
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Impacts of agricultural land use histories on soil organic matter dynamics and
related properties of Savannah soils in North Cameroon

Obale, F.

Publication date
2001

Link to publication

Citation for published version (APA):
Obale, F. (2001). Impacts of agricultural land use histories on soil organic matter dynamics
and related properties of Savannah soils in North Cameroon. [Thesis, fully internal,
Universiteit van Amsterdam]. UvA-IBED.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/impacts-of-agricultural-land-use-histories-on-soil-organic-matter-dynamics-and-related-properties-of-savannah-soils-in-north-cameroon(e58377c4-b4b9-44af-9270-f49f8a544349).html


5.. CLAY MINERALOGY , AGGREGATIO N AND 
MICROSTRUCTUR EE OF THE SELECTED SOILS 

5.11 Introductio n 

Thee formation of stable soil aggregates comprises two stages: an aggregation stage at micro 
scalee involving exocellular microbial polysaccharide mucigels and humic materials, followed 
byy a stabilising stage at macro scale, which involves plant roots and associated hyphae 
(Tisdalll  and Oades, 1982; Chaney and Swift, 1986a, 1986b; Oades and Waters, 1991; Oades, 
1993).. In sandy to sandy loam soils for example, the percentage and stability of macro 
aggregatess > 2000 \xm are directly proportional to total coarse organic matter, length of roots 
andd abundance of fungal hyphae (Oades and Waters, 1991; Oades, 1993; Graham et al., 1995; 
Degens,, 1997; Tisdall et al., 1997; Conteh and Blair 1998; Six et al., 1998). 

Uponn cultivation of fallow soil there is a rapid decline in coarse organic matter and 
biologicall  activity. The rate of loss of this coarse or labile organic matter can be larger than 
thatt of total soil organic matter (Dalai and Mayer, 1986b,c) and the largest effect of 
cultivationn on soil organic matter has been reported to occur in the macro-aggregate (250-
2000um)) fraction (Cambardella and Elliott. 1993). There is a concurrent decline in 
aggregationn as soil organic matter and associated microorganisms decrease in cultivated soils. 
Thus,, continuous cultivation may reduce organic matter and microorganisms below the 
minimumm amounts required to sustain the existing structure of the soil, leading to eventual 
disaggregationn into micro aggregates and primary particles and subsequent processes such as 
thee development of surface crusts and compaction of the top soil. Some authors demonstrated 
thatt a high proportion of fine soil particles (less than 250um) particularly favours surface seal 
development,, increasing sheet erosion and leading to impoverishment (Chaney and Swift, 
1984;; Loch, 1994; Unger et al., 1998). 

Inn North Cameroon, about 70% of the 10 million hectares of the land have soils with 
texturess ranging from sandy, with less than 15% clay, to loamy with about 15 to 35% clay. 
Uponn cultivation these soils lose organic matter. Raindrop impacts cause aggregate 
breakdownn while saturation of the sou followed by runoff flow enhances slaking. These 
processess often lead to the formation of surface crusts and hard-set layers, locally called 
'hardes'' (Brabant and Gavaud, 1985). This holds in particular for the Chromic Luvisol and 
Eutricc Planosol, both sandy loam soils where aggregation and stability of wet aggregates 
largelyy depend on organic matter and associated biotic factors. 

Chapterr 6 focuses on the stability of macro aggregates to water drop impacts (WDI), being 
consideredd as particularly relevant for the site conditions in the area of study. No attention 
wass paid to other aspects of aggregation such as the susceptibility of the soils to slaking under 
wett conditions and their micro-morphology. The behaviour of the soils when moist or wet is 
highlyy relevant since it Is during such conditions that degradation occurs. To study the 
structurall  stability of these soils under such conditions, aggregate size distribution and 
stabilityy of aggregates to slaking were established by a wet sieving method. 

Micro-morphologyy is important because it provides an indication for the aggregation 
inn undisturbed soil samples, whereas other aggregation studies involved the use of disturbed 
samples.. Its study was also limited to soil samples from the Chromic Luvisol and Eutric 
Pianoo sol. 

Thee clay fraction is the most reactive fraction of the soil and has a strong influence on 
soill  properties such as bonding with organic matter, CEC and shrink/swell (McBride 1994). 
Thee mineralogical composition of the clay fraction is therefore important and plays a role in 
thee stability of aggregates and resilience of soil structure to impacts of land use. In this study. 
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analysiss of the mineralogy of the clay fraction is considered essential because clay mineralogy 
off  soils can change with depth as a result of processes such neoformation in the subsoil. 
Erosionn of such soils may expose subsurface horizons with different clay mineralogy. Such 
circumstancess result in differences in physical and chemical properties of the eroded and non-
erodedd profiles on same soil type. In analysing the clay mineralogy of various horizons we 
intendd to justify uniformity in the mineral composition so that any observed differences in soil 
organicc matter fractions and related soil properties will be uniquely due to land use induced 
changess in the topsoil layers. The overall composition served to assess the representativity of 
thee soils studied and vertical differentiation to establish whether truncation may have led to 
changess in the clay mineralogy of the topsoils. 

Inn this chapter therefore attention will be paid to: 
-- The clay mineralogy in the main soils in North Cameroon. 
-- Wet aggregate size distribution and mean weight diameter of water stable aggregates in the 

0-55 cm layer of thee sandy loam soils. 
-- Micro-morphological observations on aggregation of the 0-5 cm soil layer of the sandy 

loamm soils. 

5.22 Materials and methods 

X-rayy diffraction analyses have been carried out on the clay fractions (<2 u.m) of the Chromic 
Vertisol,, Eutric Planosol, Chromic Luvisol and Hydromorphic Vertisol, which represent the 
mainn agricultural soil types in North Cameroon. Soil samples were collected from horizons of 
thee soils whose descriptions are presented in appendix lb. Details of methodology are given 
inn chapter 3. 

Wett aggregate size distribution was determined for soils samples from the Chromic 
Luvisoll  and Eutric Planosol. Most methodologies used in determining aggregate size 
distributionn are essentially various modifications of Yoder's method (Yoder, 1936) (table 
5.1),, demonstrating the non-existence of a standardized and internationally accepted approach 
too the 'water stable aggregate*  (WSA) concept, for: 
-- the initial moisture content and size of soil aggregates. 
-- the duration of slaking. 
-- the energy applied during the disaggregation process. 
-- the choice of particle size classes. 
Thee methodology used in this study is a modification of Yoder's method developed by the 
Agriculturall  University of Wageningen (Martinez, 1995). The results are expressed as a 
percentagee of the initial bulk soil. Additionally, the stability of the wet aggregates to sieving 
iss expressed as mean weight diameter in mm (MWD), which is the sum of the percentage of 
soill  remaining on each sieve after sieving for 5 minutes, multiplied by the mean diameter of 
thee adjacent sieves (Haynes and Swift, 1990; Besnard et al., 1996). Details of the 
methodologyy used are given in chapter 3. 

Thee microstructure of the 0-5 cm soil layers of the Chromic Luvisol and Eutric Planosol was 
studiedd in thin sections (25 to 30 p:m thick). Descriptions were made following the procedures 
outlinedd by Brewer (1976) and Bullock et al., (1985). 

Eachh thin section was mounted on the Leica M420 research microscope and the 
microstructuree was photographed using a digital camera Leica DC 200 that was connected to 
aa PC. 
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5.33 Clay mineralogy 

5.3.11 Results 

Inn the analysis of clay mineralogy, attention was focused on two aspects: the overall 
compositionn that served to assess the representativity of the soils studied and vertical 
differentiationn to establish whether truncation may have led to changes in the clay mineralogy 
off  the topsoils. 

Figuree 5.1: Selected XRD patterns of clay fractions from a. Chromic Luvisol profile, b and c. 
Eutricc Planosol profile. 
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Figuree 5.2: Selected XRD patterns of clay fractions from a. Hydromorphic Vertisol profile 
andd b. Chromic Vertisol profile. 

ChromicChromic Vertisol 

Thee XRD pattern (figure 5.2b) with a broad ISA peak indicates the presence of rather poorly 
crystallinee smectite, which considering the clay mineral content is quite uniformly distributed 
inn the profile (table 5.2). When treated with Mg2+ at 55% relative humidity, the rather broad 
peakk at 7A points to a mixture of kaolinite and halloysite. When saturated with K+ and heated 
too 300 °C. the broad peak at lsA was changed into a broad lO.A peak.. This indicates 
relativelyy strong Al-hydroxy interlayering. 
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EutricEutric Planosol 
Uponn saturation with Mg2+ at 55% relative humidity, the XRD pattern (figure 5.Ib,c) shows 
aa dominant peak at 7 A representing kaolinite. The A horizons contain slightly more kaolinite 
thann the underlying Bt horizons (table 5.2). The low broad peak at 15A represents smectite, 
whichh as suggested by the rather broad peak after K-saturation and heating, exhibits moderate 
Al-hydroxyy interlayering. 

Tablee 5.2: Clay rnineralogical composition of horizons of the selected soil profiles in North Cameroon 

Sample e 

ChromicChromic Vertisot 

1.Garr PI A l l 

2.Garr PI A12 

3 .GarPll  A13 

EutricEutric Piano sol 

I3 .GarP77 A l l 

14.GarP77 A12 

15.GarP77 A2 

1 6 . G a r P 7 B l lt t 

l 7 . G a r P 7 B ! 2t t 

ChromicChromic Luvisol 

2 5 M o u P I99 A l l 

2 6 M o u P l99 AJ2 

277 MouPI9Stone l ine 

2 8 M o u P 1 9 B t cn n 

HydromorphicHydromorphic Vertisol 

3 2 D j a P 211 A l l 

3 3 D j a P 211 A12 

3 4 D j a P 2ll  Am/Bin 

Smectitee wit h 
AI-Hydrox y y 

interlayerin g g 
Strongg interl. 

++ + 

++ + 

+(+) ) 

Moderatee interl. 

+(+) ) 

+(+) ) 

+<+) ) 

++ + 

++ + 

Smectite e 

(+) ) 

(+) ) 

(+) ) 

tr r 

+(+) ) 

+(+) ) 

+(+) ) 

Vermi c c 
ulit e e 

7 7 

tr r 

7 7 

Chlorit e e 

tr r 

7 7 

7 7 

tr r 

7 7 

iitit c c 

tr r 

tr r 

(+) ) 

(+) ) 

(+) ) 

lr r 

(+) ) 

++ + 

++ + 

++ + 

+(+) ) 

(+) ) 

(+) ) 

(+) ) 

Kaolinit e e 

+++ + 

+++ + 

+++ + 

++(+) ) 

++(+) ) 

++(+) ) 

++{+ ) ) 

++(+) ) 

+++ + 

Kaolinit ee + 
Halloysite e 

++ + 

++ + 

++ + 

+++ + 

+++ + 

+++ + 

Thee relative quantity of the minerals in each profile is compared in the column. 

++++++ = very strong reflection (monomineral) 
i-- M +(+) = very strong reflection 
+++++ = strong reflection 
++++ = moderate reflection 
+++ = moderate reflection 
++ = distinct reflection 

)) = weak reflection 
trr = trace 

ChromicChromic Luvisol 
Uponn saturation with Mg2+ at 55% relative humidity, the XRD pattern shows a dominant 
smoothh sharp peak at 7A that represents kaolinite, a lower peak at 10A representing illit e and 
aa much lower peak at 15 A representing smectite (figure 5.1a). The Btcn horizon contains 
moree kaolinite than the A horizons. 
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HydromorphicHydromorphic Vertisol 
Thee sharp high peak at 7 A represents a mixture of kaolinite and halloysite and the broad peak 
att ISA smectite. The horizons in this soil contain more kaolinite, halloysite and smectite than 
inn the Chromic Vertisol (table 5.2). Following saturation with K+ and heating to 300 °C the 
ISAA peak disappeared and a sharp high peak at 10 A was formed, evidencing that Al-hydroxy 
interlayeringg was seemingly absent in the smectite (figure 5.2a). 

5.3.22 Discussion 

Thee clay mineralogy of the soils of North Cameroon and adjacent Tchad has been extensively 
studiedd by French soil scientists, amongst which in particular Bocquier (1973), including the 
characteristicc soils studied in this thesis. This mineralogy is largely determined by the in-situ 
formationn of smectite or kaolinite, depending on the catenary position, and by lateral surface 
transportt of fines, which have been derived from the soils and rocks exposed on the inselbergs 
andd higher pediment slopes. 

Thee Chromic Vertisol studied represents an older pedogenetic, dark coloured Vertisol, 
whichh currently is degrading being situated on an older dissected pediment surface. This 
degradation,, brought about by the current leaching regime, is most probably reflected in the 
clearr hydroxy-Al interlayering of the smectite and the relative abundance of 
kaolinite/halloysite.. In this Vertisol, though quite fine textured, swell and shrink properties 
aree rather weakly developed, which probably can be attributed to the interlayering of the 
smectitee and concurrent reduction of its swelling capacity. 

Thee Hydromorphic Vertisol, on the contrary, is a recent soil on a lower pediment 
slope,, which regularly receives fine sediment. The rather abundant presence of smectite can 
easilyy be attributed to neoformation of smectite and is in line with the presence of carbonates, 
thee high base saturation and the relatively high pH (see chapter 4.). The kaolinite/halloysite 
andd illit e are probably of sedimentary origin, being derived from the inselbergs and upper 
pedimentt slopes. Contrary to the Chromic Vertisol, swell and shrink properties are quite 
prominentt in this soil, which is not very surprising considering the absence of hydroxy-Al 
interlayeringg of the smectite. 

Thee clay mineralogy of the Eutric Planosol is rather varied with slight variations in 
mineralogicall  composition with depth. Here too, hydroxy-Al interlayering is observed which 
iss characteristic for well developed Planosols and is considered to be due to ferrolysis 
(Brinkman,, 1977). The kaolinite is relatively abundant and well crystallized. This 
compositionn is in line with its position on the pediment, being more upslope than the Vertisols 
andd therefore slightly more leached and kaolinitic. 

Thee clay mineralogy of the Chromic Luvisol strongly differs from the other soils, 
beingg dominated by illit e and kaolinite. The illit e is clearly inherited from the parent material 
ass also suggested by the presence of mica in the sand and fine silt fractions. The small 
amountss of smectite and traces of vermiculite probably represent further stages in the 
weatheringg of these micas. Kaolinite is the characteristic newly formed clay mineral in the 
welll  drained reddish soils of the inselbergs and upper pediment slopes, which explains its 
abundancee and relatively high crystalliney. 

Thee clay mineral associations in the four soils studied are quite specific, representing major 
associationss on the pediments in this region. Using the French terminology these are: 
-- The pedogenic Vertisols of which two types are represented: a recent, immature soil of the 

lowerr pediment slopes with a mixed mineralogy (smectite/moderately crystalline 
kaolinite/halloysite)) and an old, degrading soil of a dissected pediment slope in which the 
smectitee is hydroxy-interlayered and its swelling capacity therefore reduced. 
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Thee kaolinitic Ferruginous soils of the well drained upper pediment slopes with 
neoformationn of kaolinite and inherited illite/smectite formed by weathering of micas. 
Thee intermediate Lessived Hydromorphic soils/Planosols with a mixed, but dominantly 
kaoliniticc mineralogy and hydroxy-interlayering probably evidencing distinct ferrolysis. 

Moree important for our study is that the vertical differentiation in clay mineralogy is very 
limited,, implying that slight erosion or truncation induced by land use and exposing 
subsurfacee horizons will not have led to significant changes in the clay mineralogy of the top 
soill  material In other words, differences in aggregation of surface soil layers between 
adjacentt plots with different land use histories can be attributed to the differences in impacts 
off  land use on soil organic matter and biotic activities (Chapter 4 of this thesis). 

5.44 Aggregate size distributio n and mean weight diameter  (MWD ) of water  stable 
aggregates s 

5.4.11 Results 

Analyticall  results are presented in the tables 5.3 a and b. The coefficients of variation (%) of 
thee mean weight diameter of size fractions were very high in cultivated soils with very low 
organicc matter contents (table 5.3b). In fallow soils, the coefficients of variation in the 4750-
80000 jam and 0-300 Jim aggregate size fractions were generally less than 10% while in the 
otherr aggregate size fractions they were higher. Between group differences in percentage of 
aggregatess in size fractions of fallow and cultivated soils in the sizes 300-1000; 1000-2000; 
2000-28000 and 2800-4750 u.m were not significant. We therefore did a One way ANOVA 
analysiss on data from the <300; 300-4750 and 4750-8000 |um aggregate size fractions. 

ChromicChromic Luvisol 
Thee percentage of initial bulk soil in the 4800-8000 u.m aggregate size fraction of samples 
fromm the fallow soil was 66.2% while that in the <300 p:m size fraction was 18.7%. In the 
300-48000 p:m size fraction it was 14.6% (table 5.3a). The percentage of aggregates in the 
4800-80000 u.m size fraction in the fallow soil was very significantly higher and in the <300 
(j,mm size fraction significantly lower than in the cultivated soil. The differences in the size 
fractionss between 300 and 4800 ju.m were not significant. 

Thee mean weight diameter (MWD) of the bulk soil sample from fallow (447 mm) was 
veryy significantly higher than that from cultivated cowpea soil (188 \m\, table 5.3a). The same 
trendd was observed in the MWD for the 4750-8000 pirn sieve size. 

EutricEutric Planosol 
Thee percentage of initial bulk soil in the 4800-8000 u.m aggregate size fraction of the fallow 
soill  was very significantly higher and lower in the <300 plm size fraction than that in the 
cultivatedd cotton soil. The mean weight diameter of the bulk soil from fallow (352 mm), was 
veryy significantly higher than that in cultivated soil (242 mm). The same trend was observed 
inn the MWD for the 4750-8000 urn sieve size. 

5.4.22 Discussion 

Methodology Methodology 
Tablee 5.1 illustrates that the initial mass of soil, pre-treatment of soil before sieving and 
energyy of sieving, as dependent on the number of oscillations and duration of sieving, all 
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vary.. This indicates that no standardised method for the determination of wet-sieved water 
stablee aggregate size distribution is in existence now. 

Tablee 5.3a: Impacts of land use histories on aggregate size distribution and chemical and 
physicall  properties of the 0-5 cm layers of selected soils in North Cameroon, 

Soill  Type 

Eutri c c 

Planoso l l 

Chromi c c 

Luviso l l 

Landd use 
histor yy and 
aggregat e e 
fractio n n 

FI6 6 

Bulkk soil 

4.8-8.0mm m 

0.3-4.8mm m 

0-0.3mm m 

0-22 mm 

.053-2mm m 

CRS S 

Bulkk soil 

4.8-8.0mm m 

0.3-4.8mm m 

0-0.3mm m 

0-22 mm 

,053-2mm m 

F21 1 

Bulkk soil 

4.8-8.0mm m 

0.3-4.8mm m 

0-0.3mm m 

0-2mm m 

,053-2mm m 

CpRS S 

Bulkk soil 

4.8-8.0tnm m 

0.3-4.8mm m 

0-0.3mm m 

0-22 mm 

053-2mm m 

Aggregat e e 
stabilit y y 

MWDD {n=4) 

352J J 

327' ' 

20

5" " 

242" " 

2Mh h 

23" " 

8

447* * 

422' ' 

23" " 

3' ' 

188b b 

155" " 

24J J 

9b b 

Meann (n=4) 
percentag e e 

bul kk  soi l (%) 

too o 
51" " 

13' ' 

34" " 

100 0 

33

15" " 

51* * 

100 0 

66' ' 

15a a 

19" " 

100 0 

24" " 

17' ' 

57" " 

Meann (n=3) 
bul kk  densit y 

(gem"*' ) ) 

1.53" " 

1.71b b 

1.52' ' 

l.71b b 

Meann (n=8) 
tota ll  organi c 
carbo nn  (%) 

t.093* * 

0.413" " 

1.167* * 

0.584b b 

Meann (n=8> Sand size 
%C%C C/N 

0.385"" 15.4' 

0.08bb 11.4b 

0.392"" 13.5-1 

0.12bb 10,9h 

Forr the two land use histories, same aggregate size fraction in a column within same soil type, 
valuess followed by the same letter are not significantly different at P=0.05 level. 
CRS:: Cotton rotation sorghum 
CpRS:: Cowpea rotation sorghum 
FX:: X years of fallow 
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Tablee 5.3b: Impact of land use histories on mean weight diameter 'MWD' (n=4) of water 
stablee aggregates in the 0-5 cm layers of selected soils in North Cameroon. 

Soill  Type 

Chromic c 
Luvisol. . 

Eutric c 
Planosol. . 

Landd Use 
History y 

F21 1 

CpRS S 

F16 6 

CRS S 

Aggregate e 
Sizee (mm) 

4.8-8.0 0 
2.8-4.8 8 
2.0-2.8 8 
1.0-2.0 0 
0.3-1.0 0 
0-0.3 3 
total l 

4.8-8.0 0 
2.8-4.8 8 
2.0-2.8 8 
1.0-2.0 0 
0.3-1.0 0 
0-0.3 3 
total l 

4.8-8.0 0 
2.8-4.8 8 
2.0-2.8 8 
1.0-2.0 0 
0.3-1.0 0 
0-0.3 3 
total l 

4.8-8.0 0 
2.8-4.8 8 
2.02.8 8 
1.0-2.0 0 
0.3-1.0 0 
0-0.3 3 
total l 

MW D D 
(mm) ) 

422 2 
7 7 
6 6 
7 7 
3 3 
3 3 

447 7 
155 5 
6 6 
6 6 
7 7 
5 5 
9 9 

188 8 
327 7 
7 7 
5 5 
5 5 
3 3 
5 5 

352 2 
211 1 
8 8 
6 6 
6 6 
3 3 
8 8 

242 2 

Coefficientt of 
Variationn (%) 

8.5 5 
32.0 0 
51.9 9 
59.0 0 
31.9 9 
5.4 4 

25.7 7 
52.6 6 
61.1 1 
25.2 2 
63.1 1 
15.6 6 

10.1 1 
36.1 1 
62.1 1 
23.4 4 
34.0 0 
8.4 4 

15.5 5 
35.2 2 
53.2 2 
12.1 1 
13.3 3 
10.3 3 

CRS:: Cotton rotation sorghum land use. 
CpRS:: Cowpea rotation sorghum land use. 
FX:: X years of land use. 

Air-dryingg is known to increase the stability of aggregates from fallow soil and to decrease 
thatt of long-term arable soils. This effect has been shown to increase the differences in the 
stabilityy of wet-sieved aggregates between fallow and long-term cultivated land use histories 
(Hayness and Swift, 1990). Our use of air dried soil samples from our soils, with weakly 
developedd structure and very low organic matter content, is appropriate as these soils strongly 
desiccatee under field conditions. The test applied simulates conditions as close as possible to 
fieldfield conditions in North Cameroon in which soils often remain saturated between rainfall 
events.. Slaking disrupts soils due to internal forces and results in the production of particles of 
aa more fundamental nature than when the soil is misted or slowly brought to field capacity, 
Elliottt (1986). 
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Thee coefficients of variation (%) for aggregate size fractions of cultivated soils (table 5.3b) 
weree very high. The low soil organic matter contents may have increased variability in the 
stabilityy and size distribution of aggregates in cultivated soils. A similar trend was observed in 
thee fallow soils though the coefficient of variation for 4750-8000 u.m and 0-300 u.m aggregate 
sizee fractions were relatively low. The very high coefficients of variation may also indicate 
thatt this method of aggregate size fractionation, developed at WAU using temperate soils, is 
probablyy not very appropriate for tropical mineral soils with very low organic matter contents. 

ImpactImpact of land use histories 
Withinn a given soil sample from a particular land use history, a range of aggregate sizes and 
stabilitiess exists due to spatial heterogeneity of organic binding and bonding agents. The 
strengthh of the binding and bonding linkages within macro-aggregates increases with organic 
matterr thus increasing the stability and resistance of macro-aggregates to disaggregation 
(Tisdalll  and Oades, 1982; Haynes and Swift, 1990; Haynes et al. 1991; Unger et al., 1998). 

Disaggregation,, defined as the separation of an individual particle from an aggregate 
andd its lack of re-aggregation within a short time-interval, is a response to physical disruptive 
processess (Buhmann et al., 1996 quoted by Neaman et al., 1999). Soil factors such as clay 
content,, organic matter content and contents of iron and aluminium (hydr)oxides are known to 
influencee the disaggregation of macro-aggregates under physical impacts of rain drops or 
ploughh implements (Goldberg et al. 1988, quoted by Neaman et al., 1999). 

Thee Luvisol and Planosol studied were both formed on highly weathered acid rocks 
andd the electrolyte concentration (EC) and sodium adsorption ratios (SAR) were far too low 
too cause dispersion of aggregates. Therefore, the very significantly higher coarse aggregate 
contentt (4750-8000 u_m) and mean weight diameter (MWD) of the fallow soil relative to the 
cultivatedd soil must be attributed to the higher soil organic matter content and biological 
activityy in the 0-5 cm layer of the fallow soil (see table 5.3a and figures 5.4b and 5.5b). 
Continuouss cultivation and the concomitant decrease in soil organic matter and biological 
activitiess evidently reduced the binding and bonding forces in the macro-aggregates. This will 
havee led to a higher susceptibility to disintegration that also resulted in a significantly higher 
finee aggregate content (< 300 u.m) in the cultivated soils. 

Ourr results are compatible with those of other authors, who demonstrated that in sandy to 
sandyy loam soils macro-aggregates (4.7-8.0 mm) are more abundant in natural or fallow soils 
thann in continuously cultivated soils (Elliott, 1986; Tisdall and Oades, 1980; Chaney and 
Swift,, 1990; Oades and Waters, 1991; Gijsman and Sanz, 1998). Others demonstrated that 
soill  organic matter and associated biotic activity increased the MWD of water stable 
aggregatess (Haynes and Swift, 1990; Graham et al., 1995; Feller et al., 1996; Degens, 1997; 
Hayness and Fraser, 1998;Unger et al., 1998). These authors also indicated that aggregate 
MWDss calculated from the proportions of water stable aggregates are convenient to show the 
overalll  effects of different land use practices on water stable aggregation. 

Whenn comparing the response of the macro aggregates to water drop impacts and of 
thee bulk soil to slaking/wet sieving, the same trend is observed. Coarse aggregates (4750-
80000 Jim) are significantly more abundant in the fallow soils upon wet sieving, while macro 
aggregatess (4000-5000 \im) of the fallow soils exhibit a considerably higher stability against 
dropp impacts (chapter 6). These two methods simulate conditions that occur in the field where 
macroo aggregates in the 0-5 cm soil layer are subjected to the forces of raindrop impacts and 
slaking. . 

Thee observed clear differences in aggregate stability to a large extent explain the 
observedd strong erosion upon cultivation. Rainfall intensities of 60-80 mm/hr (Olivry, 1986) 
aree quite common, producing much overland flow. In the absence of vegetation and with soils 
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thatt easily disintegrate into micro aggregates and primary particles, lateral transport of these 
particless by surface runoff and vertical transport combined with structural collapse, leading to 
hardd setting, can be expected to occur, 

Conclusions Conclusions 
Macroo aggregates from fallow soils with higher organic matter contents are more stable to 
impactss of water drops, slaking and wet sieving. Inappropriate continuous cultivation 
practicess reduced soil organic matter contents and concomitantly reduced the stability of 
macroo aggregates to disaggregation by raindrops, slaking and wet sieving. The cultivated 
Planosoll  is most sensitive to the forces of disaggregation and slaking, possibly due to the very 
loww organic matter contents. For similar reasons macro aggregation was more developed in 
thee fallow than the cultivated soils. 

5.5.. Microstmctur e 

5.5.11 Results 

Thee brief descriptions below pertain to microscopic observations of the microstmcture in thin 
sections. . 

-- Chromic Luvisol. 21 years continuous fallow. 

MineralMineral skeleton 
Randomm common 45-100 u,m quartz grains. Frequent random 100-1000 u,m quartz grains. 
Veryy few random feldspars and micas with sizes ranging between 30 and 200 u.m. Very few 
finefine random reddish brown mottles. 

OrganicOrganic matter and structure 
Random,, abundant organic particles of sizes between 50 and 200 Jim in different stages of 
decomposition.. Few, random organic particles of sizes between 200 and 1000 u.m. Few, fine 
faecall  pellets. Random clusters of 30-100 u.m quartz grains mixed with fine soil and organic 
matter,, occurring as weak 100-1000 Jim sub-angular peds. Common random sub-angular peds 
off  sizes between 200 and 700 u,m with single quartz grains. The compound packing voids are 
essentiallyy common micropores of sizes between 60 and 150 urn. The structure is weak 
crumbb and granular, also described as intergrain microaggregate structure (Bullock et al. 
1985). . 

-- Chromic Luvisol: 10 years continuous cultivation of cowpea in rotation with sorghum. 

MineralMineral skeleton 
Randomm clusters of 250-1000 jam quartz grains and common 30-250 Jim quartz grains. Few 
randomm ironmanganese nodules. These are all embedded within the compact matrix. 

OrganicOrganic matter and structure 
Veryy few random organic particles. Compact and massive structure. 
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Figuree 5.4a: Sample C510. Photograph of thin section of soil sample from 0-5cm layer of 
continuouslyy cultivated Chromic Luvisol, showing Ferruginous concretions in 
thee compacted surface layer. Visible cavities with reorganised fine particles 
32X. . 

Figuree 5.4b: Sample C512. Photograph of thin section of soil sample from 0-5cm layer of 2 
yearss fallow in Chromic Luvisol. Clear evidence of soil organic matter, with 
weakk crumb and granular microstructure. 32X. 
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Figuree 5 5a: Sample C513. Photograph of thin section of soil sample from 0-5cm layer of 
continuouslyy cultivated Eutric Planosol. Microstructure showing brownish clay 
bridgess and cutans (ferriargillans) strongly binding quartz minerals in the 
compactedd layer. 32X. 

Figuree 5.5b: Sample C516. Photograph of thin section of soil sample from 0-5cm layer of 16 
yearss fallow on Eutric Planosol. Some evidence of soil organic matter, with very 
weakk crumb and granular microstructure. 32X. 
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-- Eutric Planosol: 16 years continuous fallow. 

MineralMineral skeleton 
Commonn random 100-750 \xm single quartz grains embedded in the fine organo-mineral 
matrix.. Very few fine and medium ironmanganese nodules and concretions. Few random 
feldsparss and micas of sizes 100-300 jum. 

OrganicOrganic matter and structure 
Commonn random 45-200 |im organic particles in varying stages of decomposition. Few 
randomm organic particles of plant origin, 100-200 jum in length and 45-60 |im in width. 
Commonn random weak subangular compound peds (100-500 jam), consisting of 45-100 jxm 
quartzz grains weakly bound by fine soil matrix mixed with organic particles. Few channel 
voidss with diameters of 45-90 (Am and common fine tortuous pores 45-60 pirn around quartz 
grains.. Very weak crumb and granular structure. 

-- Eutric Planosol: About 15 years continuous cultivation of cotton in rotation with sorghum. 

MineralMineral skeleton 
Commonn random 90-600 u.m and few 800-1200 |im quartz grains. Random and common 90-
3000 \xm ironmanganese nodules and concretions. Common random 90-600 jam feldspars. 

OrganicOrganic matter and structure 
Feww random fine organic particles. Random common 45-90 u.m thick continuous brownish 
grainn cutans possibly ferri-argUlans, forming bridges binding quartz grains together to form a 
compactedd layer. Massive structure. 

5.5.22 Discussion 

Bothh porosity and structure evidence that biological activity in the surface layers of the fallow 
soilss was relatively high. More sand size organic particles occurred in these soils, while very 
finefine organic particles prevailed in the cultivated soils and coarse organic matter is scarce. 
Additionally,, the observations indicated that the larger organic particles are composed of 
relativelyy well preserved plant fragments. These observations are fully in line with the results 
fromm the organo-mineral size fractionation (chapter 7) and additionally indicate that the size 
fractionationn method employed provides a fairly reliable indication for the size of the organic 
material,, at least for the coarser fractions. 

Bothh organic matter and biological activity will have enhanced the development of the 
weakk crumb and granular microstructure, characteristic for the fallow soils and visible in 
figuresfigures 5.3b and 5.4b. The compaction clearly observed in cultivated soils was likely caused 
byy disaggregation of aggregates and is seemingly associated with the loss of coarse organic 
matter.. Mullins et al. (1987), Le Bisonnais and Singer (1993), Gulsi el al. (1994) and Bielders 
andd Baveye (1995) have drawn similar conclusions on the causes for the compaction of sandy 
loamm soils upon ploughing. 

Inn the cultivated soils, micro aggregates and primary particles clog the interparticle 
poress within the 0-5cm layers, rendering these compacted and massive as shown by figures 
5.3aa and 5.4a. In the Planosol, the ferri-argillans also bind the mineral particles thus 
enhancingg the formation of the compact and massive structure. 

Thee few random iron-manganese nodules with abrupt boundaries in the cultivated 
soilss indicate that they were ploughed into the surface layer and are derived from deeper 
horizons,, which came nearer to the surface as a result of erosion (see also chapter 4). 
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5.5.33 Conclusions 

Thee results clearly show that in the fallow soils more sand size organic particles were present 
andd strongly suggest that coarse organic matter enhanced the development of the weak crumb 
andd granular structure in the 0-5 cm soil layers in the sandy loam soils under fallow land use. 
Inn the continuously cultivated soils, the coarse organic matter most probably was biodegraded 
intoo finer organic particles and the weak crumb and granular structure collapsed, leading to 
thee formation of thee observed massive structure in the cultivated soils. 

5.66 General conclusions 

Inn each of the soils studied, the clay mineralogy was distinct and quite uniform along the 100 
cmm profile. Given this uniformity, changes in soil organic matter and related soil properties as 
describedd in chapters 4,6 and 7, cannot be ascribed to differences in clay mineralogy resulting 
fromm the exposure of deeper soil horizons as a result of soil erosion, but must be land use 
dependent. . 

Soill  organic matter and products of biological activity such as worm casts that were 
significantlyy higher in the top soil layers of fallow and zero tilled agricultural soils, seem to 
playy a vital role in the macro aggregation of these soils. This is evidenced by the significantly 
higherr proportion of zero-tilled soils occurring in the > 300 p;m range. Furthermore, micro 
morphologicall  observations of the size distribution of the organic matter showed more coarse 
organicc matter in the fallow soils. 

Inn the continuously cultivated soils, soil organic matter contents and biotic activities 
weree possibly reduced to below threshold levels needed to sustain the aggregation, stability of 
macroo aggregates and the structure of the topsoil layers. As to soil organic matter, it is 
particularlyy the coarser fraction, which seems to have a major control over aggregation, since 
aggregationn and the stability of wet aggregates to sieving reduced significantly in the 
cultivatedd soils, which virtually lack such coarse fraction. 

Uponn cultivation, the microstructure was completely lost as the surface soil layers 
becamee compacted. Such compaction was clearly visible in the thin section, evident from the 
highh bulk density and clearly observed in the field (chapter 4 of this thesis). It can be 
attributedd to disaggregation of macro aggregates into smaller aggregates and micro aggregates 
(<3000 p.m) that eventually led to the formation of compacted surface layers. 

Thee role of total organic matter and various organic matter fractions, on the stability of 
macroo aggregates has been investigated and discussed in Chapters 6 and 7 of this thesis. 
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