crops used in
the region.

In T; (100% SOR), 94, 21 and 19 kg ha™ of N, P and K, respectively, were applied. These were
equivalent to 2 Mg ha™ bio-fertilizer. The crop sequence from 2009 to 2012 was the alternation
of crops used in the summer and winter seasons in the region.

Crop yield was determined by harvesting 5 m of the three central rows in the summer and
winter season crops. The grains were submitted to a cleaning process to remove impurities
and then dried for humidity correction. Grain weight was corrected to 14% humidity for beans
and 13% for the other crops. The unit was converted to kg ha™ and then to Mg ha™. For black
oat, we determined the dry mass production collecting two points with 0.17 m? at each plot.
The soil total organic carbon (TOC) content was determined through the dry combustion
method using an elementary C/N analyzer (TruSpec CN LECO® 2006, St. Joseph, EUA).

The results for content and the TOC stock in whole samples, the particle-size fractions and the
SOM labile compartments were subjected to analysis of variance (ANOVA). The means that
were significantly different from the F test were compared using the LSD test at 5% probability
(I=0.05) using SISVAR 5.1 [36].
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4. Results and discussion

4.1. Crop response upon the use of slaughterhouse organic residues (SORs)

Combinations of 25% + 75%, 50% + 50% and 75 + 25% mineral fertilizer with organic fertilizer
demonstrated significantly higher yields in several crop seasons compared with fertilization
with 100% mineral fertilizer (Table 1). Sutton et al. [37] studied the effects of waste residue
rates from ruminant animals and did not find differences in corn productivity among the rates
or between mineral and organic fertilizers in 5 years of use. Despite the lack of significant
difference, crop yields were always higher in organically fertilized plots.

Treatments
Crops Crop T, T, T, T, T, T,
season
Mg ha™*

Beans  2009/2010 2.76" 2.85m 3.25m 3.21m 3.39 3.16m
Wheat 2010 0.67° 1.182 1.112 1.352 1.06° 1.20°
Soybean 2010/2011  2.11" 2.51m 2.34ns 2.38 2.50 2.28m
Oats 2011 1.71° 4.49° 3.882 3.50% 443 3.20%
Corn 2011/2012  7.00¢ 12.222 9.930 11.56% 10.17%® 9.59°
Wheat 2012 3.36° 3.57® 3.61% 3.47%® 4.06° 4022
Soybean 2012/2013  2.42¢ 2.743 2.942 293 2.81® 2.99
Oats 2013 1.35¢ 2.18%® 248 2.06% 2.06% 2,12
Corn 2013/2014 7.21¢ 11.18° 10.672® 11.64%® 12.032 11.792
Wheat 2014 1.03¢ 2112 1.59° 2.40° 2.12° 1.28v¢
Beans  2014/2015 1.77° 2.722 2.10° 2.28%® 2.68° 2.63*
Accumulated 31.40¢ 47.75 43.90* 46.79° 49.822 4426

T, = Absolute control (without SORs and SMFs); T, = 100% SMF; T, = 100% SOR; T, = 75% SMF + 25% SOR; T; = 50%
SMEF + 50% SOR; T, = 25% SMF + 75% SOR. Means followed by the same letters per row do not differ among
themselves by the LSD test at P < 0.05. “ns” indicates not significant by the F test at P < 0.05. Source: Romaniw [60].

Table 1. Crop yields affected by slaughterhouse organic and mineral residues in no-till system.

Considering the six crop seasons accumulated (Table 1), the treatments with the highest
productivities were T, (75% SMF + 25% SOR) and T5 (50% SMF + 50% SOR), representing
increases of 49.0% and 58.7% in relation to the control treatment (without SMFs and SORs),
respectively.

Many authors [31, 38-40] have reported increases in crop yields due to the use of organic
sources in fertilization. However, some of them can only be observed from medium-term to
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long-term courses due to the slow and gradual soil property change, as observed in Table 1,
with changes among the fertilizer treatments observed only after the third crop.

Through cost-benefit analysis (Table 2), we could identify that the increase in crop yield and
the mineral fertilizer cost reduction, in response to the increase in SOR rates, reflected in
increases in net earnings in comparison with SMF fertilization. With the application of the
lowest SOR rate (25%), there were savings of 292.57 USD per hectare compared with the
mineral fertilizer, but the maximum savings of 1170.27 USD per hectare was achieved with the
application of 22 Mg ha™ SOR along the 11 crop seasons.

Treatments
Crops T, T, T, T, T,
U$ ha™
Beans 280.40 125.63 241.71 203.02 164.32
Soybean 240.86 125.63 212.06 183.25 154.44
Corn 529.65 125.63 428.64 327.64 226.63
Oats 301.51 125.63 257.54 213.57 169.60
Wheat 508.79 188.44 428.71 348.62 268.53
Accumulated 1861.22 690.95 1568.65 1276.09 983.52

*Base values were obtained from SEAB [41]. T, = Absolute control (without SORs and SMFs); T, = 100% SMF; T, = 100%
SOR; T, =75% SMEF + 25% SOR; T5 = 50% SMF + 50% SOR; T, = 25% SMF + 75% SOR. *SMF rates were recommended
according to cultivated crop and soil analysis, and the SOR rate was fixed at 2 Mg ha™.

Table 2. Fertilization costs (SORs and SMFs) along the crop seasons.

4.2. Soil organic matter (SOM) pools in crop systems affected by SOR application

As soil organic matter (SOM) is closely linked to C, it is essential to note that it is found in
highly variable situations in terms of level of decomposition, chemical composition, size, level
of recalcitrance as well as chemical and physical protection. For this reason, fractionation
methods were used (chemical or physical) to classify and quantify the effects of SOR applica-
tion on the SOM pools. In addition, the use of SORs as fertilizers in the medium and long terms
can increase TOC content and microbial activity, which results in the recovery of soil quality
and increases crops’ productive potential.

Analyzing the use of slaughterhouse waste over SOM pools, we could observe an increase in
total organic carbon (TOC) stocks at the 0-20 cm layer through the use of a combination of 50%
SOR + 50% SMF (Table 3). This increase was 33.8% higher than that in the control (without
SORs and SMFs) and 28.8% higher than that in T, (100% SMF). Previous studies developed by
Filho et al. [42] and Zhang et al. [43] concluded that fertilization with organic waste in long-
term experiments elevated soil carbon (C) and nitrogen (N) levels.
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Soil layer (cm) Treatments
T, T, T, T, T T
TOC content, g kg™
0-5 18.33™ 18.03 20.80 19.67 21.60 18.70
5-10 13.97" 13.50 13.43 13.97 15.87 13.07
10-20 13.00" 13.37 12.53 12.70 14.27 13.17
TOC stock, Mg ha™
0-5 11.45" 9.15 12.52 17.13 18.59 16.78
5-10 8.70" 10.17 9.45 9.24 10.13 10.85
10-20 15.94r 18.18 17.17 17.31 19.59 18.04
0-20 36.09° 37.50° 39.14° 43.67° 48.317 45.66°

T, = Absolute control (without SORs and SMFs); T, = 100% SMF; T; = 100% SOR; T, = 75% SMF +25% SOR; T5 = 50%
SMF + 50% SOR; T, = 25% SMF + 75% SOR. Means followed by the same letters per row do not differ among
themselves by the LSD test at P < 0.05. “ns” indicates not significant by the F test at P < 0.05. Source: Romaniw et al.
[54].

Table 3. Total organic carbon (TOC) contents and stocks in response to the use of mineral fertilizers and
slaughterhouse organic waste applied in isolated and combined forms in no-till system.

de Andrade et al. [44] observed higher increases in TOC in the second year after the application
of sewage sludge biosolids in sugarcane, emphasizing that such effects could be further
increased in subsequent years.

The contents and stocks of mineral-associated organic carbon (MAOC) and the contents of
particulate organic carbon (POC) presented different responses upon the fertilization treat-
ments (Table 4).

Layer (cm) Treatments
T, T, T, T, Ts T,
POC content, g kg™
0-5 5.00m 5.16 5.98 5.42 6.28 4.76
5-10 2.96" 2.66 2.79 2.67 2.83 2.71
10-20 2.80" 2.68 2.60 2.50 3.37 2.57

MAOC content, g kg™

0-5 50.00m 44.73 49.70 49.27 52.53 4473
5-10 38.53 37.07 35.90 39.30 40.13 37.87
10-20 35.00m 24.20 33.83 36.97 41.93 35.73

POC stock, Mg ha™

0-5 2.03® 2.18 2.042® 2.13® 1.75%® 1.39°

229
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Layer (cm) Treatments
T, T, T, T, T; T,
5-10 1.17b 1.06¢ 1.28%¢ 1.19% 1.98° 1.79%
10-20 2.15™ 2.29 2.20 2.10 2.29 2.97
0-20 5.35 5.53 5.52 5.42 6.02 6.15
MAOQOC stock, Mg ha™
0-5 9.41"e 6.97° 10.48"e 15.00% 16.84° 15.39%
5-10 7.54m 9.11 8.17 8.05 8.14 9.06
10-20 13.79° 15.89 14.97° 15.21® 17.312 15.07®
0-20 30.74¢ 31.97> 33.62" 38.25%¢ 42.29° 39.51®

T, = Absolute control (without SORs and SMFs); T, = 100% SMF; T, = 100% SOR; T, = 75% SMF + 25% SOR; T5 = 50%
SMEF + 50% SOR; T4 = 25% SMF + 75% SOR. Means followed by the same letters per row do not differ among
themselves by the LSD test at P < 0.05. “ns” indicates not significant by the F test at P < 0.05. Source: Romaniw et al.

[54].

Table 4. Contents and stocks of particulate organic carbon (POC) and mineral-associated organic C (MAOC) in
response to the application of mineral fertilizers and slaughterhouse waste isolated and combined in no-till system.

Layer (cm) Treatments
T, T, T, T, Ts T,
C-OXP content, g kg™
0-5 1.292 2.34° 2.74° 2.49° 2.72° 2.86°
5-10 0.89° 1.71b¢ 1.74b¢ 1.54b 1.89¢ 1.80b¢
10-20 0.67 1.61° 1.43° 1.28° 1.66° 1.68°
C-HW content, g kg™
0-5 0.42° 0.67° 1.29° 2.07¢ 2. 2.33¢
5-10 0.50° 0.69 0.69° 1.93° 2.02° 1.95°
10-20 0.512 0.672 0.572 1.54b 1.95° 2.03°
C-OXP stock, Mg ha™
0-5 0.812 1.48° 1.70° 1.57° 1.71° 1.80°
5-10 0.62° 1.20° 1.22° 1.08° 1.33% 1.26°
10-20 0.91° 2.21° 1.95° 1.75° 2.28° 2.30°
0-20 2.35 4.88° 4.90° 4.40° 5.32b 5.36"
C-HW stock, Mg ha™
0-5 0.26° 0.422 0.81° 1.31¢ 1.30¢ 1.47¢
5-10 0.35 0.48: 0.482 1.35° 1.41° 1.37°
10-20 0.70? 0.91° 0.792 2.10° 2.67° 2.78°
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Layer (cm) Treatments
T, T, T, T, T, T,
0-20 1.312 1.822 2.08 4.76° 5.38° 5.61°

T, = Absolute control (without SORs and SMFs); T, = 100% SMF; T; = 100% SOR; T, = 75% SMF +25% SOR; T5 = 50%
SMF + 50% SOR; T, = 25% SMF + 75% SOR. Means followed by the same letters per row do not differ among
themselves by the LSD test at P < 0.05. “ns” indicates not significant by the F test at P < 0.05. Source: Romaniw et al.
[54].

Table 5. Contents and stocks of C oxidizable by potassium permanganate (C-OXP) and hot water (C-HW) in response
to the use of mineral fertilizers and organic residues from slaughterhouses applied alone or in combination under a no-
till system.

For POC at the 0-20 cm layer, the treatments that provided the highest increases were Tj
(50% SMF + 50% SOR) and T, (25% SMF + 75% SOR), with increments of 12.5% and 14.9%,
respectively, in comparison with the control (Table 4). For MAOC at the same depth, the
highest increases were also provided by Ts and T,, with increments of 37.6% and 28.5%, re-
spectively, in comparison with the control. The increase and maintenance of labile SOM
pool stocks are essential for the amelioration of soil quality and for the sustainability of crop
systems, since they are essential for soil microbial activity [45].

The C-HW content decreased with soil depth, suggesting a stratification profile in the soil
(Table 5). This fact is already well reported in no-till systems [46-48], and due to the addi-
tion of SORs, this response was even more pronounced, leading to higher biomass-C input
from crop residues over the soil surface.

In addition, the SOR application in combination with SMFs increased the C-OXP and C-HW
stocks regardless of the SMF combination. Considering the C-OXP pool at the 0-20 cm layer,
the treatments that provided the highest increases were T; (50% SOR + 50% SMF) and T, (75%
SOR + 25% SMF), representing increases of 126.4% and 128.0%, respectively, in comparison
with the control. For C-HW at the same depth, the T5; and T, treatments were also the ones that
provided the highest increases, with increments of 310.7% and 328.2%, respectively, in
comparison with the control.

This impact of the combinations of SORs and SMFs, in the short term, could be attributed to
the increase of labile SOM pools, promoting higher soil biological activity [48]. The input of
organic residues also plays an important role in soil aggregation [49] and higher C protection
[50]. Similar results were also found by Kanchikerimath and Singh [51] and Rudrappa et al.
[52] in the medium term (more than 5 years) in India.

Thus, fertilization with SORs favors soil microbial activity and stimulates soil organic matter
mineralization [53]. Therefore, combinations of SORs and SMFs can lead to higher C inputs,
and depending on the soil layer, they can even surpass the increments provided by isolated
SMFs.
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4.3. SOR rates affecting C-CO, emission and soil organic matter pools in incubated soil

The mean C-CO, flux rate of incubated soils with SOR applications varied from 0.30 to 2.79
Mg ha™ at the lowest rate (0 Mg ha™) at the beginning of the incubation and at the highest SOR
rate (16 Mg ha™) at the end of the incubation process (Figure 1). At the highest SOR rate, there
was an increase in the C-CO, flux equivalent to seven times compared with the beginning of
the process (0.45 Mg ha™' C-CO,).
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Figure 1. C-CO, flux in incubated soils with different rates of SOR. T, = Control (0 Mg ha™ SOR); T, =1 Mg ha™ SOR; T,
=2Mgha; T,=4Mgha; T;=8 Mg ha™’; T, = 16 Mg ha™. Source: Romaniw [60].

The mean C-CO, fluxes observed due to the increasing SOR applications of 0, 1, 2, 4, 8 and 16
Mgha™ were10.3,12.5,12.6,13.0,15.0and 22.4 kg ha™, respectively. Therefore, only the highest
SOR rate of 16 Mg ha™ is out of the ideal range of 9.8-19.5 kg ha™ as evaluated by the Soil
Quality Kit test in long-term experiments [55].

With the increase in SOR rates in incubated soils, we could observe a more pronounced effect
60 days after applications (Figure 1), which indicates that the CO, emission rates of microbial
biomass decrease as C starts being fixed in the soil.

After the initial increase on day 45, in general, CO, emissions among the treatments tended to
be similar to the control soils. After 60 days of incubation, all treatments started emitting a
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similar amount of CO,. Such evolution was also observed by Sdnchez-Monedero et al. [56] in
an incubation experiment with composted sewage sludge at different stabilization degrees.

According to Figure 1, there is a tendency for stabilization of the C-CO, emissions after 80 days
of incubation. This fact may be related to the availability of substrate for microbial activity as
reported by Campbell et al. [57]. The balanced fertilization with SORs as a source of labile
carbon supports the microbial activity, resulting in increases in C-CO, emissions.

The increase in SOR rates resulted in a linear tendency with the C-CO, flux (Figure 2). This
tendency is probably related to the SOR C:N ratio and structure, which provides higher surface
contact with soil particles. These factors allied to ideal conditions of humidity and temperature
increase the microbial activity, leading to higher C-CO, emission rates [58]. The increase in C-
CO, emission with higher SOR rates at the end of the incubation period is probably related to
the fast soil microbiota growth and the decomposition of higher organic material amounts.
This fact indicates that such higher SOR rates could cause a higher liberation of organic
materials in the soil, which easily decompose due to temperature and humidity conditions.
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Figure 2. Accumulated C-CO, emissions affected by SOR rates of 0, 1, 2, 4, 8 and 16 Mg ha™ after 125 days of incuba-
tion. Source: Romaniw [60].

Although the increase in SOR rates resulted in higher C-CO, emissions, linear increases in the
TOC were observed (P < 0.05) (Figure 3), indicating its influence over soil carbon mineraliza-
tion. The fast mineralization at the beginning of the incubation process is mainly related to the
amount of labile carbon available. As the decomposition process begins, the influence of labile
fraction lessens due to its easy degradation [58, 59]. In general, all samples with SOR applica-
tion presented higher TOC contents compared with the control.
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Figure 3. TOC content affected by SOR rates of 0, 1, 2, 4, 8 and 16 Mg ha™ after 125 days of incubation. Source: Roma-
niw [60].

The C-HW content decreased at the SOR rate of 16 Mg ha™'. The high SOR rate possibly caused
a reduction in soil aeration, leading to lower microbial activity and carbon mineralization (C-
HW) (Figure 4).
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Figure 4. C-HW content affected by SOR rates of 0, 1, 2, 4, 8 and 16 Mg ha™ after 125 days of incubation. Source: Roma-
niw [60].

The SOR rate of 8 Mg ha™ provided increases in C-HW and C-OXP (Figures 4 and 5), mainly
because of the high microbial activity due to the availability of labile carbon. The proportions
between labile and recalcitrant fractions differ in the fertilizer that presents a higher concen-
tration of soluble fraction and that with lower fiber contents [61]. The differences in biochemical
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composition can alter the structure of microbial biomass and affect its efficiency in C use,
resulting in differences in C mineralization of different organic sources.
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Figure 5. POXC content affected by SOR rates of 0, 1, 2, 4, 8 and 16 Mg ha™ after 125 days of incubation. Source: Roma-
niw [60].

The C-CO, flux, when related to the TOC stock, expressed the amount of C-CO, lost by each
Mg ha™ TOC produced according to the SOR rates applied (Figure 6). This parameter is a
sensitive indicator of the environmental changes that can occur due the increasing SOR
applications. It can be used to detect disturbances, reflecting the increase in C-CO, emission.
The TOC stock was greater with the increase in SOR rates, which indicates higher potential
for C-CO, sequestration.
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Figure 6. Relationship between C-CO, flux and TOC stock in incubated soils for 125 days with SOR rates of 0, 1, 2, 4, 8
and 16 Mg ha™. Source: Romaniw [60].
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The increase in C-CO, emissions with SOR addition produced an initial increment and
variability in TOC (Figure 6). This variability suggests disturbance in the microorganisms’
activity through the SOR addition. The SOR applications provided accumulated emissions of
1.28,1.56,1.58, 1.63, 1.88 and 2.79 Mg ha™' C-CO, and fixations of 0.24, 1.52, 1.36, 1.92, 1.92 and
3.04 Mg ha™ TOC (reduced values from the initial TOC) in the soil after the 125-day incubation
period. These results indicate that, although there is a pronounced flux of C-CO, with higher
SOR applications, the TOC levels also increased. The TOC fixation was higher than the C-
CO, flux for the 4, 8 and 16 Mg ha™ rates.

Therefore, SOR application can be considered a promising strategy in order to provide soil C
sequestration, affecting directly the quality and productivity of the system.

5. Conclusions

The applications of poultry and pork slaughterhouse waste increased crop productivity,
especially in T5 (50% SOR + 50% SMF). The C labile pools (C-HW, C-OXP and POC) were higher
in the treatments with elevated SOR applications (50% and 75%), thereby increasing soil
quality and sustainability. In addition, fertilization with SORs demonstrated to be an alterna-
tive to minimize the costs and use of mineral fertilizers and increase C sequestration.
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SOR: Slaughterhouse organic residue
SMEF: Synthetic mineral fertilizer

N: Nitrogen

C: Carbon

TOC: Total organic carbon

MAOQOC: Mineral-associated organic carbon
POC: Particulate organic carbon

C-OXP: Permanganate oxidizable organic carbon
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C-HW: Hot water extractable organic carbon
GHG: Greenhouse gases

C-CO,: Carbon emitted as carbon dioxide.

Author details

Jucimare Romaniw!, Jodao Carlos de Moraes Sa?, Ademir de Oliveira Ferreira® and
Thiago Massao Inagaki'

*Address all correspondence to: ju.romaniw@gmail.com
1 State University of Ponta Grossa, Campus de Uvaranas Ponta Grossa, PR, Brazil

2 Department of Soil Science and Agricultural Engineering, State University of Ponta Gros-
sa, Parana, Brazil

3 Soil Organic Matter Laboratory (LABMOS), State University of Ponta Grossa, Parand, Bra-
zil

References

[1] Steinfeld, H., et al., Livestock’s long shadow. Rome: FAO, 2006.

[2] Goodland, R., Environmental sustainability in agriculture: diet matters. Ecological Eco-
nomics, 1997. 23(3): pp. 189-200.

[3] White, T., Diet and the distribution of environmental impact. Ecological Economics, 2000.
34(1): pp. 145-153.

[4] Gerbens-Leenes, P. and S. Nonhebel, Consumption patterns and their effects on land
required for food. Ecological Economics, 2002. 42(1): pp. 185-199.

[5] Solomon, S. IPCC: Climate Change 2007 — The Physical Science Basis. In AGU Fall Meeting
Abstracts. 2007.

[6] Johnson, J.M., D. Archer, and N. Barbour, Greenhouse gas emission from contrasting
management scenarios in the northern Corn Belt. Soil Science Society of America Journal,
2010. 74(2): pp. 396—406.

[7] Fiala, N., Meeting the demand: an estimation of potential future greenhouse gas emissions from
meat production. Ecological Economics, 2008. 67(3): pp. 412—419.

237



238 Organic Fertilizers - From Basic Concepts to Applied Outcomes

8]

9]

[11]

[12]

[13]

[14]

[15]

[16]

[18]

[19]

[20]

[21]

Food and Agriculture Organization of the United Nations, FAOSTAT Statistical
Database, 2009.

Floriani, S.L., et al., Potential of industrial solid wastes as energy sources and gaseous
emissions evaluation in a pilot scale burner (ES2008-54355). Journal of Energy Resources
Technology, 2010. 132(1): p. 011003.

Costa, F.d.S,, et al., Estoque de carbono orgdnico no solo e emissoes de didxido de carbono
influenciadas por sistemas de manejo no sul do Brasil. Revista Brasileira de Ciencia do Solo,
Campinas, 2008. 32(1): pp. 323-332.

Andreola, F., L. Costa, and N. Olszevski, Influéncia da cobertura vegetal de inverno e da
adubagdo orgdnica e, ou, mineral sobre as propriedades fisicas de uma Terra Roxa Estrutura-
da. Revista Brasileira de Ciéncia do Solo, 2000. 24(4): pp. 857-865.

Brito, O.R., P.R.S. Vendrame, and R.M. Brito, Alteracoes das propriedades quimicas de um
latossolo vermelho distroférrico submetido a tratamentos com residuos orgdnicos. Semina:
Ciéncias Agrarias, 2005. 26(1): pp. 33—40.

Kong, A\Y., etal., The relationship between carbon input, aggregation, and soil organic carbon
stabilization in sustainable cropping systems. Soil Science Society of America Journal, 2005.
69(4): pp. 1078-1085.

Miller, S.D., et al., Biometric and micrometeorological measurements of tropical forest carbon
balance. Ecological Applications, 2004. 14(sp4): pp. 114-126.

Chabbi, A. and C. Rumpel, Organic matter dynamics in agro-ecosystems — the knowledge
gaps. European Journal of Soil Science, 2009. 60(2): pp. 153-157.

Lal, R., Soil carbon sequestration to mitigate climate change. Geoderma, 2004. 123(1): pp. 1-
22.

Sa,].C.d.M., et al., Carbon depletion by plowing and its restoration by no-till cropping systems
in Oxisols of subtropical and tropical agro-ecoregions in Brazil. Land Degradation and
Development, 2015.

Ogle, S M., A. Swan, and K. Paustian, No-till management impacts on crop productivity,
carbon input and soil carbon sequestration. Agriculture, Ecosystems & Environment, 2012.
149: pp. 37-49.

Bhattacharyya, T., et al., Changes in levels of carbon in soils over years of two important food
production zones of India. Current Science, 2007. 93(12): pp. 1854-1863.

Meng, L., W. Ding, and Z. Cai, Long-term application of organic manure and nitrogen
fertilizer on N,O emissions, soil quality and crop production in a sandy loam soil. Soil Biology
and Biochemistry, 2005. 37(11): pp. 2037-2045.

Junior, C.H.A,, et al., Uso agricola de residuos orgdnicos potencialmente poluentes: Proprie-
dades quimicas do solo e producdo vegetal. Topicos em Ciéncia do Solo, 2005. 4: pp. 391-
470.



C-CO, Emissions, Carbon Pools and Crop Productivity Increased upon Slaughterhouse Organic Residue Fertilization in

[22]

[23]

[24]
[25]

[26]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

a No-Till System
http://dx.doi.org/10.5772/63123

Pires, A. and M. Mattiazzo, Avaliacio da viabilidade do uso de residuos na agricultura.
Embrapa Meio Ambiente. Circular Técnica, 2008.

COWI Consulting Engineers and Planners AS, Denmark. Cleaner production assessment
in meat processing. Paris: UNEP, 2000. Available online at http://www.uneptie.org

Matos, A.d., Manejo e tratamento de residuos agroindustriais. Vigosa, MG: AEAGRI, 2007.

Rasmussen, P.E. and H.P. Collins, Long-term impacts of tillage, fertilizer, and crop residue
on soil organic matter in temperate semiarid regions. Advances in Agronomy, 1991. 45: pp.
93-134.

Rocha, G.N., J.L.M. Gongalves, and .M. Moura, Mudancas da Fertilidade do Solo e
Crescimento de um Povoamento de Eucalyptus grandis Fertilizado com Biossdlido. Revista
Brasileira de Ciéncia do Solo, 2004. 28(4): pp. 623-639.

Melo, L.C.A., C.A. Silva, and B.d.O. Dias, Caracterizagdo da matriz orginica de residuos de
origens diversificadas. Revista Brasileira de Ciéncia do Solo, 2008. 32(1): pp. 101-110.

Silva, A.C., et al., Relagoes entre matéria orginica do solo e declividade de vertentes em
topossequencia de Latossolos do sul de Minas Gerais. Revista Brasileira de Ciéncia do Solo,
2007. 31(5): pp. 1059-1068.

Tedesco, M., et al., Residuos organicos no solo e os impactos no ambiente. Fundamentos da
Matéria Organica do Solo: Ecossistemas Tropicais e Subtropicais, 1999. 2: pp. 113-136.

Marchesini, A., et al., Long-term effects of quality-compost treatment on soil. Plant and Soil,
1988. 106(2): pp. 253-261.

Silva, C., Uso de residuos orgdnicos na agricultura. In Santos, G.A., et al., Fundamentos da
Matéria Organica do Solo. Porto Alegre: Metropole, 2008: pp. 597-621.

Comissao de Quimica e Fertilidade do Solo. Sociedade Brasileira de Ciéncia do Solo.
Manual de adubagdo e de calagem para os estados do Rio Grande do Sul e de Santa Catarina.
Porto Alegre: CQFS/SBCS/NRS, 2004. 32(10): p. 400.

Weber, C.F,, et al., Responses of soil cellulolytic fungal communities to elevated atmospheric
CO, are complex and variable across five ecosystems. Environmental Microbiology, 2011.
13(10): pp. 2778-2793.

Filho, P.S.V., E. Sagrilo, and F. Mora, Adubacdes orginica e mineral, produtividade do milho
e caracteristicas fisicas e quimicas de um fisicas e quimicas de um Argissolo Argissolo Argissolo
Vermelho Vermelho Vermelho-Amarelo. Acta Scientiarum. Biological Sciences, 2005. 27.

S4,].C.d.M.,, et al., Carbon depletion by plowing and its restoration by no-till cropping systems
in Oxisols of subtropical and tropical agro-ecoregions in Brazil. Land Degradation and
Development, 2013.

Ferreira, D., Programa Sisvar, versio 5.1: programa de andlises estatisticas. Lavras: DEX/
UFLA, 2008.

239



240  Organic Fertilizers - From Basic Concepts to Applied Outcomes

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[49]

Sutton, A., et al., Effects of liquid swine waste applications on corn yield and soil chemical
composition. Journal of Environmental Quality, 1978. 7(3): pp. 325-333.

Eghball, B. and J.E. Gilley, Phosphorus and nitrogen in runoff following beef cattle manure
or compost application. Journal of Environmental Quality, 1999. 28(4): pp. 1201-1210.

Konzen, E.A., Fertilizacdo de lavoura e pastagem com dejetos de suinos e cama de aves. 2003:
Embrapa Milho e Sorgo.

Scherer, E.E., L T. Baldissera, and C.N. Nesi, Propriedades quimicas de um Latossolo
Vermelho sob plantio direto e adubagio com esterco de suinos. Revista Brasileira de Ciéncia
do Solo, 2007. 31(1): pp. 123-131.

SEAB. Secretaria do Estado da Agricultura e Abastecimento do Parand (SEAB) — Departa-
mento de Economia Rural 2015 [cited 2015]. Available online at http://
www.seab.pr.gov.br/

Filho, P.S.V., E. Sagrilo, and F. Mora, Adubagdes orginica e mineral, produtividade do milho
e caracteristicas fisicas e quimicas de um fisicas e quimicas de um Argissolo Argissolo Argissolo
Vermelho Vermelho Vermelho-Amarelo. Acta Scientiarum. Biological Sciences, 2005. 27(3).

Zhang, ].S., Tao S., and J. Cao, Soil sample preservation and pretreatment for water soluble
organic carbon determination. Chinese Journal of Soil Science, 2000. 4: p. 009.

de Andrade, C.A., C. de Oliveira, and C.C. Cerri, Segio IX-Poluicio do Solo e Qualidade
Ambiental. Revista Brasileira de Ciéncia do Solo, 2005. 29(5): pp. 803-816.

Blair, G.J., R.D. Lefroy, and L. Lisle, Soil carbon fractions based on their degree of oxidation,
and the development of a carbon management index for agricultural systems. Crop and Pasture
Science, 1995. 46(7): pp. 1459-1466.

Briedis, C., et al., Soil organic matter pools and carbon-protection mechanisms in aggregate
classes influenced by surface liming in a no-till system. Geoderma, 2012. 170: pp. 80-88.

Figueiredo, C., et al., Carbono e nitrogénio da biomassa microbiana em resposta a diferentes
sistemas de manejo em um Latossolo Vermelho no Cerrado. Revista Brasileira de Ciéncia do
Solo, 2007. 31(3): pp. 551-562.

S4,].C.d.M. and R. Lal, Stratification ratio of soil organic matter pools as an indicator of carbon
sequestration in a tillage chronosequence on a Brazilian Oxisol. Soil and Tillage Research,
2009. 103(1): pp. 46-56.

Su, S. Y., et al., Long-term effect of fertilizer and manure application on soil-carbon sequestra-
tion and soil fertility under the wheat-wheat-maize cropping system in northwest China.
Nutrient Cycling in Agroecosystems, 2006. 75(1-3): pp. 285-295.

Tivet, F., et al., Aggregate C depletion by plowing and its restoration by diverse biomass-C
inputs under no-till in sub-tropical and tropical regions of Brazil. Soil and Tillage Research,
2013. 126: pp. 203-218.



C-CO, Emissions, Carbon Pools and Crop Productivity Increased upon Slaughterhouse Organic Residue Fertilization in

[51]

[52]

[54]

[55]

[56]

[58]

[60]

a No-Till System
http://dx.doi.org/10.5772/63123

Kanchikerimath, M. and D. Singh, Soil organic matter and biological properties after 26 years
of maize-wheat-cowpea cropping as affected by manure and fertilization in a Cambisol in
semiarid region of India. Agriculture, Ecosystems & Environment, 2001. 86(2): pp. 155
162.

Rudrappa, L., et al., Long-term manuring and fertilization effects on soil organic carbon pools
in a Typic Haplustept of semi-arid sub-tropical India. Soil and Tillage Research, 2006. 88(1):
pp- 180-192.

Balesdent, J., et al., The dynamics of carbon in particle-size fractions of soil in a forest-
cultivation sequence. Plant and Soil, 1998. 201(1): pp. 49-57.

Romaniw, J., et al., Carbon dynamics in no-till soil due to the use of industrial organic waste
and mineral fertilizer. Revista Ciéncia Agronomica, 2015. 46(3): pp. 477-487.

Amado, T.J.C,, et al., Potential of carbon accumulation in no-till soils with intensive use and
cover crops in southern Brazil. Journal of Environmental Quality, 2006. 35(4): pp. 1599-
1607.

Sanchez-Monedero, M., et al., Land application of biosolids. Soil response to different
stabilization degree of the treated organic matter. Waste Management, 2004. 24(4): pp. 325—
332.

Campbell, C.D., etal., A rapid microtiter plate method to measure carbon dioxide evolved from
carbon substrate amendments so as to determine the physiological profiles of soil microbial
communities by using whole soil. Applied and Environmental Microbiology, 2003. 69(6):
pp- 3593-3599.

Bernal, M., et al., Carbon mineralization from organic wastes at different composting stages
during their incubation with soil. Agriculture, Ecosystems & Environment, 1998. 69(3):
pp- 175-1809.

Trinsoutrot, I., et al., C and N fluxes of decomposing >C and N Brassica napus L.: effects of
residue composition and N content. Soil Biology and Biochemistry, 2000. 32(11): pp. 1717-
1730.

Romaniw, J. Impacto de Residuos Orginicos de Abatedouros de Aves e Suinos na Resposta das
Culturas e nos Compartimentos do Carbono e Nitrogénio do Solo em Sistema Plantio Direto
2013. 94 pgs. Dissertation (Maester in Agronomy) — Universidade Estadual de Ponta
Grossa. Ponta Grossa.

Saviozzi, A., et al., Role of chemical constituents of wheat straw and pig slurry on their
decomposition in soil. Biology and Fertility of Soils, 1997. 25(4): pp. 401-406.

241



ntechOpen

ntechOpen



