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Abstract

Gastrointestinal parasitism is one of the factors that discourages farmers from raising small ruminants in cultivated
pastures. To validate a soil treatment strategy to control the free-living stages of gastrointestinal nematodes (GIN),
castor cake (CC) was used as a fertilizer on a pasture where sheep grazed on guinea grass under continuous stocking.
On day zero, the pasture was divided into three paddocks, contaminated by GIN and treated, respectively, with CC
divided into two applications (2CC, ,), CC in a single application (CC,) and organic compost in a single application
(control). On day 21, eight GIN-free sheep were placed in each paddock. On day 58, significant differences (P<0.05)
were observed: reduction of up to 66.10% in larvae.g” of dry mass in pastures fertilized with CC, decrease of up
to 60.72% in infection rates among the animals in the groups treated with CC, higher average daily weight gain
(over 185 g.day") and packed cell volume (over 26%) in the groups treated with CC, when compared to the control
(128 g.day™'; 20.9%). In view of the results, the use of CC, mainly CC,, as a fertilizer for guinea grass pastures, under
continuous stocking, proved to be promising, with 63.41% effectiveness in controlling worm infestations.

Keywords: Productive performance, Haemonchus contortus, continuous stocking, Megathyrsus maximus, small
ruminants, agroindustrial waste.

Resumo

O parasitismo gastrintestinal é um dos fatores que fragiliza a exploracdo de pequenos ruminantes em pastagens
cultivadas. Objetivando validar a estratégia de tratamento do solo para o controle dos estagios de vida livre de
nematoides gastrintestinais (NGI), a torta de mamona (TM) foi utilizada como adubo, com ovinos pastejando em capim-
tanzania sob lotagdo continua. No dia zero, o pasto foi dividido em trés piquetes, contaminados por NGl e tratados,
respectivamente, com TM parcelada em duas aplicagdes (2TM, ,), TM em uma Unica aplicagao (TM,) e composto organico
em Unica aplicacdo (testemunha). No dia 21, cada piquete recebeu oito ovinos livres de NGI. No dia 58, observaram-
se diferencas significativas (P<0,05): redu¢do de até 66,10% de larvas.g' de massa seca nas pastagens adubadas
com TM; redugdo de até 60,72% da infec¢do dos animais nos grupos tratados com TM; ganho de peso médio diario
(acima de 185 g.dia") e volume globular (acima de 26%) superior nos grupos tratados com TM, quando comparados
a testemunha (128 g.dia”; 20,9%). Diante dos resultados, o uso da TM, principalmente TM,, como adubo em pasto
de capim-tanzania, sob lotacao continua, mostrou-se promissor, com eficacia de 63,41% para controlar a verminose.

Palavras-chave: Desempenho produtivo, Haemonchus contortus, lotacdo continua, Megathyrsus maximus,
pequenos ruminantes, residuos agroindustriais.
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Fertilizer to control sheep nematodes

Introduction

Brazil has 18.9 million head of sheep (FAO, 2018), but this number does not fully meet the requirements of
the domestic market. In 2017, this demand was supplemented through the importation of 6.5 thousand tons of
sheep meat (FAO, 2017), justifying investments in the sector to increase national production. However, in order
to increase production and maintain productive systems profitable, production costs must be reduced, which, in
turn, means solving several management issues. As an example, sheep farmers sustain losses of up to 25% due
to the high rate of worm infections in the flock (Peter & Chandrawathani, 2005), which is a discouraging situation.

Some integrated parasite management (IPM) strategies have been adopted for flocks, such as rotational grazing
(Hoste & Torres-Acosta, 2011), multi-species grazing (Mahieu, 2013; Costa et al., 2011), deferment of pasture usage
(Catto & Bianchin, 2007), dietary protein supplementation (Miranda, 2018), sheep grazing times, and cultivation of
plants that are less favorable for the development and survival of the immature stages of parasites (Guedes et al.,
2018; Amaradasa et al., 2010).

Aiming to make another strategy available for IPM, and knowing that the vast majority of gastrointestinal
nematodes live in the environment, Salles et al. (2018) analyzed the life cycle of gastrointestinal nematodes (GIN) and
proposed a strategy for controlling the free-living stages of nematodes of small ruminants in the soil. This strategy
is based on the use of a fertilizer that reduces the contamination of grasses by infective larvae (L,) and increases
the amount of grass biomass, thereby contributing to reduce the L,.g" of dry mass, favor the nutritional levels
of grass, and indirectly, the animal, by increasing the supply of food in the pasture. Salles et al. (2019) evaluated
several crop residues with anthelmintic effect in vitro and identified castor cake as a potential input to control the
free-living stages of gastrointestinal nematodes.

Castor cake is a by-product of the industry left over after hot pressing castor seeds. This material can be used
as an organic fertilizer or as a protein source to reduce production costs in intensive and semi-intensive farming
systems, since the by-products generated by the industry must be disposed of in order to protect the environment
(Aslani et al., 2007).

In view of the above, the aim here was to perform a field validation of soil treatment strategy to control the
free-living stages of GIN with sheep grazing on guinea grass, under continuous stocking, using castor cake as a
fertilizer on the grazing land.

Material and Methods

Experimental site and period

This study was conducted from March to May 2017 at the Trés Lagoas Experimental Farm owned by Embrapa
Caprinos e Ovinos, located in the municipality of Sobral, state of Ceara, Brazil. A trial was carried out with Santa
Inés and Somalis sheep put out to graze on guinea grass pastures (Megathyrsus maximus cv Tanzania), established
in 2009, each pasture covering an area of 0.1 hectare, which had been left undisturbed and not been used for
grazing since 2015. The soil of the experimental area is classified as abrupt Orthic Chromic Luvisol.

All the procedures involving animals were performed following the regulations of the Ethics Committee on
Animal Use of Embrapa Caprinos e Ovinos, under Protocol no. 03/2015.

At the beginning of the experimental period, the pasture grass was mown down to a uniform height of
20 centimeters and the soil was treated with mineral fertilizer, as described by Cantarutti et al. (1999), based on
an analysis of the soil and considering systems for intermediate technological level (Table 1). Mineral fertilization
was done by hand on the 0.1 ha pastures using nutrients such as single superphosphate (60 kg.ha™), potassium
chloride (20 kg.ha), micronutrients (20 kg.ha' of FTE BR-12) and urea (30 kg.ha™).

Table 1. Chemical attributes of the soil in the experimental area.

pH om* P K SO, Na Cu Fe Zn Mn B Ca Mg H+Al Al
Depth(cm)
(H,0) gdm® = oo mg.dm?3 - e mmol_.dm?3-----
0-20 6.7 16 25 39 8 74 1.1 28 280 262 030 43 27 16 0
20-40 6.8 9 18 39 6 128 1.5 32 190 23.0 0.12 46 30 16 0

*OM: Organic Matter.
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Data on average temperature, average relative humidity, precipitation, and radiation were collected in the
experimental period of March to May 2017, during the rainy season, as illustrated in Figure 1.
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Figure 1. Relative humidity, precipitation, temperature, and solar radiation during the experimental period.

Experimental design and treatments

The experiment was carried out using a completely randomized design with repeated measures over time, with
the plots representing treatments, the subplots representing collection times, and the repetitions represented by
eight sheep. The inputs used were castor cake (CC), which was applied only once (CC)) in the pasture (195.3 kg) at
the beginning of the experiment, after the application of mineral fertilizers; CC applied in a fractionated way (2CC, ),
50% after the application of mineral fertilizers (97.7 kg) and 50% thirty days after the first application (97.7 kg); and
organic compost (control) applied only once (492.6 kg) after the application of the mineral fertilizers (Figure 2).
The same dose of nitrogen was used in all the treatments, corresponding to the equivalent of 600 kg.ha'.year.
The CC and the organic compost contained 5.12% and 2.03% nitrogen, respectively. All the inputs were applied by
hand before allowing the animals access to the pasture, considering the use of intensive grazing under continuous
stocking, with a fixed stocking rate. The organic compost was considered a control because it has no anthelmintic
effect in vitro, according to the methodology used by Salles et al. (2019). The compost was based on the carcasses
of small ruminants and was prepared as described by Meneses et al. (2017). The experiment involved 24 adult male
sheep, noncastrated, with an initial average weight of 23.93 + 3.66 kg. The animals were divided in a balanced way,
according to weight and breed, into three groups of eight animals, i.e., four Somalis and four Santa Inés sheep in
each treatment.

L,.g! of DM L,.g! of DM L,.g! of DM
1 ! 1 1
| l | | l ]
I 1 1 1 1 1

Day O 2123 30 37 44 51 58
i 1 1 1
MF + GIN feces/blood/weight

a0, R 1 R
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]
Control l 1
S

2CC,p SC 2CCyp

Figure 2. Timeframes and events during the experimental period (58 days). Day O: first grass collected to determine the
infective larvae count per gram of dry mass (L,.g" of DM) of guinea grass, followed by mineral fertilization (MF), contamination
by gastrointestinal nematodes (GIN), and treatments of the three paddocks with organic fertilizers. Control: organic compost
made of small ruminant carcasses; CC,: castor cake in a single application; 2CC, .: castor cake divided into two applications.
Day 21: sheep introduced into the areas and first grass sampling to evaluate its structural characteristics (SC). Day 23: start of
the weighing and collection of fecal and blood samples at seven-day intervals. Day 30: second grass sampling to determine the
L,.g" of DM and second application of CC, , treatment. Day 58: third grass sampling to determine the L,.g" of DM and second

grass sampling to evaluate SC.
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Overall management of the experiment

The animals received antiparasitic treatment before being driven into the paddocks, so that they were all free
of infection by gastrointestinal parasites at the beginning of the experiment. This which was confirmed by counting
the eggs per gram (EPG) of feces, which was equal to zero.

At the beginning of the experiment (Day 0, Figure 2), grass samples were collected from the pasture, using the
methodology described by Verschave et al. (2015), with changes in the number of samples per paddock and area of
collection, that s, five random samples were collected per paddock, each over an area 0.25 m2. All the grass inside this
area was collected after cutting the grass close to ground level. The five samples of guinea grass from each paddock
were tested by the Baermann technique (Ueno & Goncalves, 1998) to determine the presence of contamination by
infective nematode larvae (L,). The grass samples were then oven-dried at 60 °C, under forced ventilation for 72 hours
to determine their dry mass (DM) weight. After collecting the grass samples, each paddock was contaminated with
100 kg of feces from infected animals (average of 2505 EPG), followed by the application of the treatments: CC,,
2CC, , and control. Twenty-one days after contamination with feces and the application of inputs on the pasture, the
noninfected animals were herded into the paddocks, where the guinea grass was about 20 cm high. Larvae were
recovered from the grass 30 and 58 days after contamination, following the method described earlier herein (Figure 2).

On the day the sheep were driven into the paddocks (Day 21, Figure 2), grass samples were collected from
different parts of the paddocks to evaluate the structural characteristics (SC) of the grass. To this end, the available
biomass of dry matter was determined by means of sampling points on four micro plots in each paddock. The micro
plots were spaced approximately 10 meters apart by means of transects, using a 1.00 x 0.50 m iron frame, and
the grass inside them was cut close to the ground (Mannetje & Jones, 2000). The samples were weighed before
and after being dried in a forced air convection oven at 60 °C for 72 hours. The green fraction was subdivided into
leaves and stems to determine the total forage biomass (TFB), total leaf biomass (TLB) and leaf to stem ratio (L/S).
At the end of the study (Day 58, Figure 2), another sampling was carried out to evaluate the same parameters.
The following parameters were also evaluated: 1) grass canopy height, estimated by measuring the height of the
grass at 15 points on each micro plot using a retractable ruler; 2) tiller population density (TPD), estimated by
counting live tillers inside a 0.50 m? frame in each micro plot; and 3) relative chlorophyll index (RCl), by measuring
15 points per micro plot using a Minolta SPAD-502 chlorophyll meter.

The animals were taken out to graze on the guinea grass pasture during the daytime and were given a
concentrated supplement in the proportion of 1.8% of body weight, once a day, always at 4 pm, after being herded
back into a roofed sheep barn for the night. A maximum daily consumption capacity of dry matter of 3.6% of live
weight was considered for grazing sheep in the finishing phase. The centesimal composition of the concentrated
supplement was as follows: Corn: 67.2, Soybean meal: 30.2, Calcitic limestone: 1.1, Dicalcium phosphate: 0.6,
Ordinary salt: 1.0, and mineral Premix: at will. The concentrated supplement was formulated based on the nutrient
requirements established by the National Research Council (NRC, 2007) for lambs in the finishing phase at 24 kg of
live weight and 180 g of daily weight gain. Samples of the concentrated supplement and guinea grass leaves were
collected at the beginning of the experiment to quantify the chemical and bromatological value of the feed (Table 2).
The analyses were performed at the Animal Nutrition Laboratory of Embrapa Caprinos e Ovinos. The levels of DM
(method no. 934.01), organic matter (method no. 942.05), crude protein (method no. 954.01) and ether extract
(method no. 920.39) were determined according to the Association of Official Analytical Chemists - AOAC (Helrich,
1990). For the neutral detergent fiber (NDF) analysis, the samples were treated with thermostable a-amylase without
sodium sulfite, and were corrected for residual ash (Mertens, 2002). Lignin was obtained by the method described
by Detmann et al. (2012), and FDA residue was treated with 72% sulfuric acid.

Table 2. Chemical and bromatological composition of guinea grass leaves and concentrated supplement (% of DM).

Concentrated supplement

Variable Leaves (%) (%)
Dry matter (DM) 95.40 89.87
Crude protein (% of DM) 8.86 20.93
Neutral detergent fiber (% of DM) 50.36 28.72
Acid detergent fiber (% of DM) 40.99 6.49
Lignin (% of DM) 2.91 1.13
Ethereal extract (% of DM) 1.26 6.74
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Parameters of parasitological, hematological, and productive performance

During the experimental period, at seven-day intervals, the animals were weighed, and blood and feces samples
were collected (Figure 2). The EPG count in the feces was determined using the McMaster technique (Hansen &
Perry, 1994) and fecal cultures were prepared to identify the genus of the infective larvae, as proposed by Ueno &
Goncalves (1998). The packed cell volume (PCV) in the blood samples was determined by means of a microhematocrit
test (Jain, 1993). Total weight gain (TWG), average daily weight gain (ADG), and the number of days for the animal
to gain 5 kg (D5) were evaluated. The number of days required for the animals to gain 5 kg (D5) was estimated by
dividing this quantity in grams by the ADG.

Statistical analysis

The interaction between pasture management vs. collection days was examined when it proved significant at 5%
probability by the F test. The types of management were compared by the Duncan test at 5% probability. For the
variables of EPG and PCV, the data were transformed into log (x+10) in order to stabilize the variance. The MIXED
procedure of the SAS computer program (SAS, 2002) was used as a tool for statistical analysis.

RESULTS

As can be seen in Figure 1, the experiment took place under favorable conditions for larval development in
terms of relative humidity, precipitation, temperature, and solar radiation.

With regard to the recovery of infective larvae in the pasture, at the beginning of the experiment (Day 0) the
absence of nematode larvae in the pasture was confirmed (0.0 L,.g" of forage DM). Thirty days after the application
of the treatments, this variable showed no difference (P>0.05) between the types of pasture management. In fact, the
effect of the inputs applied to the soil was only visible after 58 days, with a lower count of infective larvae (P<0.05)
in pastures fertilized with castor cake (Figure 3), corresponding to a reduction of up to 66.10% in larvae.g" of DM
in pastures fertilized with CC.

60

50

40

30

L;.g! of DM
s3]
w

20

10

Control 2CC,,, CC,
® 30days | 58 days

Figure 3. Infective larvae count per gram of dry mass (L,.g"" of DM) of guinea grass managed under continuous stocking of sheep
in the rainy season in the semi-arid region of northeastern Brazil. Lower case letters indicate no statistical difference (P>0.05)
between treatments at 30 days, while upper case letters indicate a significant statistical difference (P<0.05) between treatments
at 58 days. Control: organic compost made of small ruminant carcasses; 2CC, ,: castor cake divided into two applications; CC.:
castor cake in a single application.

An analysis of the EPG values of the different types of management over time showed no difference (P> 0.05)
between the animals that grazed in CC, and 2CC, ,, as can be seenin Figure 4. However, the EPG of these two groups
was significantly lower (P<0.05) than that of the control group (Figure 4). In other words, the EPG was reduced by
60.72% and 39.40%, respectively, after the application of CC, and 2CC, ,. The animals grazing in the areas fertilized
with CC (CC, or 2CC, ) had higher PCV than the animals grazing in the control, and this difference was significant
(P <0.05) in the group grazing on CC, (Figure 4). Four animals, three in the control group and one in the 2CC, ,,
had a PCV below 20 and were treated with iron and an anthelmintic. One of the animals in the control group died.
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Figure 4. Eggs per gram (EPG) of feces, packed cell volume (PCV), and live weight (kg) of sheep grazing for 58 days on guinea grass

fertilized with castor cake (CC) or with small ruminant carcass compost (Control). 2CC, ,: castor cake divided into two applications;

CC,: castor cake in a single application. Different letters indicate a significant statistical difference (P<0.05) between treatments.

Regardless of the treatment, the animals showed a higher prevalence of Haemonchus spp. (89.67 £+ 3.51%) than
of Oesophagostomum spp. (7.67 + 3.06%) and Trichostrongylus spp. (2.67 + 0.58%).

As for the structural components of the pasture evaluated on day 21 (Table 3), none of the variables under
evaluation showed any difference (P>0.05), which was attributed to the good uniformity of the grass before the
animals were included in the experiment. However, on day 58, although the total forage biomass (TFB) of the
paddocks fertilized with CC showed no difference (P>0.05), these values were higher (P<0.05) than in the paddock
fertilized with the control. Total leaf biomass (TLB) was higher (P<0.05) in the paddock fertilized with CC,, but so was
stem production, resulting in a lower leaf to stem (L/S) ratio. No difference was found in the tiller population density
(TPD) between paddocks fertilized with CC (P>0.05). However, dividing the total amount of CC into two applications
(2CC, ) resulted in a higher GDP (P <0.05) than that of the control. The relative chlorophyll index (RCl) was higher
(P<0.05) in the paddock fertilized with CC,, where the grass was of higher quality than in the other paddocks.

As can be seenin Table 4 and Figure 4, the sheep grazing on the paddock fertilized with CC, showed significantly
higher final live weight (P<0.05) than the control group, and the TWG (P<0.05) for the 2CC, , was significantly higher
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Table 3. Structural components of guinea grass pasture on day 21 and 58 of the experiment.

Treatments
Variable
Control* 2cc,, cc,
Day 21
Total forage biomass (kg DM.ha"") 2143.60 2225.40 2218.60
Total leaf biomass (kg DM.ha™") 1287.80 1293.85 1289.60
Leaf to stem ratio 3.07 2.67 2.65
Height of grass (cm) 62.90 61.23 65.93
Tiller population density (tiller.m2) 240.00 252.00 248.00
Day 58
Total forage biomass (kg DM.ha") 1763.00b 1915.80ab 2455.90a
Total leaf biomass (kg DM.ha") 574.15b 627.70b 891.05a
Leaf to stem ratio 1.07ab 1.42a 0.81b
Height of grass (cm) 29.39b 33.01b 37.16a
Tiller population density (tiller.m=) 238.00b 276.00a 256.00ab
Relative chlorophyll index (in SPAD units) 27.47b 28.41b 32.16a

*Control: organic compost made of small ruminant carcasses; 2CC, ,: castor cake divided into two applications; CC,: castor cake in a single

172"

application. DM: dry matter. Mean values followed by different letters on the same line differ statistically (P<0.05) by Duncan’s test.

Table 4. Productive performance of sheep after 58 days of grazing on pasture subjected to different treatments.

Treatments
Variable
Control* 2cc,, CC,
Final live weight (kg) 27.04b 29.33ab 29.68a
Total weight gain - TWG (kg) 3.85b 5.95a 5.58a
Average daily weight gain - ADG (g.day™") 128.33b 198.34a 185.83a
Number of days to gain 5 kg (days) 43.37a 27.75b 27.25b

*Control: organic compost made of small ruminant carcasses; 2CC, ,: castor cake divided into two applications; CC,: castor cake in a single

application; Mean values followed by different letters on the same line differ statistically (P<0.05) by Duncan'’s test.

when compared to the control (Table 4). As for the ADG, it was found that sheep grazed on pastures fertilized with
CC did not differ (P>0.05) from each other (Table 4), but were superior (P<0.05) to that of the animals grazing on
the control. With respect to the variable number of days for sheep to gain 5 kg (Table 4), no differences (P>0.05)
were found between sheep grazing in the paddocks treated with CC, or 2CC, ,, but this number was 15.87 days
less (P<0.05) than in the sheep grazing on the control.

172!

Discussion

Epidemiological studies of gastrointestinal nematodes carried out in the semiarid regions of Northeast Brazil
have shown that in the rainy season, when environmental conditions are favorable for the development of the
free-living stages of GIN, pastures have high populations of infective larvae (Vieira, 2008). This study demonstrated
that the use of castor cake as an organic fertilizer is effective in controlling gastrointestinal parasites in pastures
and grazing animals, even in this highly challenging time of year in northeastern Brazil.

The high prevalence of Haemonchus spp. in the experiment is in agreement with the findings of Coelho et al.
(2010), Costa et al. (2011), Santos et al. (2014) and Silva et al. (2017), who show that H. contortus is the main species
that parasitizes sheep in Brazil's northeastern states. In addition, when the parasitic load of Haemonchus spp.
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is high, i.e., equal to or greater than 60% of the total larvae found, EPG is inversely proportional to PCV, given the
hematophagous activity of this parasite (Molento et al., 2004). Sheep grazing in the paddock fertilized with CC, were
found to have a higher PCV (P <0.05) than those grazing in the control group, confirming the effectiveness of the
strategy of using CC as a fertilizer to keep the hematological parameters stable.

The low rate of parasitic infections and good PCV levels in the animals grazing in the paddocks fertilized with
CC contributed strongly to the higher TWG values of the animals grazing in the paddocks where CC was applied
than those of the animals grazing in the control. Fifty-eight days after the application of CC, the grass showed the
highest biomass productivity, with high TLB, the fraction preferred by grazing sheep and with the highest nutritional
quality, favoring their greater weight gain. This result was attributed to the greater availability of nutrients resulting
from the application of CC, favoring the growth of plants, and to the high concentration of nitrogen in the input,
which favored mineralization over immobilization.

Although it is known that nutrients from organic inputs are released slowly (Kiehl, 2004), climatic conditions
such as high precipitation in the experimental period, humidity and temperature may have accelerated the release
of nutrients, especially of soluble N in soil.

The sheep grazing in the paddocks fertilized with CC showed an average daily weight gain (ADG) of 192.06 g.day”,
which was 49.7% higher than that of sheep grazing in the control. This may be a consequence of the lower helminth
infection rate and greater availability of forage, which resulted in the good performance of the animals. Moreover, the
use of CC to control the free-living stages of gastrointestinal nematodes of small ruminants may represent a better
use of nutrients, given the high RCl of 30.29 SPAD units at the end of the experiment, which is closely correlated
with the higher crude protein content of the grass (Guimaraes et al., 2011) when compared to the 27.47 SPAD units
in the paddock of the control. In this study, the ADG was higher than the nutritional requirements recommended
by the NRC (2007), considering the category of early maturity of sheep growing at 175 g.day™.

It was also found that fertilizing guinea grass with CC enabled the time to slaughter of the sheep to be reduced
by 15.9 days when compared to the control treatment. Sheep enter the finishing phase with an average live weight
of approximately 20 kg, and weigh between 28.0 and 32.0 kg when they are sold (Pompeu et al., 2009). Therefore,
the less time animals spend in the pasture until they reach the slaughter weight the higher the system'’s turnover,
and hence, the greater the number of finished lots per year and the overall profitability of the enterprise.

All the productive performance parameters of the sheep grazing on the paddocks fertilized with CC, showed
higher values (P<0.05) than those of the sheep grazing on the control. This indicates that CC as fertilizer promotes
an increase in forage production, accompanied by a reduction in the number of L,.g" of DM, which favors the
productive performance of sheep and increases their resilience to infections by gastrointestinal nematodes.
In summary, considering that there was a reduction of 66.10% in L..g" of DM in pastures fertilized with CC and a
decrease of 60.72% in infection rates among the animals in the groups treated with CC, the soil treatment strategy
showed 63.41% effectiveness in controlling worm infestations.

It is therefore worth including this strategy in IPM in order to reduce infections among animals with minimal
use of synthetic anthelmintics, resulting in environmental gains by reducing residual anthelmintics in feces and
animal products. Moreover, the introduction of this strategy is opportune, since consumers today expect safe food,
compelling farmers to minimize the use of agrochemicals.
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