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8.. ORGANIC CARBON DYNAMIC S IN SELECTED NORTH 
CAMEROONN SOILS AS ASSESSED BY  13C ANALYSI S 

ABSTRACT T 
SoilSoil samples were collected from the 0-5 cm surface layer of continuously cultivated and 
adjacentadjacent fallow or zero-tilled land use histories on three major agricultural soils in North 
Cameroon.Cameroon. The soil samples were fractionated by physical methods that combined particle 
sizesize fractionation of the sand fraction and sedimentary fractionation of the fine fractions. The 
1313CarbonCarbon abundance in the various size fractions was measured. 

ForFor each soil type, significant differences in ' C in the size fractions of cultivated and 
fallowfallow or zero-tilled land use histories could be mainly related to variations in the input of 
organicorganic matter from C3 and C4 plants. The largest differences between land use histories 
occurredoccurred in the sand fractions. Upon cultivation of Sorghum bicolor (L) Moench, which is a 
C4C4 crop, the ,3C in the soil increased significantly relative to fallow soil where organic matter 
inputinput was a mixture of C3 and C4 vegetation. For nearly all soil types and all land use 
historieshistories the !3C content in the clay fraction was significantly higher than in the sand fraction. 
ThisThis is a further indication that in each soil type the most dynamic changes in organic matter 
occurredoccurred in the sand fractions irrespective of the land use. 

InIn the soil with continuously cultivated rainy season sorghum (C4 crop), the C 
abundanceabundance in all size fractions was higher than in fallow soil. This indicates that the increase 
inin l3C due to organic matter input from C4 plants overrides the effect of ploughing on the C 
speculatedspeculated by some authors. Contrary, the C in all size fractions of the ploughed 
HydromorphicHydromorphic Vertisol with dry season sorghum was significantly lower than in zero-tilled 
slashslash and burn land use. Here zero burning combined with ploughing of the Vertisol 
indirectlyindirectly enhanced the growth of C3 weeds and reduced the cover of Setaria pumila grass, 
whichwhich is a C4 plant. On the slash and burn plot. Setaria pumila grass whose seeds are very 
resistantresistant to the annual burning, covered the land during the rainy season. Root litter input 
fromfrom Setaria pumila's dense fine root network in the top 0-20 cm layer would have 
significantlysignificantly increased the " C content. 

OnOn the Chromic Vertisol, the significantly higher '3C contents in all size fractions of 
thethe soil sample from slash and burn dry season Sorghum bicolor (L) Meonch, relative to the 
fallowfallow soil was also considered to be due to input of fine roots from Setaria pumila. On these 
Vertisols,Vertisols, the root input by the transplanted dry season Sorghum is limited to the 20-80 cm 
layer.layer. The dynamics of '3 Carbon in the 0-5 cm soil layer is therefore due to input from Setaria 
pumilapumila grass. 

ItIt  is concluded that the dominant factor influencing ' C in the surface layer of North 
CameroonCameroon soils is the ratio between the inputs of litter from C3 versus that of C4 plants. 
SignificantSignificant changes are most prominent in the sand sized fraction that contains the most 
labilelabile organic matter. 
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8.11 Introductio n 

Soill  organic matter has a carbon isotope composition comparable to that of the source plant 
materiall  and the carbon isotope composition of plants is known to differ with the type of 
photosyntheticc cycle employed. Trees and most temperate grasses using the Q photosynthetic 
(Calvin-cycle)) pathway incorporate less l3C than do C4 (Hatch-Slack) photosynthetic plants. 
C44 plants are mainly gramineae of tropical regions. 513C expressed as parts per thousand (%o) 
iss defined as: 

513CC =(l3Rsample/
nRstandard-l) , where R=I3C/I2C. 

C33 plants have a 5I3C expressed as parts per thousand (%o) between -25 and -28 %o and C4 
plantss around -12 %c (Schwartz et al., 1986; Balesdent et al., 1988). Other authors indicated 
thatt the 5,3C values of C3 plant species range from -32 to -20 %o with a mean of -27 %o 
whereass values for C4 species range from-17 to -9 %c with a mean of-13 %o (Boutton, 1991 
quotedd by Pessenda et al., 1996). However there are some plants with intermediate ,3C values 
calledd CAM plants. 

Fromm the foregoing follows that any change in vegetation from Q to C4 plant types or 
vicee versa may lead to a corresponding change in the 513C value of the soil organic matter 
(Schwartzz et al., 1986; Balesdent, 1988; Skjemstad et al., 1994; Veldkamp, 1994; Tomazello, 
1996).. Therefore, if such changes occur l3C can be used to estimate the turnover and 
provenancee of soil organic matter (Martin et al., 1990; Romkens et al., 1999; Six et al., 1998). 

Continuouss cultivation of the main soils in North Cameroon resulted in significant 
decreasess in organic carbon and nitrogen contents of the various organo-mineral size fractions 
(Chapterr 7). The largest and most significant losses of organic carbon occurred in the sand-
sizedd fraction. Upon cultivation, the shrubby savannah vegetation in these soils was replaced 
byy cereal monocropping in rotation with cotton or by continuous cereal cropping on Vertisols. 
Knowledgee of the dynamics o f 'C resulting from these land use changes is very limited. 

Thee objective of this study is to assess the impacts of land use history on organic 
matterr in the various organo-mineral size fractions of North Cameroon soils using l3C data. 
Ourr study is limited to the 0-5 cm soil layer because rapid changes in '3C content often occur 
inn the surface horizon where soil organic matter dynamics are highest (Martin et al., 1990; 
Romkenss et al. 1999; Roscoe et al., 2000). 

8.22 Materials and methods 

Organo-minerall  size fractions (p.m) were obtained with the methodology described in Chapter 
3.. The l3C in an equivalent mass of soil sample containing 300 fig of carbon was determined 
inn the C02 obtained by combustion of the sample in sealed quartz tubes with CuO at 900 °C. 
Thee evolved C02 was purified and analysed. The l3C in the various size fractions was 
measuredd using a Carlo Erba 1500 Elemental Analyser in combination with a Micromass 
Optimaa continuous flow Isotope Ratio Mass Spectrometer, Details of this methodology are 
presentedd in chapter 3 of this thesis. Results are expressed in 5l3C %o units versus a VPDB 
standard. . 

5I3CC - ( ' 'Rsamp^ 'X^rd- 1) where R=I3C/I2C. 
Thee organic carbon contents of individual size fractions (u.m) were measured in four 
replicatess with the elemental analyser using a similar methodology as described in Chapter 3. 
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Results s 

Thee 813C was measured in quadruples for the <2, <20, <53 and 53-2000 u\m size fractions. 
Thee general trend shows finer size fractions (clay plus fine silt) having more SI3C derived 
fromm organic matter from C4 plants while the sand size fractions have SI3C derived from a 
mixturee of C3 and C4 plants, but largely from the latter. In all cases the measured total §l*C 
valuess are within the range of values in the size fractions. 

Thee measured 613C values were used with grain size distribution to calculate the 5' C 
valuess in the fine silt fraction. The internal precision of the instrument was less than +/-0.15 
%o.%o. The coefficients of variation (table 8.2) of all  nC measured values were generally less 
thann 2%, with some exceptions of about 3%. As to the calculated values for the fractions 2-20 
p.mm the use of all values resulted in some relatively high CV values, but when outliers were 
excludedd the CV dropped to less than 3%. The sum of the weighted 6I3C values in the 0-53 
andd 53-2000 |xm size fractions in each soil of the nine land use histories differed very slightly 
fromm the measured total 8l3CC values in whole soil samples (<2 mm) (Figure 8.4). 

Tabless 8.1 and 8.2 and figures 8.1, 8.2a, b and c show clear differences in the 513C values in 
thee size fractions. In each soil type mean values of the organic carbon content and of 8 C in 
thee various size fractions differed significantly between land use histories. Furthermore, in 
nearlyy all soils & liC values differed significantly between size fractions. 

ChromicChromic Vertisol 
Thee MSB soil had significantly higher mean 813C values in the clay, clay plus fine silt and 
sandd fractions than in corresponding size fractions in the fallow soil and cotton soil. The mean 
S13CC value in the fine silt fraction was also higher in the muskwari than in the latter soils. 

Inn the cotton soil, the mean 813C value in each size fraction was intermediate between 
thosee in corresponding size fractions of the muskwari and fallow soils. The fallow soil had the 
lowestt mean 8I3C values in all size fractions. In the fallow and cotton soils, the clay and silt 
fractionss had significantly higher mean 513C values than the sand fractions. 

ChromicChromic Luvisol 
Thee mean 8l3C values in the clay, clay plus fine silt and sand fractions were each significantly 
higherr in the cowpea rotation sorghum soil than in the agro-forestry and fallow soils. The 
meann calculated value in the fine silt fraction was also significantly higher in the cowpea 
rotationn sorghum soil than in the latter soils. In all soils, the clay and fine silt fractions 
generallyy had significantly higher mean 8!3C values than the sand fractions. 

HydromorphicHydromorphic Vertisol 
Inn the clay, clay plus fine silt and sand fractions of the MSBEB soil, the 8I3C values were 
significantlyy higher than in the MSB and MPI soils. Additionally, the sand fraction in the 
MSBB soil had significantly higher Sl3C values relative to the MPI soil. The calculated 813C 
valuee in the fine silt fraction was significantly higher in the MSBEB soil relative to the MSB 
andd MPI soils. In each soil of the three iand use histories, 8I3C values in the clay and in fine 
siltt fractions were generally significantly higher than in the sand fraction. 
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Figuree 8.1: Measured S13C values in 0-2, 0-20, 0-53 and 53-2000 u.m size fractions and total 
valuess in < 2 mm soil samples 

8.44 Discussion 

8.4.11 Methodology 

Thee internal precision of less than +/-0.15 %o for the instrument used to measure ÖI3C (chapter 
3)) with the very low coefficients of variation (CV) of the measured 8I3C values, indicates that 
thee methodology used is very precise and reliable. That the sum of the weighted 5I3C values 
basedd on the data for the 0-53 and 53-2000 urn size fractions is approximately equal to the 
measuredd values in the whole soil (<2 mm) is a further indication for the precision of the 
methodologyy (table 8.2b and fig. 8.3). The observed higher CV for calculated values of the 
fractionn 2-20 îm are probably due to inaccuracies in estimated clay content, since removal of 
somee outliers results in considerably lower values for CV and the above described differences 
betweenn weighted SI3C values and measured values are small. The calculated values for the 
20-533 p.m were very minute and had very large CV, consequently the calculated values were 
discarded. . 

Thee reliability of the analytical method for the estimation of the organic carbon content is also 
evidencedd by the comparison of organic carbon contents in size fractions measured at CIO 
(Universityy of Groningen) with those measured at IBED-FGB (FRW) (University of 
Amsterdam).. Differences in the %C of size fractions estimated by the two laboratories were 
generallyy less than 5% and mainly due to a difference in instrument calibration. The relation 
(figuree 8.4) was linear (n=144) with a R2 value of 0.989. As stated above, there is good 
agreementt between the sum of the calculated values and the measured total values in the <2 
mmm soil samples (fig. 8.3). The average difference is -0.04  0.16 %o and the standard 
deviationn of the difference is 0.4 %o, confirming the reliability of both the size fractionation 
andd the isotopic measurements. 

8.4.22 Impact of land use history 

Inn a given soil type, the 8I3C value depends on the vegetation cover. Soils under tropical grass 
vegetationn (C4 gramineae) generally have 8I3C values ranging from -17 to -9 %o with mean 
valuess around -12 %c, while forest vegetation (C3 plants) shows values of-32 to -20 %c with 
meann values around -27 %o (Boutton, 1991 quoted by Pessenda et al., 1996; Veldkamp, 
1994).. However, heterogeneity in the vegetation cover often results in a wide range of 
intermediatee 6I3C values indicating a mixture of C3 and C4 plants. Upon changes in land use 
andd vegetation, the largest changes in 8I3C values occur in the surface soil layer where 
conditionss are most favourable for rapid turnover of soil organic matter (Schwartz et al., 
1986;; Veldkamp, 1994; Romkens, 1999; Roscoe et al.. 2000). Schwartz et al. (1986) further 
showedd in a tropical Ferruginous Soil that under forest vegetation the 513C of soil organic 
matterr decreased slightly to -23.5 %o in the 80-120 cm soil layer, while an opposite trend was 
observedd in the same soil under savannah grass. The Si3C value under savannah grass 
increasedd from -16.1 %c in the 80-120 cm layer to -12.8 %o in the 0-10 cm soil layer. Similar 
observationss were made by Martin et al. (1990) who showed that the 8I3C values of soils 
underr grass savannah were -12 to -13 %c in the clay, silt and sand fractions, while in the same 
soill  under forest, values of -27 to -28 %o occur in these size fractions. Afforestation of the 
grasss savannah produced the largest changes of 5l"C in the coarse sand fraction. 
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Figuree 8.2: Impact of Land use history on the 8I3C values (n=4) in the organo-mineral size 
fractionss (jim) from the 0-5 cm layers of a) Chromic Vertisol, b) Chromic Luvisol 
andd c) Hydromorphic Vertisol. 
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Figuree 8.3: Comparison of the 8 C values for the total soil, directly measured as well as 
calculatedd using the 5 C measurements on the 0-53 pm and 53-2000 pm sub-samples. 

Calculatedd values are based on the assumption of a linear relationship between the 5"C 
valuess in the fractions and total soil. The calculations were made using the following 
equation: : 

5I3CTT = [SI3C (0-53 pm) x fA + 8,3C (53-2000 pm) x fBj / (fA + fB) 

55 CT: total 8 C value in (< 2mm) soil sample. 
fA:: amount of carbon in 0-53 pm fraction. 
IB:: amount of carbon in 53-2000 pm. 
SI3CC (0-53 pm): the measured value of 813C in (0-53 pm) fraction. 
5I3CC (53-2000 pm): the measured value of 5I3C in (53-2000 pm) fraction. 
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Figuree 8.4: Relationship between % carbon (n=144) measured at FRW and CIO. 

Summarising,, the above authors showed that when replacing a C3 with a C4 vegetation, there 
iss a transition in the soil organic matter from values typical for C3 vegetation through 
intermediatee values from a mixture of humus from both C3 and C4 plants to values typical for 
C44 vegetation. Changes are most prominent in the sand fraction with reported half-life times 
off  <12 years, whereas organic matter in clay and fine silt size fractions is considered as 
relativelyy stable (Cerri et al., 1985; Balesdent et al., 1987, 1988; Martin et al., 1990). 
Furthermore,, changes are most prominent in the topsoil, in which the turnover rate of organic 
matterr is highest. 

Superimposedd on the first process, being changes induced by changes in vegetation, two other 
processess might play a role (Balesdent et al., 1988; Martin et al., 1990): a) Isotopic 
heterogeneityy of the biochemical constituents of plants and b) Isotopic fractionation that 
occurss during mineralisation. 

Too what extent these two latter processes might play a role in the dynamics of  l3C in 
ourr soils cannot be established on the basis of the available data. However, results from 
researchh on these topics strongly suggest that fractionation or heterogeneity in terms of 
resultingg differences in 8I3C is of a lesser order than the differences in isotopic composition 
betweenn C3 and C4 plants. 

Ass to the soils studied, changes in vegetation connected with land use led to 
correspondingg changes in organic matter input into the soils. The vegetation on fallow soils 
(appendixx 1) at the time of sampling was similar to the primary vegetation as described by 
Brabantt and Gavaud (1985). Upon cultivation, the fallow vegetation was replaced by food or 
cashh crops and annual weeds as presented in appendix 1. The quality (from C3 or C4 plants) 
andd quantity of organic matter input into the various soils changed. These changes evidently 
affectedd C in the soils. 
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ChromicChromic Vertisol 
Thee values of about -16 %o (range of -15.2 to -16.4 for individual samples) in the clay and silt 
fractionss of the MSB soil are within the range for 6I3C of C4 plant origin. In the fallow soil, 
valuess of about -20 %t> (range of-19.1 to -20.2) in the clay and fine silt fractions represent 
typicall  intermediate values for soil organic matter from a mixture of both C3 and C4 plants 
butt with more C3 carbon. In the cotton soil, the values of about -18 %c (range of-17.0 to -
18.03)) in clay and fine silt fractions indicate mixed 8,3C of soil organic matter from both C3 
andd C4 plants. 

Tablee 8.1: Mean values (n=4) of percentage of organic carbon1 in organo-mineral size 
fractionsfractions (|irn) from the 0-5 cm layers of selected soils under different land use 
historiess in North Cameroon. 

Soill  type 

Chromic c 
Vertisol l 

Chromic c 
Luvisol l 

Hydromorphi c c 
Vertisol l 

LUH H 

F8 8 

MSB B 

CRS S 

F21 1 

AGF F 

CpRS S 

HV.MSB B 

HV.MSBEB B 

HV.MP1 1 

Mean n 
CV(%) ) 

Mean n 
CV(%) ) 

Mean n 
CV(%) ) 

Mean n 
CV(%) ) 

Mean n 
CV(%) ) 

Mean n 
CV(%) ) 

Mean n 
CV(%) ) 

Mean n 
CV(%) ) 

Mean n 
CV(%) ) 

0-2um m 

0.997b b 

3.7 7 

0.919" " 
2.4 4 

l.029b b 

2.1 1 

4.659b b 

1.5 5 

4.058a a 

4.3 3 

2.806e e 

4.0 0 

0.85T T 
8.6 6 

1.501c c 

1.6 6 

0.670" " 
1.5 5 

Carbonn content (%) 

2-20M.m m 

1.578s s 

7.3 3 

1.306s s 

6.3 3 

1.280a a 

27.0 0 

3.242" " 
0.7 7 

2.646" " 
8.6 6 

1.656" " 
9.1 1 

1.567" " 
7.5 5 

2.650c c 

20.9 9 

0.837" " 
19.0 0 

0-20um m 

1.162b" " 
3.5 5 

1.033" " 
2.2 2 

1.094" " 
8.8 8 

3.761" " 
0.2 2 

3.264" " 
1.9 9 

2.123e e 

3.1 1 

1.036" " 
4.1 1 

1.880" " 
9.3 3 

0.715" " 
6.7 7 

53-2000u.m m 

0.861b b 

12.2 2 

0.459" " 
15.6 6 

0.128c c 

3.9 9 

0.651" " 
2.2 2 

0.296° ° 
5.3 3 

0.214C C 

4.8 8 

0.391" " 
3.2 2 

0.279c c 

4.3 3 

0.104" " 
8.1 1 

AGF:: Agra-forestry. CpRS: Cowpea rotation sorghum 
CRS:: Cotton rotation sorghum FX: X years of fallow. 
LUH:: Land use history MPI: Muskwari plough incorporate 
MSB:: Muskwari slash and burn MSBEB: Muskwari slash burn earth bund 

Withinn the same column for each soil, Mean values followed by the same letter are not significantly 
differentt (P<0.05). 
Carbon1""  = CIO measured %C. 
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Tablee 8.2: Mean 8I3C values (n=4) in organo-mineral size fractions (p.m) from the 0-5 cm 
layerss of selected soils under different land use histories in North Cameroon. 

Soill  type 

Chromic c 
Vertisol l 

Chromic c 
Luvisol l 

Hydromorphi c c 
Vertisol l 

LUH H 

F8 8 

MSB B 

CRS S 

F21 1 

AGF F 

CpRS S 

MSB B 

MSBEB B 

MPI I 

Mean n 
CV(%) ) 

Mean n 
CVV {%) 

Mean n 
CV(%) ) 

Mean n 
CVV (%) 

Mean n 
CVV (%) 

Mean n 
CV(%) ) 

Mean n 
CV(%) ) 

Mean n 
CV(%) ) 

Mean n 
CVV (%) 

0-2um m 

19.5b/l l 

1.3 3 

-16.2*"1 1 

1.0 0 

-17.3c/ï ï 

2.1 1 

-17.0b/" " 
0.5 5 

-17.2s" " 
0.8 8 

-16.4̂  ^ 
1.0 0 

-14.. I* 1 

2.8 8 

-12.7b/ïï " 
3.3 3 

-14.3"" " 
1.3 3 

i : : 

2-20um m 

-20.6b/> > 
2.6 6 

-16.. ["* 
2.0 0 

) 7 7= / x x 

2.3 3 

-17.5"* * 
1.3 3 

-17.81* * 
1.1 1 

16.8b" " 
2.9 9 

-13.5̂  ^ 
3.0 0 

-13.0Bb/l l 

2.9 9 

-14.0"* * 
3.3 3 

Q%c) Q%c) 

0-20[im m 

-19.9" " 
0.8 8 

-16.03 3 

3.1 1 

-I7.31 1 

0.7 7 

-17.3° ° 
0.9 9 

-17.5a a 

0.5 5 

-16.6b b 

1.3 3 

-13.8* * 
0.6 6 

-12.9C C 

1.6 6 

-14.2b b 

1.6 6 

53-2000u.m m 

-25.8Wl l 

2.1 1 

-16.9̂  ^ 
6.8 8 

-22.2c/y y 

5.3 3 

-20.6b/l l 

0.7 7 

-18.4*1 1 

1.4 4 

-18.0** * 
0.4 4 

-14.11"" " 
1.8 8 

-13.5°* * 
0.8 8 

-18.5b/y y 

0.9 9 

Withinn the same column for each soil mean values followed by the same letter (a,b,c) are not 
significantlyy different (P<0.05). Within the same row for each LUH mean values followed by the same 
letter(x,y,z)) are not significantly different (P<0.05). 

Inn the sand fraction, the 5I3C value of about -26 %o (range of-25.1 to -26.3) in the fallow soil 
representss a typical 8,3C value for C3 vegetation, which indeed was present (appendix 1). The 
samee holds for the cotton soil with a 6I3C value of about -22 %o (range of-20.1 to -26.3). In 
thee sand fraction of the muskwari soil, the intermediate SI3C value of about -17 %c (range of-
15.55 to -18.3) is characteristic for organic matter from a mixture of C3 and C4 plants. The 
sorghumm crop, which is a monocotyledon, and the graminae Setaria pumüa are the C4 plants 
thatt will have increased the 6|:,C in the mixture. However, annual shrubs and weeds that 
thrivee during the rainy season (appendix 1) on these muskwari soils possibly added 813C of 
C33 origin to the sand fraction of this soil. 

Inn the fallow soil, 8l3C of C3 savannah vegetation dominated in ah*  size fractions. The 
largestt absolute difference in 8I3C content between the muskwari soil and fallow soil occurred 
inn the sand fraction. This indicates that replacing the C4 vegetation (about 60 years of 
muskwarii  land use) with C3 vegetation (eight years of fallow vegetation) had the largest 
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impactt on the 8I3C content in the sand fraction, demonstrating the labile nature of soil organic 
matterr in this size fraction. 

Particularlyy interesting is the systematic difference between the 6' C content of the 
sandd fraction and that of the clay and fine silt fractions. At first sight, this might be attributed 
too isotopic heterogeneity or fractionation processes. However, the original vegetation clearly 
representedd C4 vegetation, the composition of which most probably is still reflected in the 
mostt stable fractions, being the clay and silt. As to the differences in stability of the soil 
organicc matter between the various size fractions, the same trend has been described in 
chapterr 7. 

ChromicChromic Luvisol 
Inn the fallow and agro-forestry soils, 6I3C values of about -17 %c (range of-16.9 to -17.3 in 
individuall  samples) in the clay fractions represents organic matter from a mixture of C3 and 
C44 plants. These lower intermediate values possibly indicate more 5I3C of C3 origin. Also in 
thee cowpea rotation sorghum soil, the 8I3C value -16.4 %o (ranging from -16.2 to -16.6) 
representss organic matter of both C3 and C4 plant origin, with relatively more from the latter, 
sincee these intermediate 813C values are slightly higher. The 813C values ranging from -18,0 
too -20.8 %c in all sand fractions of individual samples points to organic matter from both C3 
andd C4 plants, but a distinctly higher contribution of the former. 

Thee 613C value of - 20.6 %o (range of -20.4 to -20.8 in individual samples) in the 
sandd fractions of fallow soil points to organic matter from both C3 and C4 plants, but a 
distinctlyy higher contribution of the former. In the sand fractions of cowpea rotation sorghum, 
thee S13C value of-18.0 %c (ranging between -17.9 and -18.1) represents humus from both 
C33 and C4 plants. 

Thee significantly higher 6I3C values in all size fractions of the cowpea rotation 
sorghumm soil can be clearly linked to the higher 13C abundance in litter inputs of the C4 
sorghumm plants. The sorghum variety in this case the rainy season crop, is sown in high 
densityy (about 60,000 plants/ha) and roots superficially, thus leading to relatively high root 
litterr input in the topsoil contrary to the muskwari soil, where root input of the dry season 
sorghumm in the superficial layer is minimal. 

Thee natural vegetation on the Chromic Luvisol can be described as mixed C3-C4 open 
savannahh vegetation. The significantly higher SI3C contents in the clay and fine silt relative to 
sandd fractions probably reflect the composition of this original vegetation, the current fallow 
(F21)) being shifted towards a more C3 dominated type of vegetation having an undergrowth 
withh lesser grasses. The relatively high values in the fine fractions thus point to a more stable 
naturee of the organic matter in these fractions, which again is in line with the results described 
inn chapter 7. 

HydromorphicHydromorphic Vertisol 
Inn the MSB and MSBEB soils, SI3C values ranging between —12. ï and -14.6 %c in the clay, 
finee silt and sand fractions of individual samples are all typical of C4 vegetation. The 
muskwarii  and grass vegetation (appendix 1) are mainly C4 plants. 

Thee sorghum variety locally called muskwari is cultivated uniquely on Vertisols. It is 
transplantedd into 20-30 cm deep holes with an effective root depth between 25 and 80 cm. At 
harvest,, both the grain and straw are harvested. Apart from weeds and grasses, its root 
biomasss is therefore the main source of organic input in the soil. In the top 0-25 cm of the 
muskwarii  soil, however, Setaria pumila grass roots dominate. This grass grows during the 
shortt rainy season (June to September) and is slashed and burnt in late September. The major 
inputt into the topsoil consists of root biomass and some ash from this C4 grass. The 
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significantlyy higher ÖI3C in both the clay and sand fractions of the MSBEB soil relative to the 
MSBB soil can be attributed to the higher density of Setaria pumila grass on the earth bunded 
plots.. This increases the litter input from this C4 grass in the MSBEB soil. 

Inn the clay and fine silt fractions of MPI soil, 5I3C values of about -14 %o (range of -
13.77 to -14.5 in individual samples) are typical of Utter from C4 plants. The value of about -
18.55 %o (range of-18.2 to -18.7) in the sand fraction clearly represent organic matter from a 
mixturee of C3 and C4 plants. Field observations showed that when the muskwari soil was 
ploughed,, scanty herbaceous weeds (see appendix I) replaced the dense Setaria pumila grass 
vegetationn that thrived during the rainy season on the slash and burn plots. It is the input from 
thesee C3 weed species to which the observed decline in 8I3C values in the sand fraction must 
bee attributed. Loosening the MPI soil by ploughing caused a significant reduction in initial 
sandd sized organic matter (chapter 7), which apparently was partly replaced by the fresh input 
off  root litter from the C3 weeds. 

Whetherr the significantly higher S13C contents in the clay and fine silt can be 
attributedd to an original vegetation with a strong C4 component or should be considered as the 
equilibriumm value for this land use history, which lasted for a period of about 80 years, cannot 
bee established with certainty. However, the difference between the size fractions is small and 
absolutee values are distinctly higher than those of the Chromic Vertisol and Chromic Luvisol. 
Thiss together with the observation that land use has a significant impact on soil organic matter 
inn the fractions concerned indicates that the Ö13C values in these fine fractions reflect the 
equilibriumm values for this land use. The results furthermore imply that under long term C4 
vegetationn (Sorghum bicolor(L) Moench and Setaria pumila), the nature of the organic matter 
inn the fine fractions changes, being less stable than sometimes assumed for Vertisols 
(Duchaufour,, 1982). 

GeneralGeneral Discussion 
Thee wider range of 5' C values in the sand fractions relative to those in the clay and fine silt 
fractionss clearly demonstrates that carbon dynamics are largest in the sand sized fractions. 
Thiss is expected because decomposition and biodegradation of litter produces particulate 
organicc matter (Cambardella and Elliott, 1993,1994; Shang and Tiessen, 1998; Six et al., 
1999),, which in time is further biodegraded and comminuted into finer fractions. 6t3C in the 
clayy and fine silt fractions therefore will more slowly adapt to changes in input, which is 
reflectedd in the narrower range observed (table 8.2). 

Severall  authors (Balesdent et al., 1987; Martin et al. 1990) showed that under long 
termm C4 vegetation the S13C in all size fractions range between -12 and -14 %c. They also 
showedd that the half-life leading to equilibrium values of 5I3C contents is less than 10 years in 
sandd and about 16 years in clay fractions of tropical soils. Such situation seems to exist in the 
hydromorphicc Vertisol, where in all size fractions of the MSB and MSBEB soils 5l3C values 
aree between -12.7 and -14.1 %o. These smectitic soils have been under continuous cultivation 
withh a C4 crop. However, the associated weeds, more particularly their roots, seem to be more 
important,, since the replacement of Setaria pumila by C3 weeds upon ploughing leads to a 
clearr change in these values. 

Ass compared to the hydromorphic Vertisol, in the Chromic Vertisol under the MSB 
landd use mean 6I3C values in all size fractions are lower, pointing to a lesser prominent C4 
originn of the organic matter. This Chromic Vertisol has a dark colour and clearly is of much 
olderr age than the Hydromorphic soil, which is of very recent age. Since the current 
vegetationn is similar (C4 crop and C4 grasses), these lower 8,3C values might indicate that in 
thee older Chromic Vertisol part of the organic matter still originates from the primary mixed 
(C33 and C4) savannah vegetation on these soils. In this context, it should be remarked that the 
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clayy mineralogy of this older Vertisol differs significantly from that of the hydromorphic 
Vertisol,, being marked by the rather abundant occurrence of Al-hydroxy interlayered 
smectite,, which might explain the presence of older, 'occluded', organic matter. The results 
fromm the fallow and cowpea rotation sorghum soils show that differences in land use related 
inputss are indeed most prominent in the sand fraction, but are also evident in the finer 
fractions.. The fact that these differences in isotopic composition of the organic matter can be 
soo clearly linked to differences in input, strongly suggests that isotopic fractionation or 
heterogeneityy play at most a subordinate role. 

Inn the Chromic Luvisol, 5I3C values of the finer fractions are rather comparable and 
distinctlyy higher than in the coarser fractions. Since organic matter contents in the finer 
fractionss are relatively high, pointing to stabilisation of organic matter by sesquioxides 
(particularlyy iron) as also discussed in chapter 7, it seems likely that differences in the current 
vegetationn and land use are reflected in the sand fraction, whereas the finer fractions still 
reflectt the original vegetation which was a grass savannah. In fact, the data suggest that fine 
organicc matter in the Chromic Luvisol is more stable than in the Chromic Vertisol, which is 
somewhatt unexpected considering the literature (Duchaufour, 1982). 

8.55 Conclusions 

Thee methodology used appears to produce very reliable and accurate results on the Sl3C 
contentss of these low organic matter mineral soils. The major impact of land use is on the 
sandd size fractions, where a relatively rapid adjustment to the Utter sources can be observed, 
testifyingg the rapid turnover of this fraction. These results are in accordance with previous 
studiess on the turnover of this fraction as well as with the conclusions in chapter 7. However, 
thiss turnover is even more rapid than suggested by the changes in organic matter content 
describedd in chapter 7, since in addition to the latter change more recent organic matter with a 
deviatingg 813C value has replaced part of the organic matter. In other words, fluxes are larger 
thann suggested by changes in contents alone. The impacts on the finer fractions are less 
prominent,, but here too changes in isotopic composition of the litter can largely explain the 
observedd changes in isotopic composition. 

Thee relation between land use and 8 C values is less straightforward than a simple 
relationn between crop type (C3 or C4) and the 5nC content, weeds (C4 grasses or C3 herbs) 
andd land management (burning versus ploughing, sowing versus transplanting for sorghum) 
playingg an important role. It is thus important where and what litter enters the soil, rather than 
thee crop type. Moreover, in the fine fractions inheritance of early organic matter (predating 
thee current land use) may affect its composition, as is indicated by the fine fractions of the 
Chromicc Luvisol and, to a lesser extent, the Chromic Vertisol. In these soils, the organic 
matterr accumulated under the natural vegetation has not yet been fully replaced, though 
cultivationn started nearly a century ago. Comparison with the hydromorphic Vertisol suggests 
thatt the mineralogy of the clay fraction plays an important role, which was also concluded 
fromm the study on the impact of land use on the size fractions of organic matter (chapter 7). In 
thee latter 'active' Vertisol, organic matter contents and composition seemingly reflect the 
equilibriumm under the predominant land use being muskwari. 
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