
A. Study sites and sampling
• The study was conducted in four pastures in the

Georgia Piedmont; two near Watkinsville and two
near Eatonton during the months of June, July, and
August.

• Ammonia volatilization was measured on days 1, 4, 8,
and 15 immediately following dung deposition.

• Manure samples were collected on days 1 and 15.
• A static chamber (30-cm ID) was pressed 5 cm into

the soil and sealed for 24 h on each sampling date to
capture ammonia and nitrous oxide emissions.

• In each chamber, a glass jar with 100 mL 0.4 M H3BO3

was used to trap NH3 (Fig. 1)

B. Filth fly determination
• The number of filth flies was determined using a net

trap covered by a black cloth that was set after 1 min
of manure deposition, allowing the flies to oviposit
for 10 min (Fig. 2)

• On the days in which ammonia was not measured, a
net trap was set to avoid additional oviposits, and
record the premature emergence of filth flies (Fig. 3)

• On the 15th day, filth flies which had emerged from
deposited in the manure during the first day were
collected.

The purpose of this study is to understand the
relationship between filth fly numbers in cattle manure
with the nitrogen losses caused by an increase in
ammonia and nitrous oxide emissions

Filth flies are species from the Diptera order associated
with animal feces and decomposing waste. Beef cattle
raised on open pastures are especially susceptible to two
species of filth flies: Face flies (Musca autumnalis De
Geer) and Horn flies (Haematobia irritans (L.)) because
these flies develop exclusively in fresh cattle manure. Filth
flies’ impact on cattle health is related to the loss of body
weight and the transmission of diseases such as pink eye
and mastitis1,2,3,9.
Nitrogen losses from cattle’s manure have been reported
for domestic flies (Musca domestica) and bottle flies
(Neomyia cornicina)5,7, but despite the regular presence of
face fly and horn fly in pastures, their effect on the
nutrient cycles is little known.
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Fig. 2: Net trap with black 
cloth to collect filth flies

• Emissions from NH3 and N2O significantly increased with
the total number of flies that were captured (Fig. 8).

• Horn fly had the greatest percentage of filth flies
captured from manure (Table 1.)

• Filth fly were most active on the 4th Day, which was
visually documented during the inspection of the traps
(Fig. 7) and coincides with the expected life cycle of the
Horn fly.

• Each additional filth fly in manure can increase N
emissions by 0.03 mg per kg of manure per day (Fig. 8).

• According to NRCS, 59.1 lbs. of fresh manure is
produced by a cow (approx. 1 000 pounds animal) every
day10. From our study, the average moisture content of
manure was 85 %. Resulting in 4.03 kg of dry manure
produced by a cow per day.

• The actual economic threshold for horn flies is 200 flies
per animal4,11. Considering a 1 to 1 sex ratio during
emergence8, on average 100 female flies are living on
each animal.

• The capacity of horn flies is 8-13 eggs per day6, 100
female horn flies can generate approximately 1,000 new
flies in manure every day.

• In January of 2022, USDA released the Southern Region
Cattle Inventory with a total of 91.9 million head, from
which 30.1 million were beef cows12.

• Calculation of the additional nitrogen emissions for the
Southern Region, USA. Considering the actual maximum
number of horn flies that can parasitize a cow under the
economic threshold.

Fig. 8. N emission Vs. Total number of filth flies captured

Fig. 7. Larvae activity in a chamber on the 4th day.

A. NH3 and N2O emissions

C. Lab analysis

1. Analysis of Ammonia volatilization: Traps were
analyzed for ammonia via back titration with 0.0044 M
H2SO4 solution to the initial pH of 0.4 M H3BO3.

2. Total Nitrogen in manure (TKN): Manure samples were
digested with H2SO4 and analyzed for Total Kjeldahl
Nitrogen with a colorimeter technique using a TECAN
spectrophotometer at 660 nm (Fig. 4).

3. Analysis of Nitrous Oxide (N2O) emission
• Gas samples were collected after 24 h of sealing the

static chamber on days 1, 4, 8, and 15 (Fig. 5)
• The gas samples were analyzed with a Varian Star 3600

CX Gas Chromatograph using an ECD detector.

4. Statistical analysis
• Six sets of samples were completed.
• Every set was constituted of 4 sampling chambers and

one control chamber without manure.
• Nitrogen content, ammonia volatilization, and nitrous

oxide emission data were dominantly normally
distributed. All statistical analyses were done using
JMP software at a 0.05 level of significance.

The number of filth flies that oviposit and emerge from
cattle manure has a direct relationship with the
volatilization of NH3 and N2O emissions. At the same time,
every additional fly that emerges from manure can cause
an increase in nitrogen emissions. A calculation of these
emissions for the Southern Region, suggests that every
day, approximately 3 639 kg of Nitrogen are emitted into
the atmosphere resulting from Filth fly’s activity in the
manure. Further studies are needed to understand the
impact of these losses on forage nutrition and soil health.

We will continue the study on ammonia and nitrous oxide
emissions under the same conditions for another year to
confirm the trends and accuracy of the results. Also, we
will implement a study to analyze the effect of these
losses on soil nitrogen content, and the introduction of a
parasitic wasp Spalangia endius as a biological control on
horn fly and face fly populations.
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Fig. 3: Net trap to control 
filth fly emergence

Fig. 4. Falcon 96 Well-plates ready to be measured in TECAN 
spectrophotometer. 

Results

Fig. 5: Static chamber sealed to collect N2O emissions

Fig 6. Captured flies

Species
Percentage of total 

captured

HORN FLY 

(Haematobia irritans)
80.0%

FACE FLY 

(Musca autumnalis)
4.7%

BOTTLE FLY 

(Lucilia sericata)
15.3%

Table 1. Percentage of total captured filth flies classified 
by species, June through August 

B. Calculation of impacts

Plans for the future
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