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 PART 1 

Soils profiles description and analytical data

Gully erosion in large flat bottom shape with lateral increase. Typical dongas features in a range land 
encroached with Acacia Sieberiana. Foothill of Drakensberg Mountain, area of Bergville, KwaZulu 
Natal, South Africa. 
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Study site 

The study area is located within the Kwazulu-Natal province of South Africa (28°48’41 S 
and 29°21’30 E), in the upper part of the Potshini SSI experimental catchment in the 
"midlands", downstream the Drakensberg Mountains. It is located in the communal grassland 
of Potshini village, in the foothills of the Drakensberg mountains, 8 km south of Bergville in 
the headwaters of the Tukhela basin (30,000 km²). We focused our research on a 2.5 km2 sub-
catchment of the grassland (from 1 220 m of altitude to 1 450 m) which presents wide and 
deep gullies and tree encroachment. 

The vegetation of the site is classified as a grassland biome: the “Northern KwaZulu-Natal 
moist Grassland” usually dominated by Themeda triandra in tussocks, Hyparrhenia hirta and 
Sporobulus africanus. The encroaching trees, Acacia sieberiana var. woodii, are indigenous. 

Location map of the study site. Foothill of Drakensberg Mountain, area of Bergville, 
KwaZulu Natal, South Africa. 
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Location map of the reference profiles and former studies:  

A) Area studied by Podwojewski et al. 2014 for soil structure stability;  
Podwojewski P, Grellier S, Mthimkhulu S, Titshall L. 2014. How tree encroachment and soil 

properties affect soil aggregate stability in an eroded grassland in South Africa. Soil Science 
Society of America Journal 78: 1753-1764. doi:10.2136/sssaj2013.12.0511. 

B) Geophysical survey by Grellier et al., 2013;  
Grellier S, Florsch N, Camerlynck C, Janeau JL, Podwojewski P, Lorentz S. 2013. The use of 

Slingram EM38 data for topsoil and subsoil geoelectrical characterization with a Bayesian 
inversion. Geoderma 200–201: 140–155. http://dx.doi.org/10.1016/j.geoderma.2013.01.020. 

C) Rainfall simulation site of Podwojewski et al., 2011. P Location of pipes in the studied area. 
Podwojewski P, Janeau JL, Grellier S, Valentin C, Lorentz S, Chaplot V 2011 Influence of vegetal soil 

cover on water runoff and soil detachment in a sub-humid South African degraded rangeland. 
Earth Surface Processes and Landforms 36: 911-922. doi: 10.1002/esp.2121. 
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Soil analyses: 

Soil samples were air-dried and sieved through a 2 mm grid. For the measurement of soil bulk 
density, three replicates of soil cores of 250 cm3 sampled with steel cylinders were oven dried 
at 105°C for 24 h. Total nitrogen and carbon were analysed by automated Dumas dry 
combustion method using a LECO CNS 2000. The pH values of the soil suspension were 
measured (soil solution ratio 1/2.5) with a WTW pH Meter electrode (in H20 or in KCl N). 
The cation exchange capacity (CEC) and the exchangeable cations (Ca2+, Mg2+, K+, Na+ ) 

were determined after extraction with ammonium acetate at pH 7·0 and where elemental 
concentrations were determined by inductively-coupled plasma atomic emission spectrometry 
(Varian Series Liberty 100). 
Particle size distribution was determined by the pipette method (AFNOR, 2003) after 6 hours 
shaking with hexametaphosphate dispersion. Sands were sieved in 200 and 50µm mesh 
sieves.  
The soil structural stability was measured on 5 g of soil aggregates of 3 - 5 mm size and dried 
at 40°C using the standardized method NF X 31-515 (AFNOR, 2005) developed by Le 
Bissonnais (1996). The aggregates are rapidly added directly into water and allowed to stand 
for 10 minutes. The sample passed through a 0.05 mm sieve and aggregates > 0.05 mm 
collected… Each treatment was replicated three time. 
The >0.05 mm aggregates on the sieve were collected, and dried at 40 °C and then gently dry 
sieved using a column of six sieves: 2.00, 1.00, 0.50, 0.20, 0.10, and 0.05 mm.  
The mean weight diameter is MWD = ∑ [d x m] / 100, where d is the mean diameter between 
the two sieves (mm); and m the weight fraction of aggregates remaining on the sieve (%). 
 
AFNOR NF X31-107, 2003. Qualité du sol – Détermination de la distribution granulométrique des particules du 

sol – Méthode à la pipette. Thème: Propriétés physiques des sols, AFNOR, Paris, septembre 2003. 20p.  
AFNOR NF X31-515, 2005. Mesure de la stabilité d’agrégats de sols pour l’évaluation de la sensibilité à la 

battance et à l’érosion hydrique, AFNOR, Paris, mars 2005. 13p. 
Le Bissonnais, Y. 1996. Aggregate stability and assessment of soil erodibility: I. Theory and methodology. 

European Journal of Soil Science 47, 425-437. 
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Geological context 

The geology of the site is characterized by fine-grained sandstones, shales, siltstone and 
mudstones of the Permian Beaufort and Ecca Groups of the Karoo Supergroup that alternate 
in horizontal succession. Many dykes, and sills from the Karoo Dolerite, are intruded in these 
horizontal layers giving a specific weathering features of individualized rounded blocks from 
10 - >50cm in diameter and reddish clayey soil associated. Hard sandstone layers form 
horizontal steps. Unconsolidated colluvial deposits from the Pleistocene fill the valleys and 
are very prone to linear gully erosion. In the landscape, sandstone is generally less erodible 
and form the top of hills and the base of gullies. Mudstone is very erodible. 

 
Horizontal massive layers of sandstone and 
Leptosols associated with Acrisols 

Horizontal layers of sandstone, siltstone (brown) 
and mudstone (Grey and dark red).  

Contact between sandstone layers (white) and a dyke 
of dolerite (red) 5meters wide. Location of Fig. 43 and 
44. 

The dolerite weathered in rounded stones 
and the soil is very reddish with fine 
micro-aggregates 
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RAV 1 – Haplic Luvisol  
Observation the 09/2007, dry season 
Potshini catchment, Bergville, KZN, South Africa 
Altitude: 1380 m  
28°48’41.03” S and 29°21’31.44’’E 
vegetation grazed short grass 
geomorphological location: upperpart of a gully; 
Soil surface: grazed soil, 30% bare surface. 
parent-rock: sandstone and colluvium 
 
Horizon 0 - 10 cm 
Humiferous horizon: A1 
Colour 10YR 5/3, brown 
Dry; 
Cohesion: slightly coherent;  
Structure: weak fine granular structure; 
Texture Ssi; 
Porosity: many tubular pores; 
Many fine roots; 
Boundary sharp. 
 
Horizon 2: 10-30 cm 
Humiferous horizon: A2 
Colour 2.5 Y 5/2, grayish brown 
Dry; 
Cohesion: friable; 
Structure: weak medium crumb; 
Texture S; 
Porosity: many tubular pores; 
Many fine roots; 
Boundary sharp. 
 
Horizon 3: 30-40 cm 
Transition horizon E 
Colour 10YR 5/3 brown,  
Dry; 
Cohesion: friable 
Structure: massive 
Texture: S -Si 
Porosity: many fine medium and coarse tubular 
pores; 
Small fine roots; 
Boundary sharp and regular 
 
Horizon 4: 40-85 cm 
Structural horizon: BT 
Colour 5YR 4/2, dark reddish grey  
Mottles 5YR 4/6 yellowish red  
Moist; 
Cohesion: friable 
Structure: clear coarse prismatic, medium 
substructure shiny pressure faces 
Texture: C - Si 
Porosity: very low 
Boundary sharp and regular. 
 
Horizon 5: 85-110 cm 
Structural horizon: BT2 
Colour 10YR6/3 pale brown,  
Mottles 7.5YR 5/2 brown over pressure faces  
Reticular mottles 7.5YR 4/6 strong brown with 
diffuse limits; 
Dry;  
Cohesion: coherent; 
Structure: very clear medium polyedric blocky; 
Shiny structural faces 
Texture: C-Si 
Porosity: low 
Gradual regular boundary 

 
 
 
Horizon 6: 110-170 cm 
Structural horizon: Bw1 
Colour 7.5YR 6/8 reddish yellow in mottles,  
Mottles 10YR 6/4 light yellowish brown brown  
Black manganese small rounded stones 
Dark coating around dead roots 
Dry;  
Cohesion: coherent; 
Structure: massive; 
Texture: Si-S-C 
Porosity: low 
Gradual regular boundary. 
 
Horizon 7: 170-250 cm 
Structural transition: BC 
Colour 2.5YR 4/2 to 5/2, weak red  
Weathered stones of sandstone 2.5Y 6/6  
Black manganese spots 
Dry;  
Cohesion: coherent; 
Structure: massive; 
Texture: Si-S-C 
Porosity: low 
Gradual regular boundary. 
 
Horizon 8: 250-280+ cm 
Weathered mudstone: C 
Colour 10R 4/1, dark reddish grey; 
Cohesion: coherent; 
Structure: very clear medium blocky, structure of 
the weathered rock; 
Texture: C

 

RAV1 - Upper profile with clear prismatic Bt 
horizon. 
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RAV 1 complete profile of the gully with the 
reddish layer of argillite parent rock at the base, 
notice the lateral collapse of blocks from the upper 
horizons of the gully banks. 

 
 
Denomination RAV1.1 RAV1.2 RAV1.3 RAV1.4 RAV1.5 RAV1.6 RAV1.7 RAV1.8 
Horizon A1 A2 E Bt1 Bw2 Bt2 Bw BC 
Depth (cm) 0-10 10-30 30-50 50-90 85-110 110-170 170-250 250-280+ 
pH (Water) 5.8 4.8 5.0 6.0 7.0 7.6 7.3 7.8 
pH (KCl) 5.2 4.3 4.3 4.7 5.6 6.3 6.0 6.3 
C (g kg-1) 18.8 9.8 6.7 6.8     
N (g kg-1) 1.0 0.3 0.1 0.1     
C/N 18.8 32.7 67.0 68.0     
MWD (mm) 2.91 2.92 1.48 1.99 2.52 1.25 1.16 1.58 

SD 0.10 0.05 0.26 0.15 0.07 0.09 0.09 0.26 
Bulk density (g cm-3) 1.24 1.31 1.37 1.51 1.55 1.39 1.35 1.62 

SD 0.02 0.02 0.07 0.02 0.10 0.05 0.06 0.05 
Real density (g cm-3) 2.628 2.653 2.659 2.688 2.712 2.719 2.723 2.825 
Exchangeable cations (cmol(+)kg-1)       
Ca++  2.76 2.38 2.16 5.58 7.50 5.68 6.48 8.14 
Mg++ 1.38 1.48 1.58 3.42 4.41 3.09 3.09 3.82 
K+ 0.96 0.19 0.16 0.24 0.41 0.25 0.17 0.31 
Na+ 0.16 0.07 0.09 0.26 0.31 0.23 0.23 0.28 
S (Sum of cations) 5.26 4.12 3.99 9.50 12.63 9.24 9.97 12.54 
T (CEC ) 5.35 3.99 5.39 10.91 12.23 10.65 9.32 9.67 
V (S/T) (%) 98 SAT* 74 87 SAT* 87 SAT* SAT* 
Na/T (%) 2.93 1.74 1.61 2.39 2.56 2.12 2.43 2.88 
CEC kg-1 of clay 47.9 25.3 26.9 28.7 40.4 39.0 44.9 32.7 
Grain size content (%)       
Clay  11.17 15.75 19.99 37.98 30.23 27.33 20.75 29.58 
Total silt   13.73 16.05 17.31 16.42 24.57 17.32 21.75 61.37 
Total sand  75.10 68.20 62.70 45.60 45.20 55.35 57.50 9.05 
Fine silt  5.58 8.00 9.26 9.31 17.45 10.00 14.00 48.90 
Coarse silt  8.15 8.05 8.05 7.11 7.12 7.32 7.75 12.47 
Fine sand  62.75 54.95 50.20 37.75 35.25 46.55 39.10 7.20 
Coarse sand  12.35 13.25 12.50 7.85 9.95 8.80 18.40 1.85 

*SAT: Echangeable complex saturated with cations. 
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RAV 2 – Fragic LIXISOL 
Observation the 09/2007, dry season 
Potshini catchment, Bergville, KZN, South Africa 
Altitude: 1380 m  
28’48’’41.10 S and 29’21’’32.17 E 
Vegetation: grazed pasture, grass not more 5cm 
high; 
Geomorphological location: side of a gully opposite 
to RAV 1; 
Soil surface: 80% grass cover; 
Parent-rock: colluvium. 
 
Horizon 1: 0 - 10 cm 
Humiferous horizon: A1 
Colour 10YR 4/3, brown; 
Very Dry; 
Cohesion: very coherent;  
Structure: subangular blocky medium; 
Texture Ssi; 
Many roots; 
Boundary sharp. 
 
Horizon 2: 10-30 cm 
Humiferous horizon: A2 
Colour 10YR 5/4, yellowish brown; 
Dry; 
Cohesion: coherent;  
Structure: clear subangular blocky medium; 
Texture Ssi; 
Small biological activity;  
Many fine roots; 
Boundary gradual and regular. 
 
Horizon 3: 30-60 cm 
Structural horizon: E 
Colour 5YR 5/4, yellowish brown 
Dry; 
Cohesion: slightly coherent; 
Structure: massive; 
Texture : S; 
Many fine roots ; 
Porosity: many fine medium and coarse tubular 
pores;  
Boundary gradual and regular 
 
Horizon 4: 60-95cm 
Structural horizon: Bw2 
Colour 10YR4/6, dark yellowish brown;  
Dry; 
Cohesion: loose; 
Structure: massive; 
Texture: S, 
Porosity: many fine medium and coarse tubular 
pores;  
Boundary sharp and regular. 
 
Horizon 5: 95-185 cm 
Structural horizon: BTxg 
Colour 10YR 7/2, light grey 
Mottles reticular 5YR 5/8 
Dry;  
Cohesion: very coherent 
Structure: very coarse columnar; 
Texture: Si - c - s; 
Some weathered stones;  
Many manganese oxides gravels; 
Boundary sharp and regular. 
 

Horizon 6: 185 - 250+ cm 
Structural horizon: Bw 
Colour 7.5YR 6/4, light brown; 
Mottles 10YR 5/1 around old roots and old biologic 
activity; 
Dry; 
Cohesion: slightly coherent; sensitive to dispersion; 
Structure: massive; 
Texture S si; 
Porosity: many fine medium and coarse tubular 
pores;  
 

 
RAV2 - Profile with a clear hard prismatic 
BTxg horizon. 
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Denomination RAV2.1 RAV2.2 RAV2.3 RAV2.4 RAV2.5 RAV2.6 
Horizon A1 A2 E Bt1 Btxg BC 
Depth (cm) 0-10 10-30 30-60 60-95 95-185 185-210+ 
pH (Water) 4.7 5.1 5.3 5.6 5.7 6.4 
pH (KCl) 4.3 4.3 4.3 4.1 4.5 4.9 
C (g kg-1) 10.0 5.8 4.3 2.0   
N (g kg-1) 0.3 0.1 0.1 0.2   
C/N 33.3 58.0 43.0 10.0   
MWD (mm) 2.81 2.79 0.88 0.31 0.46 0.48 

SD 0.05 0.07 0.06 0.09 0.03 0.07 
Bulk density (g cm-3) 1.34 1.32 1.36 1.36 1.55 1.35 

SD  0.04 0.10 0.07 0.10 0.05 
Real density (g cm-3) 2.619 2.662 2.666 2.708 2.711 2.699 
Exchangeable cations (cmol(+)kg-1)     
Ca++  2.32 1.50 1.44 3.08 1.88 3.48 
Mg++ 1.38 1.32 1.28 3.29 2.37 2.80 
K+ 0.24 0.14 0.08 0.23 0.14 0.16 
Na+ 0.10 0.10 0.10 0.19 0.16 0.17 
S (Sum of cations) 4.04 3.06 2.91 6.79 4.55 6.61 
T (CEC ) 3.56 3.62 3.52 6.36 6.62 6.14 
V (S/T) (%) SAT* 85 83 SAT* 69 SAT* 
Na/T (%) 2.93 2.89 2.97 3.01 2.36 2.83 
CEC kg-1 of clay 21.6 19.9 20.2 19.5 20.1 28.1 
Grain size content (%)     
Clay  16.45 18.20 17.44 32.60 32.92 21.87 
Total silt   16.75 16.10 16.51 18.80 17.88 16.53 
Total sand  66.80 65.70 66.05 48.60 49.20 61.60 
Fine silt  9.43 8.74 9.69 11.19 11.46 9.72 
Coarse silt  7.32 7.36 6.82 7.61 6.42 6.81 
Fine sand  59.50 57.60 56.90 40.50 39.80 47.75 
Coarse sand  7.30 8.10 9.15 8.10 9.40 13.85 

* SAT: Exchangeable complex saturated with cations 
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RAV 3 – Haplic LUVISOL 
Observation the 14/07/2008, dry season 
Potshini catchment, Bergville, KZN, South Africa 
Altitude: 1340 m  
28°48’3830’’ S and 29°21’2051’’ E 
Vegetation: grazed pasture, grass not more 5cm 
high 
Geomorphological location: Upper Acacia 
sequence. 
Soil surface: 80% grass cover, some blocs of 
dolerite anchored in the soil. 
Parent-rock: colluvium 
 
Horizon 1: 0 - 7 cm 
Humiferous horizon: A1 
Colour 10YR 4/1 dark grey to 4/2; 
Dry; 
Cohesion: slightly coherent;  
Structure: subangular blocky fine to medium; 
Texture Si-s-c; 
Porosity interaggregate important; 
Many roots; 
Boundary sharp. 
 
Horizon 2: 7-25 cm 
Humiferous horizon: A2 
Colour 10YR 4/2, dark greyish brown; 
Biological activity in tubules 10 YR 4/1 
Dry; 
Cohesion: coherent;  
Structure: clear subangular blocky medium; 
Texture Si-s-c; 
Porosity medium with fine, mediumand coarse 
pores; 
Many fine roots; 
Boundary gradual and regular. 
 
Horizon 3: 25-45cm 
Transition horizon: E 
Colour 10YR 3/2 very dark greyish brown, with 
mottles 10YR 3/3; 
Biological activity with few tubules 10 YR 4/1 
Dry; 
Cohesion: very coherent; 
Structure: unclear subangular blocky very coarse 
Texture: Si-S-c; 
Many fine roots; 
Porosity: few pores;  
Boundary gradual and regular. 
 
Horizon 4: 45-75cm 
Structural horizon: Bw 
Colour 10YR4/2 dark greyish brown to 10YR 5/2,  
Mottles unclear with diffuse limits 10YR3/3 to 3/4 
Coatings 10YR 3/2 diffuse;  
Dry; 
Cohesion: very coherent, hard; 
Structure: massive; 
Texture: S-Si-c; 
Porosity: some vertical cracks, rare fine medium 
and coarse tubular pores;  
Boundary sharp and regular. 
 
Horizon 5: 75-100 cm 
Structural horizon: Bt 
Colour 10YR 3/2, very dark greyish brown 
Mottles 5YR3/3 with diffuse limits,  
Dry; 
Cohesion: very coherent, hard; 

Structure: very clear angular blocky with pressure 
face and clay coatings; 
Texture: C-Si-s 
Porosity: vertical cracks, rare fine medium and 
coarse tubular pores;  
Boundary sharp and regular. 
 
Horizon 6: 100-120+ cm 
Stone layer: C 
Stones layer: rounded stones of hard dolerite from 1 
to 10cm in ø, with yellow weathering coating. 
 
Samples for soil analysis and structure stability  
RAV 3.1- RAV 3.2 - RAV 3.3 - RAV 3.4 - RAV 
3.5 
 

 

RAV3 - Surface horizons. 
 

 

RAV3 - Complete profile 
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Denomination RAV3.1 RAV3.2 RAV3.3 RAV3.4 RAV3.5 
horizon A1 A2 E Bw Bt 
depth (cm) 0-7 7-25 25-45 45-75 75-100 
pH (Water) 5.03 5.51 5.87 6.16 6.92 
pH (KCl) 4.65 4.62 4.69 4.73 5.35 
C (g kg-1) 27.7 15.3 10.9 7.9  
N (g kg-1) 1.7 0.7 0.3 0.2  
C/N 16.3 21.9 36.3 39.5  
MWD (mm) 3.13 2.14 0.67 0.35 2.28 

SD 0.06 0.10 0.02 0.00 0.14 
Bulk density g cm-3 1.30 1.32 1.45 1.48 1.53 

SD 0.06 0.09 0.11 0.06 0.03 

Exchangeable cations (cmol(+)kg-1)    
Ca++  2.82 2.72 2.86 2.80 3.35 
Mg++ 1.25 1.37 1.53 1.66 2.15 
K+ 0.66 0.56 0.51 0.59 0.77 
Na+ 0.77 0.70 0.75 0.64 1.06 
S (Sum of cations) 5.50 5.34 5.65 5.69 7.34 
T (CEC) 10.14 8.48 9.73 10.05 12.62 
V (S/T) % 54.2 63.0 58.0 56.7 58.1 
Na/T (%) 7.5 8.2 7.7 6.4 8.4 
CEC kg-1 of clay  44.5 38.3 40.9 35.4 32.9 
Grain size content (%)        
Clay  22.79 22.12 23.80 28.36 38.34 

Total silt   25.16 20.99 22.29 22.09 21.11 

Total sand  52.05 56.95 53.90 49.55 40.55 

fine silt  15.45 12.29 14.28 13.18 13.29 

coarse silt  9.71 8.70 8.01 8.91 7.82 

fine sand (%) 40.3 44.3 42.6 39.4 32.7 

coarse sand  11.75 12.65 11.30 10.15 7.85 
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RAV 4 – Gleyic CAMBISOL 
Observation the 14/07/2008, dry season 
Potshini catchment, Bergville, KZN, South Africa 
Altitude: 1320 m 
28°48’3678’’ S and 29°21’2180’’ E 
Vegetation: grazed pasture, grass not more 5cm 
high; 
Geomorphological location: at Mid part of the 
Acacia sequence in a small depression; 
Soil surface: 80% grass cover, small pipe of 50cm 
in ø at 3,0m of the profile; 
Parent-rock: colluvium. 
 
Horizon 1: 0 - 10 cm 
Humiferous horizon: A1 
Colour 10YR 4/1, dark grey; 
Dry; 
Cohesion: slightly coherent;  
Structure: subangular blocky fine to medium; 
Texture Si-s-c; 
Porosity interaggregate important; 
Many roots; 
Boundary sharp. 
 
Horizon 2: 10-30 cm 
Humiferous horizon: A2 
Colour 10YR 4/2, dark grayish brown; 
Biological activity in tubules; 
Dry; 
Cohesion: coherent;  
Structure: clear subangular blocky medium; 
Texture Si-s-c; 
Porosity medium with fine, medium and coarse 
pores; 
Many fine roots; 
Boundary gradual and regular. 
 
2 different features, with sharp vertical wavy limit  
feature A grey and more sandy 
feature B reddish and more clayey 
Horizon 3A: 30-50cm 
Transition horizon: A3B 
Colour 10YR 4/2 dark greyish brown, with mottles 
10YR 5/3with unclear limits 
Dry; 
Cohesion: slightly coherent; 
Structure: unclear coarse subangular blocky  
Texture: Si-S-c; 
Many fine roots; 
Porosity: many tubular fine medium and coarse 
pores ;  
Boundary gradual and regular. 
 
Horizon 4A: 50-90cm 
Structural horizon: Bw 
Colour 10YR5/3, brown; 
Mottles 10YR6/3 to 7/3 as coatings around the 
pores; other mottles 7.5YR 4/3 to 4/4 diffuse limit;  
Dry; 
Cohesion: loose to not coherent; 
Structure: massive; 
Texture: S-Si-c 
Porosity: many tubular fine medium and coarse 
pores;  
Boundary gradual and regular. 
 
Horizon 5A: 90-120 cm 
Structural horizon: Bw2 
Colour 10YR 4/3, brown; 

Dry; 
Cohesion: slightly coherent; 
Structure: massive; 
Texture: S-Si-c 
Porosity: many tubular fine medium and coarse 
pores ;  
 
Feature B 
Horizon 3B: 30-50cm 
Transition horizon: A3B 
Colour 7.5YR 4/4, brown; 
Biological activity in tubules 7.5YR 4/2 
Dry; 
Cohesion: coherent; 
Structure: unclear coarse subangular blocky;  
Texture: Si-c-s; 
Many fine roots; 
Porosity: tubular fine medium and coarse pores;  
Boundary gradual and regular. 
 
Horizon 4B: 50-90cm 
Structural horizon: Bw1 
Colour 5YR 5/6, yellowish red; 
Mottles 7.5YR6/4 around the pores; 
Dry; 
Cohesion: coherent; 
Structure: unclear coarse subangular blocky;  
Texture: Si-c-s; 
Many fine roots; 
Porosity: tubular fine medium and coarse pores;  
Boundary gradual and regular. 
 
Horizon 5B: 90-120+ cm 
Structural horizon: Bw2 
Colour 5YR 4/4 to 4/6, reddish brown, 
Mottles 7.5YR6/4 around the pores 
Dry; 
Cohesion: coherent; 
Structure: massive;  
Texture: Si-c-s; 
Many fine roots; 
Porosity: tubular fine medium and coarse pores.  
 
Feature C in a pocket at 100 cm depth beside 
feature B with very sharp limit 
Horizon 5C: 100-120+ cm 
C horizon: Filling of a mammal hole or pipe ??? 
7.5YR4/4 brown; 
Cohesion: very loose 
Structure: particular;  
Texture: S-si; 
 
Samples for soil analysis and structure stability  
RAV 4.1 
RAV 4.2 
RAV 4.3A 
RAV 4.4A 
RAV 4.5A 
RAV 4.3B 
RAV 4.4B 
RAV 4.5B 
RAV 4.5C 
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RAV4 - Soil located in a former drainage 
channel, with A) features with activity clay 
pockets and B) pockets with low activity clay. 
Gley features. 
 

 

Profile RAV4           

Denomination RAV4.1 RAV4.2 RAV4.3
A 

RAV4.4
A 

RAV4.5
A 

RAV4.3
B 

RAV4.4
B 

RAV4.5
B 

RAV4.5C 

Horizon A1 A2 A3B Bw1 Bw2 A3B Bw1 Bw2 C 
Depth (cm) 0-10 10-30 30-50 50-90 90-120+ 30-50 50-90 90-120+ 100-120+ 
pH (Water) 6.0 5.8 5.8 5.9 5.8 5.7 5.8 5.6 5.6 
pH (KCl) 4.9 4.7 4.7 4.5 4.4 4.3 4.3 4.3 4.3 
C (g kg-1) 36.3 27.1 15.6 6.2  6.4 2.8   
N (g kg-1) 2.1 1.4 1 0.5  0.6 0.4   
C/N 17.3 19.4 15.6 12.4  10.7 7.0   
MWD (mm) 3.11 2.96 2.27 0.70 0.33 0.29 0.27 0.28 0.20 

SD 0.03 0.12 0.19 0.03 0.03 0.02 0.06 0.04 0.03 
Bulk density (g cm-3) 1.29 1.28 1.26 1.35 1.45 1.43 1.43 1.46 1.45 

SD 0.08 0.02 0.04 0.01 0.07 0.04 0.08 0.04   
Exchangeable cations (cmol(+)kg-1)        
Ca++  3.67 4.24 3.21 1.38 1.93 1.36 1.21 1.66 0.96 
Mg++ 1.27 1.56 1.28 0.72 0.94 0.79 0.71 1.10 0.61 
K+ 0.49 0.56 0.62 0.51 0.32 0.29 0.35 0.61 0.21 
Na+ 0.28 0.26 0.37 0.47 0.31 0.24 0.31 0.80 0.43 
S 5.70 6.62 5.48 3.08 3.50 2.68 2.58 4.17 2.21 
T (CEC ) 11.60 11.99 10.03 6.25 6.44 6.70 6.18 6.82 4.37 
V (S/T) (%) 49.2 55.2 54.6 49.3 54.4 40.0 41.8 61.2 50.6 
Na/T (%) 2.4 2.2 3.6 7.5 4.9 3.6 5.1 11.7 9.9 
CEC kg-1 of clay 47.4 43.2 37.7 30.2 28.3 24.1 21.7 21.6 21.9 
Grain size content (%)        
Clay  24.45 27.75 26.63 20.69 22.78 27.75 28.46 31.61 19.92 
Total silt   29.11 30.35 28.28 23.56 21.82 20.05 19.30 20.95 20.23 
Total sand  46.50 41.90 45.15 55.80 55.40 52.20 52.30 47.45 59.85 
Fine silt  15.96 20.81 18.59 13.37 11.77 10.59 9.91 9.07 11.20 
Coarse silt  13.15 9.54 9.69 10.19 10.05 9.46 9.39 11.88 9.03 
Fine sand  37.6 33.3 36.3 46.2 46.3 43.3 43.8 39.7 48.3 
Coarse sand  8.90 8.60 8.85 9.60 9.10 8.90 8.50 7.75 11.55 
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RAV 5 – Haplic LUVISOL 
Observation the 15/07/2008, dry season 
Potshini catchment, Bergville, KZN, South Africa 
Altitude: 1310 m 
28°48’3328’’ S and 29°21’2212’’ E 
Vegetation: grazed pasture, grass not more 5cm 
high 
Geomorphological location: at Mid part of the 
Acacia sequence  laterally of RAV 4; 
Soil surface: 80% grass cover, depression of 40cm 
in ø and 15cm depth on a part of a profile, collapse 
of a termite mound. 
parent-rock: colluvium 
 
Horizon 1: 0 - 7 cm 
Humiferous horizon: A1 
Colour 10YR 4/1 dark grey; 
Biological activity in tubules 10 YR 4/1 
Dry; 
Cohesion: slightly coherent;  
Structure: subangular blocky fine to medium; 
Texture Si-s-c; 
Porosity interaggregate important; 
Many roots; 
Boundary sharp. 
 
Horizon 2: 7-30 cm 
Humiferous horizon: A2 
Colour 10YR 4/2, dark grayish brown; 
Biological activity in tubules  
Dry; 
Cohesion: coherent;  
Structure: clear subangular blocky medium; 
Texture Si-s-c; 
Porosity medium with fine, medium and coarse 
pores, many very coarse pores;  
Many fine and medium roots; 
Boundary gradual and regular. 
 
Horizon 3: 30-50cm 
Transition horizon: A3 
Colour 10YR 3/2 very dark greyish brown, 
10YR4/2 to 5/2 greyish brown when its dry  
Biological activity with few tubules;  
Dry; 
Cohesion: coherent; 
Structure: unclear subangular blocky very coarse; 
Texture: Si-S-c; 
Many fine roots; 
Porosity: few pores, some vertical cracks;  
Boundary gradual and regular. 

On the side of the termite collapse, horizon 3B 
Horizon A3B: 30-50cm 
Transition horizon: A3B 
Colour 10YR4/2 dark grayish brown to 5/2 when its 
dry  
Biological activity of amts following termites  
Dry; 
Cohesion: slightly coherent; 
Structure: subangular blocky coarse, coating of 
very fine granular structure (amts and termites 
residues) 
Texture: Si-S-c; 
Many fine roots; 
Porosity very important with fine, medium and 
coarse pores, many very coarse pores;  
 

On both sides of the collapse: 10-15cm thick of 0.3-
0.5 cm lamellar structure oriented at 45° - 
perpendicular to the sides of the collapse. 
Many rodent (?) galleries in the horizon 3 and 4 
from 1 to 5 cm in diameter 
 
Horizon 4: 50-70cm 
Structural horizon: Bw 
Colour 10YR3/1, very dark gray 
Mottles unclear with diffuse limits 10YR3/2 to 4/1  
Dry; 
Cohesion: coherent, hard; 
Structure: unclear subangular blocky very coarse 
Texture : S-Si-c 
Porosity: some vertical cracks, rare fine medium 
and coarse tubular pores;  
Boundary sharp and regular. 
 
Horizon 5: 70-100 cm 
Structural horizon: Bt1 
Colour 10YR 3/2 very dark grayish brown,  
Mottles 5YR3/4 with diffuse limits,  
Coatings 10YR3/1; 
Dry; 
Cohesion: very coherent, hard; 
Structure: very clear angular blocky to prismatic 
with pressure face and clay coatings; 
Texture: C-Si-s 
Porosity: vertical cracks, rare fine medium and 
coarse tubular pores;  
Boundary sharp and regular. 
 
Horizon 6: 100-120+ cm 
Structural horizon: Bt2 
Colour 5YR3/3 to 3/4, dark reddish brown 
Coatings 10YR3/1 
Dry; 
Cohesion: very coherent, hard; 
Structure: very clear angular blocky to prismatic 
with pressure face and clay coatings; 
Texture: C-Si-s 
Porosity: vertical cracks, rare fine medium and 
coarse tubular pores;  
Stones: 10% of 0.2-0.5 cm rounded gravels of 
weathered sandstone weathering coating. 
 
Samples for soil analysis and structure stability 
RAV 5.1 - RAV 5.2 - RAV 5.3 - RAV 5.3B  
RAV 5.4 - RAV 5.6 
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RAV5 – Upper Profile with termite 
(Odontotermes sp.) comb chamber of 20cm in 
diameter at 40 cm depth. 

 

RAV5 - Complete soil profile. 
 

 
Denomination RAV5.1 RAV5.2 RAV5.3 RAV5.3B RAV5.4 RAV5.5 
Horizon A1 A2 A3 A3B Bw Bt1 
Depth (cm) 0-7 7-30 30-50 30-50 50-70 70-100 
pH (Water) 5.9 5.8 6.1 5.5 6.2 6.4 
pH (KCl) 4.7 4.7 4.7 4.4 4.8 4.8 
C (g kg-1) 25.1 14.8 11.4 13 8.9  
N (g kg-1) 1.8 1.1 0.9 1 0.6  
C/N 13.9 13.5 12.7 13.0 14.8  
MWD (mm) 3.10 2.35 1.37 2.10 1.13 1.04 

SD 0.09 0.11 0.20 0.09 0.26 0.06 
Bulk density (g cm-3) 1.19 1.37 1.38 1.63 1.15 1.41 

SD 0.08 0.05 0.04 0.03 0.07 0.02 
Exchangeable cations (cmol(+)kg-1)     
Ca++  3.52 3.16 3.70 4.34 2.92 2.48 
Mg++ 1.28 1.22 1.50 2.32 1.30 1.23 
K+ 0.56 0.53 0.51 0.49 0.41 0.44 
Na+ 0.26 0.52 0.71 0.99 0.37 0.64 
S (Sum of cations) 5.62 5.43 6.42 8.14 4.99 4.80 
T (CEC ) 10.43 9.36 9.68 12.65 10.81 11.53 
V (S/T) (%) 53.9 58.0 66.3 64.4 46.2 41.6 
Na/T (%) 2.5 5.6 7.4 7.8 3.4 5.6 
CEC kg-1 of clay 38.9 37.0 33.7 43.1 36.4 29.3 
Grain size content (%)     
Clay  26.80 25.31 28.73 29.36 29.73 39.29 
Total silt   28.50 25.19 30.27 29.19 31.07 26.31 
Total sand  44.75 49.50 41.00 41.50 39.25 34.45 
Fine silt  19.29 16.67 19.18 19.33 20.16 17.38 
Coarse silt  9.21 8.52 11.09 9.86 10.91 8.93 
Fine sand  39.1 43.5 35.1 35.9 32.2 29.1 
Coarse sand  5.65 6.00 5.90 5.60 7.05 5.35 
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RAV 6 – Haplic LUVISOL 
Observation the 02/10/2008, dry season 
Potshini catchment, Bergville, KZN, South Africa 
Altitude: 1305 m 
28°48’3279’’ S and 29°21’2053’’ E 
Vegetation: grazed pasture, grass not more 5cm 
high 
Geomorphological location: at Mid part of the 
Acacia sequence downslope of RAV 5; 
Soil surface: 80% grass cover. 
parent-rock: colluvium 

Horizon 1: 0 - 20 cm 
Humiferous horizon: A1 
Colour 10YR 4/1 dark gray; 
Biological activity in tubules 10 YR 4/1 
Dry; 
Cohesion: slightly coherent;  
Structure: clear subangular blocky fine to medium; 
Texture Si-s-c; 
Porosity interaggregate important; 
Many roots; 
Boundary sharp. 

Horizon 2: 20-35 cm 
Humiferous horizon: E 
Colour 10YR 4/2, dark grayish brown; 
Biological activity in tubules; 
Dry; 
Cohesion: coherent;  
Structure: clear subangular blocky medium; 
Texture Si-s-c; 
Porosity medium with fine, medium and coarse pores, 
many very coarse pores;  
Many fine and medium roots; 
Boundary gradual and regular. 

Horizon 3: 35-50cm 
Transition horizon: AB 
Colour 10YR 4/3 brown, to 10YR3/3 dark brown 
when its dry  
Biological activity with few tubules;  
Dry; 
Cohesion: coherent; 
Structure: unclear subangular blocky very coarse; 
Texture: Si-S-c; 
Many fine roots ; 
Porosity: few pores, some vertical cracks;  
Boundary gradual and regular 

Horizon 4: 50-70cm 
Structural horizon: Bt1 
Colour 5YR2,5/2, dark reddish brown 
Mottles millimetric, with clear sharp limits 2,5YR3/6 
red. 
Dry; 
Cohesion: coherent, hard; 
Structure: very clear coarse angular blocky to 
prismatic with pressure face and clay coatings 
Texture  
Porosity: some vertical cracks, rare fine medium and 
coarse tubular pores;  
Boundary sharp and regular.: C-Si-c 

Horizon 5: 70-100 cm 
Structural horizon: Bt2 
Colour 7.5YR 3/4 dark brown,  
Coatings 7.5YR2.5/2 very dark brown centimetric 
with diffuse limits at the surface of the vertical 
cracks,  

Mottles 10YR4/2 dark greyish brown around the 
roots and at the surface of vertical cracks; 
Dry; 
Cohesion: very coherent, hard; 
Structure: unclear very coarse angular blocky to 
prismatic with pressure face and clay coatings; 
Texture: C-Si-s 
Porosity: vertical cracks, rare fine medium and 
coarse tubular pores;  
Some gravel and rounded stones of 0.5 to 0.8 cm in 
diameter some siliceous, some weathered dolerite ? 
Boundary sharp and regular. 

Horizon 6: 100-110+ cm 
Alluvial deposit: C 
Colour 7.5YR 4/6 strong brown,  
Weathered stones 7.5 YR5/6 
Dry; 
Cohesion: coherent, hard; 
Structure: massive; 
Texture: S, Si, c 
Stones: 10% of weathering stones. 

Samples for soil analysis and structure stability 
RAV 6.1 
RAV 6.2 
RAV 6.3 
RAV 6.4 
RAV 6.5 
RAV 6.6 

 
RAV6 - Profile with clear bleached E horizon and 
prismatic Bt horizon. 
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Denomination RAV  6.1 RAV  6.2 RAV  6.3 RAV  6.4 RAV  6.5 RAV  6.6 
Horizon A1 E AB Bt1 Bt2 C 
Depth (cm) 0-20 20-35 35-50 50-70 70-100 100-110+ 
pH (Water) 5.5 5.7 5.8 6.1 6.5 6.7 
pH (KCl) 4.5 4.5 4.5 4.9 6.0 6.0 
C (g kg-1) 20.6 11.1 8.6 6.4    
N (g kg-1) 1.4 0.8 0.6 0.5    
C/N 14.7 13.9 14.3 12.8    
MWD (mm) 2.74 1.92 1.41 2.75 1.48 0.43 

SD 0.12 0.14 0.14 0.03 0.16 0.02 
Bulk density (g cm-3) 1.31 1.39 1.39 1.31 1.56   

SD 0.02 0.04 0.08 0.08 0.03   
Exchangeable cations (cmol(+)kg-1)     
Ca++  2.44 1.70 1.95 2.66 2.92 2.69 
Mg++ 1.33 1.15 1.53 2.19 2.35 2.25 
K+ 0.56 0.48 0.44 0.61 0.71 0.68 
Na+ 0.68 0.70 0.96 0.64 0.92 1.48 
S (Sum of cations) 5.01 4.03 4.88 6.10 6.90 7.10 
T (CEC ) 8.36 7.18 16.99 15.36 13.99 15.73 
V (S/T) (%) 59.9 56.1 28.7 39.7 49.3 45.1 
Na/T (%) 8.1 9.7 5.6 4.2 6.6 9.4 
CEC kg-1 of clay 41.8 28.5 44.5 34.1 48.1 49.8 
Grain size content (%)     
Clay  20.01 25.15 38.19 45.04 29.10 31.58 
Total silt   32.78 29.92 24.54 16.02 23.99 28.59 
Total sand  47.24 44.94 37.32 38.93 46.86 39.80 
Fine silt  20.81 17.39 15.17 7.14 13.74 19.49 
Coarse silt  11.97 12.53 9.37 8.88 10.25 9.10 
Fine sand  41.4 39.7 31.7 32.4 40.5 34.6 
Coarse sand  5.84 5.24 5.62 6.53 6.36 5.20 
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RAV 7 – Haplic LUVISOL 
Potshini catchment, Bergville, KZN, South Africa 
Altitude: 1295 m 
28°48’2806’’ S and 29°21’1859’’ E 
Vegetation: grazed pasture, grass not more 5cm high 
Geomorphological location: side of a donga close of a 
fenced tree; 
Soil surface: 80% grass cover. 
Parent-rock: colluvium 

Horizon 1: 0 - 10 cm 
Humiferous horizon: A1 
Colour 10YR 4/3; 
Biological activity in tubules 10 YR 4/3 
Dry; 
Cohesion: slightly coherent;  
Structure: clear subangular blocky fine to medium; 
Texture Si-s-c; 
Porosity interaggregate important; 
Many roots; 
Boundary sharp. 

Horizon 2: 10-25 cm 
Humiferous horizon: A2 
Colour 10YR 5/3, dark grayish brown; 
Biological activity in tubules  
Dry;  
Cohesion: coherent;  
Structure: unclear subangular blocky coarse; 
Texture Si-s-c; 
Porosity medium with fine, medium and coarse pores, 
many very coarse pores;  
Many fine and medium roots; 
Boundary gradual and regular. 

Horizon 3: 25-45cm 
Transition horizon: E 
Colour 10YR 5/2, dry; 
Cohesion: coherent; 
Structure: unclear subangular blocky very coarse; 
Texture: S-Si-c; 
Many vertical fine roots; 
Porosity: few pores;  
Boundary sharp and regular. 

Horizon 4: 45-70cm 
Structural horizon: Bt1 
Colour 10YR4/3,  
Mottles 3-5mm, rounded, with clear sharp limits 
5YR4/6. 
Coatings of aggregates 10YR3/2 
Dry; 
Cohesion: coherent, hard; 
Structure: very clear coarse angular blocky to 
prismatic with pressure face and clay coatings 
Texture: C-Si-c 
Rounded small gravels 3-5mm in diameter 
Porosity: vertical cracks, rare fine medium and coarse 
tubular pores;  
Boundary progressive and regular. 

Horizon 5: 70-120 cm 
Structural horizon: Bt2 
Colour reticular 7.5YR 5/3 and 10YR6/4  
Coatings 7.5YR 4/1 with diffuse limits at the surface 
of the vertical cracks,  
Dry; 
Cohesion: very coherent, hard; 
Structure: unclear very coarse angular blocky to 
prismatic columnar with pressure face and clay 
coatings; 

Texture: C-Si-s 
Porosity: some rare vertical cracks, rare fine medium 
and coarse tubular pores;  
Some gravel and rounded stones of 0.5 to 0.8 cm in 
diameter some siliceous, some weathered dolerite ? 
Boundary sharp and regular. 

Horizon 6: 120-180+ cm 
Alluvial deposit: C 
Colour 7.5YR 4/6 to 5/6 strong brown,  
Weathered stones 7.5 YR5/6; 
Mottles 2,5 Y 6/1 around the roots with traces 10YR 
6/1; 
Dry; 
Cohesion: very coherent, hard; 
Structure: massive; dispersive horizon; 
Texture: S, Si, c 

Samples for soil analysis and structure stability  
RAV 7.1 
RAV 7.2 
RAV 7.3 
RAV 7.4 
RAV 7.5 
RAV 7.6 

 

RAV7 - Profile with clear bleached E, prismatic Bt 
and dispersive BC horizon. 
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Denomination RAV  7.1 RAV  7.2 RAV 7.3 RAV  7.4 RAV  7.5 RAV  7.6 
Horizon A1 A2 E Bt1 Bt2 C 
Depth (cm) 0-10 10-25 25-45 45-70 70-120 120-180+ 
pH (Water) 5.6 5.5 5.6 6.1 6.8 6.6 
pH (KCl) 4.4 4.2 4.5 4.9 6.0 5.9 
C (g kg-1) 15.5 8.6 5.5 6.9   
N (g kg-1) 1.0 0.6 0.3 0.6   
C/N 15.5 14.3 18.3 11.5   
MWD (mm) 3.29 1.77 0.61 2.71 1.21 0.74 

SD 0.03 0.14 0.02 0.02 0.12 0.12 
Bulk density (g cm-3) 1.39 1.39 1.41 1.41 1.41 1.37 

SD 0.08 0.20 0.05 0.03 0.01 0.18 
Real density (g cm-3) 2.638 2.651 2.653 2.706 2.714 2.735 
Exchangeable cations (cmol(+)kg-1)     
Ca++  1.69 1.27 1.28 3.51 3.90 4.94 
Mg++ 0.69 0.61 0.63 1.88 1.83 2.11 
K+ 0.19 0.19 0.16 0.82 0.72 0.58 
Na+ 0.43 0.73 0.68 1.17 1.08 0.87 
S (Sum of cations) 3.01 2.80 2.74 7.37 7.52 8.50 
T (CEC ) 7.59 5.78 5.31 15.25 11.55 12.55 
V (S/T) (%) 40 48 52 48 65 68 
Na/T (%) 5.7 12.6 12.8 7.6 9.3 6.9 
CEC kg-1 of clay 34.6 32.4 26.1 38.6 41.0 49.4 
Grain size content (%)     
Clay  21.94 17.83 20.33 39.56 28.18 25.39 
Total silt   36.76 39.95 36.13 22.35 24.43 24.16 
Total sand  41.30 42.22 43.54 38.10 47.39 50.46 
Fine silt  22.00 24.75 23.50 13.55 13.69 12.83 
Coarse silt  14.76 15.20 12.63 8.80 10.74 11.33 
Fine sand  40.5 38.0 39.6 30.7 41.5 42.3 
Coarse sand  0.82 4.20 3.92 7.37 5.93 8.14 
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L – Leptic ACRISOLS - LEPTOSOLS 
 

 

L2, L4 and L6 are located at the base of gully head. 

Study of the surface horizon at the level of the gully head. 
The mean weight diameter of aggregates is lower for all samples of the bottom of the gully. 

 
Leptosol-Acrisol on sandstone and siltstone in 
D1 gully head (between L2 – L4 on the bottom 
and L3 on the top), sharp contact between B 
and light grey C horizon; collapse of the 
topsoil. 

 

 
Base of Leptosol-Acrisol, C weathered horizon 
of sandstone and siltstone. 
 
 
 
 
 

 

RAV 1 

RAV 2 

L3 

L2 
L1 

L4 

Acrisols 

Luvisols 

L3L
L6 

L5 

Leptosols 
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Denomination L.1 L.2 L.3 L.4 L.5 L.6 
Horizon A1 A1 A1 A1 A1 A1 
Depth (cm) 0-10 0-10 0-10 0-10 0-10 0-10 
pH (Water) 5.6 5.8 5.3 5.5 5.6 5.2 
pH (KCl) 4.5 4.7 4.2 4.5 4.4 4.1 
C (g kg-1) 7.5 5.8 18.1 8.7 10.0 11.0 
N (g kg-1) 0.2 0.2 1.0 0.5 0.2 0.3 
C/N 37.5 29.0 18.1 17.4 50.0 36.7 
MWD (mm) 3.12 1.50 3.04 2.68 3.27 2.05 

SD 0.03 0.11 0.14 0.08 0.01 0.09 
Bulk density (g cm-3) 1.32 1.47 1.42 1.37 1.33 1.27 

SD 0.09 0.03 0.06 0.01 0.03 0.03 
Real density (g cm-3) 2.558 2.634 2.606 2.523 2.413 2.644 
Exchangeable cations (cmol(+)kg-1)     
Ca++  0.85 4.15 1.58 3.12 0.99 0.87 
Mg++ 0.38 2.04 0.76 1.46 0.41 0.48 
K+ 0.23 0.25 0.29 0.23 0.27 0.28 
Na+ 0.68 0.83 0.87 0.64 0.42 0.37 
S (Sum of cations) 2.14 7.27 3.50 5.46 2.09 1.99 
T (CEC ) 4.38 12.19 5.64 11.91 4.15 6.09 
V (S/T) (%) 49 60 62 46 50 33 
Na/T (%) 15.5 6.8 15.4 5.4 10.1 6.0 
CEC kg-1 of clay 36.0 63.5 31.2 73.4 32.7 49.0 
Grain size content (%)     
Clay  12.18 19.21 18.06 16.22 12.70 12.42 
Total silt   11.50 13.67 17.08 14.22 13.44 14.34 
Total sand  76.32 67.11 64.86 69.57 73.86 73.24 
Fine silt  6.47 8.00 10.89 7.71 7.67 8.53 
Coarse silt  5.03 5.67 6.19 6.51 5.77 5.81 
Fine sand  68.7 61.5 55.6 65.8 65.7 65.8 
Coarse sand  7.61 5.59 9.30 3.79 8.21 7.44 

 
L2, L4 and L6 are located at the base of the new gully-head initiation. 



PART 2 

Different erosion-degradation features in the Potshini watershed 
(KwaZulu-Natal, South Africa). 
 

 
 
Potshini watersheds. North and West of A1 gully head: grazed range land; West of A1: 
cultivated land.  
 
A: gully erosion – gully head – A1 (Figure 13 to 16) and A2 (Figures 17 to 34) Regressive 
erosion linear and lateral expansion of the gullies (donga). 
B: Linear erosion, B1preferential pathway for cattle grazing; B2 pathways and generation of 
interrill (sheet) erosion.  
C: Interrill erosion with land abandonment and geological contact   
 
 
In the following Figures, many aerial views were taken by the Pixie™ drone, which is a 
Remote-controlled power wing. 
  

C 

A1 
B1 

B2 

A2 2



A. Gully erosion 
 

1. Termite comb chamber collapse 

 
The development of the big gullies or dongas is linked with sub-surface flow. The collapse of 
old comb-chambers (Figure 1 to 4) of former termite activity from Odontotermes sp. specie 
(clearly identified in the watershed) is responsible of soil surface irregularities and favours the 
development of preferential flows in very large galleries (Figure 5). In Figure 6 located just 
beside the profile RAV2 in the gully head, the relation appears between a termite nest at 60 
cm below the surface and a large pipe at 2 m depth. Other empty comb-chamber was visible 
in the profile RAV 5 described in this document. 
 
2.  Pipe initiation 
The pipes (Figures 6, 7, 8, 9) are formed from subsurface flows probably through major 
termite channels shown in Figure 5 and Figure 6, and are initiated in the BC level, at the base 
of the profiles, having the weakest structure stability (smaller Mean Weight Diameter of 
aggregates in the soil analysis tables).  
 
  

Figure 1 Figure 2 Figure 3 

Figure 4 Figure 5 Figure 6 



 

 
Figure 7 Figure 8 Figure 9 
 
Figure 7: Hole with subsurface erosion, Ø 1.20 m, collapse of the A horizon. Figure 8: Aerial 
Figure with the Pixie™ drone of 2 holes shown in Figure 17; F.7: Location of the hole of the 
Figure 7. Figure 9: Same place 7 years later with a threefold widening of the first pipe and a 
horizontal channel joining the two holes. The Figure 9 is taken in the direction shown in 
Figure 8.  
 
The Topsoil has a high structure stability (Mean Weight Diameter MWD of aggregates > 
3mm) due to the high fine grass roots content from (poaceas) binding the aggregates and is 
protecting the lower horizons from erosion.  

3. Disconnected gully initiation 
The major gully system is progressing from downstream to upstream with regressive erosion. 
However the gullies can be disconnected and formed upstream the major gullies. The 
initiation of gullies derived from continuous surface flow (Figure 10) with wide lateral 
distribution after strong rainfall storms occurring in summer with high grass cover. The 
collapse of termite chambers can widen and generate “steps” 50 cm high (Figure 11), that can 
also expand laterally and deeply in proper gullies (upstream of Figure12).  
 

Figure 10 Figure 11 Figure 12 
 
 
  

F. 7 



4. Gully head initiation 
 

 
Figure 13 Figure 14 

Figure 15 Figure 16 
 
Figures 13 and 15 were taken by Pixie™ drone. Figure 13 is showing the features of the gully 
head. The gully is not forming in the major drainage axis (double blue arrow). This shape is 
probably due to the presence of an old pipe (RAV2) and to the difference of soil type between 
the two sides of the gully (Leptosol-Luvisol on the RAV1 side, Lixisol-Acrisol on the RAV2 
side).  
The Figure 14 is just located upstream L2 and L4 and below L3. It shows the collapse of the 
gully bank one month after a strong rain. The lower part of the profile contains small amounts 
of swelling clay and a strong discontinuity with the sub-horizontal sandstone/siltstone parent 
rock. 
The Figure 15 shows an asymmetrical shape of the gully with smoother slope on the side of 
the slope with multiple drainage axis (small blue arrows). Notice that the gully does not 
extend towards the major drainage axis. Notice also the multiple cattle pathways, which are 
creating new preferential drainage channels.  
The Figure 16 shows the collapse of the gully bank near RAV2, three months after the rainfall 
simulation on the exact place of the simulation (Chaplot et al., 2011). Same as for Figure 14, 
the differential shrinkage parameters of the horizons, which expanded after a local 
moistening, weakens the bank, which is collapsing; same process as in Figure 14.  
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Figure 17 Figure 18 

 
Figure 19 Figure 20 
 
Figures 17 to 19, aerial pictures from Pixie™drone. Figure 17 is showing the progression of 
the large gully with regressive erosion to the south (the double blue arrow shows the main 
drainage axis) with lateral drainage (fine blue arrow) generating an asymmetric shape of the 
gully with smoother slopes to the West on the lateral drainage side. The gully is following the 
pipe alignments (Figures 7, 8 and 9 - yellow circles) and is progressing with a step (yellow 
arrows of Figure 18 and 19) same case described Figure 11, and a pipe (red square of Figure 
17 to 20) below the Bt horizon. The gully head is progressing by multiple water runoff 
pathways. 
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Figure 21 Figure 22 

Notice the asymmetrical shape of the dongas (Figure 21 and Figure 22) with lateral drainage 
axis (double blue arrows) and a lower slope bank in relation with lateral drainage. 

Figure 23 Figure 24 

Figures 21 to 24 taken by Pixie™ drone. Figures 23 and 24 (Figure 23 enlarged) show the 
linear progression of a gully. The major drainage axis is given by the double blue arrow. The 
tangential mountainside cattle route contributes to the water supply of the gullies. 
The gully expansion can be resumed in 5 steps 
1 - Formation of pipes;  
2 - Extension of pipes; 
3 - Formation of steps and linear gullies in drainage axis; 
4 - Regressive progression of a gully and lateral extension; 
5 – Gully widening by gully bank collapse. 
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5. Gully widening 

Figure 25 Figure 26 Figure 27 

The banks are collapsing in big blocks long time after rainfall (Figures 14, 16, 25 to 27) due 
to differential shrinkage between the different horizons. Collapsed blocks are no more 
protected by grass-cover and are prone to be dispersed by the kinetic energy of raindrops. 
Note the 2 termite mounds of Trinervitermes sp (grass eating termite) in Figure 26 at the top 
of the gully bank above the hat, and at the bottom of the gully.  

 
Figure 28 Figure 29 

In the Figure 28, the gully bank present clear parallel micro-stripes in the bank showing the 
consequence of dispersed lateral flows in the gully. Notice that the topsoil is protecting the 
gully from erosion. The parallel stripes are very clear in the Figure 29 (aerial Figure from 
Pixie™).  



Figure 30 Figure 31 

The widening of the gully is evidenced by the collapse of the acacia tree, Figure 30 was taken 
in 2006 and Figure 31 was taken two years later. Notice the collapse of the topsoil right of the 
tree in Figure 30 that has completely disappear in Figure 31. 

In resume  

 

Figure 32 

Figure 32 is showing the gully head of Figures 17 to 19 ; the pipe figure 20 is just at the right 
of the figure. The yellow arrows show the multiple water pathways from surface and 
subsurface drainage. The horizon BC just above the arrows clearly shows evidences of soil 
dispersion and erosion of unconsolidated soil blocks towards the bottom of the gully.  

The gully will get deeper until a sub-horizontal layer of hard sandstone base. 
  



6. The gully closure 

  
Figure 33 Figure 34 

The bottom of the gully is wide and flat because the base is formed by non-erodible 
horizontal hard layers of sandstone (Figure 33). The sediments at the bottom are forming a 
new Leptosol which can evolve in Fluvisol. Acacias are invading the landscape (Figure 34). 
This vegetation is growing better if protected against cattle grazing. Figure 35 shows an 
exclosure with grass growing thicker and higher when protected. The vegetation can grow and 
stabilize old gully banks; erosion is stopped (Figure 36) unless a new type of linear erosion by 
cattle pathways can induce new preferential water pathways and channels. 

  

Figure 35 Figure 36 

 
  



B. Linear erosion and preferential pathways 

  
Figure 37 Figure 38 
 

 
Figure 39 Figure 40
 
Figure 37 is the aerial view of the Figure showing the profiles RAV L and RAV 1 and 2 in the 
yellow circle. The linear pathway gullies are less than 10 years old, they develop laterally in 
relation with the major drainage axis (blue double arrow). A weak point (probably collapse of 
a termite chamber and pipe) develop suddenly a deep gully (yellow arrow). The polygon 
shows where the Figure 39 has been taken. 
Figure 38 is taken upstream RAVL and RAV 1 and 2 profiles; same lateral pathways. 
Figure 39 is the enlarged pathway with the initiation of a deep gully (yellow arrow). 
Figure 40 is the same pathway but upstream on the top of the hill. Notice that a new gully is 
formed divergent to the orientation of the pathways.  

Cattle is using preferential pathway to reach areas of pasture. The pathways are often creating 
new water-streams that are not oriented with major drainage axis. If there is a “weak point in 
the pathway, a new large gully can be formed with no connection with the major gully 
(donga) regression system. If there is no specific weak points, the area will be prone to an 
inter-rill (sheet erosion) as shown in Figures 43 and 44. 
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Figure 41 Figure 42

After a storm, contrarywise to major gullies where surface water is dispersed in multiple 
pathways to enlarge the gully banks (Figure 10), the stream is concentrated in pathways and 
linear erosion can be effective (Figure 41). More the 20 cm of compacted soil were dug in 10 
years in this pathway (Figure 42).   

From linear erosion and preferential pathways to inter-rill (sheet) erosion  

  
Figure 43 Figure 44 

The compacted parallel pathways are creating preferential runoff and formed steps (white 
arrows) in Figure 43, beside the major drainage channel. Yellow arrow shows linear erosion 
described in Figures 35 to 38. With erosion of fine particles, stones from dolerite rock 
weathering (on the plateau) are remaining at soil surface (Figure 42) and evidence inter-rill 
erosion features. 



C. Sheet erosion, land abandonment, geological discontinuity 

  
Figure 43 Figure 44 
 
Other erosion features are presented in Figures 43 and 44. Old cultivated terraces (white 
arrows) are prone to be eroded and inter-rill erosion was very effective. The sheet erosion 
developed from a lithological discontinuity with a differential weathering process occurring 
on siltstone and sandstone horizontal parent rock and an intrusion of dolerite 2 to 3 meters 
wide (dotted line). The dolerite is probe to chemical weathering and formed a reddish Acrisol 
with a clear microstructure prone to erosion. A rainfall simulation was performed in the area 
shown with the white rectangle to study the effect of land grass cover and soil detachment 
(Podwojewski et al., 2011, cf. page 3). 
In the Figure 43, the pathway for cattle described in Figures 37 to 40 is clearly visible. 
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