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ABSTRACT

Fish farming in the state of Rondoénia is characterized by adopting, in the great majority, the nurseries
excavated without geomembrane. The effect of high stocking densities and leftover rations with a high
nutrient contentare decisive factors for the deterioration of the quality of the cultivation environment, as
well as factors that trigger diseases that disperse rapidlyin the environment due to water eutrophication.
The objective was the chemical analysis of the levels of organic carbon and organic matterin the sediment
of excavated ponds used in the creation of tambaqui fry (Colossoma macropomum). The study was carried
out at the Vale do Rio Machado fish farm, located on line 20, BR sector of the rural area of the municipality
of Presidente Médici, Rondonia. The sediment samples were collected with the aid of a simple collector in
six nursery of fingerlings (Vo1, Vo2, Vo3, Vo4, V12 and V13) considering a depth of 0 to 20 cm, at three
points inside the nursery (triplicate): close at the water inlet, in the middle of the pond and close to the
water outlet, with the exception of the ponds 01 and 02, since they are concentrated in the same point the
entrance and exit, as well as the entrance and the middle of the pond, respectively. The dynamics of organic
carbon and organic matter present in the sediment is directly linked to the flow of water in the nurseries.

RESUMO

A piscicultura no estado de Rondonia é caracterizada por adotar, em sua grande maioria, os viveiros
escavados sem geomembrana. O efeito de elevadas densidades de residuos e sobras de ragdes com
nutrientes sdofatores decisivos para a deterioragio da qualidade do ambiente de cultivo, bem como fatores
desencadeadores de doencas que se dispersam rapidamente no meio devido a eutrofizacdo da agua.
Objetivou-se analisar osteores de carbono orgéanico e matéria organica do sedimentode viveiros escavados
utilizados na criacdo de alevinos de tambaqui (Colossoma macropomum). O estudo foi realizado na
piscicultura Vale do Rio Machado,localizadanalinha 20, setor BR da 4rea rural do municipio de Presidente
Médici, Rondonia. As amostras de sedimento foram coletadas com auxilio de um coletor simples em seis
viveiros de alevinagem (Vo1, V02,V03, Vo4, V12 e V13) considerandouma profundidade de oa 20 cm, em
trés pontosdentro do viveiro (triplicata): proximos a entrada de agua, nomeio do viveiroe proximo asaida
de 4gua, comexcecao dosviveiros 01 e 02, umavez que se concentramem mesmo ponto a entrada e saida,
bem como a entrada e o meio do viveiro, respectivamente. A dindmica do carbono organicono sedimento
esti diretamente interligada ao fluxo de 4gua existente nos viveiros
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Introduction

In recent decades, aquaculture has emerged as a competitive and sustainable activity
in the production of healthy food, making significant contributions to employment generation
and income, aswell as reducing poverty and hunger in various parts of the world. The economic
and social impacts generated by aquaculture activities have been so extensive that this
experience hasbeen termed the "blue revolution," in reference to the "greenrevolution," which
brought about significant transformations in agricultural activities and people's lifestyles
starting in the 1950s (Siqueira, 2017).

According to data presented in the 2022 edition of "The State of the World Fisheries
and Aquaculture — Towards Blue Transformation" (FAO, 2022), despite the COVID-19
pandemic, global aquaculture production grew by 5.7%, reaching approximately 122.6 million
tons in 2020. Of this amount, about 87.5 million tons were aquatic animals, with an estimated
value of $281.5 billion. In 2022, Brazil had an average production of 860,344 tons of farmed
fish, an increase of 2.3% compared to 2021 (Peixe BR, 2023).

According to information published in the 2023 Annual Report by Peixe BR, fish
production in Brazil reached 267,060 tons, with 31.04% corresponding to the production of
native fish (Peixe BR, 2023). The Northern Region stands out with 143,500 tons of this
production, with the state of Rondonia being the largest producer of native fish in Brazil,
totaling 57,200 tons of native fish produced in 2022 (Peixe BR, 2023). The tambaqui
(Colossoma macropomum CUVIER, 1818) is one of the most cultivated fish, accounting for
about 88% of the fish farmed in Rondonia in 2022 (IBGE, 2023).

Given these insights, one of the existing concerns is the sediments produced during the
production cycle of tambaqui fingerlings. These sediments can be defined as mineral particles
(between 95% to 98%) and organic particles (between 2% to 5%) found at the bottom of ponds.
While they are an important component of the aquatic ecosystem, providing substrate for a
diversity of organisms, theyalso function as reservoirs for various low-solubility contaminants.
They play a significant role in the assimilation, transport, and deposition of organic and
mineral matter, and can constitute sources of secondary contamination in the water column.
However, sediment deposition should be prevented through better aeration techniques and its
use in the pond's maintenance after drying between production cycles, as it can be reapplied
in erosion-prone areas (Boyd, 2012; Brigante et al., 2003).

The organic carbon and organic matter content in the sediments of excavated ponds
result from various factors, including the source water quality, tank management practices
(liming, fertilization, cleaning), species characteristics, and production management,
especially regarding feed supply and quality (Barbosa et al., 2000).

The dynamic interaction between organic matter and nutrient availability in pond
sediments, originating from feed provision during tambaqui cultivation, is considered a critical
aspect for management. The decomposition of organic matter affects the availability of
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dissolved oxygen (DO) and the redox potential at the sediment-water interface, reducing
nutrient exchange from the sediment to the water column (De Queiroz & Boeira, 2006).

In this context, the objective of this research was to evaluate the levels of carbon and
organic matter in the sediment of fingerling ponds in a fish farm in the municipality of
Presidente Médici, Rondonia.

Development
Study Area

The chosen study area is located in the municipality of Presidente Médici, Rondonia
(Figure 1), situatedin the Central Region of the state, with an approximate population of 19,327
inhabitants, according to the 2022 census. Data show that the largest economic activity
contributing to the municipality's gross domestic product (GDP) is agriculture (IBGE, 2022).

This research was conducted on a rural property, Piscicultura Vale do Rio Machado,
where the climate is classified as Aw, humid or subhumid, according to Képpen, with an
average annual air temperature around 25.8°C, a maximum temperature between 30°C and
34°C, a minimum between 17°C and 23°C, and an average annual rainfall of 1,757 mm
(Climate-Data, 2024).

The fish farm has 13 excavated tanks (ponds) varying between 20 to 100 m?2, with a
maximum depth of 1.50 m. This fish farm is intended for the production of tambaqui
fingerlings (Colossoma macropomum CUVIER, 1818) for commercialization. The ponds are
supplied with water from a spring located on a neighboring propertyupstream of the fish farm,
passing through two supply reservoirs without fish cultivation, and subsequently distributed
to the ponds with a continuous flow water supply system interconnected in a cascade. The
research was conducted only in the fingerling ponds (01, 02, 03, 04, 12, 13), excluding the
ponds containing the broodstock (Figure 2).

Figure 1.
Location of the data collection area.
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Source: Freitas et al. (2015).
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Sediment Collection in Fingerling Ponds

The study was conducted from August 2015 to June 2016, with five bi-monthly
sampling campaigns, always carried outin the morning. Sediment samples were collected from
ponds (01, 02, 03, 04, 12, 13), with tanks beyond pond 13 belonging to another farm and not
used for fish farming activities (Figure 2).

A simple collector was used for sediment sampling. The collector consisted of a
transparent polyvinyl chloride (PVC) tube, with a diameter of 5 cm and approximately 2.0 m
in length, allowing relatively undisturbed samples to be obtained (De Queiroz et al., 2004a).

Sediment samples were collected from six fingerling ponds: 01, 02, 03, 04, 12, and 13
(Figure 2). Samplesweretaken ata depth of 0 to 20 cm (due to the likely surface concentration
of nutrients) and at three points within the pond (triplicate): nearthe waterinlet, in the middle
of the pond, and near the water outlet. Exceptions were ponds 01 and 02, where the inlet and
outlet are at the same point, and the inlet and middle of the pond, respectively, as
recommended by Brandao et al. (2011) for selecting sediment sampling points for organic
matter analysis. After homogenization, samples were placed in labeled plastic bags and
transported to the Laboratory of Physical-Chemical and Microbiological Analyses at the
Presidente Médici Campus of UNIR, according to the methodology of Ribeiro et al. (2005) and
Da Silva & Da Silva (2009).

Figure 2.
Vale do Rio Machado’s fish farming.

Source: Adapted from Google Earth (accessed on January 21, 2024).

Laboratory Analyses

Samples were dried and sieved through a 2 mm mesh. Organic carbon (OC)
quantification was performed by oxidizing organic matter using potassium dichromate in
sulfuric medium, according to the methodology described in Claessen (1997) and Da Silva &
Da Silva (2009).
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Statistical Analyses
Data were subjected to variance analysis using the Shapiro-Wilk test through the
statistical program OriginPro 8. Analyses of variance (ANOVA) and Tukey's test (p = 0.05)

were performed. Graphs were created using GraphPad Prism (6.0).

Results

Organic carbon (OC) values for ponds 01, 02, 03, 04, 12, and 13 at different sampling
points, analyzed by ANOVA, showed significant differences between the months collected. For
pond 01 at the inlet/outlet point, the months of October 2015, January 2016, and May 2016
showed no differences among themselves, as did February 2016 and June 2016 (Figure 3A).
For the middle of the pond, the months of October 2015, January 2016, and February 2016

showed no differences, nor did May 2016 and June 2016 (Figure 3B).

Figure 3.
Organic carbon values for pond 01. A — Inlet/Outlet. B — Middle.
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Comparison of values obtained in the sampling months was conducted through ANOVA followed by Tukey's test (p <
0.05), with columns followed by the same symbols showing significant differences

For pond 02 at the inlet/middle point, the months of October 2015 and February 2016;
January 2016 and February 2016 showed no differences among themselves, nor did May 2016
and June 2016 (Figure 4A). For the outlet point, the months that showed no differences were

October 2015 and June 2016; January 2016 and February 2016; January 2016 and June 2016
(Figure 4B).
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Figure 4.
Organic carbon values for pond 02. A — Inlet/Middle. B — Outlet.

Organic Carbon (g/Kg)

Collection Months

Comparison of values obtained in the sampling months was conducted through ANOVA followed by Tukey's test (p <
0.05), with columns followed by the same symbols showing significant differences

Inpond 03 atthe inlet point, only January 2016 and February 2016 (Figure 5A) showed
no differences among themselves. For the middle of the pond, only February 2016 and June
2016; May 2016 and June 2016 (Figure 5B) showed no differences. At the outlet point, the
months with no differences were October 2015 and June 2016; January 2016 and May 2016;

February 2016 and June 2016 (Figure 5C).

Figure 5.
Organic carbon values for pond 03. A — Inlet. B — Middle. C — Outlet.
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Comparison of values obtained in the sampling months was conducted through ANOVA followed by Tukey's test (p <
0.05), with columns followed by the same symbols showing significant differences

In pond 04 at the inlet point, the months of October 2015, May 2016, and June 2016;
January 2016 and February 2016; January 2016, May 2016, and June 2016 (Figure 6A) showed
no differencesamongthemselves. For the middle of the pond, the months of January 2016 and
June 2016; February 2016 and May 2016 (Figure 6B) showed no differences. At the outlet
point, the months with no differences were October 2015, May 2016, and June 2016; January

2016 and February 2016; February 2016 and June 2016 (Figure 6C).
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Figure 6.
Organic carbon values for pond 04. A — Inlet. B — Middle. C — Outlet.

Organic Carbon (g/Kg)

Collection Months

Comparison of values obtained in the sampling months was conducted through ANOVA followed by Tukey's test (p <
0.05), with columns followed by the same symbols showing significant differences

For pond 12 at the inlet point, the months of October 2015 and February 2016; January
2016 and February 2016 showed differences between the observed months (Figure 7A). For
the middle of the pond, the months of October 2015 and January 2016, as well as October 2015
and May 2016 (Figure 7B), showed differences. At the outlet point, October 2015 showed
differences between the months of January 2016 — February 2016 — May 2016 — June 2016;
January 2016 and February 2016; as well as February 2016 and May 2016 — June 2016 (Figure
70).

Figure 7.
Organic carbon values for pond 12. A — Inlet. B — Middle. C — Outlet.
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The comparison between the values obtained in the sampling months was performed using analysis of variance (ANOVA)
followed by Tukey's test (p < 0.05); columns followed by the same symbols indicate significant differences

The results obtained in pond 13 at the inlet point show significant differences between
October 2015, January 2016, February 2016, May 2016, and June 2016 (Figure 8A). For the
middle of the pond, October 2015 showed differences compared to January 2016, Fe bruary
2016, May 2016, and June 2016; as well as February 2016 compared to May 2016 and June
2016, respectively (Figure 8B). However, at the outlet point, October 2015 showed differences
with January 2016, February2016,and June 2016; as well as January 2016 with February 2016
and May 2016; and February 2016 with June 2016; and May 2016 with June 2016 (Figure 8C).
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Figure 8.
Organic carbon values in pond 13. A — Inlet. B — Middle. C — Outlet.
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The comparison between the values obtained in the sampling months was performed using analysis of variance (ANOVA)
followed by Tukey's test (p < 0.05); columns followed by the same symbols indicate significant differences

Figure 9 shows thevariationof organic carbon in the ponds throughout the experiment.
The results allowed us to verify that there was no consistent temporal or spatial pattern for the
concentration of organic carbon in the collected sediments. The lowest concentration was
obtained in pond 13/inlet in October 2016 with a value of 4.83 g/kg, and the highest value was

obtained in pond 12/outlet in February 2016.

Figure 9.

Variation in the average organic carbon content of the sediment.
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Discussion

In aquaculture, the sediment layers in ponds are as crucial as water quality, as the
substances present in the sediments are in dissolution equilibrium with the water layer,
allowing for the exchange of these substances between these layers (De Souza et al., 2021).
Ribeiro et al. (2012) note that it is common for old aquaculture ponds to accumulate organic
matter due to multiple cultivation cycles, resulting in higher soil fertility due to fish feeding,
where uneaten feed and increased excrement accumulate over the extended duration of fish

presence.
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In the studied aquaculture farm (Piscicultura Vale do Rio Machado), the owner
reported not drying the tanks to remove excess bottom sediments, which is one of the Good
Management Practices (GMP) recommended in aquaculture by Boyd and Queiroz (2004).
However, at the end of the fry sale, the farmer's management practices include liming and

fertilization, which are also performed as needed during cultivation.

The liming method adopted in this aquaculture farm involves the direct application of
agricultural lime on the pond's water surface in February (two to three weeks before the fry are
introduced). The study by De Queiroz et al. (2004b) demonstrated that the increase in
sediment pH was completed within one to two months after the application of agricultural

lime, and it did not affect sediment layers below 8 cm.

Based on the organic carbon results of the studied sediment, there is variability and/or
instability (Figure 9) during the collected months (cultivation cycle), indicating that the
application of agricultural lime did not influence these variables. Additionally, the "inlet,"
"middle," and "outlet" positions (sampling points) of the pond water did not exert any

influence on the sediment accumulation.

All fry ponds showed different behavior throughout the sampling period and in the
sampling positions regarding the sediment's organic carbon content, a similar result to that
obtained by Barbora et al. (2015). According to Ribeiro et al. (2005), the feed being thrown
daily at the same spot in the pond does not only settle in the spot it is thrown but disperses in
the water due to wind, significantly increasing the variability of organic matter and organic
carbon in the aquaculture pond sediment, as these compounds result from the excessive

nutrient load (feces, organic fertilization, food remains, etc.) present in the cultivation water.

However, residual particles suspended in the water or adhered to the pond sediment
mainly originate from the organic carbon present in the sediment, which is significantly
favored by the increased organic load in the environment and the management practices
employed in the fry tanks (liming, drying, and fertilization). Therefore, monitoring the
sediment's chemical parameters is essential for controlling eutrophication in dug ponds with

excess nutrients (Rahman et al., 2008).

According to Vinatea et al. (2006), pH values are inversely proportional to organic
carbon values. This relationship can be explained by the fact that during the decomposition of
organic compounds, there is a high demand for O2 (progressive depletion of O2). Thus, the
higher the organic carbon concentration in the sediment, the greater the O2 consumption to

decompose this nutrient load, and the lower the pH value of the environment.
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Another study that mentions organic carbon levels is by Barbosa et al. (2015), which,
when studying sediment in an Amazonian pintado production system, demonstrated that all
analyzed ponds showed no linear behavioral difference in organic carbon throughout the

sampling period.

The results suggest that the dynamics of organic carbon may be related to water flow
(current), which promotes the recirculation of sediment at the pond bottom, preventing
significant accumulation. According to Boyd (2012), water flow at the pond bottom is highly

relevant in decomposing nutrients present in the sediment.

Finally, to maintain the desired quality parameters of aquaculture ponds and a suitable
environment for fry growth, it is recommended as a GMP that sediments be regularly removed
(Haque et al., 2013). Otherwise, managing the removed sediments is a concern, as disposing
of them in inappropriate locations is an environmental threat and a waste of nutrients

(Muendo et al., 2014).

Conclusions

The different sampling points did not influence the results related to sediment

accumulation in the fry ponds.

The dynamics of organic carbon and organic matter present in the sediment are linked
to the existing water flow in the ponds, which promotes sediment recirculation at the bottom,

preventing organic load accumulation.
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