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Abstract

Increased fish pond production is associated with the generation of various waste including fish pond sediments. Fish pond
sediments could be a valuable source of nutrients for growing plants, however they require further processing in order to be
applied to soil. Composting is considered one of the methods for processing fish pond sediments. The aim of this work was
to investigate the potential of organic fish pond sediments to be managed through laboratory composting with selected waste
materials and evaluate the fertilizing potential of the obtained compost. The scope included: (1) analysis of organic fish pond
sediments, (2) laboratory composting of organic fish pond sediments with wheat straw and green grass, (3) analysis of the
obtained composts, (4) preparation of growing media with selected additives, (5) analysis of the properties of the prepared
growing media and (6) analysis of the effect of the investigated growing media on the growth of Phaseolus vulgaris L. in
pot experiments. The addition of cardboard waste and woodchips derived biochar to the obtained compost improved signifi-
cantly the growth of the roots of Cardamine L. Also, the content of carbon and nitrogen in the compost mixtures increased.
The addition of M1 (compost from organic fish pond sediments and 1% of biochar) to the soil had a significant impact on
the growth of white beans.
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Statement of Novelty

Intensive organic aquaculture can generate significant
amounts of waste, in particular such as fish pond sedi-
ments removed periodically from fish tanks or ponds.
This type of waste material can be a source of many nutri-
ents with a fertilizing potential. The literature provides
numerous examples of studies on management of fish pond
sediments coming from conventional aquaculture systems.
However, there is little known about physical and chemical
properties and management practices for fish pond sedi-
ments from organic aquaculture. The presented study on
fish pond sediments from organic aquaculture of trout can
contribute to the advancement of the state of the art by
providing information on the physical and chemical prop-
erties of fish pond sediments. We hypothesized that fish
pond sediments from organic aquaculture can be managed
through composting as an alternative to storing or direct
landfilling of fish pond sediments. Composting can be
applied as a method for managing fish pond sediments on
site, i.e. on an organic fish farm, with other typically avail-
able waste materials such as straw or grass. In addition,
fertilization potential of a compost obtained from fish pond
sediments for plant growth was analyzed. The overall out-
come of the presented study will fill in the gap in the lit-
erature on properties of fish pond sediments from organic
aquaculture and allow better understanding of how this
type of waste could be handled and further used for grow-
ing plants. In addition, prior to this study we performed
a review of the available literature to learn about proper-
ties of fish pond sediments from organic aquaculture and
what are the methods for handling and managing of this
type of waste. This was well received by the reviewers and
published in International Agrophysics. Article title Fish
pond sediments from aquaculture production—current
practices and potentials for nutrient recovery, https://doi.
org/10.31545/intagr/116394. The issue on managing fish
pond sediments from organic aquaculture is being inves-
tigated in the frame of H2020 project titled: Phasing out
contentious input from organic agriculture (2018-2022).

Introduction

According to the available data, there was a signifi-
cant increase in organic production of fish such as
trout and salmon observed in Europe during the period
of 2012-2015 (by 100% and 24%, respectively) [1]. In
Poland, the fish production continues to grow every
year. The conventional production of fish increased from
45,000 tonnes in 2010 to 51,000 tonnes in 2016 [2, 3].
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The organic production of fish in Poland can vary, and for
example, in 2015 it was estimated at 19,000 tons of fish
[4]. Production of fish in organic systems differs signifi-
cantly from conventional systems. Conventional fish farms
are characterized by the dense arrangement of fish in the
ponds or tanks, for example, 1000 fish per ha whereas
for organic it is about 600-750 pcs per ha. Organic fish
is fed with organic certified cereals. The bottoms of the
ponds are periodically limed, or iron sulphate is added
whereas in conventional ponds no preventive treatments
are carried out [5]. In the case of conventional aquaculture,
the quantities of generated fish pond sediments can vary
from 148 to 338 kg whereas in organic aquaculture it is
in the range of 8—11 kg per ton of fish [6, 7]. Preventive
treatments, organic feeding, certified feed, smaller amount
of fish also have an impact on the quality of fish pond
sediments. What is more, the oxygen content is important
for proper functioning of the ponds. In the case of con-
ventional aquaculture, the oxygen depletion occurs faster
due to excessive bottom sediment. In organic farms, how-
ever, the oxygen concentration is maintained at the same
level throughout the year [8]. Small amounts of organic
sediments are not as dangerous as the excessive amount
of bottom sediments from conventional breeding, because
they also do not generate significant quantities of toxic
gases like ammonia [9]. The risk associated with bottom
sediments from conventional aquaculture is also associated
with the means used in the ponds to eliminate unwanted
organisms. In extreme cases, contaminants such as insec-
ticides, pesticides, heavy metals, among others arsenic,
mercury, cadmium, chromium, beryllium and aluminum,
cyanide can pose a threat to people and the water organ-
isms which we eat. If accumulated in a significant amount
in a human body, they could be carcinogenic [10].
Organic bottom sediments are removed manually from the
water reservoir. Depending on the volume of the tank, this
process is repeated 2—3 times a year. Then, the sediments can
be stored or left to dry in the air in designated areas on fish
farms. The common practice is to use fish pond sediments
for soil applications (personal communications). However,
sediments from conventional fish farms are formed in much
larger quantities. There are many applications described in
the literature, including storage. In addition, conventional
fish pond sediments are subjected to biological processes
and used for fertilizing purposes [11]. Fertilizers from fish
pond sediments have found application in the cultivation of
such plants as Lolium perenne, Lolium multiflorum, Lolium
westerwoldicum, fodder grass. Fish pond sediments can be
also applied as a material for building quays, road embank-
ments. Also, fish pond sediments are used as one of the
ingredients in feed for animals. Fish pond sediments can be
also used for composting and vermicomposting to obtain
composts. Small amounts could be used as an additive in
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energy recovery systems (e.g. biogas additive), and as a
growth medium for algae [4, 11-18].

The literature provides more examples of using fish
pond sediments from conventional fish farms than from
organic ones. Properties of fish ponds sediments charac-
terized by pH 6-7.7, nitrogen 1.08-7.03 g*kg~!, carbon
18.3-92.3 g*kg~!, potassium 0.62-2.25 g*kg™! and phos-
phorus 0.22-2.07 g*kg™! [11]. In fish pond sediments, there
are also bacteria with probiotic properties such as Bacillus,
Lactobacillus coryniformis, Lactobacillus brevis, Lactoba-
cillus farciminis, and Lactobacillus collinoides [19]. But in
both aquaculture systems, bottom sediments are generated
and need to be handled and managed, preferably on site. One
of the methods for managing organic fish pond sediments on
site could be composting with selected waste materials avail-
able already on a fish farm such as straw or grass.

The overall goal of this study was to investigate the poten-
tial of organic fish pond sediments as a source of valuable
nutrients for the production of composts and analyze the
impact on plant growth. The scope of this work included: (1)
the analysis of the properties of organic fish pond sediments
sampled from an organic trout farm (Poland), (2) composting
of organic fish pond sediments mixed with selected waste
materials (wheat straw and grass), (3) analysis of selected
properties of the obtained compost, (4) preparation of com-
post mixtures with selected additives (biochar and cardboard
waste) and the analysis of selected properties, (5) prepara-
tion of growing media by mixing soil susceptible to water
loss with the compost mixtures and the analysis of selected
properties, (6) analysis of properties of the prepared growing
media after reaching the equilibrium and (7) the analysis of
the impact of compost mixtures on the growth and yield of
Phaseolus vulgaris L.

Materials and Methods

This study was conducted at the laboratory of the Depart-
ment of Environmental Engineering, Czg¢stochowa Univer-
sity of Technology, Czg¢stochowa, Poland.

Substrates Used in this Study

Organic fish pond sediments (FPS) were used as a substrate
for composting, FPS were collected from the organic fish
farm in Zioty Potok (Poland) with primary production of
rainbow trout (Oncorhynchus mykiss). Organic fish pond
sediments were mixed with readily available bulking agents
such as wheat straw (WS) and freshly cut grass (FG) in
the following ratio: (FPS:FG:WS) 1:0.78:0.03 wet weight,
i.e. 9 kg of FPS mixed with 7 kg of FG and 0.3 kg of WS
(1:1.43:0.09 dry weight). These proportions allowed fulfill-
ing the requirements for proper composting.

Other substrates used in this study included biochar and
cardboard waste. Biochar was produced from woodchips and
purchased from a commercial pyrolysis plant in Poland. The
woodchips derived biochar demonstrated nitrogen content of
0.83% (TN), total organic carbon of 75.3% (TOC), ratio C/N
of 231, pH of 7.4, conductivity 183 uS (EC), ash content
3.95%, moisture content 4.26% (MC). The content of chemi-
cal elements was as follows: total P (TP) 0.054% (TP), Mg
of 680 mg kg™!, Hg of 0.011 mg kg™!, Zn of 75.4 mg kg~!,
Cd of 0.368 mg kg™!, Pb of 1.65 mg kg™' [20]. Cardboard
waste came from recycled cartons and egg packaging. The
total content of organic matter (OM) was 89.2%, total nitro-
gen—0.1% (N), total organic carbon—43.5 (TOC), pH 8.7,
and C/N ratio 386 [21, 22].

The soil used for this study was sampled from the agri-
cultural fields in the vicinity of Czg¢stochowa (Poland).
According to the Drought Monitoring System for Poland
(ADMS) provided by the Institute of Soil Science and Plant
Cultivation—State Research Institute (IUNG-PIB) on behalf
of the Ministry of Agriculture and Rural Development, this
agricultural fields were classified as soils which are very sus-
ceptible to drought (according to the Available water content
for the plant-AWC ratio) and consisted mainly of loose and
weakly loamy sands [23]. Loss of large amounts of water
causes the problem with the growth of plants on these soils
[24]. What is more, this type of soil was selected for this
study as the most typical for Poland.

Laboratory Composting Reactor

The 60 L laboratory composting reactor was equipped with
the force aeration system, flow controllers, measurement
sensors for temperature, and condensate and leachate col-
lection sets (Fig. 1) [21, 25, 26]. The system of aeration and
drainage of leachates from the reactor prevents from the for-
mation of anaerobic zones in the composting reactor (which
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can cause uncontrolled decomposition of organic matter and
the formation of unpleasant odors) [24, 27].

Methods
Laboratory Composting

The initial composting mixture was prepared from fresh
organic fish pond sediments that were mixed with wheat
straw and wet grass (from mowing the lawns). Composting
of this mixture was carried out for 28 days. The process was
controlled by daily temperature measurement with a tem-
perature probe. The average air flow rate was 35 1/h (at the
start of the experiment it was set at 50 I/h, and with time it
was changed to 35 1/h. The composting mixture was manu-
ally mixed after 2 weeks of composting. Solid samples were
collected during and after the completion of composting.
All solid samples were tested for moisture content (MC),
organic matter (OM), total organic carbon (TOC), Kjeldahl
nitrogen (TN) and pH.

Preparation of the Compost Mixtures and Growing Media

The obtained compost from organic fish pond sediments
(CFPS) was air-dried, amended with selected materials, i.e.
cardboard waste (C) and woodchips derived biochar (B),
and then ground in a laboratory grinder (Testchem PZS01).
The following compost mixtures were obtained: (1) Mix-
ture 1 (M1)—the compost amended with cardboard waste,
(2) Mixture 2 (M2)—the compost amended with woodchips
derived biochar, and (3) Mixture 3 (M3)—the compost
amended with cardboard waste and woodchips derived bio-
char. Table 1 shows the weight ratio of the obtained compost
from fish pond sediments (CFPS) amended with cardboard
waste (C) and woodchips derived biochar (B).

The compost mixtures M1, M2 and M3 were then mixed
with the investigated soil to obtain growing media used for
the pot experiment. The sampled soil demonstrated suscep-
tibility to drought and was classified as the soil category
I (loose sand, loose dusty, poorly loamy) [28]. The soil
was sieved through a sieve with a mesh size of 1.5-2 mm.
Then, the air-dry soil was mixed with the produced compost
mixtures, i.e. the soil + the obtained compost, the soil + the

Table 2 Preparation of growing media for the pot experiment

Ratios Treatments
Growing Growing Growing Growing
medium (GM  medium 1 medium 2 medium 3
0) (GM 1) (GM 2) (GM 3)
(S:Compost)  (S:M1) (S:M2) (S:M3)
Dry weight  1:0.03 1:0.03 1:0.03 1:0.03
Wet weight  1:0.07 1:0.07 1:0.07 1:0.07

compost mixture (M1), the soil + the compost mixture 2, and
the soil + the compost mixture 3. Table 2 shows the weight
ratio of the compost mixtures and the soil. The ratio of com-
post added to the soil was adjusted in order not to exceed the
nitrogen content per 1 kg of soil [29]. To assure geochemi-
cal equilibrium, the growing media 0, 1, 2, 3 were left for
5 weeks in a dry place at 20-24 °C [30] and watered once a
week to maintain proper moisture content [31].

After reaching the equilibrium the growing media 0, 1,
2 and 3 were again tested for water content (MC), organic
matter (OM), phosphorus, Kjeldahl nitrogen, carbon (TOC)
and pH.

Physical and Chemical Analysis

The substrate, mixtures and compost were tested for mois-
ture content (MC), organic matter (OM), total nitrogen (TN),
phosphorus (P), total organic carbon (TOC), pH and selected
elements were performed. MC was determined by drying
the samples at 105 °C to constant weight. The content of
organic matter (OM) was determined by the loss on ignition
of the dried mass in a muffle furnace at 550° C for 3 h. Total
nitrogen (TN) was analyzed by the Kjeldahl method. The
content of phosphorus was determined by the spectropho-
tometric method (Hach Lange DR 5000) with ammonium
molybdate [32]. The content of carbon in solid samples was
analyzed with the organic carbon analyzer (TOC) (Carbon
Analyzer Multi N/C 2100, Analytikjena) at high tempera-
ture (1200 °C) oxidation in the stream synthetic air [33].
The pH was measured with a laboratory pH multifunction
device/conductometer (Elmetron CPC-505). The analysis of
trace amounts of chemical elements by means of inductively

Table 1 Compost from fish pond sediments amended with selected materials

Ratios of mixtures Compost mixtures

Compost amended with card-
board waste—Mixture 1 (M1)

Compost amended with woodchips
derived biochar—Mixture 2 (M2)

Compost amended with cardboard waste and
woodchips derived biochar—Mixture 3 (M3)

(CFPS:C) (CFPS:B) (CFPS:C:B)
Dry weight 1:0.09 1:0.02 1:0.09:0.02
Wet weight 1:0.06 1:0.01 1:0.06:0.01
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coupled plasma mass spectrometry (ICP-OES MS) was also
carried out. All samples were tested in 3 replications.

Phytotoxicity Test

The phytotoxicity test was performed for the obtained com-
post, the investigated soil and the growing media 1, 2, 3.
This test was performed using the seed germination bioas-
say test according to Mitelut (2011) [34] with cress seeds
(Cardamine L.). The test was carried out in 4 replications for
each extract concentration, i.e.: 0%, 25%, 50%, 75%, 100%.
The extracts and seeds on Petri dishes were incubated at
25 °C for 72 h. After this time, the sprouted seeds were
counted, and roots length was measured. The germination
index of the seeds was calculated from the following formula

(Eq. 1):
(Gi) = ((G/GO) * (L/LO)) — 100, units [%]. 1)

where; G, the number of seeds that germinated in the sample
analyzed, L, root length in the analyzed sample, units [mm],
G, the number of seeds that germinated in a 0% control
sample, L, root length in a 0% control sample, units [mm]
[34, 35].

Pot Experiment

In order to evaluate the effect of the compost mixtures on
soil properties and the plant growth and yield the pot experi-
ment was performed in the laboratory scale. The investi-
gated growing media were transferred to the pots. Each pot
contained 260 g of the growing medium, i.e. 0, 1, 2 and 3.
Also, each pot was equipped with a water permeable mate-
rial at the bottom which counteracted the soil loss from the
pot. Each treatment was performed in 5 replications. White
kidney bean seeds (Phaseolus vulgaris L.) were placed in the
pots and kept in the laboratory with natural sunlight. White
kidney bean was selected as a leguminous plant quickly ger-
minates, shows the ability to bind nitrogen, and is readily
available [36, 37]. Also, it has low requirements for nitrogen.
After 3 months of the pot experiment the plant biomass was
removed from the soil, weighed, measured and air-dried.

Table 3 Selected properties of the materials used in this study

Results and Discussion

Characteristics of Substrates, Composting Mixtures,
Compost and Composting Mixtures, and Growing
Media

Characteristics of Substrates for Composting

Table 3 shows the selected properties of the substrates used
for composting. Fresh bottom sediments from the organic
fish farm in Ztoty Potok (Poland) demonstrated high water
content and alkaline pH. The P,05 content was at the level
of 13.88 mg g~!. The determination was made on the basis
of Egner-Riehm extraction The phosphorus content in the
fish pond sediments ranged from 10.1 to 15.0 (medium)
mg. P,Os per 100 g soil [38]. Fresh grass and wheat straw
showed similar content of total organic carbon.

Wheat straw showed the highest C/N ratio which is typi-
cal for this type of a bulking agent. The use of straw allowed
achieving the compost porosity and adequate airflow in the
composting reactor [21]. The addition of fresh grass and
wheat straw increased the amount of organic carbon in the
composting mixture. Carbon is necessary for microorgan-
isms that need it to carry out many chemical processes in
the composter. Microorganisms consume about 15-20% of
carbon during the entire composting process [39]. As for
the organic fish pond sediments the content of organic mat-
ter (OM) and total organic carbon (TOC) was the lowest.
The low OM and TOC content may depend on the type of
system in which the fish was bred. Three types of breeding
can be distinguished, i.e. Recirculating aquaculture system
(RAS), Flow-through system (FTS), Pond system. The farm
from which fish pond sediments were collected used the FTS
system. This was related to the fact that the flow through the
pond, which was fed with water from the river, caused leach-
ing/transfer of organic substances along with its current, out
of the pond [11].

Temperature During the Process of Composting

The organic fish pond sediments with fresh grass and wheat
straw were composted for 28 days. The measurement of

Substrate pH Moisture content (MC) Organic matter (OM) Total nitrogen Total organic Ratio C/N
carbon (TOC)

Units - % % % % -

Fish pond sediments 7.61 63.48+1.72 30.38+2.13 0.41+0.18 10.19+0.45 25

Fresh grass 6.31 64.36+1.37 92.32+0.80 1.46+0.12 36.29+0.08 25

Wheat straw 6.60 8.25+2.12 95.80+0.61 0.45+0.08 36.84+0.43 82
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temperature inside the reactor and ambient was performed
on daily basis (Fig. 2). Temperature during composting is
the key parameter which shows the dynamics of the process.
It indicates when the active phase of composting terminated,
and the process is completed [21].

The temperature increased in the initial phase (form day
0 do day 4) up to 52 °C. The composting mixture from the
active phase began to stabilize on the day 12. Within the next
14 days the temperature dropped to 22 °C, close to ambient
which indicated that the active phase was completed. This
is typical for the composting [14, 20].

Properties of the Compost from Fish Pond Sediments
and the Compost Mixtures M1, M2, M3

The obtained compost and compost mixtures M1, M2, M3
were analyzed for selected physical and chemical proper-
ties (Table 4). The water content increased after 2 weeks of
composting—which is typical for experiments in laboratory
composting reactors and decreased at the end of the process.
The C/N ratio dropped from 26 to 12 in the obtained com-
post. The C/N ratio of 15:1 is typical for stabilized compost
[40]. This is also related to the decrease in the carbon con-
tent in the obtained compost. In the obtained compost and
the compost mixtures M1, M2 and M3, the total nitrogen
content and pH increased. This was related to the loss of

organic matter and the processes occurring in the composter
[41].

The pH values increased during composting of organic
fish pond sediments. The increase in pH in the initial stages
of composting is associated with the release of ammonia
which in the phase of ammonification and organic nitrogen
mineralization is necessary during microbial activity. When
the compost matures its pH value decreases and remains at
about 7.5. The drop in pH, after about 25-29 days, can be
caused by the oxidation of ammonium nitrogen, the release
of H* as a result of nitrification. The release of a large
amount of CO, and the production of organic and inorganic
acids in the composting process, also reduces the pH [39].
The pH of the compost obtained in the experiment was alka-
line. This pH is suitable for the growth of most plants [17].
The phosphorus content was high, classified as the Class I
(Evaluation of phosphorus and potassium contents in min-
eral soils, based on Egner-Riehm extraction).

Properties of the Growing Media 1, 2, 3

After the 5-week period necessary for reaching the geochem-
ical equilibrium, the prepared growing media were tested for
selected physical and chemical properties (Table 5).

After 5 weeks some of the physical and chemical proper-
ties of the growing media changed due to the interactions

Fig.2 Temperature during the 55
28-day composting 50 roN
a5 ! N
3 40 -, \\
é‘ 35 ] \
230 ! \ — = = In composting
g 25 / N ~ reactor
=N I N . e e - o . e mm T m m - -
£20 4 -
s Ambient
10
5
0
123456738 910111213141516171819202122232425262728
Composting time, days
Table 4 Properties of the obtained compost from fish pond sediments and amended with selected materials
Parameters pH Moisture content (MC)  Organic matter (OM) Total organic ~ Total nitrogen (TN)  P,O; C/N
carbon (TOC)
Units - % % % % mg g~! -
Start of composting 7.06 7225+1.41 51.34+2.84 19.56 +0.06 0.76+0.28 1.37+0.01 26
Composting after 2 weeks 8.21  75.39+1.00 3743+3.43 18.36+0.22 1.32+0.20 1.20+0.01 14
End of composting 8.54 71.64+2.55 32.56+3.58 17.42+0.49 1.43+0.16 147+0.01 12
Compost mixtures (M1) 8.55 7035+1.52 41.78+3.19 19.74+0.71 1.26+0.12 1.14+0.01 16
Compost mixtures (M2) 8.64 72.73+0.87 39.31+0.88 18.37+0.44 1.23+0.20 1.26+0.01 15
Compost mixtures (M3) 8.53 71.21+1.10 40.70+0.69 19.66+0.23 1.16+0.18 1.15+0.01 17
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with added composts and water. Those changes in soil prop-
erties resulted from stabilization, microorganism’s activity,
leaching due to water supply and evaporation, etc. [30, 39,
40, 42, 43].

All the prepared growing media (0, 1, 2, 3) demonstrated
higher contents of organic matter, total organic carbon and
phosphorous, and pH than the control (soil). However, no
significant changes between these growing media were
observed.

Phytotoxicity Test with Cardamine L.
Phytotoxicity test was performed for all the investigated

growing media: control (soil), growing media 0, 1, 2 and 3
before (week 0) and after the completion of 5-week period

for reaching the geochemical equilibrium. After 3 days of
incubation of cress seeds at 25 °C, the roots of the plant
were measured. The figure (Fig. 3) shows the distribution
of root length in millimeters, using different concentrations
of extracts.

The roots length ranged from 35 to 42 mm. The roots
observed in the growing medium 2 and 3 at the concen-
tration of 50%, demonstrated the longest roots which was
42 mm. The figure below (Fig. 4) demonstrates the results
that were calculated from the seeds germination index.

The extracts from the growing media 1, 2 and 3 showed a
similar effect on the seed germination. G; was significantly
higher than in the case of the soil (Control) and the grow-
ing media O (soil mixed with the obtained compost). Phyto-
toxicity test was performed after 5-week period for all the

Table 5 Selected properties of the growing media after reaching the geochemical equilibrium

Parameters pH Moisture content (MC)  Organic matter (OM)  Total organic Total nitrogen (TN)  P,Os4 C/N
carbon (TOC)
Units - % % % % mg g~! -
Control (Soil) 7.65 9.35+0.21 3.15+0.49 2.37+0.13 0.12+0.00 0.23+0.02 20
Growing medium 0 7.95  17.20+0.36 5.12+0.11 3.44+0.14 0.22+0.01 0.49+0.01 16
Growing medium 1 8.04  11.26+0.45 5.08+0.14 3.48+0.05 0.21+0.00 0.53+0.01 17
Growing medium2  7.93  12.09+0.36 5.22+0.63 4.78+0.08 0.21+0.00 0.50+0.03 23
Growing medium 3 8.13  16.21+0.29 4.85+0.36 3.20+0.02 0.21+0.00 0.48+0.03 15
Fig.3 The length (L) of cress 50 A
roots (Cardamine L.) (week 0) 45 - II
E :2 : I I I II II m Control (Soil)
% 30 - I I I Compost
£ 25 1 # Growing medium 0
2 20 1 ® Growing medium 1
S 15 - dh
&~ 10 - " Growing medium 2
5 Growing medium 3
0 - -
0 25 50 75 100

Concentration of extract, %

Fig.4 Germination index (G;) 100 + I

of cress seeds (Cardamine L.) < 1 I

(week 0) °. 80 - I .
g H Control (Soil)
§ 60 - Compost
g 40 - ® Growing medium 0
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3 20 4 . .
n = Growing medium 2

0 - = Growing medium 3
0 25 50 75 100

Concentration of extract, %
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investigated growing media. The results are shown in Figs. 5
and 6.

Comparing 0 and 5-week, the decrease in the length of
the roots was observed. None of the results was higher than
40 mm after 5-week period of geochemical equilibrium
whereas the samples taken after 5 weeks of geochemical
equilibrium had similar results than at week 0. The reduction
in length and germination could result from lower contents
in carbon and phosphorus.

Growth of Phaseolus vulgaris L.

Table 6 presents the results from the pot experiments,
i.e. growth and yield of white kidney bean, after 2, 4 and
12 weeks.

Significant plant growth was observed in the pots with the
growing media 2 and 3. The plants had the longest stems and
a significant amount of leaves. Table 7 presents the summary
for the pot experiment measurements. It was observed that

Fig.5 The length (L) of cress
roots after the 5-week period
for reaching the geochemical
equilibrium

45 -
40 -

Roots lenght, mm
—_— = NN W W
W (=) (%] S (% o ()}
T S S

ol
I ] I
: "
T

for 5 replicates, all seeds germinated only in the growing
medium 2. They also had the longest stems.

After completion of the pot experiment the investigated
growing media were subjected to the final physicochemical
analysis. The results are presented in Table 8.

The final results of the physicochemical analysis did not
differ significantly from the results obtained after the 5-week
geochemical equilibrium. However, the C/N ratio in the
growing medium 3 increased from 15 to 20. The remaining
growing media also showed a similar C/N which was around
20. This could be due to the presence of biochar which could
have an impact on C/N [44].

The contents of the trace elements in all investigated
substrates, the composting mixture, the obtained compost,
the compost amended with selected materials as well as
the prepared growing media are presented in Table 9. The
obtained results were compared with the current legal stand-
ards regarding the content of heavy metals in fertilizers.

According to the Ordinance of the Minister of Agri-
culture and Rural Development of June 18, 2008 on the

u Control (Soil)
Growing medium 0

B Growing medium 1

B Growing medium 2

Growing medium 3

(=]
i

25

Fig. 6 Germination index (Gi)
for cress after the 5-week period 100

Seed germination, %

50 75 100

Concentration of extract, %

m Control (Soil)
Growing medium 0

® Growing medium 1

m Growing medium 2

Growing medium 3

I ! =
0
for reaching the geochemical
equilibrium 90 <
80 1 WF
70 A
< 60 4
= 50 -
40 -
30
20
10 -
O m
0

25

=
I x
I
=
50 75 100

Concentration of extract, %
Fig. 6. Germination index (Gi) for cress after the 5-week period for reaching the geochemical
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Table 6 Growth and yield of Phaseolus vulgaris L

Name of the sample

Growth of plants

Time

After 2 weeks

After 4 weeks

After 12 weeks

Control (Soil)

Rl | R2 | R3 | R4 | RS

R2 [ R3 | R4 | RS

RI | R2 [ R3 [ R4 | RS

Growing medium 0

Rl | R2 | R3 | R4 | RS

Growing medium 1

Soilt e | 8

Growing medium 2

Rl | R2 | R3 | R4 | RS

Growing medium 3

Rl | R2 | R3 | R4 | R5
g,

b ,"ng@ " 1(
~ T
i | I

| |
o e

*R1,2,3,4,5 — number of replications.

@ Springer



5160

Waste and Biomass Valorization (2020) 11:5151-5163

Table 7 Selected parameters for plant growth (Phaseolus vulgaris L.) during the pot experiment

The length of the root Length of the stem Plant weight Number of
germinated
seeds

Units mm mm g, wet weight g, dry weight -

Control (Soil) 75+7.07 170+0.00 13.94+1.09 2.98+£0.71 2

Growing medium 0 65+7.07 225+35.36 17.68 +1.68 3.14+0.38 2

Growing medium 1 77+20.82 250+50.00 13.99+2.93 2.21+£0.56 3

Growing medium 2 70+12.25 342 +54.95 17.27+5.18 3.09+£0.91 5

Growing medium 3 50+8.16 290+80.42 11.64+3.31 1.74+0.80 4

Table 8 Properties of the investigated growing media after completion of the pot experiment

Parameters pH Moisture content (MC)  Organic matter (OM)  Total organic Total nitrogen (TN)  P,0O4 C/N
carbon (TOC)

Units - % % % % mg g™’ -

Control (Soil) 6.82 0.43+0.36 3.98+£0.09 2.39+0.14 0.13+£0.01 0.32+0.02 18

Growing medium 0 7.83  0.22+0.08 5.67+0.37 3.56+0.19 0.21£0.01 0.59+0.03 17

Growing medium 1~ 8.08  0.21+0.11 5.54+0.17 3.53+0.11 0.20£0.02 0.74+0.01 18

Growing medium2  8.09  0.41+0.35 6.06+0.29 4.06+0.11 0.21£0.01 0.66+0.08 19

Growing medium 3 8.06  0.58+0.40 5.57+£0.32 3.99+0.31 0.20+0.01 0.56+0.03 20

implementation of some provisions of the Act on fertilizers
and fertilization, the chromium content should not exceed
100 mg kg~! dry matter, cadmium < 5 mg kg~! dry matter,
nickel < 60 mg kg™! dry matter, lead < 140 mg kg~ dry mat-
ter [45]. The contents of none of these elements in the tested
materials were exceeded [45].

Conclusions

Fish pond sediments from organic fish farming can be man-
aged through composting with selected waste materials such
as wet grass and wheat straw. The obtained compost from
fish pond sediments demonstrated rather low contents of
organic matter and organic carbon as compared to typical
composts. This is mostly due to the higher content of min-
eral matter (i.e. sand). Therefore, the compost from organic

@ Springer

fish pond sediments should be amended with materials that
could increase the organic matter content and organic car-
bon, and allow for retention of water and nutrients. However,
when amended with woodchips derived biochar and card-
board waste the compost from organic fish pond sediments
demonstrated higher contents of organic matter and organic
carbon. Fish pond sediments and their potentials for soil
fertilization are poorly described in the literature. Therefore,
it was difficult to find other studies on composting of organic
fish pond sediments and fertilizing potential to make the
comparison and contribute to discussion. Further research
is needed to understand how various factors such as type
of fish, breeding system, feed, seasonality, management of
pond, etc. affect the composition of fish pond sediments.
In addition, microbiological safety of fish pond sediments
should be also addressed.
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