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Abstract

A by-product of insect farming is 'frass’, which is the leftover excrement that can be high in essential minerals. The frass of black soldier fly (Her-
metia illucens) larvae (BSFL) is increasingly gaining interest as a soil amendment, but information is limited regarding the feasibility of partially
replacing synthetic fertilizers. In this 5-week study, newly-sprouted kale plants were grown with weekly applications of a synthetic fertilizer
(control), diluted synthetic fertilizer combined with BSFL frass as a one-time application (V2 fert frass) and only BSFL frass as a one-time application
(frass). Results showed that the ' fert frass treatment led to significantly higher biomass of kale than the other treatments, while the stem
diameter and height was significantly higher than the control. Potassium and magnesium in kale leaves were significantly lower in the control
compared the ' fert frass treatment while manganese, sodium and zinc were significantly higher in the frass treatment than the control. Iron was
significantly highest in the control than the other treatments, but chlorophyll was significantly higher in the % fert frass treatment compared to
the frass treatment. Among the monosaccharides, mannose was significantly elevated in the leaves of kale grown with only frass. Results indicate
that not only can BSFL frass partially replace synthetic fertilizer, but actually showed a growth benefit compared to the sole use of either synthetic
fertilizer or BSFL frass.
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Introduction

Insect farming is gaining interest to sustainably supply the
livestock and aquaculture industry with high quality protein
and lipids. Among the various insects, black soldier fly (Herme-
tia illucens) larvae (BSFL) are especially attractive to farm due to
being able to thrive on various organic waste streams, are not a
nuisance species, and when included in the diets of livestock
and fish, there have been important benefits. Some of these
benefits include improvements to immunity in various animal
species!'], protecting the intestine in fish from inflammation(23!,
as well as enhancing broiler growth and the quality of eggs
from laying hens®. With research demonstrating the various
benefits to the inclusion of BSFL in animal and fish diets, it is
likely that the BSFL industry will continue to grow.

A major by-product from BSFL farming is the leftover 'frass’,
which mainly consists of their excrement as well as chitin due
to the shedding of their exoskeleton as the larvae developl®l.
Rather than viewing frass as a challenge for responsible
disposal, BSFL frass is increasingly being investigated as a
potential soil amendment for terrestrial farming. To date, the
results from applications of BSFL to plant productivity have
been remarkably promising. When used on plants, BSFL frass
was either comparable with synthetic fertilizers!®-8! or provided
superior production®'2, Some of the causes were believed to
be from improvements to soil quality, a higher quantity of
beneficial microorganisms and/or the presence of various
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accessible nutrientsll. Moreover, compared with the frass of
other insects, BSFL frass has substantially more nitrogen, potas-
sium and sulfur, has similar amounts of phosphorus and
magnesium and the lowest content of phytotoxic compounds
and pathogens!'!l. The bioconversion of organic waste into
BSFL frass is also relatively fast compared to other biodegrada-
tion methods where, depending on the initial substrate and
stocking density, this can take one to three weeks!.,

It is known that synthetic fertilizers have a higher nutrient
accessibility to plants compared with organic fertilizers but there
are some drawbacks to their overuse. Some of these include
being more prone to run-off that damages natural waterways, a
deterioration of soil quality in the long run as well as being less
sustainablel'3], Moreover, there are currently supply disruptions
with the synthetic fertilizer trade and thus it may become neces-
sary to find feasible alternatives as at least partial replacements.
To the best of our knowledge, there is only one study that exam-
ined the combined effects of BSFL frass with fertilizer and this
reduced the heavy metal content in rice when used with a sele-
nium foliar sprayl'. On the other hand, there are numerous
reports that the combined use of organic and inorganic fertiliz-
ers can enhance plant production, which is often attributed to
improved soil propertiest’>-'8l, However, it is unclear whether
BSFL frass can partially replace a multimineral synthetic fertilizer
or may even lead to fertilizer burn.

The aim of this study was to compare the growth, mineral,
chlorophyll, and monosaccharide composition of kale (Brassica
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oleracea var. sabellica) when receiving weekly applications of a
multimineral synthetic fertilizer, versus a partial (50%) replace-
ment of synthetic fertilizer with BSFL frass and only BSFL frass
as a one-time top dressing.

Materials and methods

Source of plants and black soldier fly larvae frass

Kale seeds (Ferry-Morse®, USA) were purchased and planted
in germination trays that were located under a greenhouse at
University of Arkansas at Pine Bluff. The seeds were watered
daily and after eight days, the seedlings emerged. Three days
later, when the plants were approximately 4 cm in height, they
were transferred into plastic pots (29 cm X 29 cm X 28 c¢m;
0.024 m3), filled with approximately 1.2 kg of peat moss (as is
basis) and then each pot was irrigated. Each pot had numerous
holes on the bottom to self-drain as well as a plastic saucer to
catch any excess water.

The BSFL frass was produced from a combination of house-
hold food waste, fruit peels, spoiled vegetables, stale bread,
and spoiled animal feeds and described in detail in Romano et
all'2, The BSFL frass was processed by drying at 100 °C for
48 h and hammer milled into a fine powder. The nitrogen-
phosphorus-potassium (NPK) of the BSFL frass was 4.6-2.5-2.9,
while the calcium and magnesium content were 5.28% and
0.44%, respectively. A more detailed report of the mineral
composition is provided in Romano et al.l'2l,

The commercial synthetic fertilizer (Sta-Green) was
purchased and was chosen based on having a balanced NPK
value (18-18-21) as well as being recommended for vegetables.

Experiment design

The planting pots were arranged in three rows of three. After
the seedlings were planted, the treatments were allocated in a
randomized block design to help minimize any bias with their
position to light or temperature.

Once the treatments were allocated and labelled, the control
received the synthetic fertilizer, which was diluted with water
(104 g into 3.78 L) according to the manufacturer’s instruc-
tions. The control subsequently received weekly applications of
the synthetic fertilizer. The %4 fert frass treatment received
weekly applications of diluted fertilizer, which was 5.2 g into
3.78 L, as well as a one-time top dressing of BSFL frass of 8.8 g
(equivalent to 1 cup). The Y2 fert frass treatment received
diluted synthetic fertilizer on the same day as the BSFL frass
application. The frass treatment only received a one-time top
dress of BSFL of 8.8 g (as above). The amount of frass added
was equivalent to 0.37 kg/m3.

Each day the pots were watered with collected rainwater,
except for one/week the control and % fert frass treatments
received synthetic fertilizer applications.

After five weeks the final height was measured along with
the stem diameter using a digital caliper. Kale was then cut at
the stem and weighed on a digital scale for the final biomass.
Half the leaves were then wrapped in aluminum foil and stored
at —20 °C in air-tight plastic bags and measured for chlorophyll
within one week. The other half of the leaves were dried in an
oven at 65 °C to calculate the moisture and then analyzed for
the mineral and sugar composition.

Mineral composition
The dried kale leaves from each replicate/treatment were
ground into a fine powder using a coffee grinder and measured
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for the calcium, potassium, magnesium, iron, manganese,
sodium and zinc content using a flame atomic absorption
spectrophotometer (AAS) (iCE 3000 series, Thermo Scientific,
Santa Clara, CA, USA) that was equipped with a deuterium lamp
for background correction according to methods described in
detail in Romano et al.l'Z, The total phosphorus level was not
high enough for the AAS to detect, and therefore, kale leaf
samples were measured using the persulfate digestion method
(HACH method 8190).

Chlorophyll content

The chlorophyll content of the kale leaves was measured in
triplicate according to the dimethyl formamide method as
described in Sibley et al.l'%. The leaves were weighed ~0.1g,
and then 1T mL of 80% ethanol was added, which was left
overnight in the dark at 4 °C. After 24 h, the samples were
centrifuged at 10,000 rpm for 10 min and then 200 plL of the
supernatant was transferred into a 96-well microplate that was
read at 664 nm and 647 nm. The absorbance for each wave-
length were used to calculate the chlorophyll content(20.21],

Monosaccharide composition

The monosaccharide composition that included xylose,
arabinose, fucose, ribose, mannose, glucose and galactose of
the kale leaves were measured in triplicate at the Agriculture
Experiment Station Chemical Laboratories, University of
Missouri-Columbia according to those described in detail in
Oxley et al.l22],

Results

Kale growth

After five weeks, the weight, stem diameter and height of the
kale in the control (weekly applications of a synthetic fertilizer)
was significantly less than the Y fert frass treatment. While
weight was significantly lower for kale grown with only BSFL
frass compared to the % fert frass treatment, there was no
significant difference in the stem diameter or height (Fig. 1).

Mineral composition

Among the macronutrients, potassium and magnesium were
both significantly lower in the control as compared to the ¥
fert frass treatment (Table 1). Moreover, magnesium was signifi-
cantly lower in the control than the frass treatment. Among the
micronutrients, iron was significantly higher in the control than
the other frass treatments. On the other hand, manganese,
sodium, and zinc were significantly higher in the frass treat-
ment compared to the control (Table 1).

Moisture, chlorophyll and monosaccharide content

There was no significant difference in moisture content
among the treatments (Table 2). Chlorophyll was significantly
higher in the ' fert frass treatment compared to the frass treat-
ment (Table 2). Among the tested monosaccharides, only
mannose was significantly affected by the treatment, which
was lower in the control compared to those grown with only
BSFL frass (Table 2).

Discussion

The results of this study demonstrated that not only could
BSFL frass partially replace the tested synthetic fertilizer, but
such a replacement actually led to significantly better pro-
duction compared to either the sole use of either the synthetic
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Fig. 1 Mean (+ SE) growth of kale when receiving weekly app-

lications of a synthetic fertilizer (control), diluted synthetic fertilizer
with black soldier fly larvae (BSFL) frass as a one-time application
(2 fert frass) and only BSFL frass as a one-time application (Frass).
Different letters indicate significant differences (p < 0.05).

Table 1. Mean (£ SE) mineral composition (mg/g) of kale when receiving
weekly applications of a synthetic fertilizer (control), diluted synthetic
fertilizer with black soldier fly larvae (BSFL) frass as a one-time application
(V2 fert frass) and only BSFL frass as a one-time application (frass).

Control Yafert frass Frass

Macronutrients

Phosphorus 1.26 £0.28? 1.50+0.17° 1.71 £ 0.07°

Calcium 4,02 +0.052 4.24+0.27° 3.91+0.26

Potassium 16.19 + 1.76° 35.67 £4.00°  30.37 +5.19%

Magnesium 2.75+0.10° 3.52 +0.26° 3.68+0.11°
Micronutrients

Iron 0.36 +0.032 0.10+0.01° 0.15 +0.07°

Manganese 0.07 +£0.00° 0.05 +0.00° 0.09 +0.012

Sodium 1.32+£0.04° 1.40 +0.012 1.44 +0.012
Zinc 0.05+0.01° 0.11 +0.02° 0.39 + 0.062

Different superscripted letters in the same row indicate significant
differences (p < 0.05).

Table 2. Mean (+ SE) moisture (%), chlorophyll (mg/g), and
monosaccharide composition (g/100 g) of kale when receiving weekly
applications of a synthetic fertilizer (control), diluted synthetic fertilizer
with black soldier fly larvae (BSFL) frass as a one-time application (V> fert
frass) and only BSFL frass as a one-time application (frass).

Control Yafert frass Frass
Moisture (%) 80.77 = 1.40 85.59 +0.53 84.12+1.80
Chlorophyll 131 £0.20% 1.62 +£0.07° 1.02 £0.02°
Monosaccharides
Xylose 0.35+0.08 0.46 +0.08 0.38 +0.05
Arabinose 0.56 + 0.05 0.57 £0.02 0.51+0.03
Fucose 0.16 +0.03 0.15+0.01 0.14 +0.01
Mannose 0.19+0.01° 0.26 + 0.0220 0.27 +0.022
Glucose 5.90 +0.55 3.87 £0.31 5.07 +0.84
Galactose 0.76 +0.02 0.81 +0.02 0.83+0.03
Total 7.92 +0.54 6.12 +0.02 7.20+0.03

Different superscripted letters in the same row indicate significant
differences (p < 0.05).

fertilizer or BSFL frass. This could indicate an additive or syner-
gistic effect between the synthetic fertilizer and BSFL frass or
the fact that the 2 fert frass treatment received a double dose
at the beginning of the study. Similarly, a combination of inor-
ganic and organic fertilizers (in the form of animal manure) led
to better plant production, compared to the sole use of either
fertilizer typel'>-18], Such findings were often suggested to be
from, at least in part, to better soil qualities, particularly soil
organic matterl'5-18, Moreover, several recent studies have
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demonstrated that chitin-rich BSFL exuviae, which is present in
BSFL frass, can enhance plant health and/or production by
encouraging the abundance and duration of beneficial bac-
teria in the soill23-251, More research is required to better charac-
terize this relationship to optimize production as well as
improve sustainable farming practices.

Another interesting finding was that the sole use of BSFL
frass as a one-time top dressing led to kale outperforming
those receiving weekly applications of a synthetic fertilizer. This
finding was not anticipated based on our previous findings on
basil and jalapeno plants in which a one-time application of
BSFL frass eventually led to inferior growth (unpublished
results). In those studies, however, a 16-fold lower dose of BSFL
frass was applied, compared to this study, and it was believed
that a higher dose may be more effective. Therefore, in this
study, the BSFL frass was applied at a 16-fold higher dose to
test this hypothesis but also to determine if such high levels
would harm the plants, such as causing burning of the leaves.
Indeed, Setti et al.”! found that BSFL frass applications can
become excessive (from 30% up to 40%) to basil, tomatoes and
baby lettuce, based on reduced growth. Setti et al.! suggested
that BSFL frass applications can eventually become excessive
by causing phytotoxicity to the plants. In this study, a total of
8.8 g of heat-treated and hammer milled BSFL frass was added
to approximately 1.2 kg of soil, which was less than 1% to the
overall weight of the substrate, and substantially less than
those of Setti et al.l It seems possible that the superior growth
of kale in the % fert frass treatment, compared to the other
treatments, was due to minimizing the chances of causing
phytotoxicity as well as causing nutrient(s) deficiency.

In order to potentially provide additional insight regarding
nutrient limitations as well as nutritional value to humans, plant
tissue analysis for minerals was performed at the end of this
study. In this study, all the tested macronutrients were either
similar among treatments or significantly higher in the BSFL
frass treatments. Potassium was significantly higher in the %
fert frass treatment compared to the control while magnesium
was significantly higher in the % fert frass and BSFL frass treat-
ments compared with the control. This indicates that although
the macronutrients within BSFL frass were likely slower re-
leasing than synthetic forms, the frass was provided in suffi-
cient amounts for kale growth. Moreover, among the tested
micronutrients, these were all significantly higher in kale leaves
when grown only with BSFL frass with the exception of iron.
Chlorophyll synthesis in plants is mediated by iron[2¢], but the
relationship between iron in kale leaves and the chlorophyll
content was not evident in this study.

Monosaccharides have many functions in plants that include
their roles in plant growth, structure as well as influences on
taste and health for human consumers2’l, Among the tested
monosaccharides, only mannose was significantly altered by
the fertilizer treatment, which was higher in the BSFL frass
treatment. The cause for this is unclear and could be worth-
while to explore further considering evidence showing various
benefits to human health including having anti-inflammatory
and anti-tumor properties!28l,

An advantage to farming BSFL is their ability to thrive on
various waste streams and thus can become an integral part
of a circular economy. In this study, it was shown that the
initial substrate provided to the BSFL, which was a mixture of
locally available organic waste, was subsequently valorized as
beneficial organic fertilizer. It has been shown that while the
carbon and nitrogen content of BSFL frass is relatively stable,
phosphorus, potassium and various micronutrients can vary
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substantially based on the provided substratel®.. Therefore, the
type of provided substrate may influence their efficacy as an
organic fertilizer while another potential factor may include
whether or not the frass was raw or processed, such as by
drying and/or being ground up. Further research into these
areas could be worthwhile towards optimizing the composi-
tion and processing methods of BSFL frass for different plant
species.
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