Valorization of frass and exuviae from Hermetia illucens as a tool for reducing Fusarium
wilt disease on lettuce
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Introduction

The increasing demand for food and feed to support a growing global population has resulted in higher
levels of agri-food waste and in identifying sustainable and efficient alternative nutrient source for both animal
feed and human consumption. Over the past decade, insect farming has gained considerable scientific and
commercial interest as a sustainable and efficient alternative nutrient source for animal feed (Sogari ef al. 2023).
Insects have emerged as efficient agents for biorefining waste and by-products, converting them into valuable
protein source for food and feed. In addition to protein, insect production generates other valuable products and
by-products, one of which is insect frass — a material composed of insect feces, exoskeletons, and residual rearing
substrates — and exuviae.

Frass has recently raised attention due to its potential in plant disease control and growth promotion.
Notably, insect frass has been shown to control Fusarium oxysporum f. sp. tracheiphilum in vitro (Arabzadeh et
al. 2023) and on cowpea (Quilliam et a/ 2020), highlighting its potential as a promising tool in plant disease
management. Fusarium oxysporum is a soil-borne pathogen that causes severe wilt diseases worldwide on crops,
in particular on lettuce. Controlling this pathogen has been a major challenge, and current strategies include the
use of resistant cultivars, fungicides, physical methods, biocontrol agents, agronomical practices, and the
application of plant disease suppressive soil amendments and fertilizers.

The aim of this study was to investigate the capacity of frass and exuviae to suppress Fusarium wilt on
lettuce in greenhouse conditions.

Materials and methods

Frass and exuviae were obtained from Hermetia illucens larvae, fed with the Gainesville diet (50% wheat
bran, 30% alfalfa meal, and 20% corn) at 70% of humidity, at the experimental facility of DiSAFA — University
of Torino.

Two experimental trials were carried out in greenhouse on potted lettuce plants. Heat-treated frass (70 °C
for 60 minutes) and a green compost (control) were mixed with the peat substrate at 10% (v/v), while insect exuviae
were mixed at concentrations of 1, 2, 5, 10, and 20% (v/v). After one week, the growing media was inoculated with
F. oxysporum f. sp. lactucaerace4 at 1 g/l of biomass in wheatkernels. Inoculated untreated control and chemical control
(azoxystrobin, Ortiva®, 250 g/l a.i., Syngenta; applied at 0.3 ml/L) were also considered. After another week two
lettuce plants, 3 weeks old, were transplanted into 2 L pots filled with the peat substrate previously prepared. In
total, 5 pots/treatment were considered for each treatment. Disease incidence (DI) (% of diseased plants), disease
severity (DS) (value range from 0 to 4) and above-ground plant biomass were evaluated, and data were analyzed
using ANOVA.

Results and discussion

Fusarium wilt disease incidence and severity were significantly reduced in both trials on potted lettuce by heat
treated frass applied at 10%, and by exuviae at 1%, 5% and 10%, with an efficacy comparable to the fungicide
treatment (Fig. 1). Exuviae applied at 2 and 20%, and the green compost were effective only in 1 out of 2 trials.
Exuviae showed to be effective at lower dosages compared to insect frass. Indeed, exuviae are rich in chitin, which
is a substance well known for its capacity to induce resistance in plants and control plant diseases. Considering
that insect frass consists of a mixture of insect feces, undigested feed, and exuviae, one of the main reasons for
efficacy of insect frass can be the exuviae content.



Figure 1 - Fusarium wilt severity on lettuce: first trial on the left; second trial on the right. Different letters
correspond to statistically different values according to Tukey’s post-hoc P ()< 0.05.
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Conclusions

This study shows the potential application and challenges of insect frass and exuviae use in agriculture. The
tested frass and exuviae significantly reduced Fusarium wilt disease on lettuce, suggesting a potential role of the
native microflora in the frass. Although more trials are necessary to confirm the results, frass and exuviae can
substitute, at least partially, fertilizers and fungicides on potted lettuce plants and in fields. Further studies are
needed to validate results also in field conditions and to better understand the mechanisms of action.
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