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Abstract 

Conversion of natural wetlands to cropped land can have significant impacts on the transformation of 
soil aggregates and associated nutrients, including soil phosphorus (P). However, little is known about 
the changes in P fractions in wetland systems, or the fate of aggregate fractions due to conversion of 
unused wetland areas to cropped systems.  

We hypothesized that conversion of natural wetland systems will result to changes in the size of P 
pools and aggregate fractions associated with SOM and that these changes will be determined by the 
soil type and land use. Our objectives were to evaluate the effects of land use changes on: - (1) the 
proportions of soil P fractions; (2) the size and proportion of water stable aggregates in two different 
wetlands in East Africa. The wetlands comprise an inland valley in the highlands-Karatina (1700 masl) 
and a floodplain in the lowlands-Korogwe (320 masl). Land use treatments included the natural unused 
sites which were dominated by Cyperus spp; the cropped fields under anaerobic and aerobic soil 
conditions and abandoned sites under fallow vegetation. Results indicated that conversion from natural 
systems to aerobic, anaerobic or abandoned fallow affected soil P fractions and the stability of soil 
aggregates. The floodplain soils responded sensitively to intensified land use with pronounced 
decreases in soil aggregate stability, the availability of labile P-fractions, and the supplying capacity of 
stable P-fractions. The inland valley showed higher contents of available P and stable P, while the stable 
P stocks in the floodplain were apparently depleted quickly. This may imply that the conversion of 
wetland systems to cropped systems could have significant alterations of soil P fractions and the 
aggregate fractions associated with organic matter unless strategies to increase the organic matter level 
and hence improved aggregation and mineralizable nutrients are put into consideration.  

Key words: labile P, organic matter, stable P,  wetlands soil. 

Introduction 

Aggregate fractions associated with soil organic matter (SOM) and phosphorus (P) pools are likely to 
change with changes in land use or with the intensification of cropping in wetland areas. A reduction in 
SOM content, which reflects a high rate of aggregate turnover, can be due to a faster SOM 
mineralization and oxidation of soil organic carbon, smaller quantities of organic inputs, and / or more 
easily decomposed organic inputs in managed systems as compared to natural systems (Brady and 
Weil, 2002). In wetland systems, drying and wetting of wetland soils induces oxidation and leads to 
irreversible changes in its SOM fractional composition. The soil aggregate sizes associated with organic 
matter include the macro-aggregates (>0.25mm diameter) and the micro-aggregates (<0.25mm 
diameter). Changes in these fractions sizes are likely to result to changes in the SOM content and hence 
the mineralizable soil nutrients. Rewetting of the drained soils is accompanied by enhanced release of P 
due to changes in redox potential of P adherent chemical elements such as Fe (Kirk, 1984).  Sequential P 
analysis can reveal changes in P forms which depend on soil type, climatic conditions and crop 
management practices. The sequential chemical extraction procedures have been and still are widely 
used to divide extractable soil P into different inorganic and organic fractions (Tiessen and Moir, 1993). 
Several studies have also related these different P fractions to plant growth and nutrient uptake (Guo et 
al., 2000). 
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Though much research has been done on plant available P and total P fractions in cultivated soils in the 
study regions (Ndakidemi and Semoka, 2006) little information exist on how soil P fractions change 
under wetland conditions when land uses are changed. Thus,  this study demonstrate how land use 
changes affect the size of aggregate fractions and thus the organic matter and nutrient (P) release and 
cycling.  We used a sequential P extraction method to determine potential differences in the form and 
quantity of different inorganic and organic soil P fractions in two wetland soils (inland valley clay soil 
and floodplain sandy clay) as affected by land use changes from uncultivated wetland areas to cropped 
fields and fallow plots). In addition by carrying out aggregate stability determination, the aggregate 
fractions most affected by conversion of natural wetland systems to areas of cultivation are explored.  

Materials and methods 

Study areas  

The study area comprised two wetlands in East Africa differentiated by climatic conditions. Thus, a 
floodplain in the hot and humid lowlands of Korogwe in Tanzania and an inland valley in the cool 
highlands of Karatina, Central Kenya were selected. Detailed descriptions of the studied wetland 
environments are presented in Table 1. The floodplain in the lowland lies at an altitude of 320 m. The 
soils are mainly the sandy clays (Fluvisols) and some pockets of Vertisols. Annual rainfall averages less 
than 700 mm with average daily temperature of 35° C. The site is classified as dry Savannah (FAO, 1978-
82) and dominated by palm gardens, rainfed and irrigated rice. The inland valley in the highlands of 
central Kenya is located at an altitude of 1700m with an annual average rainfall of 1450 mm and 
average daily temperature of 23 °C. The region falls under the Forest zone and dominated by 
subsistence farming of maize, beans, vegetables and taro (Colocasia esculenta). Soil types are mainly clay 
and some clay loams (Jaetzold et al., 2006).  

Land use selection and soil sampling 

The selected land uses comprised (i) the ‘Natural’ or unused wetland fields dominated by natural 
wetland vegetation of Cyperus papyrus in the lowland floodplain and Cyperus exaltatus in the highland 
inland valley; (ii) the ‘Anaerobic’ cropped fields under permanent to seasonal soil wetness grown to 
crops such as taro in the inland valley and rice in the lowland floodplain; (iii) ‘Aerobic’ fields under 
seasonally wet soil moisture and grown to field crops such as vegetable, maize and beans; and (iv)  
‘Fallow’ plots which comprised land previously under cultivation but now abandoned or under 
grazing. 

Table 1: Description of the selected study wetlands in East Africa -a floodplain in 
Korogwe Tanzania and an inland valley in Central Kenya 

Characteristic Floodplain-Korogwe Inland valley- Karatina 

Location Pangani plains-Tanzania Central Kenya 

Longitude (0) 38021'28"E 37005'57"E 

Latitude (0) 05004'29"S 00027'58"S  

Altitude masl 320 1700 

Annual rainfall (mm) <700 1450 

Temperature  (°C) 35 23 

AEZ1 Dry savannah Forest 

Length of growing period (days) 1 150 270 

Soil order2 Fluvisols, Vertisols Gleysols-Fluvisols 

Parent material Alluvial sediments Volcanic 

Textural class Sandy clay, clay clay, clay loam 

1: FAO, (1978-82); 2: FAO-UNESCO, (1997) 
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The cultivated fields were managed for rice or vegetable production for the last 5-10 years. Use of 
inorganic fertilizers was linked to cropped fields in aerobic and anaerobic land uses. Fertilizer 
application was generally irregular with rates ranging from 20 to 42 kg N and 10 to 25 kg P ha -1 year-1 

(Jaetzold et al., 2006; MOA-URT, 2006). The commonly used fertilizers were urea, triple super 
phosphate (TSP) and di-ammonium phosphate. Fallow periods at the study sites ranged from 2 months 
to several years. These fallow sites were dominated by grass and weeds such as Galinsoga spp, 
Chenopodium spp and Echinocloa spp. The fallow sites had been previously cultivated for more than 10 
years and later abandoned due to poor productivity.  

The cultivated fields were managed for rice or vegetable production for the last 5-10 years. Use of 
inorganic fertilizers was linked to cropped fields in aerobic and anaerobic land uses. Fertilizer 
application was generally irregular with rates ranging from 20 to 42 kg N and 10 to 25 kg P ha -1 year-1 

(Jaetzold et al., 2006; MoA-URT, 2006). The commonly used fertilizers were urea, triple super phosphate 
(TSP) and di-ammonium phosphate. Fallow periods at the study sites ranged from 2 months to several 
years. These fallow sites were dominated by grass and weeds such as Galinsoga spp, Chenopodium spp 
and Echinocloa spp. The fallow sites had been previously cultivated for more than 10 years and later 
abandoned due to poor productivity.  

The cultivated fields were managed for rice or vegetable production for the last 5-10 years. Use of 
inorganic fertilizers was linked to cropped fields in aerobic and anaerobic land uses. Fertilizer 
application was generally irregular with rates ranging from 20 to 42 kg N and 10 to 25 kg P ha -1 year-1 

(Jaetzold et al., 2006; MOA-URT, 2006). The commonly used fertilizers were urea, triple super 
phosphate (TSP) and di-ammonium phosphate. Fallow periods at the study sites ranged from 2 months 
to several years. These fallow sites were dominated by grass and weeds such as Galinsoga spp, 
Chenopodium spp and Echinocloa spp. The fallow sites had been previously cultivated for more than 10 
years and later abandoned due to poor productivity.  

Three replicates of the same land use were selected within a minimum distance of 100 m from each 
other. In each land use type and replication, a sub plot of 10m * 20 m was demarcated and top soil was 
sampled from ± 0-15 cm depth. In total, 9 auger holes were sampled in a ‘W’ shape in each sub plot 
using a hand-held auger, 5-cm in diameter. The composite samples were air-dried, ground and sieved 
to pass through a 2mm sieve for subsequent soil analysis. General characteristics of the soils from the 
wetland land uses are presented in Table 2. 

Table 2: General chemical properties of the whole soil under different land uses in the floodplains 
 and inland valleys (sampled during land use selection period) 

Soil characteristics 

Land use pH 
Total C (g kg-

1) 
Total N (g kg-

1) 
Available P (mg kg-

1)a 
Exchangeable K (cmol 
kg-1) 

 Floodplain 

Natural 5.5 38.0 6.2 9.4 0.2 

Anaerobic 5.8 27.8 1.9 3.2 0.1 

Aerobic 6.7 33.3 3.2 7.0 0.2 

Fallow 6.2 14.9 1.1 7.1 0.2 

 Inland valley 

Natural 5.0 37.2 3.7 16.8 0.2 

Anaerobic 5.0 31.6 3.5 18.7 0.3 

Aerobic 4.8 37.2 2.8 18.0 0.4 
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Fallow 5.7 25.8 2.5 7.0 0.2 

a: Olsen P      

 

Soil analysis 

Phiosphorus fractionation. Sequential P fractionation was carried out using the modified Hedley 
procedure (Tiessen and Moir, 1993). Sequential P procedure uses a series of increasingly aggressive 
extractants to remove labile inorganic and organic P (Pi and Po) pools followed by more stable organic 
and inorganic P forms. At each stage, bound P was assumed to be removed selectively from specific 
types of compounds contained in the soil. In order to verify the P content of the fractions, it was 
necessary also to determine total P for each sample. The following P fractions were determined 
sequentially: Resin-P, 0.5M NaHCO3 extractable P, 0.1M NaOH extractable P, dil. HCl and conc. HCL. 
The fractions recovered by this procedure correspond to the following soil P pools (Hedley et al., 1982): 
(i) Resin Pi: form of soil inorganic P from which plants normally draw their supply; (ii) Bicarbonate-Pi: 
extracts additional inorganic P that is available to plants which is adsorbed on surfaces of crystalline 
compounds; (iii) NaOH-Pi: partially dissolves Fe and Al phosphates and desorbs Pi from the surfaces of 
sesquioxides and (iv) HCL-Pi: stable P or occluded P held at the internal surfaces of soil aggregates and 
is thought to be available only on a long-term basis. The P fractions were then grouped to (i) stable pool 
comprising the NaOH extractable P, the dil. HCl and the conc. HCL and (ii) labile P fractions of the resin 
and NaHCO3 -P. 

Aggregate fraction determination by wet sieving. Soil aggregate size classes were assessed by a wet 
sieving technique and the amount of the macro and micro aggregate fractions determined as a 
percentage of the initial soil weight (Tisdall and Oades, 1982). Air dried soil (<2 mm diameter) was 
separated into four size fractions thus, the large macro-aggregates (>0.5mm diameter), small macro-
aggregates (0.25mm-0.5 mm diameter), micro-aggregates (0.053-0.25mm diameter), and silt + clay 
associated particles (<0.053 mm diameter). 

Statistica analysis. A randomized experimental design was utilized with four land uses, two wetland 
types and three field replications. A one way ANOVA model was used to determine differences 
between individual fractions in land uses. Significant treatment comparisons were based on Tukey test 
at P=0.05 (Bryman and Cramer, 2001).  

Results 

The results of this study portrayed that wetland conversion from natural system to cropped fields 
highly altered the soil aggregate fractions and the amounts and proportion of labile and stable soil P 
pools compared to the initial natural wetland system.  

Effect of land use changes on soil P fractions 

Both floodplain and inland valley soils showed low contents of easily available P (resin- and NaHCO3–
extractable) and high contents of stable P (NaOH-P and HCl-P). 

Labile P pools.  In the floodplain soils, the labile fractions responded sensitively to intensive cultivation 
and the stable supply of P of the NaOH fraction was also reduced. The amount of ion-exchange resin-
extractable P ranged between 33 mg P kg-1 and 189 mg P kg-1, while the amount of NaHCO3 extractable 
P was lower between 2 mg P kg-1 and 66 mg P kg-1 (Figure 1a). In the inland valley soils the changes 
were less distinct, but soils from intensive cultivation showed higher P amounts than the uncultivated 
soil in the natural system. The amounts of resin-extractable P ranged from 92-550 mg P kg-1 while 
NaHCO3-extractable P ranged between 35 mg P kg-1 and 202 mg P kg-1. 

Stable P pools. The stable pool comprised the NaOH and the HCl extracted P. The NaOH pool 
contained more P than any other fraction in the two wetland soils (Figure 1a) and was highest in the 
inland valley and lowest in the floodplain. This pool was differentiated between the land uses whereby 
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it was highest in the natural and the cultivated plots. The greatest impact on the stable fractions was 
observed under aerobic cultivation in the drained vegetable soils. The NaOH-P ranged between 143 to 
1442 mg P kg-1 in the floodplain and 959 mg P kg-1 in the natural to 1629 mg P kg-1 in the anaerobic 
cultivation plots in the inland valley. The very stable or highly occluded P (HCl extracted P) was high in 
all the land uses and ranged between 428 to 567 mg P kg-1 in the inland valley and from 108 to 399 mg P 
kg-1 in the floodplain soil.  

Total P and P stocks. The total amounts of P showed differences between floodplain and inland valley, 
with higher amounts in the uncultivated soils in the floodplain and a reverse trend in the inland valley, 
indicating effects of soil amendments under intensive cultivation. Soil P stock varied between the 
wetlands and the land use types. The P stock was almost twice as much in the inland valley (ranged 
between 900 to 1700 g P m-2) than in the floodplains (Figure 1b). The unused and abandoned areas had 
higher and significantly different P stocks (P < 0.05) compared to cropped fields in the floodplains 
while in the inland valleys, the cropped sites had on average higher P stocks.   

 

 

 

(a) Labile and stable P fractions 

Floodplain 

Land use type

Natural Anaerobic Aerobic Fallow

P
h

o
s
p

h
o

ru
s
 f

ra
c
ti
o

n
s
 (

m
g
 P

 k
g

-1
)

0

1000

2000

3000

4000

NaOH-P

Dil. HCl-P

Conc. HCl-P

Resin-P

NaHCO
3-P

Inland valley

Land use type

Natural Anaerobic Aerobic Fallow

a

a b

a

ab

b

b

b

 

(b) P stocks 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

6 

Floodplain soil

Land use type

Unused Anaerobic Aerobic Abandoned

P
h
o

s
p
h
o

ru
s
 s

to
c
k
 (

g
 P

 m
-2

)

0

200

400

600

800

1000

1200

1400

1600

1800

NaoH-P

Dil. HCL-P

Conc. HCL-P

Resin-P

NaHCO
3-P

Inland valley soil

Unused Anaerobic Aerobic Abandoned

ab

a

b

b

a

a

b b

 

Figure 1: Effects of land use types on soil P fractions (labile and stable) and P stocks in wetland soil 
from a floodplain and inland valley wetland in East Africa. Label points followed by same letter (s) 
shows that the total P is not significantly different between the land use types by Tukey test (p=0.05) 

 

Phosphrus fractions as percentage of total P. As a percentage of total phosphorus, the labile 
phosphorus in resin and bicarbonate extracts constituted less 30% of the total phosphorus pool in all the 
land uses (Figure 2). The aerobic cultivated plots had the highest share of the labile pool (26% and 21% 
in the floodplain and inland valley respectively) in relation to the total P pool. The natural system and 
the fallow sites had the highest share of the stable pools comprising the NaOH and the HCL inorganic 
fractions and were highest in the inland valley and lowest in the floodplain (range from 87% to 93%). 
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Figure 2: Distribution of labile and stable phosphorus pools as a fraction of the total P as affected by 
land use changes in wetland soils of East Africa 
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Effect of land use changes on the proportion of aggregate fractions 

Changes in land use significantly affected the proportion of aggregates across the wetland soils and 
within the land uses (Figure 3). The aggregate fractionation showed the largest share of aggregates 
occurring in the biggest size fraction of >0.5mm diameter, while only a small share of aggregates was 
found in the smallest size fraction of <0.053mm diameter, irrespective of the wetland type or the land 
use. In the floodplain soils the content of soil aggregates >0.5mm diameter ranged from 42-60% with the 
largest share occurring in natural system and fallow land and the lowest shares occurring in the 
cultivated soils. The percentage of medium-size aggregates (0.25 - 0.5mm diameter) ranged from 18-
32% and followed the trend of the large aggregates with largest shares in uncultivated and lowest 
shares in cultivated soils. The small aggregates followed a reverse trend and were most abundant in the 
cultivated soils. The microaggregates (<0.053mm diameter) made up only a minor share (4-5%). In the 
inland valley soils the content of the aggregate fraction >0.5mm was higher than in the floodplain, 
ranging from 53-66% and having larger shares in the cultivated than the uncultivated soils. The 
medium size aggregate fraction (0.25 - 0.5mm diameter) responded most sensitively to land use with a 
share of 25% in natural system and declining to 12% with intense aerobic cultivation. As in the 
floodplain, microaggregates made up only a small share with 5-8%.  
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Figure 3: Effect of land use changes on the percentage distribution of aggregate size classes in 
floodplain and inland valley soils 

Water stable aggregates. While the aggregate size did not provide a conclusive picture, the share of the 
water stable aggregates (WSA) showed distinct differences between the wetland systems. While 
cultivation of soils in the floodplain strongly affected the amounts of WSA, the share of  WSA appeared 
unaffected by land use in the inland valley soils (Figure 4). The content of WSA within the respective 
soil aggregate fractions was higher in all fractions in the inland valley soils (25-30%), with exception of 
the soil from the floodplain under natural system, which was significantly different from all other soils 
(P < 0.05) and showed the overall highest amounts with about 36% of WSA in all three fractions and a 
strong decline under cultivation. This decline after conversion from natural systems to cropped land in 
the lowland floodplains dominated by sandy clay soils was on average 65% in the 0.5mm diameter, 69% 
in the 0.25mm diameter and 51% in the 0.053 mm diameter aggregates. The soils from the inland valley 
were more homogenous and showed all the same trend with the lowest contents of WSA in the biggest 
fraction (0.5 mm diameter) and the highest in the smallest fraction (0.053 mm diameter). The differences 
between the land uses were minimal, and between the 0.053 and 0.25 mm diameter aggregates. Unlike 
the floodplain soils, the decline in WSA in inland valley soils after conversion from natural system to 
cultivated system was less than 6% between the cultivated and the natural systems. This could be 
associated with stabilization and protection of the aggregates by the clay particles.  
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Figure 4: Effect of land use changes on the percentage distribution of water stable aggregates in soils 
from a floodplain and inland valley wetland in East Africa 

 

Discussion 

Results from this study have demonstrated that conversion of natural systems to either aerobic or 
anaerobic cultivation substantially affected the soil P fractions and the proportions of the aggregates 
associated with organic matter.   

Soil P fractions in wetland soils 

The results of the P-fractionation demonstrated that the pools of plant available P (labile fractions) in 
both floodplain and inland valley are very small. The largest fraction turned out to be the NaOH-
extractable P, which mainly contains moderately stable Al- and Fe-bound inorganic P. Labile P 
represent the most available form of P hence these pools are likely to represent the recent inputs from P 
fertilizer, rainfall, or P mineralized from organic matter (Negassa and Leinweber, 2009). This arguement 
probably explains the relatively higher P in soils from the the aerobic cultivated fields. The NaHCO3 
extractable fraction contains Fe and Al bound P which is associated with amorphous compounds. The P 
contained in this fraction is usually unstable in wetland soils and is likely to change with fluctuating 
redox conditions (Kirk, 2004; Wright, 2009). From the present study, this pool had the lowest P content 
of all the fractions. The organic matter content of the natural undisturbed plots are likely to have 
enhanced microbial activity which in turn converted P to inorganic forms which could explain the high 
proportion of P pools in the natural undisturbed areas. On the other hand, land use conversion from 
natural systems in reduced conditions to aerobic cultivation may also enhance the mineralization of 
organic matter and therefore organic P release (Negassa and Leinweber, 2009).   

The stable pools (NaOH and HCl extracted P) contains the Ca-bound and the highly occluded P pools. 
In the present study these fractions had the highest P values. This was probably due to accumulation of 
residual P (Smeck, 1995; Wright, 2009). Similar findings have been reported by Nwoke et al., (2003) in 
inland valley soils of West Africa and by Solomon et al., (2002) in the sub humid highlands of Ethiopia. 
This fraction has been found to be an important source of available P in the tropical soils not managed 
with inorganic P fertilizer (Beck and Sanchez, 1994).  

Organic matter is known to contribute significantly to P availability in weathered soils by enhancing the 
CEC and reducing P fixation (Barber, 1984; Okalebo et al., 1991). Thus, P held in the stable pool is a long 
term source of labile P therefore mineralization of the stable pools may contribute substantially to the 
supply of available P to these soils (Barber, 1984; Wright, 2009). Intensive fertilization and management 
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probably increased P content in the labile fractions in the cultivated plots. Similar findings have been 
reported by (Negassa and Leinweber, 2009) on increased P retention in the mineral associated P pools 
in cultivated plots while land uses with minimal management and no fertilization such as the natural 
systems and fallow retained more P in the stable fractions. Particularly the cultivated floodplain soils 
are very low in labile P while the P stock is also much reduced. This means that floodplain soils under 
cultivation show a low P availability and a shrinking P supplying potential from the stable pools. 

Previous studies have shown that the natural systems have a greater proportion of the total P in organic 
forms while disturbed or cultivated fields usually have more P in the inorganic pools (Graham et al., 
2005; Saleque et al., 2004). However under the current land uses and environmental conditions such as 
wetting and drying in the wetlands soils, organic P may not be considered a stable pool and may 
eventually be lost from the fields. If the resin and bicarbonate fractions represent soil phosphorus that is 
both exchangeable and easily mineralizable, then the fraction of the total soil phosphorus pool that is 
available to plants is a minute fraction of the total phosphorus pool, either as an absolute value or as a 
percentage of total phosphorus (Cross and Schlesinger, 1995; Nwoke et al., 2003).  

The proportion of phosphorus in labile and stable fractions is likely to vary between the soil types, and 
soil weathering intensity and use intensity. In the lowland floodplains, P deficiency is widespread in 
rainfed rice fields (Maitima et al., 2009). Thus, these soils when put under cultivation are likely to show 
a low P availability and a shrinking P supplying potential from the stable pools. However, in the inland 
valley, the plant available labile P and stable P fractions are larger, which indicates a lesser vulnerability 
concerning the P supply. Therefore, the inland valley soils prove less susceptible to agricultural use, 
although the increasing amounts of labile and stable P under intensive cultivation are very likely to be 
caused by high fertilizer application, especially under drainage for the input-intensive production of 
upland crops. 

Aggregate sizes and stability 

The stability of the soil aggregates is affected strongly by anthropogenic interventions and the absence 
of soil management practices. Wetland soils are often mineral in seasonally wet wetland areas and 
peaty in permanently flooded wetlands therefore resulting to differentiation in the decomposition and 
aggregate proportions between the land uses with varying soil moisture (Wright, 2009). In the present 
study the high proportion of large macro-aggregates >0.25mm diameter observed in the natural 
systems could probably be due to the high accumulation of vegetation materials on the soil surface. The 
accumulation of the SOM in the soil has often been related to an increase in aggregation (Bronick and 
Lal, 2005, Krull, 2004). In anaerobic systems, flooding conditions inhibit aggregate breakdown because 
microbes slowly decompose the small amounts of carbon-rich binding agents that are produced (Olk et 
al., 1996). On the other hand in the aerobic cultivation, drainage and tillage leads to increased microbial 
activity and therefore a higher breakdown of the aggregate fractions resulting to reduced proportions of 
aggregate fractions >0.25mm diameter. These findings are in accordance with many other studies which 
confirm the adverse influence of cultivation on SOM content and aggregate stability. For example 
Bronick and Lal (2005) realized that the macro-aggregates pools (>0.25mm diameter) was the major 
pool depleted as a result of cultivation.  Increased management intensity has also been found to 
increase the humification process and the proportion of highly decomposable and easily lost organic 
matter (Leinweber et al., 1995). Thus, in the present study, the decline in the aggregate fractions was 
observed when the natural system was brought under cultivation in the sandy clay soils of the 
floodplain. Aggregates 0.053-0.25mm diameter are more stable to rapid wetting and are not destroyed 
by agricultural practices, partly because they are small, but also because they contain several types of 
binding agents (Six et al., 1998). 

This could probably explain the minimal differences between the 0.053mm diameter water stable 
fractions in the inland valley soils. Where soil is cultivated frequently like in the aerobic cultivated plots 
in the present study, aggregates are exposed to physical disruption. This may expose the previously 
inaccessible organic matter to microorganisms and stimulate oxidation and loss of organic matter. This 
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decline in organic matter is usually accompanied by a decrease in the number of water-stable 
aggregates (Tisdall and Oades, 1982). The fallow soils indicate that the aggregation seems to improve 
again after cultivation, but not water stability. In contrast to the floodplain soil stability in the inland 
valley proved less sensitive. The Inland valley soils appear more resilient to land use change and may 
present in the long-term a larger potential to absorb the growing pressure on land for food crop 
production in East Africa than the floodplains 

Conclusion 

 Land use changes, particularly those involving soil drainage and cultivation led to changes in 
chemical and physical soil properties which affected the availability and the pool size of different 
labile and stable P-fractions and aggregate stability. Labile P fractions comprised a relatively small 
percentage of the total soil P while cultivated plots showed appreciably increased P retention in the 
stable pools 

 The stabilization of macro-aggregates is controlled by management and is decreased when natural 
systems are converted to cropped fields 

 The floodplain soils proved to be more vulnerable to intensive agricultural use than the inland 
valley soils. Phosphorus fractions and aggregate size proportions and stability declined with a 
higher margin in the floodplain when compared to the inland valley soils 
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