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Introduction: Cultured fish species are increasingly exposed to fungi and bacteria

in the rearing environment, often causing disease and mortality causing

aquaculture producers to rely on the use of chemical therapeutants which may

have negative consequences for both human and environmental health. This study

investigated the effect of humic acid as a treatment to reduce fungal and bacterial

infections to increase survival during the incubation of rainbow trout

(Oncorhynchus mykiss) eggs.

Methods: Humic acid, an aqueous extract of oxidized lignite was added to water

entering both stacked tray and jar type incubators at a dosage rate of 5 mg/L from

fertilization until hatching.

Results: The water treatment eliminated observable fungus and significantly

improved survival until hatching in the treated incubator trays (77.2%) compared

to the untreated controls (55.5%) (p ≤ 0.001). Egg survival was not improved in the

incubator jars. The humic acid reduced bacterial diversity, but only in the stacked

tray incubators and altered bacterial composition of the water after 20 days of

treatment.

Discussion: The treatment increased the bacterial abundance of Burkholderiales,

positively associated with healthy fish eggs and decreased the abundance of

Flavobacterium and Aeromonas, known fish pathogens. These findings support

the topical treatment of humic acid as a potential alternative treatment to prevent

fungal infections and reduce mortality during incubation of rainbow trout eggs.

KEYWORDS
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1 Introduction

Mortality during the incubation of eggs from a contamination by water molds

(Saprolegnia spp.) and common aquatic pathogens ubiquitous in water results in annual

production losses in the hatchery production of rainbow trout (Oncorhynchus mykiss) and

other freshwater fishes (Heikkinen et al., 2016; Ozdemir et al., 2021). The management of
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fungal and bacterial infections has historically relied on the use of

chemical treatments which may have negative effects on human and

environmental health. Historically, malachite green was used as

effective disinfection treatment against water molds and bacterial

infections in both fish eggs and adults, but this product was banned in

1991 in United States and 2001 in European Union for safety reasons

(Heikkinen et al., 2016). In Canada, malachite green is approved for

use in the treatment of aquarium fish, but the product has not been

allowed to be used in food fish since 1992 (Canadian Food Inspection

Agency, 2017). Alternatives have been investigated and the most

common egg disinfection treatment since the 1990’s has been

formalin (Schreier et al., 1996; Wagner et al., 2008; Heikkinen et al.,

2016). However, there are safety and environmental concerns related

to the use of formalin in aquaculture. Staff working with formalin

must wear respirators, gloves and eye protection because the product

will cause irritation in the eyes and respiratory system of humans.

Hydrogen peroxide has also been tested as a control for infections

caused by water molds, but the required concentration (500 mg/L or

greater) has been found to cause increased egg mortality 7–11 days

after fertilization (Wagner et al., 2012).

Recently, there has been growing interest in the development of non-

toxic and environmentally friendly products to safely disinfect incubating

salmonid eggs, which would reduce risks to human and environmental

health (Lieke et al., 2020). One possible solution may be humic

substances, such as humic acid, fulvic acid and humins, which form

from decaying debris and makes up to 95% of dissolved organic matter

found in aquatic ecosystems (Thurman, 1985; Haitzer et al., 1998;

Steinberg, 2003). These organic molecules of small molecular weight

can interact with biological membranes (Meinelt et al., 2007) and exert

both antibiotic and antifungal properties (Visser, 1985; Gryndler et al.,

2005; Meinelt et al., 2007). Previous studies have found that treatment of

rainbow trout eggs and larvae with humic substances increased defense

against pathogenic fungi (Saprolegnia spp.) and pathogenic bacteria

(Aeromonas spp.) (Schreckenbach et al., 1994; Meinelt et al., 2008).

Several studies have also investigated humic acid as a feed additive in

rainbow trout diets which demonstrated increased survival when fish

were challenged with Yersinia ruckeri (Yilmaz et al., 2018a,b). However,

there are no studies to date that have used next-generation sequencing to

investigate the effects of humic substances on the bacterial community of

water during the incubation of fish eggs.

The objective of this study was to test the effect of humic acid,

derived from oxidized lignite coal, as an alternative treatment to

reduce fungal and bacterial infections and improve survival of

rainbow trout eggs during incubation. Additionally, the microbial

community of filtered incubation water was assessed to determine

how the bacterial community changed over time and between

incubator systems (jar vs tray) when exposed to humic acid.
2 Materials and methods

2.1 Fish facilities

Gametes (eggs and sperm) were collected frommature rainbow trout

held at the Ontario Aquaculture Research Centre (Elora, ON, Canada).

Broodstock were maintained in accordance with animal utilization

protocol #4582, reviewed and approved by the University of Guelph’s
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Animal Care Committee. For three consecutive weeks during the fall

reproductive season, brood fish were sedated using a 75 mg/L solution of

Syncaine (tricaine methanesulfonate; Syndel; Nanaimo, BC, Canada).

Gametes were manually stripped from mature males and females. Only

viable eggs were used in this study and poor quality eggs, identified as

white eggs or those having an irregular shape, were discarded. Eggs from

each female were fertilized using sperm from individual males. Fertilized

eggs were water hardened for two hours. Eggs were enumerated by

counting and weighing 100 eggs from each female to calculate the average

egg weight. Fertilized egg batches collected from each female were

weighed and then were divided by the average egg weight to estimate

the total number of eggs fertilized.

After enumeration, fertilized eggs from all crosses were pooled and

divided among two incubator types, stacked trays (12 L volume) or jars

(6 L volume). During each of three consecutive weeks, fertilized eggs

placed in the incubator trays were divided into four replicate groups of

control (groundwater) and four replicate groups of treatment. The

treatment incubator trays received groundwater continuously dosed

with 5 mg/L humic acid (trade name: AC Aqua, MTS Environmental

Inc., Exeter, ON, Canada) using a peristaltic pump according to the

manufacturer’s recommendation.

Eggs were maintained in the dark and the flow to each incubator tray

was calibrated to 10 L/min. Similarly, during each of three consecutive

weeks, fertilized eggs placed in the incubator jars were divided into two

replicate groups of control (groundwater) and two replicate groups of

treatment (groundwater continuously dosed with humic acid at 5 mg/L).

The flow to each incubator jar was calibrated to 3.0 L/min.
2.2 Survival

Survival was assessed at two important hatchery stages, the eyed

stage and at hatch. When the pigmentation of the eyes was visible

through the egg membrane (eyed stage), eggs were removed from the

incubator trays. All dead eggs were removed and enumerated to assess

the cumulative egg mortality from stocking to the eyed stage. Percent

survival to the eyed stage was calculated as:

Survival Eyed( % )

= (
Stocked Eggs − Cumulative Mortality to Eyed

Stocked Eggs
)� 100

Live eyed eggs were returned to the incubator trays where they

remained until hatch (42 days post-fertilization). At the time of

hatching, all dead eggs and embryos were removed and enumerated

to assess the cumulative mortality to the hatching stage in both

incubator trays and jars. Percent survival to hatch was calculated as:

Survival Hatched(% )

= ½Stocked Eggs − (Cumulative Mortality to Eyed + Cumulative Mortality to Hatch)
Stocked Eggs

� � 100
2.3 Sample type and collection

Prior to the initiation of the experiment, three different types of

sample collection were tested in triplicate to determine the optimal
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sample type for this experiment. Type 1: Ten eggs were placed into a

20 mL collection vial and were homogenized using a hand-held

homogenizer (SP Bel-Art ProCulture, South Wayne, NJ, USA).

Type 2: Ten eggs were placed in a 20 mL collection vial and

vortexed for 5 minutes to suspend bacteria which may have settled

on the surface of the egg. Type 3: A 1L water sample collected from

the discharge of the stacked tray incubator was concentrated through

a microfiber filter. A 1 cm x 1 cm section of the filter was cut and

placed in 400 mL of distilled water. The results indicated that DNA

could be extracted from test sample type 1, the homogenized eggs.

However, most of the sample was fish DNA. Test sample type 2 did

not yield any detectable DNA whereas test sample type 3 had the

greatest detectable level of bacterial DNA. Therefore type 3, the

concentrated water sample, was selected for use in this study.

For the duration of the experiment, every 10 days from

fertilization to hatch, 1L water samples were collected from the

incubator trays and jars for a total of 5 time points (0, 10, 20, 30

and 40 days post-fertilization) using sterile glass beakers. The water

sample was filtered through an autoclaved microfiber 1.5mm filter

(Cytiva Whatman 934-AH). A 1 cm x 1 cm section was cut from the

center of the filter paper using sterile scissors. The cut section of filter

paper was resuspended in 400 mL of distilled water and frozen at

-80°C.

Influent groundwater was analyzed weekly and had a mean (±

standard deviation) temperature of 8.53 ± 0.04°C, dissolved oxygen of

10.69 ± 0.32 mg/L, pH of 7.90 ± 0.08 and total suspended solids of

0.29 ± 0.17 mg/L.
2.4 Extraction and sequencing of 16S
rRNA amplicons

The DNA was extracted from the bacteria resuspended in water

using a QIAamp® Fast DNA stool mini kit (Qiagen Inc, Toronto, ON,

Canada) according to the manufacturer’s instructions. The DNA

concentration was quantified using a Quibit 2.0 fluorimeter

(Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA). A two-

stage PCR was performed to target the V3-V4 region of the 16S rRNA

gene according to the 16S Library Preparation Guide (Illumina Inc,

San Diego, CA, USA). The library was sequenced on the Illumina

MiSeq platform at the University of Guelph (Guelph, ON, Canada) to

produce 2x300 bp pair-end reads with a MiSeq Reagent kit v3 of 600

cycles (Illumina Inc). Quality of sequence reads was examined using

MultiQC (https://multiqc.info/). Detailed methodology can be found

in Huyben et al. (2021).
2.5 16S rRNA bioinformatics

The 16S rRNA gene sequences were analyzed using Mothur

version 1.42.3 (Schloss et al., 2009) according to the MiSeq SOP

[https://www.mothur.org/wiki/MiSeq_SOP] (Kozich et al., 2013).

Sequence reads which were smaller than 300 bp, larger than 400

bp, had more than eight consecutive bp and were outside the V3-V4

region of the 16S rRNA were removed from the dataset. Filtered

sequence reads were aligned to the SILVA reference database version

123 (Quast et al., 2012), pre-clustered to merge sequences with less
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than 2 bp difference and chimeras were removed using the open-

source tool VSEARCH (Rognes et al., 2016). Sequences were classified

using GreenGenes version 13_8_99 at a cut off of 80% (Cole et al.,

2014) and taxon resembling chloroplasts, mitochondria, unknowns,

archaea and eukaryotes were removed. All samples were normalized

(subsampled) to the sample that had the lowest number of reads. All

raw sequence data were deposited in the Sequence Read Archive

(SRA) of NCBI under BioProject Accession PRJNA897011 (https://

www.ncbi.nlm.nih.gov/bioproject/PRJNA897011).
2.6 Statistical analysis

Statistical analysis of survival was performed using SPSS software

(version 26, IBM, NY, USA). Survival to the eyed stage and survival to

hatch were reported as a percent. The replicates were assessed for

normality using the Shapiro-Wilk test. Comparison of survival between

treatment and control groups were assessed using the Mann-Whitney

U-test. P-values below 0.05 were considered significant.

Normal distribution and homogeneity of each 16S rRNA gene

sequence dataset were determined using Shapiro-Wilk and Levene

tests in R (version 2022.07.1, R-Core-Team, 2015). When needed,

data were normalized by log or square-root transformation and all

data are presented as means ± standard error unless otherwise

specified. A Student’s T-test was performed on normal data and a

Wilcoxon test was performed on non-normal data. Alpha-diversity

tables were created using the number of Operational Taxonomic

Units (OTUs), Good’s Coverage, Shannon and Choa-1 indices based

on the vegan package in R (Oksanen et al., 2018). Linear discriminant

analysis effect size (Lefse) and ANOSIM were used to analyze the

indicator OTU and beta-diversity. Galaxy was used to analyze and

plot the Lefse analysis using Wilcoxon or Krukal-Wallis tests with a

Linear Discriminant Analysis (LDA) cutoff of 3.0 [https://

huttenhower.sph.harvard.edu/galaxy/]. P-values below 0.05 were

considered significant.
3 Results

3.1 Fungus growth and egg survival

In the incubator trays, fungus was observed in the control

replicates at 16 days post fertilization (dpf) for week 1 (W1) eggs,

at 14 dpf for week 2 (W2) eggs and at 15 dpf for week 3 (W3) eggs. The

mycelium was observed to expand to nearby live eggs in all control

incubator trays across all fertilization dates within five days of the

visual detection of fungus on dead eggs. Despite removing the dead

and fungus-covered eggs at the eyed stage, fungus growth continued

to compromise the eggs until hatch at 42 dpf. No observable fungus

was detected in the treatment replicates. Due to the shape of the

incubator jars and the constant movements of eggs, it was impossible

to detect the first signs of fungus growth. However, once the mycelium

was observed to expand to nearby live eggs, fungus growth expanded

into mats, smothering the live eggs underneath.

In the incubator trays, the survival in the treatment groups

exposed to humic acid (mean 95.5 ± 3.6%) was significantly greater

than the control groups (mean 81.8 ± 4.6%) (p ≤ 0.001) at eye-up (24
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dpf). At hatch (42 dpf), the survival in the treatment group (mean

77.2 ± 10.4%) was statistically significantly higher than the control

group (mean 55.5 ± 16.1%) (p ≤ 0.001; Table 1). In the incubator jars,

there was no difference in survival between the treatment (62.5 ±

27.6%) and control groups (70.9 ± 20.6%) (p = 0.699; Table 1)

at hatch.
3.2 Alpha diversity of bacteria

Alpha diversity (i.e. Shannon) of OTUs were significant between

treatment groups (p = 0.011) as well as over time (p< 0.001)

(Figures 1, 2). Specifically, alpha diversity decreased over time

between samples collected on day 0 compared to days 20, 30 and

40 (p< 0.01). Diversity between incubators trays and jars was not

significant across all time points (p = 0.441) and the final three time

points (p = 0.193), although diversity was numerically lower in the

jars (Figure 3). Among the last three time points (day 20, 30 and 40),

the diversity decreased in treated eggs compare to the control (p =

0.023), but only in water collected from the incubator trays (p =

0.032) (Figure 4).
3.3 Beta diversity of bacteria

Beta diversity was significantly affected by the treatment (p<

0.001), vessel (p = 0.021) and time (p< 0.001). Overlap was

observed among the incubator tray and jar samples in the non-
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metric multidimensional scaling (NMDS) plots (Figure 5), whereas

this was not observed in the treated vs untreated eggs (Figure 6).

At the phyla level, water from the rainbow trout eggs mainly

contained Proteobacteria (Pseudomonadota; 69%) and Bacteroidetes

(Bacteroidota; 19%) with lower abundance of Firmicutes (Bacillota),

Actinobacteria (Actinomycetota) and Plantomycetes (2-4%) (Figure 7).

At the genus level, samples mainly contained Comamonadaceae (17%),

Flavobacterium (13%) and Pseudomonas (6%) with lower abundance of

Acidovorax, Rhodoferax, Oxalobacteraceae, Massilia, Sphaerotilus and

Chryseobacterium (3-5%) (Figure 8). Clostridium and Aeromonas spp.

bacteria were also present at very low levels (0.4%). The Linear

discriminant analysis effect size (LEfSe) analysis (Figure 9) found that

the humic acid treatment increased the abundance of Comamonadaceae

and decreased the abundance of Flavobacterium and Aeromonas spp.

bacteria (Figure 10).
4 Discussion

In the present study, we evaluated the effect of humic acid as a

microbial control agent during the incubation of rainbow trout eggs.

In the absence of chemical or manual manipulation to reduce fungus

growth, we expected the egg mortality in the control groups would be

high. We predicted that exposure to humic acid in the water would

reduce the growth of the fungal mycelium as observed by Meinelt

et al. (2007). In the present study, exposure to humic acid in the water

eliminated observable fungus and resulted in significantly improved

survival compared to the control groups in the incubator trays.
TABLE 1 Percent survival (± standard deviation) of rainbow trout eggs collected weekly for three weeks at the eyed stage (24 days post fertilization) and
hatch (42 days post fertilization) incubated at 9°C in stacked incubator trays and incubating jars exposed to groundwater (control) and humic acid at
5 mg/L (treatment).

Collection Incubator Type Group Mean Survival to Eyed Stage (%) Mean Survival to Hatch (%)

Week 1 Tray Control 84.0 ± 5.3 68.8 ± 11.8

Treatment 90.7 ± 1.1 80.9 ± 1.7

Jar Control – 54.1 ± 23.8

Treatment – 33.4 ± 19.8

Week 2 Tray Control 82.8 ± 2.5 59.4 ± 5.6

Treatment 97.7 ± 0.5 74.7 ± 16.5

Jar Control – 68.8 ± 16.5

Treatment – 91.5 ± 4.7

Week 3 Tray Control 78.5 ± 4.6 38.5 ± 11.8

Treatment 98.0 ± 0.5 75.9 ± 9.7

Jar Control – 89.9 ± 0.7

Treatment – 62.7 ± 3.1

Overall Mean Tray Control 81.9 ± 4.6a 55.5 ± 16.1a

Treatment 95.5 ± 3.6b 77.2 ± 10.4b

Jar Control – 70.9 ± 20.6

Treatment – 62.5 ± 27.6
Note that the mean survival to the eyed stage could not be quantified in the jar incubators. Different letters in same column indicate significant differences within groups p ≤ 0.001.
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FIGURE 2

Alpha diversity (Shannon Diversity Index) of operational taxonomic units over time using water filtered from rainbow trout eggs exposed to no topical
agent (Control) or 5 mg/L humic acid (Treatment) and sampled over 0, 10, 20, 30 and 40 days. (n = 9).
FIGURE 1

Alpha diversity (Shannon Diversity Index) of operational taxonomic units of all treatment groups using water filtered from rainbow trout eggs exposed to
no topical agent (Control) or 5 mg/L humic acid (Treatment) and sampled over 0, 10, 20, 30 and 40 days using incubator trays or jars. (n = 9).
Frontiers in Aquaculture frontiersin.org05
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FIGURE 4

Alpha diversity (Shannon Diversity Index) of operational taxonomic units between incubator trays and jars as well as exposure to no topical agent
(Control) or 5 mg/L humic acid (Treatment) using water filtered from rainbow trout eggs. In this case, time points were pooled, except 0, 10 and 20 day
samples were removed to compare final effects. (n = 9).
FIGURE 3

Alpha diversity (Shannon Diversity Index) of operational taxonomic units between incubator trays and jars using water filtered from rainbow trout eggs. In
this case, all treatments and time points were pooled. (n = 9).
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FIGURE 6

Beta diversity of operational taxonomic units between incubator trays and jars as well as exposure to no topical agent (Control) or 5 mg/L humic acid
(Treatment) using water filtered from rainbow trout eggs. Time points were pooled, except 0, 10 and 20 day samples were removed to compare final
effects. NMDS; non-metric multidimensional scaling. (n = 9).
FIGURE 5

Beta diversity of operational taxonomic units between incubator trays and jars using water filtered from rainbow trout eggs. In this case, samples from all
treatments and time points were pooled. NMDS, non-metric multidimensional scaling. (n = 9).
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FIGURE 8

Relative abundance of operational taxonomic units (OTU) on the genus level from water filtered from rainbow trout eggs exposed to no topical agent
(Control) or 5 mg/L humic acid (Treatment) and sampled over 0, 10, 20, 30 and 40 days using incubator trays (t) or jars (j). (n = 9).
FIGURE 7

Relative abundance of operational taxonomic units (OTU) on the phyla level from water filtered from rainbow trout eggs exposed to no topical agent
(Control) or 5 mg/L humic acid (Treatment) and sampled over 0, 10, 20, 30 and 40 days using incubator trays (t) or jars (j). (n = 9).
Frontiers in Aquaculture frontiersin.org08
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Notably, there was no difference in survival between the control

and treatment incubator jars. The authors believe this result is not an

effect of the treatment, but rather the effect of the humic acid binding

with particulates in the water. The influent ground water at the

Ontario Aquaculture Research Centre is high in dissolved manganese

(0.0942 mg/L) which forms a precipitate when the water is aerated.

The humic acid was found to bind to the manganese and settle out in

the incubation vessels. In the incubator trays, this did not cause a

noticeable issue because the particulates settled to the bottom. In the

incubator jars however, due to the constant upwelling of water, the

bound particulates settled out on top of the hatched embryos and

appeared to smother the alevins.

The filtered bacterial community of the water during the

incubation of salmonid eggs is not well described, especially using

next-generation sequencing methods that do not include culture

dependent biases. As is the case with the gut microbiome of fishes,

it is likely that the microbial community of the surface of fish eggs is

strongly shaped by the rearing environment (Kim et al., 2021) rather
Frontiers in Aquaculture 09
than the species under culture. Kubilay et al. (2009) found the bacteria

on rainbow trout eggs was varied and consisted primarily of

Aeromonas, Corynebacterium, Enterobactericeae, and Acinetobacter

while Moraxella, Flavobacterium and Cytophaga were also present to

a lesser degree. Liu et al. (2014) found the most dominant bacterial

phyla detected on healthy Atlantic salmon (Salmo salar) eggs were

Proteobacteria (Pseudomonadota), Firmicutes (Bacillota),

Actinobacteria (Actinomycetota) and Bacteroidetes (Bacteroidota).

When evaluating the bacterial communities of Atlantic salmon eggs

contaminated with Saprolegnia spp., Liu et al. (2014) found that

Enterobacteriales, Clostridiales, Alteromonadales, Vibrionales and

Aeromonadales were significantly more abundant in the diseased

egg samples and several bacterial pathogens common to salmonid

species, including Vibrio spp., Aeromonas spp. and Yersinia spp. were

also identified.

In the present study, we characterized the bacterial communities

from the rearing environment (rearing water in incubator trays versus

incubator jars) and looked for changes over time from day 0 to day 40.
FIGURE 9

Linear discriminant analysis effect size (LEfSe) of indicator operational taxonomic units from water filtered from rainbow trout eggs exposed to no topical
agent (Control) or 5 mg/L humic acid (Treatment). Samples over time and vessels were pooled and a Linear Discriminant Analysis (LDA) cutoff score of
3.0 was used. (n = 9).
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Notably, due to the pore size of the filter paper used, only particles ≥

1.5mm were captured, therefore the bacteria sampled by this method

may not represent the complete microbiome of the water sample. Our

results indicated that there was overlap in the microbial communities

characterized in the incubator tray and jar samples (Figures 5, 6). At

the phyla level, water from incubators mainly contained

Proteobacteria (Pseudomonadota) and Bacteroidetes (Bacteroidota)

with lower abundance of Firmicutes (Bacillota), Actinobacteria

(Actinomycetota) and Plantomycetes (Figure 7), which is very

similar to the results reported by Liu et al. (2014). At the genus

level, water mainly contained Comamonadaceae, Flavobacterium and

Pseudomonas with very low levels of Clostridium and Aeromonas

(Figure 8). Species of Flavobacterium, Pseudomonas and Polaromonas

are known to have a global distribution in many water bodies and
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have been found in over 50% of water samples taken from Arctic and

Antarctic lakes (Michaud et al., 2012).

From day 0 to day 40, bacteria in the Actinomycetales order

decreased over time whereas Burkholderiales, specifically the

Comamonadaceae family, increased in the water treated with humic

acid. The treatment reduced the bacterial diversity in the incubating

water, but this was only observed in the incubator trays. Additionally,

the humic acid altered the bacterial composition after 20 days of

treatment and there was a clear distinction between the microbial

communities among the eggs treated with humic acid compared to the

controls which received untreated groundwater. Notably, the humic

acid treatment increased the abundance of Comamonadaceae

(Burkholderiales order), which has been positively associated with

healthy fish eggs by Liu et al. (2014). A decrease in the abundance of
A

B

C

FIGURE 10

Relative abundance of operational taxonomic units of (A) Comamonadaceae (Burkholderiales order), (B) Flavobacterium, and (C) Aeromonas from water
filtered from rainbow trout eggs exposed to no topical agent (Control) or 5 mg/L humic acid (Treatment). Comparison of incubator trays and jars, while
pooled over time. (n = 9).
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known fish pathogens, Flavobacterium spp. and Aeromonas spp., was

observed in the treatment incubators compared to controls (Figure 10).

Reductions in Flavobacterium spp. and Aeromonas spp. bacteria have

also been found on the skin of ayu fish (Plecoglossus altivelis) and

intestine of juvenile loach (Paramisgurnus dabryanus) when fed 1%

humus extract and 1.5% fulvic acid, respectively (Nakagawa et al., 2009;

Gao et al., 2017). When rainbow trout were challenged with Yersinia

ruckeri, fish fed diets supplemented with humic acid (0.6%) showed

increased immune parameters, survival rates, and meat quality without

negative impacts on growth performance (Yilmaz et al., 2018a).

Similarly, another study by the same authors demonstrated that a

diet supplemented with FARMARIN XP (Farmavet Group, Bucharest,

Romania), a commercial product containing mainly humic acids along

with fulvic, ulmic and fulfonic acids, increased the survival of rainbow

trout following a challenge with Yersinia ruckeri (Yilmaz et al., 2018b).

Both these studies suggest that humic acid may be used as a

replacement for antibiotics in rainbow trout diets for the control of

yersiniosis (Yilmaz et al., 2018a,b).

Finally, Liu et al. (2014) hypothesized that Actinobacteria

(Actinomycetota) inhibited the attachment of the fungus causing agent,

Saprolegnia spp., to salmon eggs after finding that a low incidence of

fungus growth was strongly correlated with a high richness and

abundance of Actinobacteria (Actinomycetota). The present study did

not show similar results, Actinobacteria (Actinomycetota) abundance

was greatest at 0 days post-fertilization and by day 20, appeared to be

absent from the treated samples. It is possible that the differences

observed in the present study may be due to differences in the

microbial community on the surface of rainbow trout and Atlantic

salmon eggs or differences in the rearing environment.

This study is limited by the large pore size of the filter paper and

therefore some smaller bacteria in the water may not have been

identified. This study should be repeated using a 0.2 µm pore size to

fully characterise the microbiome of water during the incubation of

rainbow trout eggs. Despite the limitations of the study, the results

indicate that the bacterial flora of the water used to incubate rainbow

trout eggs shared similarities and differences compared to previous

research quantifying the microbial communities associated with

incubating salmonid eggs. The application of humic acid as a water

treatment during the incubation period eliminated observable fungus

growth and improved survival in the incubator trays. When eggs were

incubated in jars however, the humic acid treatment seemed to cause

egg mortality due to the settling of particulates in the water.

Additionally, the humic acid treatment increased the abundance of

bacteria associated with healthy fish eggs and decreased the abundance

of pathogenic bacteria. Therefore, it can be recommended that humic

acid is a viable alternative for hatchery producers to use as a water

treatment to reduce bacterial and fungal pathogens to improve the

survival of rainbow trout eggs in incubator trays.
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