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Abstract

Soil management practices alter organic carbon fraction distribution and hence the ability of the
soil to sequester carbon and/or resist erosion. The current study’s main objective was to investigate
the influence of organic (FYM) and inorganic (Mavuno) fertilizer on C fractions and C and N
concentration in the fractions for soils obtained from Siaya and Vihiga Counties of Western Kenya.
The IR maize variety was initially planted on the soils. A randomized complete block design with
a split plot arrangement replicated four times (with each farmer acting as a replicate) was used to
test the effect of fertilizer application on soil carbon fractions. The main plots were the fertility
gradients (high and low) and the subplots were the fertilizer treatments; control, IR + manure
and IR + manure+ mavuno. The IR maize was used as the test crop and mavuno was applied
at a rate of 20 kg P per ha whilst FYM was applied at a projection of two tons per ha. Soil were
wet sieved to separate into carbon fractions and C and N thereof determined. Results indicated
that there were significant differences in the carbon fraction distributions in different soils but no
significant differences in the large macro-aggregates (LM), small-macro-aggregates (sM), micro-
aggregates (m) and silt and clay (S+C) fraction proportions in different sites, treatments and fertility
gradients. Elemental combustion was carried out and significant differences in %C and %N organic
C fractions were observed with the highest % C (2.05) and % N in (0.18) in the silt and clay
fraction. A combination of both manure and mavuno increased % N and % C in carbon fractions.
The treatments, fertility gradients and sites had no effect on the carbon fraction distribution.

Key words: Aggregate stability, carbon sequestration, soil erosion, soil organic carbon, Western
Kenya

Résumé

Les pratiques de gestion des sols modifient la distribution des fractions de carbone organique et
donc la capacité du sol a séquestrer le carbone et / ou a résister a I’érosion. Le principal objectif de
la présente étude était d’étudier I’influence des engrais organiques (FYM) et inorganiques (Mavuno)
sur les fractions de C et la concentration de C et de N dans les fractions des sols provenant des
comtés de Siaya et Vihiga de I’ouest du Kenya. La variété de mais IR a été initialement plantée sur
les sols. Un modele de bloc complet randomisé avec un arrangement de parcelles divisées répliqué
quatre fois (avec chaque agriculteur agissant comme une réplique) a été utilisé pour tester I’effet
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de I’application d’engrais sur les fractions de carbone du sol. Les parcelles principales
étaient les gradients de fertilité (élevés et bas) et les sous-parcelles étaient les traitements
d’engrais; controle, IR + fumier et IR + fumier + mavuno. Le mais IR a été utilis€é comme
culture d’essai et le mavuno a été appliqué a un taux de 20 kg de P par ha tandis que le
FYM a été appliqué a une projection de deux tonnes par ha. Le sol a été tamisé par voie
humide pour se séparer les fractions de carbone et C et N de celui-ci déterminés. Les
résultats ont indiqué qu’il y avait des différences significatives dans les distributions de
fraction de carbone dans différents sols mais aucune différence significative dans les grands
macro-agrégats (GM), les petits macro-agrégats (PM), les micro-agrégats (m) et le limon
et Iargile (S+C) proportions de fraction dans différents sites, traitements et gradients de
fertilit€. Une combustion élémentaire a été effectuée et des différences significatives dans
les fractions % de C et % de N organiques C ont été observées avec le plus haut % de C
(2,05) et % de N dans (0,18) dans la fraction de limon et d’argile. Une combinaison de
fumier et de mavuno a augmenté le % de N et le % de C dans les fractions de carbone. Les
traitements, les gradients de fertilité et les sites n’ont eu aucun effet sur la distribution des
fractions de carbone.

Mots clés: stabilité des agrégats, séquestration du carbone, érosion du sol, carbone organique
du sol, ouest du Kenya

Introduction

Soil organic carbon (SOC) is the carbon stored within soil and is part of the soil organic
matter (SOM). It is known that SOC is composed of fractions and the knowledge of the type
of organic carbon fraction present is important as this greatly impacts on soil productivity.
The four biologically significant fractions of soil organic carbon identified by Baldock
(2010) are crop residues, particulate organic carbon, individual pieces of plant debris that
are smaller than 2 mm but larger than 0.053 mm, humus which is less than 0.053 mm and
are dominated by molecules stuck to soil minerals and recalcitrant organic carbon which is
biologically stable and typically in the form of charcoal. The fractions do not only differ in
size but also in material compositions and have different chemical and physical properties
and decomposition rates (Yang et al., 2011). Indeed SOC fractions have different functions
depending on the fractions’ relative stability and biological availability. The amount of each
carbon fraction varies significantly across soil types and some fractions can be altered by
management practices (Six et al., 2000).

Farmers in Siaya and Vihiga Counties of Western Kenya manage their maize fields by
application of mavuno and Farm Yard Manure (FYM) as these are cheap and readily
available methods. There is however preferential application of these fertilizers resulting
in the formation of fertility gradients within one farm (Tittonell et al., 2010). The effects
of these fertilizers on carbon fraction distribution has nonetheless not been investigated. It
is important to differentiate aggregate size classes within the soil as this gives a measure
of the soil stability and therefore indicates a more resistant soil and/or one that is prone to
soil erosion (Stewart et al., 2009). A soil that has more macro aggregates (>2000um) has
a better soil structure and therefore more resistance to soil erosion. The soil matrix affects
microbial activity, nutrient cycling and carbon sequestration and in this regard macro
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aggregates are not important in C sequestration because they are less stable and therefore more
dynamic when compared to micro aggregates. They are however important as a temporary nutrient
sink and source, thus are critical for soil fertility. Micro aggregates (53-250um) on the other hand,
are more stable and less dynamic and form an ideal microenvironment for microorganisms. In
micro-aggregates, a bit of carbon is stabilized creating a long-term pool for carbon. The silt and
clay fractions (<53um) are a non-aggregated fraction containing lot of older carbon that is stabilized
within the silt particles (Six et al., 2000).

The preferential application of resources also has an effect on soil carbon fractions as organic matter
additions in the form of manure (either alone or in combination with chemical fertilizers), is more
effective in maintaining and restoring organic matter in soils (Wu et al., 2004). This has a bearing
on the quality of carbon fractions formed (Lee et al., 2009) and nitrogen which is a consequence
of organic matter mineralization and soil particle aggregation (Krull er al., 2003). The current
study therefore investigated the influence of organic (FYM) and inorganic (Mavuno) fertilizers
on C fractions and, C and N composition thereof. The findings will be useful in establishing the
effect of interaction of fertility gradients and treatments applied, across different sites, on carbon
sequestration and/or resistance to soil erosion.

Materials and Methods

Site Description and farmer selection. The fertility trials were conducted on- farm in three
locations, Nyalgunga and Nyabeda in Siaya County and Emusutswi in Vihiga County all in Western
Kenya. Western Kenya receives rainfall averaging over 2000 mm per annum and temperatures are
as high as 35°C (Cheserem, 2012b). The two main soil types in Emusutswi are humic nitosols
and ferralsols and Nyabeda and Nyalgunga have ferralsols and acrisols (Gachene and Kimaru,
2003). From the three sites, 12 farmers were selected, four from each site, using Y frame sampling
procedure (Tittonell et al., 2010). Farms were demarcated into fertility gradients as perceived by
farm owners.

Experimental Design and treatments. A randomized complete block design with a split plot
arrangement replicated four times (with each farmer acting as a replicate) was used to test the effect
of fertilizer application on soil carbon fractions. The main plots were the fertility gradients (high
and low) and the subplots were the fertilizer treatments; control, IR + manure and IR + manure+
mavuno. The IR maize was used as the test crop and mavuno was applied at a rate of 20kg P per ha
whilst FYM was applied at a projection of two tons per ha. IR maize was planted at a spacing of
30cm X 75cm in a plot of size 6 m x 4 m, weeded twice and top dressed with mavuno.

Soil sampling and analysis. Soil samples were collected using a soil auger at a depth of 0-20
cm at five points using W-sampling procedure as described by Peters et al. (2008). The soil was
composited, and then divided into four equal parts and a 200g samples obtained and placed in
labeled plastic containers. The soils were then passed through an 8mm sieve to homogenize the
sample and break apart other larger soil particles. The method for separating soil into different
stable aggregates used was adopted from Six (2011). The procedure has four parts (Fig. 1) but
for this experiment only one part, Part A, was of interest, which is the wet sieving of the soil.
After wet sieving the soil aggregates were further analyzed using the Costech ECS 4010 elemental
combustion system to analyze the amount of C and N in the different soil fractions.
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Figure 1. Procedure for soil organic carbon fractionation as adopted from Six (2011)

Wet-sieving of soil. A total of 80 g of a subsample from air dried whole soil was weighed
using a digital balance. A white 30 cm diameter and 8 cm deep basin was filled with water
and a 2000 pm sieve-mesh placed into it. The soil subsample was sprayed evenly on the
sieve and allowed to soak for five minutes. The soil was then sieved through the mesh for
two minutes by moving the sieve 50 times up and down with a slight angle ensuring that
water and small particles went through the mesh. The >2000 pm aggregates, that is large
macro aggregates were backwashed into a pre-weighed small drying pan. Floating litter
was also decanted into a drying pan. The sieving procedure was repeated but using 250 pum
mesh (small macro aggregates), 53 um mesh (micro aggregates), and the aggregates were
all placed in pre weighed drying pans. The remaining particles < 53 pum particles (silt +
clay) were also transferred into a drying pan.

The experiment aimed to separate the soil into different water stable aggregate size fractions
in order to look at the stability of the soils as well as the carbon and nitrogen stabilized in
the fractions as affected by organic and inorganic fertilizers. When the soil sample soaks for
five minutes, it mimics the field situation. The water goes into the aggregate from the outside
and pressure builds up within the aggregate. For an unstable aggregate, when the pressure
becomes too much that the aggregate cannot withstand it, the aggregate breaks unless if that
aggregate is very stable then it can actually handle that pressure and so does not break up.
It is therefore basically the process of slaking and pressure build up that determines if an
aggregate is stable versus an aggregate that is not stable (Six, 2011). The study hypothesizes
that organic and inorganic amendments influence soil stability by affecting the quantity and
quality of organic fractions. At the end of the wet sieving of each subsample there were
five drying pans each with soil fractions. All the drying pans with soil fractions were then
transferred into a 60°C forced air dry oven. After the soil samples in the pans had dried, the
pans were re-weighed and the soil weight was calculated as follows:

Soil Weight = (Pan+soil weight)- empty pan weight

Elemental Combustion. The different soil fractions collected from the wet sieving, silt+clay
(S+C), micro aggregates (m) and macro-aggregates (sM+ LM) were passed through the
elemental combustion system. A sample of between 19- 20 mg soil was weighed using a
microbalance and placed in aluminium weigh tins. The soil samples were then transferred
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into the Costech ECS4010 elemental combustion system that was used for detecting N and C levels
of the different fractions.

Data Analysis. Analysis of variance to assess the site effect, treatment effect, fertility gradient
effect and their interactions on soil carbon fractions and the C and N content of the fractions was
conducted using GENSTAT 14th edition. The Least Significant Difference (LSD 5%) test was used
to separate means of significant differences at (p<0.05).

Results and Discussion

Soil organic carbon fraction proportions. There were no significant differences in the weight
of LM, sM, m and S+C fraction proportions across sites, treatments and fertility gradients (Fig.
1). The transportation, storage and handling of soil samples may have resulted in breakage of the
aggregates and hence affecting their proportions in the soil across treatments, sites and fertility
gradients. Farmer fields in the study area are heavily infested with striga weed thus the continuous
soil turnover during the growing season in order to control weeds may also have contributed to the
breakdown of soil aggregates. This however is in contrast to the findings of Lee er al. (2009) who
reported a significant difference in the carbon fraction proportions in long term fertilized fields. The
differences could be attributed to the long term aspect in their experiment compared to the current
study.

The large proportion of sM can also be attributed to the breakdown of the LM (>2000 um) during
soil sampling, handling and transportation. In a similar study conducted by Six et al. (2000), results
indicated that the proportion of macro aggregates (LM and sM) accounted for 85% of the dry soil
weight and was similar across management treatments.
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Figure 1. Effects of different fertilizer treatments on soil fractions between two fertility gradients at
different sites in Kenya



552 Onwonga, R. N. & Kamanga, S. C

Low proportions (<10%) of the LM (>2000 um) fraction in all treatments were also observed. This
can be attributed to high decomposition rates of organic materials by microbes in the farmer fields
as a result of high temperatures and available organic material on the soil surface. These findings are
in line with those of Lee ef al. (2009) who found the SOC proportion of LM fractions to be less than
3% in compost only fields. On the other hand, fraction breakup during sampling and storage cannot
be entirely ruled out.

C and N composition in organic fractions For % Organic Carbon, significant differences (P<0.01)
were observed in the %C composition in the macro-aggregates (M), micro-aggregates (m) and the silt
and clay (s+c) fractions across sites but not across treatments or fertility gradients (Fig. 2).
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Figure 2. Effects of different fertilizer treatments on % carbon in soil fractions between two fertility
gradients at different sites in Kenya

The SOM added to the soil in the form of FYM contributes to the quality of carbon fractions formed.
The FYM added to the farmers’ fields was specific to the sites and dependent on the quantity of
organic residues and cattle manure the farmers had within their locality. This therefore may have
resulted in the formation of SOM of different quality. The FYM added resulted in an increase in
microbial populations in the soil that enhanced breakdown of organic material and hence resulted in
significant differences in %OC in the aggregates formed across sites. The addition of mavuno did not
influence the soil’s physical properties but the chemical properties. After crop harvest, farmers in the
study sites leave crop residues in the field thus also causing no significant differences between the
fertilizer amended plots and the control plots. The results are similar to those reported by Lee et al.
(2009) that total SOC concentration was significantly increased by continuous addition of compost,
but continually decreased with the chemical (NPK) and no fertilization (the control). In the NPK
and control treatments, most of the SOC was supplied through the plant root biomass, because the
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aboveground part was removed at the harvesting stage.

Most of the SOC was accumulated in the particulate organic carbon (53 pm <sM <2000 pum) fraction
that occupied over 75% of the total SOC in the control, manure and mavuno+manure treatments.
This was the largest proportion of SOC because at harvest farmers leave crop residues in the plots
forming a conducive microclimate for microbial activities. Microbes quickly act on the organic
substrates and breakdown the crop residues into individual plant debris forming the particulate
organic carbon. The highest OC (2.53%) was recorded in the silt and clay fraction. The silt and
clay fraction is composed of decomposed materials that are dominated by molecules stuck to soil
minerals. It also has recalcitrant organic carbon which is biologically stable thus resulting in all the
carbon broken down from the macro and micro-aggregates, stabilized in the silt and clay fraction
hence the highest OC recorded thereof. This is in line with Lee e al. (2009) who reported that after
continuous addition of NPK fertilizers, NPK + compost and sole compost to the soil and testing for
organic carbon in the various fraction, most of the SOC was accumulated with the organo-mineral
fraction (<0.053 mm) which occupied 83%, 84%, 73% and 78% of the total SOC in the control,
NPK, NPK + Compost, and Compost, respectively. The stability of the OC in the silt and clay
fraction makes the silt and clay fraction a potential carbon sink in the long term (Six, 2011).

For % Nitrogen, significant differences (P<0.01) were observed in %N in the silt and clay fraction
across treatments and sites but not across fertility gradients (Fig. 3). The silt and clay fraction
contains a high CEC due to the presence of humus which is the end product of decomposed organic
matter. Organic matter colloids have large quantities of negative charges which are essential in
attracting soil nutrients such as nitrogen (NH4+) resulting in higher nitrogen being observed in
the silt and clay fraction compared to the macro and micro aggregates. The significant differences
in %N observed across sites can be attributed to the soil’s mineralogy across the sites. Siaya has
ferralsols which are made up of acidic parent rocks with high quartz amount whilst Vihiga soils
are humic nitosols that are developed from volcanic rocks. The clay particles of the sites therefore
also differ. Loerch et al. (2012) reports that CEC varies according to the type of clay and is highest
in montmorillonite clay, found in chocolate soils and black puggy alluvials. It is lowest in heavily
weathered kaolinite clay, found in ferralsols, and slightly higher in the less weathered illite clay.
These differences in c.

The significant differences in %N of the silt and clay fractions across treatments can be explained by
the improvement of soil structure upon addition of FYM in the IR+manure and IR+mavuno+manure
treatments. Soil particles are held together in a better aggregation and decreases soil loss hence
nutrient loss resulting in %N being maintained in the soil in the biologically stable aggregates.
This is supported by Krull ez al. (2003) who reported that FYM played a critical role in improving
the soil’s structure and also added nutrients to the soil that were acted upon by microorganisms,
resulted in the formation of humus that was more stable.

No significant differences were observed in %N in the macro and micro aggregate fractions across
sites fertility gradients or treatments. The macro and micro aggregates are less stable when compared
to the silt and clay fractions. They act as temporary nutrients sources for the time in which they are
able to hold the nutrients before they are taken up by plants. Thus at the time of sampling, plants
had reached maturity and had been harvested and hence nutrients were mined in the process leaving
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the macro and micro aggregates mined of nutrients.
Conclusions

Organic carbon fraction distribution was not affected by site, application of mavuno and manure or
fertility gradients. The % OC in the silt and clay fractions were affected by the treatments applied with
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Figure 3. Effects of different fertilizer treatments on % nitrogen in soil fractions between two fertility
gradients at different sites in Kenya

the mavuno and manure treatments exhibiting higher % OC. The macro and micro aggregates were
not affected by the site treatments or fertility gradients. Also % N was affected by the sites and the
treatments applied but not the fertility gradients and the highest % N was in the silt and clay fraction
in the mavuno +manure treatment. It is therefore concluded that the treatments, fertility gradients and
sites had no effect on the carbon fraction distribution and by extension carbon sequestration and/or
resistance to soil erosion.
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