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Dairy in Rwanda

15% GDP

Annual production: 445 million liters

Longstanding cultural significance

Pathway out of poverty pr B 2 7 KA AL UL L O R A oy




Feed shortages limit milk production
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Adapted from Maleko et al, 2018

Milk volume per month

Seasonal fluctuation in milk production in Mara
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Livestock emission intensities

kg CO2eq/kg protein
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Herrero et al, 2013



Microbes control soil emissions

Agricultural N,O emissions
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Two N acquisition strategies with |mp||cat|ons for soll fert|l|ty

Legumes: Biological nitrogen fixation
(BNF)

Grasses: Biological nitrification
inhibition (BNI)

Vol ;;..\\ S

j Braéhran\:"‘

o Snm



A ‘ Gaseous N loss

Legume
iIntercrops:
N provision

N loss from leaching
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Defoliation impacts
plant-microbe interactions

Defoliation increases root C
allocation, which is strongly
associated with root exudation
and microbial biomass

Biomass C (g/m?)
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Wilson et al, 2018



Defoliation
and BNI

Brachialactone
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1. Do legume forage cropping systems contribute to soil N fertility? Can
microbial N-loss pathways be mitigated by intercropping with Brachiaria?

Research Questions

2. How are belowground N cycling processes impacted by defoliation?

3. Do the strength of these effects depend on seasonal changes in soil
moisture?
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Soil Nitrogen

e Mineral N
* NH,*
i NOS-

* Organic N
* Potentially mineralizable N (PMN)

Active Carbon

* Permanganate oxidizable carbon (POX-C)




Denitrification enzyme activity (DEA)

Evacuate vials with gas manifold
Add C;H.
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2.5 g soil

5 ml DEA solution
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Trry
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headspace orbital shaker (180 rpm)




Nitrification Potential (NP)
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Hypotheses

1. Legume intercropping
Legume plots will have higher mineral and organic N compared to non-lequme treatments, stimulating
nitrification and denitrification activity.

2. Defoliation
Following defoliation, Brachiaria plots will have lower levels of mineral N due to BNI and NH ,* uptake;
nitrification and denitrification activity will be suppressed in these plots relative to other treatments.

3. Seasonal effects
Anaerobic soil conditions during rainy season months will result in increased denitrifier activity across all
treatments, with the largest increases in lequme treatments. Brachiaria plots will experience lower levels of

nitrification and denitrification.
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Nitrate

NO,-N mg kg™ soil
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wmol N, O kg™ soil

Denitrification Enzyme Activity
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e Further analysis needed to identify site-specific drivers

* Nitrogen leaching from topsoil during the rainy season is

likely a significant challenge (Hagedorn et al, 1997)

* Ongoing work will elucidate the strength of the
connection between nitrification and denitrification in
bulk soil, in addition to the relevance of functional

microbial communities

* Intercropping BNI-competent grasses with legumes
offers a novel strategy to approach the dual goals of
supplying nitrogen and limiting its loss to the

environment
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