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Grasslands: 52.5 M km2 ie 40.5% of the Earth surface area, 
excluding Greenland and Antartica, WRI, 2000, based on IGBP 
data

5 M km2 in Africa, ie17 % of the surface area of Africa

Under the tropics, grasslands are frequently burned often once or twice 
a year. Loss of Nitrogen 

Due to the movement of the ICZ, 2 seasons: wet season and dry season
(sometimes with a short dry season during the wet season).



Process of exchanges of GHG

• CO2: 
– production by the respiration of the vegetation (aboveground and

belowground): autotrophic respiration and decomposition of the 
organic matter by decomposers (bacteria, earthworms, termites…):
heterotrophic respiration

– Consumption by photosynthesis by aboveground part of vegetation
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• CH4:
– production by bacteria in symbiotic association with termites 
– Consumption by oxidation made by methanotrophic bacteria in the soil 
(needs O2)



Process of exchanges of GHG

• NO and N2O
– Production by denitrification of NO3

- by bacteria (without O2)

NO3
- NO2

- NO N2O N2

– Consumption of N2 by bacteria in association or not with 
plants

– consumption of NO and N2O by bacteria to produce N2 (see 
above)
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Objectives

• Understand the immediate and the late effect of the 
fire
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• Understand the effect of the soil water content

• Understand the effect of the season on the exchanges     
of GHG



Study site

• Littoral region of Republic of Congo
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• Feralic arenosol (sandy, acid, chemically poor) 



Study site
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• Dry season : mid-May to mid-October
• Wet season : mid-October to mid-May (with a short dry season 
of 1 month around February) except during this year: short dry 
season mid-december to mid-april
• Annual rain: around 1500 mm 

• Poor herbaceous savanna with Loudetia simplex, 
Loudetia arundinacea and Ctenium newtonii. Maximum of 
vegetation around March (2.2 T.ha-1 aerial biomass)



Experimental design
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Water: equivalent to a 30 mm rain

The soil dries during the days following 
the watering
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Field measurements
• CO2 measurements with a closed-path IRGA
• CH4 and N2O measurements with vials and gas chromatography

• Soil and air temperatures
• Soil humidity
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Humidity % vol treatment nb CO2 nb N20, CH4 treatment nb CO2 nb N20, CH4
hum-<3% burned 7 6 burned 9 30
3%<hum-<4% 31 15 5 0
4%<Hum-<5% 17 10 4 0
5%<Hum-<7.5% 20 13 1 8
7.5%<Hum-<10% 12 2 3 8
10%<Hum-<12.5% 10 3 6 7
12.5%<Hum-<15% 2 2 4 7
Hum>15% 8 5 7 0

sub-total 107 56 sub-total 39 60
hum-<3% unburned 13 2 unburned 4 36
3%<hum-<4% 23 16 9 0
4%<Hum-<5% 20 9 8 2
5%<Hum-<7.5% 14 12 0 0
7.5%<Hum-<10% 8 7 7 5
10%<Hum-<12.5% 14 5 4 7
12.5%<Hum-<15% 5 4 2 8
Hum>15% 7 1 5 2

sub-total 104 56 sub-total 39 60
Total 211 112 78 120



Lab measurements

• Incubation of soil burned and unburned at 0%, 25%, 50% 
100 % of water saturation at two temperatures 25 and 37 
°C. For several days. Measures of N 2O and CO2 fluxes, 
mineralization, nitrification, denitrification enzyme activity 
(DEA) mineral N. 

• measure the emissions of NO by chemoluminescence
analyser. 
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Respiration
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Exchange on control plot, soil respiration normalised at 25°C

Long dry season
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no grass, no root exsudates, no photosynthetats transfer to roots

higher respiration during short dry season, no effect of fire

fire decreases respiration during long dry season 
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Fire reduces the emission of CO2 just after the fire, not 7 months after.
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Soil respiration is higher during the short dry season than during the 
long dry season, du to photosynthetats transfer and more active 
photosynthesis

Soil respiration response to soil water content



Methane exchange
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fire always increases net negative fluxes

Hyp: fire disturbs a CH4 source, probably termites

Soil can be a sink or a source of CH4, depending on the conditions 



Methane exchange
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Fire reduces the emission of methane just after the fire, not 7 months 
after.

For the same water content, emission is higher during the long dry 
season than during the short dry season

Methane exchange response to soil water content



Denitrification

• N2O emissions are very low, < analyser threshold
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Lab experiment

Control plot humidity

due to very low organic matter and mineral N in soil

no nitrification in the savanna (Nzila and al, 2002)

Nzila et al, 2002

low humidity in the field



Effect of fire

Main effect of fire on the methane exchange, due to 
impact of fire on termites activity? 
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Even in the termites’ nest, the activity seems to be 
stopped 1 day after fire
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Effect of fire
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Effect of fire linked with the destruction of aboveground 
vegetation for CO2 exchanges

No late effect of fire (7 months later) excepted for soil N 
content 



Effect of season
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Effect of season linked with the vegetation activity for 
CO2 exchanges

Due to an exceptionally long « short dry season », 
no differences of soil humidity in control plots during 
the 2 campaigns. Soil even drier during the short dry 
season du to evapotranspiration

No effect of season on the methane exchange for the 
unburned plots



Effect of water content
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Due to very sandy texture (90% sand), soil is never in 
anaerobic conditions

Limitation of the bacterial activity du to low water content



Potential emissions of the savana
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Partially or completely fixed by 
photosynthesis if there is grass

Emissions from soil for 1 hectare

Potential emission of NO observed in the lab, to be
confirmed in the field

CO2 (g.ha-1.d-1) CH4 (g.ha-1.d-1) N2O (g.ha-1.d-1)
long dry season burned 64 982 12 0

unburned 47 298 55 0
short dry season burned 102 179 58 0

unburned 100 266 56 0



Thank you for your attention


