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Antibiotics have spread into the 

environment

Boxall, 2014
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We hypothesized that tetracycline in 

manure would alter N
2
O emissions, 

denitrification genes and activities when 

applied to soil 



Project objectives

Does manure or antibiotic influence….

• Microbial communities responsible for N
2

and N
2
O 

production in grasslands? 

• N
2
O emissions at the soil surface? 

• Denitrification gene abundance?

• Potential rates of N
2

and N
2
O production?

North Dakota grassland greenhouse and field experiments



4 x 4 Randomized Block
-control
-antibiotic
-manure
-manure with antibiotic

Soil cases (20 cm dia) extracted in spring 
from each plot and shipped to lab.  Mini-
chamber used for gas exchange and large 
enclosed case for soil sampling

GREENHOUSE STUDY, INTACT MESOCOSMS ex situ

In greenhouse, 30 C air temperature
Plants clipped to 2 cm height
Soils kept saturated (>50% WFPS)
Manure mixed with antibiotic and spread
Treatments applied to surface, watered daily
Mini core samples for molecular analysis



4 x 4 Randomized Block

Chambers (20 cm dia) inserted each plot for gas 
exchange, soil sampling around chamber

Unfertilized, undisturbed grassland
Plants clipped to 2 cm height
Sample ~noon and then irrigated if needed 
Manure mixed with antibiotic and spread
Treatments applied to surface
Soil cores shipped with dry ice to lab for molecular
Soil moisture monitored 
Maintained 25-40% WFPS, near field capacity

CONDITIONS-GREENHOUSE VS FIELD

FIELD STUDY NORTH DAKOTA PRAIRIE May-June, in situ



Does Manure or Antibiotic influence

1. N
2
O flux?  If so, how long?

Emissions at soil surface with chambers

2. Potential rates of N
2
O and N

2
production?

Soil incubations 
15

N

3. Denitrification gene abundance?

Probe for functional genes 

4. Bacterial community composition?

16S RNA
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Potential activities
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Pre Treat 4 wks. Post TreatPre Treat 4 wks. Post Treat



Before and after treatment (30 days later)

Gene abundance for nosZ increased

But not for soils treated with antibiotic

Background 4 wks. Post Treat4 wks. Post TreatPre Treat
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Pre and Post Treat Bacterial Community Composition

Total of 467,034 sequences 

(19,460/sample)

▪ 41 Phyla

▪ 119 Classes

▪ 821 Genera 

▪ 2310-3448 OTUs/sample 

(97% similarity)

▪ Sequencing coverage: 94% 

Treatment: p=0.004, R
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=0.26

Day: p=0.001, R
2
=0.16

Treatment*Day: p=0.014, R
2
=0.22
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Mesocosm Study Summary

30 days post treatment

– Bacterial communities changed with 

manure and manure + antibiotic

– N
2
O flux increased for 2 weeks with 

manure and manure + antibiotic

– Lower nosZ gene abundance and less N
2

production with antibiotic

– N
2
O production shifted to N

2
production



Field experiment



Under field conditions

• Where soils are well drained (<45% WFPS)

• Where temperature varies diurnally

• Where irrigation is uncontrolled

How will treatment affect N
2
O fluxes, nosZ gene 

abundance and fungal contributions to N
2
O and N

2
?
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N
2
O Fluxes in the Field

Like mesocosm study, manure enhanced fluxes of N
2
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Soil Moisture in the Field



Treatment Interactions with Soil Moisture
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Did antibiotic influence N2O and N2 produced by fungi?

N2O N2

Greater fungal activity for manure + antibiotic 

Background Background4 wks. Post Treat 4 wks. Post Treat

Fraction of N2O and N2 produced by fungi increased when manure 
included antibiotic 

4 wks. Post TreatPre Treat 4 wks. Post TreatPre Treat



Summary: Field Experiment

30 days post treatment

– N
2
O flux increased for 2 weeks with manure and 

manure + antibiotic

– Lower N
2

production with antibiotic

– Effects of manure + antibiotic on N
2
O flux 

increased with soil moisture 

– Fungal N
2
O and N

2
contributions increased for 

manure + antibiotic
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THANK YOU

Questions?

Application of manure changed the grassland bacterial 
community.  Presence of antibiotic in manure favoured fungal 
over bacterial denitrification.  Mesocosm study indicated 
antibiotic lowered nosz gene abundance.  We expect similar 
result for field soils.  Stay tuned.


