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Abstract. The impact of fire on soil fluxes of GQOCH, and NO emissions were measured in the lab in soil from burned
N2O was investigated in a tropical grassland in Congo Braz-plots at both 10% and 50% of maximum soil water holding
zaville during two field campaigns in 2007-2008. The first capacity. Increasing the incubation temperature frorh@5
campaign was conducted in the middle of the dry season antb 37°C negatively affected microbial growth, mineraliza-
the second at the end of the growing season, respectively orton and nitrification activities but enhanceg® and CQ

and eight months after burning. Gas fluxes and several soiproduction. Results indicate that fire did not increase post-
parameters were measured in each campaign from burneourning soil GHG emissions in this tropical grasslands char-
plots and from a close-by control area preserved from fire.acterized by acidic, well drained and nutrient-poor soil.

Rain events were simulated at each campaign to evaluate the
magnitude and duration of the generated gas flux pulses. In

laboratory experiments, soil samples from field plots were

analysed for microbial biomass, net N mineralization, netl Introduction

nitrification, NbO, NO and CQ emissions under different

water and temperature soil regimes. One month after burnFire is a widespread phenomenon in the African continent.
ing, field CQ emissions were significantly lower in burned Its occurrence varies from “natural” events, based entirely on
plots than in the control plots, the average daily £ fHix lightning as ignition source, to actively applied fires, based
shifted from net emission in the unburned area to net con-on rangeland management (Bothma and Du, 1996; Trollope,
sumption in burned plots, no significant effect of fire was 1990). African savannas, which represent approximately
observed on soil PO fluxes. Eight months after burning, half of the African land surface (Scholes and Walker, 2004),
the average daily fluxes of GQOCH4 and NbO measured in  are mostly characterized by the co-dominance of trees and
control and burned plots were not significantly different. In grasses (Sankaran et al., 2005) and are distributed in areas
laboratory, NO fluxes from soil of burned plots were sig- characterized by alternating dry and rainy seasons (Huntley
nificantly higher than fluxes from soil of unburned plots only and Walker, 1982; Scholes and Hall, 1996). Mean annual
above 70% of maximum soil water holding capacity; this was precipitation, duration of dry season, soil fertility and dis-
never attained in the field even after rain simulation. Higherturbance (fire, herbivory and cutting) are the key factors that
determine the density of grasses, trees and shrubs (Sankaran
et al., 2005; Bond, 2008). When the density of trees is below

Correspondence tdS. Castaldi 10% of the total surface cover, the savanna environments are
BY (simona.castaldi@uninaz2.it) generally classified as tropical grasslands (Scholes and Hall,
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1996). Sub-Saharan Africa grasslands occupy approximatefHowever, data on post burning variations of soil greenhouse
14.5 millions of knf and most of this area is affected by fire gas fluxes in tropical environments are relatively scarce and
(White et al., 2000). Fire influences nutrient cycling patternsdo not give a clear and univocal answer (Levine et al., 1996;
by modifying plant cover and biodiversity (Menault, 1977; Zepp et al., 1996; Andersson et al., 2004b; Michelsen et
Swaine et al., 1992; Sankaran et al., 2005) and by directlyal., 2004, Castaldi et al., 2006). The present work inves-
altering chemical, biological and physical properties of soil tigates the impact of fire on post-burning fluxes of £O
(Menaut et al., 1993; Andersson et al., 20044, b). Enhance€H, and N>O from a grassland ecosystem of central-western
rates of mineralization and nitrification have been reportedAfrica. Specific objectives were to verify (a) whether burn-
in burned savannas at the beginning of the rainy season (Adng increases the availability of extractable N substrates and
edejii, 1983; Singh et al, 1991). Soil I\IIftoncentration stimulates microbial growth, microbial activity, GON>O
was found to increase in savanna and shrubland soils afand NO production, (b) how simulated rain events affect
ter burning (Christensen, 1973; Singh, 1994; Castaldi andluxes of CQ and NO in burned soils, and (c) whether fire
Aragosa, 2002) in consequence of organic matter combustioenhances soil Cifsink.
and heath-induced release from organo-mineral soil com- For this purpose, gas fluxes were measured in the field one
plexes (Raison, 1979; Kovacic et al., 1986, Prieto-Fernandemonth and eight months after an induced fire. A rain simula-
et al.,, 2004 ). Andersson et al. (2004b) measured increasetion experiment was also carried out in burned and unburned
values of NI—]{ and dissolved organic N and C in savanna plots. Lab experiments were performed with soil from exper-
soil after burning, resulting in higher rates of mineraliza- imental plots, incubated at different soil water contents and
tion and nitrification when soil water content enabled micro- temperatures. The study site was in Congo Brazzaville in
bial activation. This generally occurs in the event of rain view of the presence of extended grassland areas subjected
in seasonally-dry ecosystems and is often accompanied bgo frequent (yearly) man induced fires.
pulses of NQ, N2O, CO, emissions (Davidson et al., 1993;
Breuer et al., 2000; Garcia-Montiel et al., 2003; Butterbach-
Bahl et al., 2004; van Haren et al., 2005). Duration and mag2 Materials and methods
nitude of these gas pulses vary in relation to frequency and
intensity of fire occurrence, plant cover, soil nutrient status2.1  Study site
and soil matrix potential (Pinto et al., 2002; Rees et al., 2006;
Williams et al., 2009). Gas emissions are generally enhancedhe research site is located in the littoral region of Congo,
by wetting-drying cycles (Davidson et al., 1993; Mills and close to Tchizalamou (4720.61¥'13 S and 113922.78 E,
Fey, 2004; van Haren et al., 2005; Jenerette et al., 2008). Kouilou district, 82ma.s.l). The region is covered by a
Fire may influence the rate of soil G@fflux by chang-  forest-savanna mosaic situated between the coastline and
ing the contribution of autotrophic respiration to total soil the Mayombe forest (Favier et al., 2004). The present
CO, emissions and by modifying the amount of soil organic grass and shrub savannas result from two interacting fac-
matter in the top soil. Burning of grasslands often resultstors: seasonally-dry climate and expansion of populations
in earlier growth of grass in the growing season, increasingpractising savanna burning. The climate of the Tchizalamou
the length of the biomass growth period (Ojima et al., 1994).area is a two-season transition equatorial type, characterized
On the one hand, by maintaining the dominance of grasseby a long dry and cloudy season from mid-May to mid-
over shrubs and trees, fire-based management of grasslam@ctober, followed by a rainy season from mid-October to
increases the detritus in the upper soil centimetres as grassesd-May. An optional short dry season may occur around
have a shallower rooting system as compared to shrubs anahid-February to mid-March. The mean annual rainfall is
trees (Ansley et al., 2002). On the other hand, frequent firembout 1200 mm and the annual temperature abotC2@with
(yearly to once every three years) have been reported to leaseasonal variations of ca’€ (Pointe Noire airport meteo-
to a decline in soil C, as a result of fire combustion of above-rological station 1982—2001). The herbaceous layer in grass-
ground biomass, leaf litter and soil organic matter in thelands is dominated by taller Poaceae suclh.@sdetia sim-
upper few centimetres (Fynn et al., 2003; Knicker, 2007).plex, Loudetia arundinaceaor Andropogon shirensisvith
Furthermore, fire might influence gas diffusivity by chang- some occurrence of short Poaceae, Joncaceae and Cyper-
ing soil porosity and water balance (Snyman, 2003; Knicker,aceae (e.gCtenium newtonjiBulbostylis laniceps Loude-
2007), which affects soil potential for GHoxidation. Most  tia simplexmakes up more than 50% of the above-ground
of the available studies on tropical seasonally-dry ecosysbiomass, that reached about 3.8 Mghaf dry matter at
tems indicate that fire increases the net consumption of CHthe end of the rainy season in 2008 (de Grandcourt et al.,
(Castaldi et al., 2006). in preparation). Some shrubs of 1-2 m height are present, in
Savannas are generally regarded as modest carbon sinkarticular Annona arenaria(less than 5 individuals hd).
(per surface unit area) (Bombelli et al., 2009), or, where fireThe soils are Ferralic Arenosols (FAO classification), ho-
frequency is high, they are considered to have an almost neunogeneous in the landscape in terms of colour (greyish in
tral carbon balance (Saarnak, 2001, Bombelli et al. 2009)upper soil layers to ochre in deep layers), texture (the sand
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content is>85%), structure (always distinctive), and chem- lars (7 cm high with a diameter of 15cm), inserted in the
ical composition (CEC<0.5cmo). kg~! whatever the soil  soil to about 5cm depth in a slot previously dug by a metal
layer). These soils have a low clay content, are poor in nutri-cutting ring, and chamber lids (20 cm high with a diameter
ents and therefore unsuitable for agricultural purposes. Simef 15cm) provided with a 2-way stopcock sampling port.
ilar soil characteristics are found in most of the coastal re-To determine NO and CH fluxes, gas (20 ml) was sam-
gion of central Africa (Kouilou region in Republic of Congo, pled from 9a.m. to 12a.m., using gas-tight syringes, from
coastal Gabon). The studied area is subjected to extensivihe chamber headspace at 0, 20 and 60 min after closure;
fires every year, between mid-June and mid-July; fires mayit was immediately stored in pre-evacuated gas-tight vials,
also occur during the short dry season in February. Fire genwhich were sealed with thermal glue and shipped within
erally spreads very rapidly and with low intensity. No agri- a month from gas sampling to the Department of Envi-
culture or cattle grazing are conducted in the grasslands; theonmental Sciences (DSA-SUN,ITALY) for gas chromato-
only human activity that occurs is the mushroom harvest aigraphic analysis. Flux rates were determined via linear re-
the beginning of the wet season. The soil in the study sitegression of the three sampling points (0, 20, 60 min) for each
presents a bulk density of 1.43 gcfand a water-holding chamber and by applying a temperature and pressure correc-

capacity of 20%. tion. The minimum detectable flux over a period of 60 min
was 0.10mgNO m—2d-1 and 0.07 mgChm=—2d-1. The
2.2 Experimental design analytical precision of the GC for standards at ambient

concentration was approximately 1.5%, using one standard

Two intensive experimental campaigns were organized, oneleviation as a measure of mean error. Any flux below
starting one month after the day of burning (11 June 2007)these reported detection limits was assigned a value of
during the dry season, and the other eight months after burnzero. Soil temperature (HI93510 thermometer, Hanna In-
ing, in February 2008. This latter period corresponded to astruments Canada Inc., Laval, Quebec) and soil water con-
particularly severe “short dry season”, between mid-Januaryent (ThetaProbe ML2, Delta-T Device Ltd, Cambridge, UK)
to mid-April during a period generally regarded as the “wet were measured in correspondence of each chamber (0-10cm
season”. At the moment of burning the grassland still haddepth), 5cm from the chamber edge, at each sampling date.
approximately 20% of green biomass. As the area is sub- Soil respiration (Rs) was measured using the Li 8100
jected every year to big fires, an area of about 1/2 hectargoil respiration infrared gas analyzer system with a 8cm-
was isolated from fire by burning preventively a perimeter of diameter chamber (LiCor Inc, Lincoln, NE, USA) which was
vegetation around it, in order to create an “unburned treatplaced on collars (7 cm high, 4 collars per each plot) inserted
ment”. in the soil to a depth of 5 cm inside the PVC collars used for

To simulate dry-wet cycle events, a 268 mrea was rain- N20 and CH, fluxes measurements. The increase of the CO
sheltered with a transparent plastic tent, mounted at a heightoncentration was measured over an interval of 2 minutes
of two meters (to limit sun shading and temperature increasefincluding a dead band of 30 seconds) starting at the ambient
in each treatment (unburned and burned). The purpose of thEO, concentration. Soil temperature at 0-40 cm depth was
tent was to partially limit the input of rain on the plots in the monitored simultaneously with soil Gfflux using a ther-
15 days before the beginning of gas sampling. Rain simu-smocouple penetration probe (Li6000-09 TC, LiCor Inc) in
lation was performed with 30 mm of water (tap water taken the vicinity of the soil respiration chamber. This temperature
in the laboratory just before use). This amount of water cor-value was used to normalize soil respiration values 85
rgspond; to a typical Iar_ge rain event,. baged on the ana_lyl]sing the temperature functio®ry = R(25O).QEJI°25), with
sis of rain events occurring at the station in the two Previ- 5 o, value equal to 2.78, determined from a dataset of soil

ous years. Each rain-sheltered area, was divided into 4 pIOtFespiration measured on the site since 2006 (Caquet et al.
(2 mx2.5m), three of which were watered in different mo- ’

bef h . ‘ lina (15. 7. 1 day bef in preparation). This normalization was used to compare
ments before the starting of gas sampling (15, 7, 1 day befor e effect of wetting treatments independently from temper-

gas sampling). One subplot in each treatment under the elture effects on soil respiration. In fact, soil respiration was

was left unwatered. In order to verify the influence of the measured during different hours of the day depending on the

tent on gas fluxes and on some key soil characteristics (Waélaily experimental load with a variation of soil temperature

ter content and temperature), another subplot outside the tent range of 4.2C (measured from from 9a.m. to 5p.m.)
was left unwatered. in the first campaign and 2°C (measured from from 9a.m.
to 1 p.m.) in the second campaign. The volumetric soil water
content in the topsoil layer (0—6 cm) was monitored just after
respiration measurements at 5 cm from chamber edge.
COz, N20 and CH fluxes were measured from each plot Gas fluxes were measured at least five times within two

on 4 replicates. In o_rder to measurQ(Nar_ld CH fluxes, . weeks in all plots (unburned and burned; unwatered, and wa-
we used closed static chambers (Hutchinson and Mosier,

1981; Smith et al., 1995). These were made of PVC col—termj 1, 7.and 15 days before starting).

2.3 Field GHG flux sampling and measurements

www.biogeosciences.net/7/3459/2010/ Biogeosciences, 7, 34332010
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2.4 Soil sampling 2.6 Analytical technique

Soil was sampled at 0-10cm depth at the end of the twaSoil mineral N was extracted with 0.5 M§Qy (1:4 soil ex-
campaign periods from unburned and burned control plotsractant v/v) and filtered with Whatman filter no. 42. [IH
(unwatered) by taking 4 soil cores from each plot. The soiland NG; were then determined on extracts by potentiomet-
samples were immediately sieved (2mm mesh), air-dried (Zic analysis using specific electrodes for NKModel Orion

day max required) and shipped to DSA-SUN and the Cengg7) ang NQ (Model Orion 9707). Soil total carbon and
tre for Ecology and Hydrology (CEH, UK) for subsequent niirqgen content were determined on homogenized soil sam-
analyses. ple by flash combustion-gas chromatography on a NCS-soil
Thermo FlashEA 1112. Net N mineralization and net nitri-
fication rates over 15 days were calculated respectively as

Two laboratory experiments were set up. In the first (at DSA-the difference between total mineral N (WH+ NO3) or

SUN), soil samples from the two treatments were analyseditic N, measured after 15-day incubation andeat The
for microbial biomass, net N mineralization, net nitrification, SPectrophotometric ninhydrin method developed by Moore

N,O, NO and CQ emissions under different soil water and 2nd Stein (1954) was used to quantifiamino-N in soil ex-

soil temperature regimes. For this purpose, 50 g of sieved soff2€ts (soil: extract 1:5) using 0.5 K> SCOs. This procedure
samples were repacked into columns (10 cm height 5 5 cngnables the quantification of soluble proteins, aminoacids
inner diameter, the volume occupied by the soil about 502"d molecules containing-amino-groups. A fumigation-
cm?, bulk density 1.08: 0.07 and 1.03 0.1 g cn3, for un- extraction method was used in order to estimatextiaenino-

burned and burned soil, respectively) that were incubated i\ fraction associated with soil microbial biomass. Soil (59)
half-litre flasks (on triplicate). Soils were incubated for 15 Was fumigated for 24 h with chloroform. The fraction of

days at 0, 25%, 50%, 100% of maximum water-holding Ca_the cell constituents, made available by fumigation, was ex-

pacity, WHGnax, (WHCmax 33% for burned and 37% for un- tracted by shaking the sall vyith ZQmI of 0.5'1012804 for
burned soil measured on repacked sieved soil columns) and N @nd filtering the suspension with paper filter (Whatman
at two temperatures (2& and 37C). In order to observe NO- 42). The ninhydrin-N deriving from the biomass was
the pulse effect of water addition on dry soil, pre-incubation calculated as ug ninhydrin-N'g dry soil of the fumigated
was omitted. The flasks were kept open and water loss waS@MPles minus the pg n!nhyd_rln—Nbdry soil of the unfu-
corrected every day by gravimetrical determination. GasMigated samples. By using this value, the pg b|omas$1|Vg
fluxes were measured on days 0, 1, 3, 10 and 15, by closas calculated using a conversion factor of 62 (Ocio and
ing the flasks with air-tight lids and sampling gas@and ~ Brookes, 1990). o .

after 24 h. At the beginning and at the end of the incubation CHa, N2O and CQ determinations on field and labora-
(15 days), soil mineral N was determined to quantify min- [Ty 9as samples were made at DSA-SUN using a gas chro-
eralization and nitrification net rates; soil microbial biomass Matograph (Fison series 800) equipped with an electron cap-
was quantified at the end of the experiment. Furg detector (ECD) maintained at 280 and a flame ion-

For the second incubation experiment (at Centre for Ecol-Zation detector (FID) set up to analyse the three gases on
ogy and Hydrology, Edinburgh), sieved soil samples (100 gthe same sample, using a frontflush and a backflush sys'tem
on triplicate) repacked into clear Perspex columns (20 cm(Castaldi et al., 2004). Column and precolumn were stain-
height, 5.5cm inner diameter, volume occupied by soil /€SS steel packed with Porapak Q, both maintained a€60
around 100 crf) were incubated at 25C at 10% and 50% N2 was used as carrier gas (flow rate 4Genin~t). The
of WHCmax. NO emissions were measured one hour, 5Njection port was provided with a 2-ml loop. 20 analy-
days and 7 days after water addition, using a gas flow-SIS at CEH were done using a gas chromatograph (Hewlett
through system described in details by Dick et al. (2001). NoPackard, 5890) equipped with an electron capture detector
was analysed by chemiluminescence (42C model, ThermoKept a 320C, columns were stainless steel packed_wnh Po-
Environmental Instrument) ands(y UV absorption (427  'apak Q (oven 60C) and Ar/ChH, was used as carrier at a
model, Thermo-Environmental Instrument). »® fluxes flow rate of 40 mImir?. Stfindards were injected every 20
were determined in the same day (30 min after NO flux deter-Samples to allow for GC drift.
mination) closing the columns for 30 minutes and sampling
20 ml of gas from the column headspacegand 39 min.
N2O concentration in the samples was determined by gaiS the same site was sampled over consecutive days
chromatography. Soil cores were left uncapped in between '

. a two-way “repeated measurements” analysis of variance
gas sampling events and losses of water were corrected ev-, . . X
: ; o ANOVA) was used to determine differences in gas fluxes,
eryday by gravimetrical determination

considering treatment and season as sources of variation.
When the difference was significan® (< 0.05) an “all
pairwise” comparison was carried out using the “Student

2.5 Laboratory incubations

2.7 Statistical analyses
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Table 1. A selection of soil chemical characteristics of the unburned and burned plot soils measured during the first (one month after burning)
and second field campaign (eight months after burning) for the top 10 cm of soil. Different superscript letters indicate significant differences
(two-Way ANOVA, P < 0.005) among values in the same row.

1st campaign 2nd campaign
Unburned Burned Unburned Burned

Bulk density 1.43t0.10

pH 3.6%+0.03  3.78+0.01

Total soil C (%) 0.98+0.07 1.17P+0.99 158+022 2.08+0.30
Total soil N(%) 0.08+£0.01  0.08+0.01 0.02+0.03  0.26+0.11
HgNHf-Ng~1d.s. 2.79+001 3.42+0.70 0.14+0.19 5.4%+0.23
HgNO3-Ng~1d.s. 0.34P+0.07 0.38°+0.04 0.18+0.10 0.58+0.16
a-amino-NpgNgld.s. 13.56+5.92 26.49+1.64 21.79+0.28 27.68+0.92
Volumetric water content (%6)* 3%+0.2 3.9+0.2 3.82P1 0.1 2.84+0.2
Soil temperaturéC* 26.°7+1.2 26.5+1.2 26.P+1.2 26.9+0.6

* average of 5 days of field measurements taken during 2 weeks of campaign

Newman-Keul test”. When normality test failed, a Kruskal- ference ¢ > 0.05 two-way ANOVA) between datasets ob-
Wallis ANOVA on ranks was performed. Simple linear re- tained outside and inside the tent was observed for these two
gressions, multiple linear regression and non- linear regresvariables
sion analysis were performed to find the relationship between When the rain event was simulated, the maximum soil
independent and dependent variables (Sigma Stat, Jandglater-filled pore space (WFPS), measured in the top 10 soil
Scientific). To test for significant differences between slopescentimetres, was approximately 42.8% during the first cam-
and intercepts of two different linear regressions, an analysispaign and 51% during the second campaign (Fig. 1). Soil
of covariance (ANCOVA) by the GLM procedure was per- WFPS decreased rapidly after water addition, going back to
formed using SAS/STAT 9.00 (SAS Institute Inc, Cary, NC, values comparable to the control plots within 10 days, in the
USA). Significant differences were at tlie< 0.05 level. first campaign, and 7 days, in the second campaign (Fig. 1),

with no significant difference between burned and unburned

treatments (Fig. 1).
3 Results

3.2 Soil respiration
3.1 Soil parameters

As no difference between GGeffluxes measured from un-
The analysed soil was characterized by an acidic pH, slightlywatered controls outside and inside the tent was found, av-
higher in the burned plots, and relatively low content of total erage daily fluxes of soil respiration were calculated us-
C and N (Table 1). Total C increased in both treatments afing all the replicates from unwatered plots. The aver-
ter eight months but no significant difference was observedage daily soil respiration, not normalized for temperature,
between burned and unburned plots. Total N was signifi-was 7.8+ 0.3 mg of CQ m~2d~! (unburned) and 5.6:0.1
cantly higher after eight months in burned plots, while one (burned) mg of C@m—2d~1 (calculated from 12 days of
month after burning it was equally low in both treatments measurements) one month after burning. Eight months af-
(Table 1). NI-]{-N was the dominant form of soil mineral ter burning average daily soil respiration was 1+.2.6 mg
N in both sampling campaigns (Table 1), and it was slightly of CO, m~2d~! (unburned) and 118 0.9 (burned) mg of
higher in burned plots than in controls (Table 1). The soil CO, m~2d~1 (calculated from 6 days of measurements).
content of extractable organic N, measuredeaamino-N  The increase in soil respiration observed after eight months,
(aminoacids, peptides, proteins, etc), was much higher thafor both treatments, was statistically significait € 0.05
mineral N in both sampling periods, and it was significantly using a two-way ANOVA). The difference between treat-
higher in burned plots (Table 1). Soil water content (averagements was statistically significan® (< 0.05 using a two-way
of five sampling days over 2 weeks of campaign) measuredANOVA) one month after burning (first campaign) but not
in unwatered plots was extremely low during both campaignsafter eight months. Watering induced a pulse of,Gnis-
and, as also observed for soil temperature, did not changsion, which peaked in the first day after water addition and
significantly between treatments (Table 1, Fig. 1). The rain-decreased afterwards, getting back to control (unwatered)
sheltering tent did not significantly influence soil water con- levels within 10 days and 7 days in the 1st and 2nd cam-
tent and temperature in both campaigns, as no significant difpaign, respectively, following the same pattern observed for

www.biogeosciences.net/7/3459/2010/ Biogeosciences, 7, 34332010
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Fig. 1. Soil water filled pore space (%) (0—10 cm soil depth) in function of time after watering (days) during the 1st cafApaiga month
after burning and the 2nd campaiB) eight months after burning. The vertical bars correspond to one standardeg8rtp 12).

25 4 ® burned watered A 25 - A bumed watered B

—_ 0 unbumed watered — Aunbumed watered
B & burned control o M burned control
NE 20 4 O unbumed control “-'E 20 O unburned control

8 o %

: ;

B Q) %

o 151 o 151 é

w0 o

N 0

© -

s 10 i ¢ % $ S 10 i

i g £ o 8

. é & ¢ g g 0

3 5 ] ﬁ a g -] i 2 54

= mE [ (] [ Bl 8

8 7

(0]
0 T T T T ) 0 T T T T 1
0 5 10 15 20 25 0 2 4 6 8 10

time after watering (days) time after watering (days)

Fig. 2. Soil respiration normalized at 2%, using a Qg of 2.78 (g CQ m~2d~1) in function of time after watering during the 1st campaign

(A) one month after burning and the 2nd campdigheight months after burning. The vertical bars correspond to one standardes8r (
t0 9).

soil WFPS (Figs. 1 and 2). Comparing data sampled in theand burned treatments in both campaigns, and the data were
same days shows that G@missions from unburned watered normally distributed (Kolmogorov-Smirnov test)
plots were usually significantly higher than emissions from
burned watered plots one month after burning (Fig. 2a). 3.3 Methane fluxes

The normalized soil respiration increased linearly with the
increase in soil water-filled pore space (WFPS) in both cam-CH,; flux in unwatered plots (average of data from
paigns (Fig. 3). The slopes of the regression lines, whichoutside and inside the tent) one month after burn-
fitted the data from burned and unburned plots (equations reing (1st campaign) resulted in a net emission in un-
ported in Fig. 3), were not significantly differen® & 0.05,  burned plots (0.78:0.62mgCHm~2d™1) and in a net,
ANCOVA) in either campaigns, whereas the y-axis interceptalthough weak, sink in burned plots—0.3440.27 mg
was significantly higher in unburned than in burned plots CH,m—2d~1).The difference was statistically significant
(P <0.0001, ANCOVA) in both campaigns. In the present (P < 0.05). Eight months after burning (second cam-
study, the applied normalization to soil respiration data, us-paign), the site acted as a weak net LHink in
ing Qio correction, did not affect the result. In fact, both both unburned-0.40+0.57 mgCH m—2d~1) and burned
normalized and raw data of soil respiration increased linearly(—0.75+ 0.75mg CH m—2d~1) plots, with no significant
with increasing soil WFPS, moreover, the normalization did difference between treatments. gfuxes were highly vari-
not significantly alter differences in slopes and intercepts be-able, as indicated by the flux distribution reported in Fig. 4.
tween burned and unburned plots. A significant difference in the distribution of GHfluxes,

No significant difference was observed between the fre-among flux-size classes, was observed for the two treatments
quency distribution of soil respiration values for unburned one month after burning (Fig. 4). In fact, a clear reduction in
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Fig. 3. Soil respiration normalized at 2%, using a Qg of 2.78 (g CQ m~2d~1) in function of water filled pores space (%) during the
1st campaign (A) one month after burning and the 2nd campaign (B) eight months after burning. Each point refers to one single chamber
measurement. Lines (continuous unburned, dotted burned) represent linear regressions indicated by the correspondent equations.

the frequency of fluxes above 0.80 mgQH—2d-! and an 12
increase of fluxes below 0 mg Gith—2d~! was observed

in burned plots (Fig. 4). Eight months after burning, the
frequency distributions in the two treatments were similar
(Fig. 4). Analysing the relationship between soil water-filled :
pore space and CHfluxes, obtained including the watered :
plots (Fig. 5), we observe that in the first month after burn- ;

ing most of the fluxes were positive (net emission) in un- 4 |

burned plots and negative (net consumption) in burned plots ﬂ h

10 | sink | : source

mmmm Unburned
—— Burned

Frequency

for values of WFPS below 15%. Most of the measured fluxes

were positive in both treatments above this threshold. Eight | | |||| | |
months after burning there was no clear difference between : ——————
fluxes measured in either treatment. In contrast to what ob- B :

served in the first campaign, the increase in soil WFPS did 10 [ — g”b”rged

not induce a clear shift from net Gsink to net CH source : ume

in the second campaign, although above 10% of WFPS the
frequency of net Chlemissions increased (Fig. 5).

() N
_

Frequency

3.4 Nitrous oxide fluxes ) :

2 N :
Nitrous oxide fluxes were low, and in the second campaign o L | |]. H | H I “ 1 . H ,
many of the analyzed fluxes were below the detection limit 24 16 08 00 08 16 24 32 40
of the technique used. The daily averageONflux, cal- 2 A
culated from 5 days of measurements in both campaigns, mg CH4 m<d

was 0.02:£0.13mg of NOm2d~1 in unburned plots

(range—0.7 to 0.6) and 0.02 0.10 mg of NO m2d-1in Fig. 4. The frequency distribution of single-chamber estimates of
burned plots (range-0.4 to 0.5) one month after burning; CHa fluxes (mgCH m~2d~1) measured in unburned and burned

—0.03+0.11mg of NOmM~2d™1 in unburned plots (range Plots (no water treatment) during the 1st campaign (A) one month
—0.6 to 0.0) and 0.2:0.4mg of NO m=2d-1 in burned after_burnlng(z=32) and the 2nd campaign (B) E!th mon_ths after

plots (range-0.1 to 0.2) eight months after burning. A slight ?:Ll’_:n':ﬁz@dffo)' The range of each size class interval is 0.2mg
shift of flux frequency distribution towards more positive ~ * '

(emission) fluxes was observed in burned plots, compared

with unburned ones (Fig. 6). The average flux in the two

treatments, however, was not significantly different. Water

addition produced no detectable increase gONemissions

(data not shown) in both unburned or burned plots.
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Fig. 5. Single chamber Clifluxes (mg CH m—2d-1 plotted versus soil water filled pore space (%) reported for the 1st campaign (A) one
month after burning and the 2nd campaign (B) eight months after burning. In graph A line represents the fit of data from burneg plots (y
—0.53; a=0.008; b= 1.5482=0.76).

16 N20O emission was significantly enhanced in soil from burned
14] o Unbumed A plots but differences with soil from unburned plots were
p| == Bumed B found only above 50% of WHGax (Fig. 7). NbO fluxes rose
2 exponentially with increasing water content, with a faster
< 10 1 M rate in soil from burned plots (Fig. 7, insert). Rising the
S 8 temperature from 25 to T had no significant effect on
g 6 N2O emissions even at 100% of W&k The pulse of CQ
w 4 peaked the first day after water addition, accounting for about
50% of total cumulative C®emission over about 15 days.
2 U At the end of the incubation (day 15), G@missions from
0 ; 5 A watered soil (25, 50 and 100% of WHfg,) were still signif-
30 | B icantly higher than from unwatered soil (0% WH&» (data
- ; gz?nugged N not shown). Figure 7, reporting the cumulative £€mis-
- sions at day 1, 2, 3, 4, 5, 7 and 15 of incubation, shows that
2 20 respiration was significantly stimulated by water addition at
g 25% of WHGax. Further water addition induced no further
g 131 significant change in the rate of GQroduction. The in-
(C 104 crease of incubation temperature from°25to 37°C signif-
icantly stimulated C@ production. The highest respiration
5 rates were found in watered soil from burned plots (Fig. 7).
0 S T | ﬂ I Microbial biomass N, net N mineralization and net nitrifica-
08 -06 04 02 00 02 04 06 08 10 12 tion were lower at 37C than at 25C (Fig. 8). Net nitri-
mg N,O m?2 g fication was close to zero for all tested soil water contents

at 37°C. At 25°C both nitrification and microbial biomass
Fig. 6. The frequency distribution of single-chambers estimatesShowed a maXImum_between 25 and 50%_ Of_ WHQ at
of N,O fluxes (mgNO-Nm~2d~1) measured in unburned and 100% of WHGnay biomass growth was significantly re-
burned plots (no water treatment) during the 1st campaign (A)duced and no net nitrification was observed. Net N miner-
one month after burning:(= 32) and the 2nd campaign (B) eight alization increased with increasing soil water content up to
months after burnings(= 30). The range of each size class interval 100% of WHGnax (Figs. 7 and 8), following the same pat-
is 0.2mgNO-Nm=2d~1. tern as for NO production. Rates of net N mineralization
and values of microbial biomass N were slightly higher in
soil from burned plots. Higher NO emission were measured
in soil from burned plots compared with that from unburned
plots and NO fluxes were significantly higher at 10% of
WHCax compared with 50% WHgax, for both treatments
(Fig. 9). The NO pulse induced by water addition (zero flux

3.5 Laboratory incubations
In the first incubation experiment, 92% ot® production

occurred within the first day after water addition; there-
after NbO fluxes decreased exponentially (data not shown).
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Fig. 7. (A) Emissions of MO (ng N,O g~ soil dry weight 1) measured during the day of maximap® production after water addition
(day 1) and (B) cumulative Cfemissions (mg C&g~1 soil dry weight) over 15 days from soil of burned and unburned plots incubated at
0, 25, 50 and 100% of maximal water holding capacity saturation (W4Cand at two temperatures (26 or 37°C). In the small insert is
N>O emissions (ng NO g~ soil dry weight I71) vs. % of WHGnax. Bars are one standard deviation.

‘T-o 6 0% WHCmax F'U 6
g — 0% WHCmax ©° = 25% WHCmax 0 0% WHCmax
. Ny = 50 % WHCmax =z =3 25% WHCmax
9) 2000 f ?,g QVJVFF:CC%Z E 4 — 100% WHCmax % 4 I 50% WHCmax
"o =3 100 % WHCmax »n %) 1 100% WHCmax
~ 1500 o -
(o) Z 2 ° 2
3 < z
> 1000 2 . g
2 c 0
£ 500 g s
g g g
£ g 2 )
g ° : g c o o 3
e 25°C 37°C 25°C 3r°C £ 25°C 37°C 2°C IC g 25°C 37°C 25°C 37°C
UNBURNED BURNED 3 UNBURNED BURNED z UNBURNED BURNED

Fig. 8. Microbial biomass N (ug Ng?! soil dry weight) and rates of net N mineralization (ugNgsoil dry weight) and net nitrification
(g N g1 soil dry weight) measured after 2 weeks of incubation in soil from burned and unburned plots incubated at 0, 25, 50 and 100% of
WHCnax and at two temperatures (26 or 37°C).

at time zero, 1 h before watering, data not shown) decreasetihus, fire reduced the autotrophic component of the soil res-
significantly after 5 days of incubation. At 10% W&k no piration in burned plots. A second explanation is that fire
N2O production was detected whereas at 50% of WHC reduced the heterotrophic component of soil respiration by
N>O emissions never exceeded 0.10 ngMgy~L. consuming the litter, which represent a source of C for mi-
crobes, or by killing part of soil microflora directly. Indeed, a
higher content of extractabéeamino-N was found in burned

4 Discussion soil one month after fire. Andersson et al. (2004b) reported
) o an increase of dissolved organic C in savanna soils imme-
4.1 Soil respiration diately after burning and suggested that this may partly de-

o ] ] ) _rive from peptides and proteins released from the microbial
Results indicate that fire had a transient effect on soil respiyiomass killed by heating. However, laboratory data do not

ration in the studied savanna grassland. Burned plots emittef),qicate a reduction of microbial biomass and activity in the
significantly less C@ than unburned plots during the first g from burned plots. Moreover, a comparable amount of

campaign (one month after burning, dry season); howeverce, \as released at 2& from the soil sampled in burned
this difference was no longer detectable eight months aftet, 4 unburned plots (25-100% WHE) and, at 37C, CO;
burning (growing season). A first explanation for the ob- ,q4,ction was significantly higher in the soil from burned

served difference in Cfemissions, one month after burn- 45 (Fig. 7). Hence, we expect that microbial activity was
ing, is that fire destroyed the above-ground vegetation, whicth ot impaired by fire in the field. However, our experimental
partly contributed to the maintenance activity of grass roots.

www.biogeosciences.net/7/3459/2010/ Biogeosciences, 7, 34332010
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- 4 4.2 Methane fluxes
= é O Unburned 10% WHCmax _ .
; 3. < Unburned 50% WHGCMmax The very I(_)w soil water content_ at the t_lme of measure-
) @ Burned 10%WHCmax ments and its loose structure, mainly dominated by sand, are
) v Bumed 50%WHCmax likely to create favourable conditions for significant methan-
2] otrophic activity (Striegl et al., 1992; Potter et al., 1996;
o Castaldi and Fierro, 2005; Castaldi et al., 2006). However,
= our data showed that the unburned grassland plots were a
CZ) 17 CHj source or a weak sink. Similar results were also re-
o v ] % ported for some tropical ecosystems (Hao et al., 1988; Poth
c 0L : : : ‘ etal., 1995; Scharffe etal., 1990; Sanhueza et al., 1994; Zepp
0 2 4 6 8 et al., 1996: Castaldi et al., 2004;Bnmer et al., 2009). In
Days of incubation the present study we observed net Léinissions even at

7% of WFPS, hence at very dry conditions, which makes it
Fig. 9. Emissions of NO (ng NO-Ng soil dry weight i1) mea- qgite uplikely t_hat CH derives.from. anaerobic hotspots of _
sured from soil of burned and unburned plots incubated at 10% andMicrobial activity, as hypothesised in other studies (Castaldi
50% of WHGhax. etal., 2004; Verchot et al., 2000). A more probable source of
CH,4 might be termite activity, also considering that the study
site presented an extremely high abundance of termite nests.
design did not enable us to establish a conclusive partitionAlthough great care was taken at the moment of sampling
ing of the CQ flux between autotrophic and heterotrophic to keep distant from termite nests. It is known that termite
sources. Both laboratory and field data showed that no lesactivity can affect the soil several meters far from the nest
than 10 days were necessary to extinguish the @ilse gen-  and the pattern of this source is difficult to predict. Fire sig-
erated by water addition in the dry season, and that the maxnificantly reduced the frequency of net gldmissions, and
imum emission occurred within a day after water addition. this was particularly evident one month after burning. We
Several authors reported a quick response of ecosystem reseuld hypothesise that fire temporarily reduced termite ac-
piration to rain pulses under dry conditions (Jenerette et al.tivity outside the nest. Indeed, even gHroduction inside
2008; Xu and Baldocchi, 2004; Williams et al., 2009), but the termite nests was significantly reduced in the first months
pulses generally came to an end within one to three daysafter burning (Castaldi and de Grandcourt, in preparation).
Eight months after burning, the pulse peak of s com-  Other authors have obtained evidence that clearance of sa-
parable to the pulse obtained in the first campaign, but itsvanna soil surface (grasses and litter) by burning produces a
lifetime was shorter (7 days) and the background (unwateredsignificant reduction of methane emission from the soil-grass
rate of soil respiration was higher. During this period, both system (Poth et al., 1995; Zepp et al., 1996). Indeed, with the
treatments presented similar plant cover density and grasdestruction of most of the litter, burning reduces the amount
height, and the soil showed a higher content of total C andof palatable substrate that termites can use, either directly as
a-amino N, probably reflecting higher C and N inputs asso-litter or as soil organic matter. Soil-feeding termites, such as
ciated to root growth, turnover and exudation. These con-those belonging to the genG@aibitermesr those feeding on
ditions might have stimulated microbial growth and activity, litter such asNasutitermesboth present in the site, may be
thereby resulting in higher rates of soil respiration but alsoaffected by substrate reduction due to fire. As observed for
in a faster consuming of substrates made available by wate€CO, fluxes, the effect of fire on CHfluxes was transient.
addition (shorter pulse lifetime). In fact, eight months after burning the frequency distribution
Previous studies in Nigeria, Venezuela and South Africaof CH, fluxes in the two treatments showed no significant
showed no difference in soil GGemissions between burned difference.
and unburned savannas (Adedeji, 1983; Hao et al., 1988;
Zepp et al., 1996). A slight stimulating effect of fire on soil 4.3 Nitrous oxide emissions
respiration was found in Brazilian cerrado, but only after wa-
tering of the soil (Poth et al., 1995). Michelsen et al. (2004) As typical of savannas with acidic and nutrient-poor soils
found higher soil respiration in forest and woodland subject(Scholes et al., 1997; Andersson et al., 2004a, b: Castaldi
to sporadic burning compared with frequently burned grasst al., 2006), the grassland ecosystem analysed in this study
lands. In line with the results obtained in the present studywas characterized by low 4D fluxes. The range of fluxes
lower soil respiration rates were found in burned grasslandeported for undisturbed savanna ecosystems is quite nar-
savannah areas in Ethiopia compared with unburned areasw, going from small uptake values to emissions of few mg
(Andersson et al., 2004a). N>O-Nm~2d-1 (Castaldi et al., 2006), except if the soil re-
ceives significant amount of fertilizer (Bmmer et al., 2008).
Higher NbO fluxes in undisturbed savannas were found only
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in isolated patches of nutrient-rich soil (Otter and Scholes,ter condition were optimal, pO production was significantly
2000) or in savannas areas located in valleys characterizekigher in soil from burned plots. However, in the field, soil
by higher soil water retention and accumulation of organicwater content limited MO production, even after rain simu-
matter (Sanhueza et al., 1990). HighexQ\fluxes in season-  lation; thus no difference of pO emission between burned
ally dry tropical environments are reported only for forests and unburned plots was observed. Burning did not enhance
(Sanhueza et al., 1990; Verchot et al., 1999, Castaldi et alsoil CO, emissions; on the contrary, a transient detrimen-
2006). A combination of environmental factors contribute to tal effect on soil respiration was observed immediately after
keep NO fluxes low: good soil drainage, low pH and low burning. The studied soil was not, as expected, a SiHK,
nutrient status (Castaldi et al., 2006). During the dry sea-but during part of the year it was a slight @ldource, even
son the low soil water content is a major controlling factor, in very dry conditions. Fire seemed to affect the net4CH
which limits the possibility of development of anaerobic mi- flux, shifting CH,; flux distribution towards more negative
crosites, where pO production could take place (Firestone values (consumption). Overall, this preliminary data show
and Davidson, 1989; Smith, 1990). In the studied site, thethat fire did not increase post-burning soil GHG emissions in
water-filled pore space (WFPS %) was always below 51% the studied site. However, in order to generalize these find-
thus below the level at which Qliffusion is sufficiently low  ings a wider study would be needed to cover spatial variabil-
to enable a sharp increase of@ production (60% — 90% ity of the African landscape mosaic in terms of vegetation,
of WFPS) (Davidson, 1991). Laboratory incubations indi- soil characteristics, termites abundance and biodiversity, pos-
cated that a significant increase in®l production is to be  sibly in the frame of a wider temporal window.
expected only above 75% of WHax. This water content
was much higher than the content required to stimulate CO AcknowledgementsAcknowledgements. ~ Financial support for
production. N availability is also an important limiting fac- this scientific research was provided by the European Commission
tor for NoO production. During the dry season, mineraliza- through funding of the project “CarboAfrica” (GOCE, 037132)
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amounts of mineral N, as demonstrated by laboratory data.
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