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Introduction
Agriculture is key land use in Kenya with both food and feed crops grown for
subsistence and commercial production. Agriculture is also reported to be the
largest source of GHG emissions, accounting for one-third of the total emissions in
Kenya (GOK 2010). Another key land uses are bushland, conservation and grazing
land which are diverse savannah landscape types. Despite its extensive coverage
and high diversity in Africa, GHG emissions from savannah soils are not well
understood. We quantified soil GHG fluxes from these four dominant land use
types in the savannah landscape in Taita Taveta County in Southern.

Site Characteristics
1. Farmland - Maize, beans and cassava as main crops
2. Bushland – Acacia spp, Commiphora spp trees, with shrubs and grasses
3. grasses and Conservation area - grassland savannah protected for wildlife 

conservation.
4. Grazing land - grassland with scattered Acacia spp trees as grazing area for 

livestock and wildlife

Fig. 2: Main land use types, farmland, bushland, 
conservation and grazing in southern Kenya during
wet (left) and dry (right) season.  

Materials and Methods
Static chamber technique (Collier et al. 2014) was applied. Eight seasonal
campaigns were carried out between 29th November 2017 to 5th October 2018.
Three clusters were randomly selected in each land use. In gas pooling method
(Arias-Navarro et al. 2013) four 20ml gas samples were collected at 0, 10, 20, 30
minutes (Rochette 2011). Gas samples were analysed by a gas chromatography
system at ILRI in Nairobi. GHG fluxes were calculated from rate of change in gas
concentration in the chamber headspace over time.

Results and Discussion
1) Soil GHG and Land Use Types
Mean CO2, fluxes were higher in the conservation area (75 ± 6 mg CO2 m-2 h-1) and
grazing land (50 ± 5 mg CO2 m-2 h-1) compared to farmland (47 ± 3 mg CO2 m-2 h-1) and
bushland (45 ± 4 mg CO2 m-2 h-1). Likely explanation is the slight difference in soil C
content. N2O and CH4 were not significantly different between the land use sites. Most
CH4 fluxes were below the detection level.

Fig. 3: Mean CO2, N2O and CH4 flux comparison between from all the land use

2) Soil GHG and Seasonal Variation
Fig. 4: Seasonal 
variation of  
(a) CO2
(b) N2O 
(c) CH4

Seasons

TSW-SD:  Transition 
from short wet to 
short dry season

SD: Short dry

TSD-LW: Transition 
from short dry to 
long Wet

LW: Long wet

TLW-LD: Transition 
from long wet to 
long dry

LD: Long dry 

TLD-SW: Transition 
from long dry to 
short wet

SW: Short wet  

High mean CO2 fluxes were observed in the wetter than the dry season (Fig. 4). Soil
moisture evidently provided soluble substrates and oxygen needed by soil microbes,
which was coupled with the growth of dense and fibrous grass roots thus increasing root
respiration. N2O fluxes were very low during both wet and dry seasons in all the sites
ranging from -0.09 to 6 µg N m-2 h-1. This can be attributed low N soil content (about
0.07 %) recorded.

3) Soil GHG and Environmental Factors
Soil moisture content was higher (14 to 25% ) in the wet season than in dry season (6 to
9% ) in all sites. CO2 showed a significant positive relationship with soil moisture. An
increase in moisture at the onset of rain increased CO2 fluxes in the sites. Nonetheless,
N2O did not show a significant relationship with soil moisture although fluxes slightly
increased with at the onset of the wet season but then dropped. Soil temperature did
not show a significant relationship with both CO2 and N2O fluxes.

Fig. 5: Impact of soil moisture and soil temperature  on (a) CO2, (b) N2O, (c) CH4.

Conclusion
Soil moisture is the main driver of soil CO2 emission in the study area. Soil CO2
emissions were higher in the wet season than in dry season from all the land use apart
from the conservation area. Soil temperature on the other hand did not show a clear
correlation. N2O fluxes were very low in all the sites both in wet and dry season. Low
N2O from can be attributed to the low content of N observed. In farmland, this could
also be due to low use organic and inorganic fertilizer as farmer only used small
quantities of manure from their livestock throughout their planting season.

However, there might be episodes of the emission that we missed, but which needs to
be observed. There is a need for more continuous studies to cover spatial and temporal
variations in soil emissions from diverse savannah landscape and land uses across
seasonal and management gradients.
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Fig. 1: Study area in the lowlands 
of Taita Taveta County in southern 
Kenya.
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Fig 5: Soil moisture across eight 
campaigns in all the sites.
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