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Introduction  

L and degradation is a major 
ecological problem across the 
globe. It is more prominent in 

the drier lands as the semi arid, and 
arid part of the world. In South Africa, 
land degradation is also a widespread 
environmental problem (Hoffman and 
Todd, 2000), especially around the 
former homelands. The concept of 
land degradation has been defined 
differently by authors (Thomas and 
Middleton, 1994), but all definitions 
encompass a reduction of the current 
or the future capacity of the land to 
produce; or a reduction in its poten-
tials for environmental sustainability. 

In rangelands, overgrazing is 
often considered as the major cause 
of land degradation. It is reported to 
result in extensive decrease in the 
population of palatable species, and 
encroachment of undesirable forbs 
and shrubs (Snyman, 2004). It further 
leads to decline in soil quality vari-
ables such as aggregate stability, 
water infiltration rate, soil organic 
matter content and microbial activity 
(Russel et al., 2001; Snyman and Du 

Preez, 2005; Du Preez and Snyman, 
2003). In a game reserve, where hu-
man activities are limited, land degra-
dation could be due to a number of 
other natural factors. Such factors 
include excessive proliferation of 
game animals leading to overgrazing 
of the natural vegetation, soil innate 
properties and climatic variables. 

Land degradation is observed to 
be associated with several compo-
nents of the ecological system; these 
components interrelate in a specific 
way with one another. Thus, a disrup-
tion in the state and function of any of 
the components will create an imbal-
ance that could result in land degra-
dation. Destroyed vegetation and de-
graded water resources could endan-
ger biodiversity; degrade the soil, in-
duce climate change and disturb hy-
drologic cycles. Therefore, a sustain-
able remedy to land degradation must 
restore the balance in the compo-
nents which sustains the function of 
the system. This is only possible with 
a proper understanding of the rela-
tionship between the components and 
how they affect land degradation epi-
sodes. 

The Influence of Physical Landscape and Soil 
Properties on the Threshold of Rangeland Degradation  
 
A.O Fatunbi and S. Dube* 
University of Fort Hare, Faculty of Science and Agriculture, Livestock and 
Pasture Science Department 



16 

Grassroots: Newsletter of the Grassland Society of Southern Africa ▪ February 2008 ▪ Vol 8 ▪ No.1 

The South African landscape is 
made up of abundant highlands inter-
mingled with valleys and plains. This 
influenced settlement patterns and 
land use; more importantly, the use of 
slope lands and valleys for crop and 
animal production. This feature is 
common across the country espe-
cially in the former homelands where 
land ownership is a challenge. The 
practice of communal rangeland that 
is currently being used for livestock 
production in these areas gives little 
or no room for management practices 
that could sustain productivity at opti-
mal level. Hence, land degradation is 
a common feature that requires both 
scientific and policy intervention.  

This article reports the influence 
of landscape soil properties on the 
initiation of land degradation epi-
sodes. It is a segment of a long term 
study that is being conducted to un-
derstand the interrelationship of sev-
eral known ecological variables that 
could induce land degradation. This 
will inform the development of appro-
priate remediation action at different 
spatial and temporal scale.  

Materials and Methods 

Study Site 
The study was conducted at the Tsol-
wana game reserve in Eastern Cape 
of South Africa. The reserve covers 
an area of 8500ha, with an altitude of 
1350m at lowland and 1800m at the 
mountainous area. Annual average 
rainfall ranged from 500mm-800m. 

The soils of Tsolwana were formed 
from sandstone and shale which has 
led to the development of less fertile 
soils. The geology was part of the 
Tarkastad sub-group which com-
prises of the arenaceous Katberg 
formation which is about 1000m thick. 
The formation overlays an agillaceous 
Burghersdorp formation with some 
intruding Karoo dolerite dykes. 

Data Collection 
Twenty three land degradation sites 
were selected for evaluation across 
the 8,500 ha game reserve. A land 
degradation index (LDI) was gener-
ated for each site using a multidimen-
sional analysis technique based on 
six indicator variables (Table 1). The 
amount of soil loss due to different 
erosion type was measured while the 
severity of soil erosion and degree of 
landscape slope were scored on a 
scale of 1- 5 across the sites. Repre-
sentative soil samples were collected 
from each site and analyzed for the 
pH, EC, total Ca, Mg, K and Na; parti-
cle size fractions, aggregate stability 
and soil organic C.  

Data analysis: Variables meas-
ured as scores were log-transformed 
as necessary and were subsequently 
subjected to summary statistics using 
SAS (1999). Correlation and regres-
sion analysis were conducted to es-
tablish the amount and direction of 
the relationship between land degra-
dation index and other measured vari-
ables. Index of degradation was de-
termined using the multidimensional 
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analysis technique reported by 
Shama et al. (2005). The index was 
further categorized into four degrada-
tion classes 1= Non degraded; 2= 
moderately degraded; 3= Poorly de-
graded; 4 = Extremely degraded. 

 

Result and Discussion 

The LDI multiple regression model 
was significant (P>0.001) with a R2 
=0.997. The relative contribution of 
each variable to the model was in the 
order of Erosion severity > Presence 
of gully > Sand deposition on roads > 

  
Site 

Soil 
loose-

ness (4)* 

Sand 
deposition 

(4) 

Animal 
tracks 

(3) 

Erosion 
severity 

(5) 

Degree of 
landscape 
slope (4) 

Presence 
of gully 

(5) 

Degradation 
Index 

Degradation 
Class† 

1 2.4 1.6 1.2 5 1.6 5 16.8 4 
2 1.6 3.2 1.8 4 1.6 5 17.2 4 
3 1.6 3.2 1.8 2 0.8 1 10.4 2 
4 1.6 3.2 0.6 5 1.6 2 14 3 
5 2.4 3.2 3 4 2.4 4 19 4 
6 0.8 2.4 3 4 1.6 3 14.8 3 
7 4 3.2 1.2 5 0.8 4 18.2 4 
8 3.2 3.2 1.8 5 3.2 5 21.4 4 
9 4 3.2 1.8 3 2.4 2 16.4 4 

10 3.2 2.4 1.2 2 1.6 3 13.4 3 
11 2.4 3.2 2.4 4 0.8 1 13.8 3 
12 3.2 3.2 2.4 5 1.6 3 18.4 4 
13 3.2 3.2 1.8 4 1.6 3 16.8 4 
14 2.4 3.2 2.4 4 1.6 3 16.6 4 
15 1.6 0.8 2.4 1 1.6 1 8.4 2 
16 3.2 3.2 2.4 5 3.2 5 22 4 
17 4 4 2.4 5 4 5 24.4 4 
18 4 4 1.8 5 3.2 3 21 4 
19 2.4 2.4 1.2 2 1.6 2 11.6 3 
20 3.2 3.2 1.8 4 2.4 5 19.6 4 
21 0.8 0.8 0.6 1 0.8 1 5 1 
22 0.8 0.8 0.6 1 0.8 1 5 1 
23 1.6 1.6 0.6 2 1.6 1 8.4 2 
CV 42.3 35.3 42.6 41.3 48.0 52.5 34.4 31.0 

Table 1. Land degradation index and degradation class derived from weighted pa-
rameter values of six indices for land degradation 

*Value in parenthesis is the value for weight of importance for the specific variable 
†1= Non degraded;  2= Moderately degraded;  3 = Poorly degraded; 4= Extremely degraded 
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Soil looseness > degree of slope > 
presence of animal track (table 3). 
The observed high contribution of 
erosion severity (32%) to the model 
confirms the role of soil erosion in 
land degradation (Valentin et al, 
2005). Soil erosion is often preceded 
by a number of other occurrences, 
such as removal of vegetation cover, 
destruction of soil aggregates, soil 
sealing, impact of climatic variables 
etc.  Uncontrolled soil erosion over 
time could result in gully formation; 
this is often seen as a point of no re-
turn in land degradation episodes. 
The observed least contribution by 
animal tracks to the LDI model (4%) 
suggests that the presence of animal 
tracks may have an indirect contribu-
tion to land degradation. 

Soil acidification was not a prob-
lem at the Tsolwana game reserve. 
The soil pH of the sampled degraded 

land ranged from 5.5 – 6.5. The soil 
pH tended to increase with increasing 
land degradation but the difference 
between categories was not substan-
tial (Table 3). The EC ranged from 
51.0 – 185.3, (CV = 55%) with the 
highest value on non degraded soil. 
The organic C content of soils around 
the sampled sites ranged from 4.0 g 
Kg-1- 32.7 g Kg-1.  The organic C 
content was higher at the non de-
graded soils compared with the ex-
tremely degraded portion. 

The observed relationship be-
tween land degradation index and 
other soil erosion variables as shown 
in Table 4, showed that erosion is the 
main contributing factor to the ob-
served land degradation at Tsolwana 
game reserve. The observed positive 
correlation between the degree of 
landscape slope and erosion severity 
implied that soil erosion is more se-

Variable Regression 
Coefficient 

F value Coefficient of 
relative contribu-

tion 
        

Soil looseness 0.741 27.76 0.12 
Sand deposition 0.805 44.55 0.19 
Animal tracks 0.614 8.54 0.04 
Erosion severity 1.051 76.69 0.32 
Degree of landscape slope 0.728 26.75 0.11 
Presence of gully 1.034 52.04 0.22 
Intercept -0.059     
        
           R2 = 0.997                       CV = 2.08                        P> 0.001 

Table 2. Result of multiple regression between the land degradation index and 
the six indices of degradation showing the coefficient of relative contribution 
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vere on steeper slope side than on 
plain landscape or long slope. This 
could be due to more rapid soil parti-
cles movement down the slope. The 
observed positive relationship be-
tween the silt content of the soils and 
size of gully indicated the contribution 
of silt particles to disintegration of soil 
aggregates and subsequent erosion. 

The measured disaggregation poten-
tials of the soil showed a negative 
correlation between sand content and 
mechanical disaggregation. This sug-
gest that the aggregates of soils with 
high sand content will be more stable 
under torrential rainfall and animal 
tracks which are the major source of 
mechanical disaggregation observed 

Plate 1.  Effect of chemical degradation (Calcification and sodification) on land 
degradation at Tsolwana game reserve 

 State of degradation pH EC  Org C K Na Mg Ca 
    μS cm-1 g kg-1 mg kg-1 
Non degraded 5.8 98.3 13.8 2683.1 1885.2 407.5 2842.3 
Moderately degraded 6.1 80.5 13.3 4639.2 1702.4 600.2 2645.4 
Poorly degraded 6.1 79.5 13.1 6125.7 1959.2 463.7 3368.5 
Extremely degraded 6.2 70.8 10.6 4246.3 2160.8 468.9 3618.1 
SED (0.05) 0.1 7.3 1.3 816.8 109.5 47.1 260.8 

Table 3. Effects of soil chemical properties on land degradation at Tsolwana game 
reserve 
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at the reserve. 

Conclusion 

Results from this study showed that 
the innate soil properties and land-
scape contributed significantly to the 
observable land degradation. Hence, 
efforts to remediate degraded lands 
need to incorporate the best practice 
for the management of landscape and 
soil properties along with other fac-
tors. 
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Variables Correlation coefficient ( r) 
LDI  x  Total soil loss 0.579 *** 
LDI  x  Pedestals soil loss 0.502** 
LDI  x  Soil erosion severity 0.886*** 
LDI  x  Degree of landscape slope 0.749** 
Degree of landscape slope x  Erosion severity 0.504*** 
Size of gully  x  Silt content of soil 0.520** 
SAS (Mechanical disaggregation)  x  Sand content of soil -0.425*** 

Table 4. Correlation coefficient (r) showing the relationship of indices of soil ero-
sion on land degradation index and other soil erosion variables 

Note: *** = Significant at P>0.01;  ** = Significant at P>0.05;  LDI = Land degradation Index; SAS= 
Soil aggregate stability 
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Plate 2. Stages in erosion development by mechanical aggregate destabilization by 
animal tracks on non-vegetated land 


