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1
introduction
1.1
Project Description:

Strategic Environmental Focus (Pty) Ltd (SEF) has been appointed by Eskom Holdings SOC Limited to undertake an environmental application process in the form of a Scoping and Environmental Impact Reporting (S & EIR) process for the proposed Blanco 400/132kv Main Transmission Substation (MTS) and the associated Droërivier Proteus Loop-in Loop-out power lines located within the Blanco area, George, Western Cape. This project will provide additional support to the existing substation and power lines within the project area with the objective of alleviating capacity constraints due to the ever increasing demand for electricity. Eskom proposes the establishment of a new 400/132kV MTS with an expected development footprint of approximately 350 X 245m at six (6) site alternative locations (please refer to Figure 1). The associated Droërivier Proteus power line (with a length ranging between 1.8 km to 4 km) will loop in and out of the proposed MTS.

1.2
Agricultural potential assessment required (in support of the Environmental Impact Assessment Phase of the proposed Blanco substation and power line project):

An Agricultural Potential Assessment (APA) is required as a specialist study to inform the EIA Phase of the proposed Blanco substation and power line project. This study must include soil observations and classifications of dominant soil types (in accordance to the South African Soil Classification System) within the study areas (namely the locations of the proposed site alternatives for the new substation  as specified in Figure 1 which was supplied by SEF). In addition to this, the following physical soil properties must be determined within the study areas:

· Soil form (Soil type);

· Texture (as %clay);

· Effective depth;

· Soil colour; and

· Erosion sensitivity.

The expected end deliverable of the assessment would be a detailed report, to include a Soil Map, indicating different soil types as map units within the study areas. The Soil Map should be accompanied by an Agricultural Potential Map illustrating the suitability of the identified soil map units against the proposed land use (namely the construction of a substation and associated power lines). In addition to the above mentioned requirement, the following criteria should also be fulfilled as components of the APA:

· In situ soil observations and classification of the investigated study areas;

· Sampling for determination of soil nutrients availability;

· Submission of representative soil samples to an accredited laboratory for analytical assessment;

· Data analysis and interpretation of analytical results in terms of soil quality and fertility status;

· The grouping of uniform soil patterns within uniform terrain into map units, with respect to observed limitations to the proposed land use;

· Evaluation of the agricultural potential of the demarcated soil map units;

· Assessment of the erosion sensitivity of the study areas based on the nature of the soils and topography;

· An impact assessment of soil erosion and further potential impacts of the proposed land use activity on the agricultural potential and land capability of the study areas; and

· Report compilation in terms of requirements of the Conservation of Agricultural Resources Act (CARA), 1983 (Act No. 43 of 1983).

2
GENERAL DECRIPTION AND LAND USE OF THE ALTERNATIVE SITES
Based on the locality map received from S.E.F. (Figure 1) on which the six alternative sites for the substation are identified and observations during the field soil survey, the following comments in terms of the general nature and land-use of the individual alternative sites can be made.
2.1
Current activities, developments and buildings on sites and surrounding developments

Site 1

Presently this site has a cereal crop under irrigation (centre pivot) and this will be rotated with vegetables. Production of fodder crops such as corn and cereal is commonly found in this area. The surrounding area is presently mainly used for irrigated pastures. North of site 1 is partially cleared land with strips of dense wattle trees. In the cleared areas a dense stand of young wattle trees are found.

There are no buildings on this site and the only infrastructure is one centre pivot irrigation system. 

Site 2

Site 2 is situated on the western side of the existing substation and is presently covered with a pasture crop and irrigated with a centre pivot system. Other crops that can be used in rotation will be vegetables and fodder crops. The surrounding area is presently mainly used for irrigated pastures. On the eastern side of the site across the road the existing substation is situated.
Infrastructure on this site comprises of three labour cottages and centre pivot irrigation system.

Site 3

During the soil investigation site 3 was ploughed and prepared for a vegetable crop. Irrigation is applied by using a movable sprinkler system. Other crops that can be used in rotation will be vegetables and fodder crops. The surrounding area is presently mainly cleared wattle with a dense stand of young trees on the cleared areas and newly established blue berries on the northern side. 

Site 4

On site 4, four camps with permanent pastures under irrigation are found. Production of fodder crops such as corn and cereal is commonly found in the surrounding area. The only infrastructure on site 4 is the four fenced camps with access road in the middle with feeding and watering facilities.

Site 5

This site is situated on the north eastern corner of the farm Geelhoutboom on the lower slopes of the Outeniqua Mountains. This area was cleared of alien vegetation (mainly wattle) and the natural vegetation (fynbos) has returned. No agriculture is practised on this site although the highest potential soils of all sites were found here. No agricultural activities were found in the near surroundings and no infrastructure exist on site. Forestry occurs on the northern border of site 5.

Site 6
Site six is situated on the southern side of the farm Geelhoutboom which was cleared of alien vegetation (wattle). Presently no agriculture is currently undertaken  here and strips of dense wattle and cleared areas with young wattle trees occur. To the eastern and western side of this site the same land use (partially cleared land) occur with vegetable farming and irrigated pastures towards the north and south.

No infrastructure exists on this site.
2.2
Erosion and degradation of sites
No visible erosion or land degradation was detected on any of the six sites. The near level terrain and land cover (pastures, vegetables and fodder) are the main reasons for no detectable soil erosion or land degradation encountered. Land is never left bare for long periods as the rotation of crops follow each other in quick succession. Even sites 4 and 5 with the steepest slopes showed any signs of erosion or degradation.

2.3
Access routes and condition

Site 1

This site is situated next to a newly upgraded road with easy access.

Site 2

This site is situated across the gravel road next to the existing power substation.

Site 3

No proper road services site 3 and a temporary two-spoor farm road which turns off from the road to Geelhoutboom, is the only access. This track is in a very poor condition and a proper road will have to be constructed before a substation can be erected here.

Site 4

Site four is situated relatively far from a gravel road, and the only access is a farm road (about 2 kilometres) to the site. 

Site 5

This site is situated relatively far away from the other six sites and serviced by a smaller road which becomes steeper as you approach this area. During the rainy season this gravel road will become slippery due to the steeper slope.

Site 6
This site lies south of site 3 and no proper road exist. The two-spoor farm track is in a very poor condition and a proper road will have to be constructed before a substation can be erected here.

2.4
Water availability, source and quality
No water reservoirs (dams) or streams were found on any of the sites and the source of irrigation water is all off-site. Only sites 5 and 6 had no irrigation infrastructure and therefore no agricultural activities were present.
No data in terms of water quality were obtained.

2.5
Possible land use on the sites

Presently the main land uses are pastures, vegetables, cereals and fodder production. On a smaller scale berries, hops and fruit are increasingly produced. No major change in land use is foreseen for the immediate future

3
FIELD SOIL SURVEY
Based on the locality map it was decided to do a free reconnaissance soil survey of the individual proposed alternative sites. The soil survey was done on 10 to 12 February 2014 by Dr. Ellis and Mr. Schloms. During the survey the sites for soil pitting was selected in the field in such a way that most of the terrain types and terrain morphological units across the alternative sites were covered.

During the field soil survey the coordinates of soil pits were determined by handheld GPS (see Annexure 1: Table 1). A total number of 26 pits were made on the six alternative sites. The number of pits per alternative site ranged from two (2) to five (5). 

The soil profile pits were investigated and described in the field and the important soil properties (e.g. texture, colour, mottling, structure, coarse fragments, horizon depths, etc.) were described following standard procedures prescribed by the ARC – Institute for Soil, Climate and Water, Pretoria. Based on recognizable, as well as inferred properties, the soils were classified according to the South African soil classification system (Soil Classification Working Group, 1991) into soil forms and soil families.

This system is based on the recognition of diagnostic soil horizons and materials. Soil forms are defined in terms of the type and vertical sequence of diagnostic horizons or materials. For communication, soil forms are given locality names, e.g. Estcourt, and abbreviated to a two-letter symbol, e.g. Es. Soil forms are subdivided into soil families using properties that are not used in the definition of diagnostic horizons or materials. Reference to a soil family is by combining the soil form abbreviation and a four-digit symbol, e.g. Es 1200 is family number 1200 of the Estcourt form. All soil forms and families described during the field soil survey are listed alphabetically according the soil form name in Table 1.

Table 1:
Soil forms and families described during the field soil survey listed alphabetically according the soil form name

Abbre-
Soil form and vertical sequence of 
viation
diagnostic horizons and/or materials
Cc
CONCORDIA FORM

Orthic A

E horizon

Podzol B horizon

Unconsolidated material without signs of wetness

SOIL FAMILIES

1000
Upper B horizon friable

Es
ESTCOURT FORM

Orthic A

E horizon

Prismacutanic B

SOIL FAMILIES

1000
Colour of E horizon “grey” when moist


1200
B horizon has continuous black cutans on vertical ped faces

2000
Colour of E horizon “yellow” when moist


2200
B horizon has continuous black cutans on vertical ped faces

Gk
GROENKOP FORM

Orthic A

Podzol B horizon

Saprolite

SOIL FAMILIES

2000
Upper saprolite non-hard


2200
With signs of wetness directly below podzol B

Kd
KROONSTAD FORM

Orthic A

E horizon

G horizon

SOIL FAMILIES

1000
Colour of E horizon “grey” when moist

2000
Colour of E horizon “yellow” when moist

Lo
LONGLANDS FORM

Orthic A

E horizon

Soft plinthic B

SOIL FAMILIES

1000
Colour of E horizon “grey” when moist

Pg
PINEGROVE FORM

Orthic A horizon

Podzol B horizon

Unconsolidated material without signs of wetness

SOIL FAMILIES

1000
Upper B horizon friable

Se
SEPANE FORM

Orthic A

Pedocutanic B

Unconsolidated material with signs of wetness

SOIL FAMILIES

1000
A horizon not bleached


1200
Medium/coarse angular B horizon



1210
Non-calcareous B and upper C horizon

Tu
TUKULU FORM

Orthic A

Neocutanic B

Unspecified material with signs or wetness

SOIL FAMILIES

2000
A horizon bleached


2100
Non-red B horizon



2110
Non-luvic B1 horizon

Vf
VILAFONTES FORM

Orthic A

E horizon

Neocutanic B

Transitional form: No soil families listed

Wa
WASBANK FORM

Orthic A

E horizon

Hard plinthic B

SOIL FAMILIES

2000
Colour of E horizon “yellow” when moist

In addition to the standard description the individual profiles were coded in detail according to a system used for detail soil surveys in the fruit and wine industry in the Western Cape (Lambrechts et al., 1978; Note: In Annexure 3 the symbols used during this survey are explained).

The coded soil information were used to subdivide the soil families on an ad hoc basis into soil types using mainly soil depth limiting properties such as dense subsoil clay layers, weathering rock and hard plinthic layers. Soil types are identified by means of a symbol that consists of the abbreviation for the soil form followed by an Arabic number (e.g. Es 1). The number suffix has no intrinsic meaning. It only serves as an identifier for different soil types that consist of soils belonging to the same soil form, but differ in one or more important soil properties.

In Table 2 the soil types that were defined are briefly described in terms of soil form, diagnostic horizons, family criteria, additional features, average soil suitability rating and effective depth before and after possible amelioration of physical limitations.
Annexure 2: Figures 1 to 5 are the soil type maps of the seven alternative substation sites based on the soil type symbols in Table 2. On each map the 26 soil profiles described are also plotted per site.

Table 2:
Brief description of soil types identified during the George survey and average suitability rating - February 2014

Explanation of superscripts

1)
Effective depth before amelioration of physical limitations.

2)
Effective depth after amelioration of physical limitations; i.e. drainage; deep soil tillage, ridging.

Concordia form soils: Soils with an orthic A horizon on an E horizon on a podzol B horizon on unconsolidated material without sigs of wetness

	Soil map symbol:
	Cc 1

	Soil families
	Cc 1000

	Family criteria:
	

	Friability of upper subsoil
	Friable

	Additional features:
	

	Clay content A horizon
	≈10 %

	Depth to podzol B horizon
	≈60 cm

	Coarse fragments in top- and upper subsoil
	Non-gravelly

	Depth and type of underlying material
	≈80; stratified sandy alluvium

	Average suitability rating:
	5.75


	Effective depth (cm):
	≈801); 75+2).


Estcourt form soils: Soils with an orthic A horizon on an E horizon on a prismacutanic B horizon

	Soil map symbol:
	Es 1
	Es 2
	Es 3

	Soil families
	Es 1200
	Es 2200
	Es 2200

	Family criteria:
	
	
	

	Moist colour of E horizon
	Grey
	Yellow
	Yellow

	Colour of cutans in prismacutanic horizon
	Dark
	Dark
	Dark

	Additional features:
	
	
	

	Clay content A horizon
	10 – 15 %
	10 – 15 %
	10 - 15 %

	Depth to prismacutanic horizon
	25 – 40 cm
	35 – 40 cm
	50 – 60 cm

	Coarse fragments in top- and upper subsoil
	Non-gravelly
	Non-gravelly
	Non-gravelly

	Depth and type of underlying material
	50 – 60 cm; dense wet clay
	≈60 cm; dense wet clay
	≈60 cm; dense wet clay

	Average suitability rating:
	3.59
	4.08
	4.17

	Effective depth (cm):
	20-301; 25 – 402)
	≈301; 35 – 402)
	≈301; 50 – 602)


Groenkop form soils: Soils with an orthic A horizon on podzol B horizon on saprolite

	Soil map symbol:
	Gk 1

	Soil families
	Gk 2200

	Family criteria:
	

	Hardness of upper saprolite
	Hard

	Signs of wetness beneath podzol B horizon
	Present

	Additional features:
	

	Clay content A horizon
	≤5 %

	Depth of podzol horizon
	≈10 cm

	Nature of podzol horizon
	Usually soft

	Depth and nature of saprolite
	≈30 cm; hard weathering rock with signs of wetness

	Coarse fragments in A and podzol B horizon
	Non-gravelly

	Average suitability rating:
	2.75

	Effective depth (cm):
	≈301); ≈302)


Kroonstad form soils: Soils with an orthic A horizon on an E horizon on a G horizon

	Soil map symbol:
	Kd 1

	Soil families:
	Kd 1000 & 2000

	Family criteria:
	

	Moist colour of E horizon
	Grey and locally yellow

	Additional features:
	

	Clay content A horizon
	10 – 15 %

	Depth to G horizon
	80+ cm

	Coarse fragments in A/E horizon
	Locally common gravel and stones

	Average suitability rating:
	4.17

	Effective depth (cm)
	≈301); 802) depending on effectiveness of drainage


Longlands form soils: Soils with an orthic A horizon on E horizon on a soft plinthic B horizon

	Soil map symbol:
	Lo 1

	Soil families:
	Lo 1000

	Family criteria:
	

	Moist colour of E horizon
	Grey

	Additional features:
	

	Clay content A horizon
	10 -15 %

	Depth of A horizon
	≈30 cm

	Coarse fragments in A horizon
	Non-gravelly

	Average suitability rating:
	4.5

	Effective depth (cm):
	≈301); 75+2) depending on effectiveness of drainage


Pinegrove form soils: Soils with an orthic A horizon on a podzol B horizon on unconsolidated material without signs of wetness

	Soil map symbol:
	Pg 1

	Soil families:
	Pg 1000

	Family criteria:
	

	Friability of upper C horizon
	Friable

	Additional features:
	

	Clay content of A horizon
	5 - 15 %

	Depth and nature of podzol B horizon
	≈20 cm

	Depth and nature of unconsolidated material
	≈60 cm; red and yellow loam

	Coarse fragments in A or upper B horizon
	Non-gravelly

	Average suitability rating:
	7.00

	Effective depth (cm):
	60+1); 75+2)


Sepane form soils: Soils with an orthic A horizon on a pedocutanic B horizon on unconsolidated material with signs of wetness

	Map unit symbol:
	Se 1

	Soil families:
	Se 1210

	Family criteria:
	

	Bleaching of A horizon
	Non-bleached

	Structure of B horizon
	Angular blocky

	Presence of free lime in B/C horizon
	Non-calcareous

	Additional features:
	

	Clay content A horizon
	20 – 30 %

	Depth to B horizon
	≈30 cm

	Depth and type of underlying material
	≈80 cm; dense wet clay

	Coarse fragments in topsoil
	Non-gravelly

	Average suitability rating:
	4.25

	Effective depth (cm):
	20 - 301); 20 - 302)


Tukulu form soils: Soils with an orthic A horizon on a neocutanic B horizon on unspecified material with signs of wetness

	Soil map symbol:
	Tu 1

	Soil families:
	Tu 2110

	Family criteria:
	

	Bleaching of A horizon
	Bleached

	Colour of B horizon
	Non-red (grey)

	Clay increase from A to B
	Non-luvic

	Additional features:
	

	Clay content of A horizon
	10 – 15 %

	Coarse fragments in topsoil, neocutanic B horizon or underlying material
	Common to abundant gravel and stones

	Depth and nature of unspecified material
	≈60 cm; wet clay or loam

	Average suitability rating:
	5.38

	Effective depth (cm):
	≈601); 75+2 depending on effectiveness of drainage)


Wasbank form soils: Soils with an orthic A horizon on an E horizon on a hard plinthic B horizon

	Soil map symbol:
	Wa 1

	Soil families:
	Wa 2000

	Family criteria:
	

	Moist colour of E horizon
	Yellow

	Additional features:
	

	Clay content A horizon
	10 – 15 %

	Depth and hardness of B horizon
	≈50 cm; soft to moderately hard

	Depth and nature of underlying material
	≈80 cm; dense wet clay

	Coarse fragments in E horizon
	Non-gravelly

	Average suitability rating:
	5.25

	Effective depth (cm):
	≈301); 75+2) depending on hardness of plinthic B


In Annexure 1: Table 2 the soil types are listed alphanumerical according to the soil type symbol together with the relevant associated profiles and codes.

Certain properties (e.g. diagnostic horizons or materials) of the soil types are specified in Table 2. Additional properties can be abstracted from:

· the properties of diagnostic horizons and materials (Soil Classification Working Group, 1991), 

· the differentiating family criteria (Soil Classification Working Group, 1991), and
· additional information specified in the soil code (Lambrechts et al. 1978; refer to Annexure 3).
A soil type map was compiled for each of the alternative sites. The soil type maps for the alternative sites are presented in Annexure 2: Figure 1 to Figure 5. The delineation of soil type boundaries in Annexure 2: Figure 1 to Figure 5 were guided by changes in general terrain form (slope gradient and shape) as well as natural changes in vegetative growth. Table 3 is a summary of the area occupied by each soil type per alternative site.

Table 3:
Summary of the area occupied by each soil type per alternative site
	Alternative site #
	Soil type symbol (ST)
	Area per ST (ha)
	Site area (ha)

	1
	Es 2
	12.74
	20.12

	
	Es 3
	3.79
	

	
	Lo 1
	3.59
	

	2
	Es 1
	8.04
	19.02

	
	Kd 1
	0.91
	

	
	Lo 1
	9.00
	

	
	Tu 1
	1.07
	

	3
	Cc 1
	7.34
	20.4

	
	Es 1
	8.33
	

	
	Kd 1
	4.39
	

	
	Se 1
	0.34
	

	4
	Es 1
	0.70
	19.21

	
	Es 3
	10.46
	

	
	Tu 1
	5.25
	

	
	Wa 1
	2.80
	

	5
	Gk 1
	3.84
	20.42

	
	Pg 1
	16.58
	

	6

	Es 1
	17.16
	20.00

	
	Es 2
	2.33
	

	
	Kd 1
	0.51
	


From Table 3 it is evident that the duplex (sand on clay) Es soil types are the dominant soils at alternative sites 1, 3, 4, 5 and 6. Es 1 is dominant at site 2 but a variety of other poorly drained soil types are also present. Podzolic Cc 1 soil type is subdominant at site 3 in association with Es 1. Site 5 has no duplex or poorly drained soils; podzolic Gk 1 and Pg 1 soil types are dominant.
4
SOIL LIMITATIONS
All the profiles investigated during the field survey have one or more soil physical, morphological and/or chemical properties that could negatively effect root development, plant growth and production potential. These properties include inter alia the following:

4.1
Low clay content in top- and upper subsoil

All the soil types, except Gk 1 and Pg 1 have a clay content in the topsoil of approximately 10 ‑ 15 %. Soil type Gk 1 has a clay content of <5 % while Pg 1 has a clay content of 5 ‑ 15 %.

In addition all the soil types generally have a very low to low organic matter content.
The ability of soils to retain water and plant nutrients for use by plants is determined mainly by the clay and organic matter content. With a clay content of less than 8 – 10 % the water storage capacity is already so low that it should be considered as a limitation for crop production. A low clay content is regarded as a limitation because such soils become very warm and dry out quickly. It is therefore difficult to maintain plant available water at an optimum level during warm summer months and when plants are young with a small leaf canopy.

Sandy soils are normally permeable with a very rapid hydraulic conductivity and are rapidly leached. It is therefore difficult to maintain the concentration of soluble plant nutrients at an acceptable level for optimal growth and development.

Another limitation of sandy topsoil with low organic matter content is their susceptibility to water and wind erosion; the latter especially when the surface is bare during warm, dry periods. Wind transported sand grains can also cause serious mechanical damage to young plants.

If water is available for irrigation, it is important that irrigation systems on these sandy soils are properly designed. The system should be capable to supplement water loss during periods with exceptionally high evapotranspiration. With regular soil water monitoring, above average irrigation management and other measures such as organic mulches, these limitations can largely be overcome.  The same comments are applicable to fertilization, provided that the fertilizer is judiciously and correctly applied to limit potential impacts on adjacent land.

Another problem of sandy topsoil is that surface structures, e.g. ridges, are extremely unstable and need regular maintenance. Sandy ridges dry out very quickly and become extremely warm.

4.2
Cemented subsoil hardpans

In the Wasbank soil form (soil type Wa 1) a hard plinthic B horizon is present as a diagnostic subsoil horizon below an E horizon.

Although the Longlands soil form (soil type Lo 1) is defined as soils with an orthic A horizon on a E horizon on a soft plinthic B horizon, the upper soft plintite horizon (B1) is a weakly cemented hp1 layer with increased cementation (hp2) in the B2 layer.
Iron oxides are the primary cementing agent in the hp layers.
These hp pans vary in hardness from slightly hard to moderately hard. These pans are mostly nodular tending to massive. These pans are a moderate limitation for root penetration and are relatively slowly permeable to water.
4.3
Dense, structured subsoil clay layer

The Estcourt and Kroonstad soil forms are characterised by a structured subsoil clay layer without (Estcourt; prismacutanic B) or with (Kroonstad; G horizon) signs of wetness. The prismacutanic B1 horizon in the Estcourt form is underlain by a horizon with properties similar to that of a G horizon.

These layers have a high clay content (>40 %), somewhat swelling clays and/or high percentages of exchangeable sodium and/or magnesium ions.

Structured, clayey subsoil layers are usually dense with a low macro-porosity. With an increase in the degree of structural development, size and angularity of the structural units (peds), the greater the negative effect is on root and water penetration.

This limitation cannot be improved through mechanical loosening of the subsoil clay layer and/or the application of gypsum because of the physically unstable (high exchangeable sodium and magnesium saturation) nature of the clays.
4.4
Weathered rock
In the Groenkop soil form (soil type Gk 1) hard, poorly weathered rock occurs directly below the podzol B horizon.
Weathering rock is always denser and more impervious to air, water and plant roots than the overlying horizons. The shallower the rock, the less weathered and the harder it is, the greater is the negative influence on root penetration and development. As a result of its dense, impermeable nature, weathering rock commonly shows signs of wetness.

Weathering rock could be loosened with a tine implement to a fairly constant depth to increase effective soil depth and to ensure an even surface for lateral drainage of excess soil water. Because loosened rock has a rapid hydraulic conductivity and free water flows freely through the profile, it is essential that cutoff drains should be installed.

4.5
Wetness

This refers to the presence of free water at varying depths in a soil profile.

In the survey area wetness occurs as a perched water table in the E horizon above a prismacutanic B horizon (Estcourt soil form), above a G horizon (Kroonstad soil form) or above soft or hard plinthic layers in the Longlands and Wasbank soils.

Wetness as a subsoil feature is also present in the unconsolidated material with signs of wetness below a pedocutanic B horizon (Sepane soil form) or a neocutanic B horizon (Tukulu soil form). In the profiles described these wet layers are usually clayey and have properties similar to that of a G horizon.

Soil families with a "yellow" E horizon are less hydromorphic and have a more friable consistence than families with a "grey" E.

During the field survey the soil water conditions in the soil profiles were evaluated according to the wetness classification that was developed for soils in the winter rainfall region (Lambrechts et al, 1978; refer to Annexure 3). The wetness rating for the individual profiles are listed in Annexure 1: Table 2.

Wetness during active root respiration results in a low oxygen concentration with an increased carbon dioxide concentration. This causes reduction of iron oxides/hydroxides and leaching of the reduced iron. As the iron content decreases soil density increases and very large soil strengths can develop when the soil dries out. Other adverse effects of wetness are: (i) toxic concentrations of iron (Fe2+), manganese (Mn2+), sulfides, nitrites, ethylene and volatile organic acids can develop; (ii) various diseases can become epidemic under wet conditions. Phytophthora in particular can wipe out sensitive crops/plants, and (iii) as a result of limited volumes of non-wet soil that is available for root growth, plants have a restricted root system during the wet season.

4.6
Other limitations

Other soil properties that might be considered as a limitation for crop production include the following:

· Bleached topsoil in the dry state (Tukulu soil type with bleached soil families).

· Coarse fragments in top- or upper subsoil horizons (soil types Kd 1 and Tu 1).

Table 4 explains the classes and symbols that are used in Table 5 to qualify the physical limitations of the different soil types.

Table 4:
Classes used to qualify the physical limitations of the different soil types (refer to Annexure 1: Table 2)
	Limitation class
	Abbreviation

	None
	(no symbol)

	Low
	Low

	Moderate
	Mod

	Severe
	Sev

	Variable
	Var


Table 5:
Physical and morphological limitations of the different soil types (refer to Table 4)
Notes:

i)
Coarse fragments refer to material larger than 2.0 mm in top- and upper subsoil.

ii)
The depth to subsoil limitations are specified in centimeters (cm) following the limitation class.

	Soil type symbol
	Low clay content in top- and upper subsoil
	Coarse fragments in top- and/or upper subsoil
	Wetness
	Effective depth limitation

	
	
	
	In upper subsoil / E horizon
	Lower subsoil / G horizon
	Dense clay layer
	Weathered rock1 or hard plinthite2

	Cc 1
	
	Low
	
	
	
	

	Es 1
	
	
	Mod-Sev
	Mod-Sev 50-60
	Sev 25-40
	

	Es 2
	
	
	Mod
	Mod-Sev ≈60
	Sev 35-40
	

	Es 3
	
	
	Mod
	Mod-Sev ≈60
	Sev 50-60
	

	Gk 1
	Mod
	
	
	Low ≈30
	
	Sev ≈30 1

	Kd 1
	
	Low-Mod
	Mod-Sev
	Sev 80+
	Sev 80+
	

	Lo 1
	
	
	Mod-Sev
	Sev ≈80
	
	Mod 80+ 2

	Pg 1
	
	
	
	
	
	

	Se 1
	
	
	
	Mod ≈80
	Mod-Sev ≈80
	

	Tu 1
	
	Low-Mod
	
	Mod-Sev ≈60
	Mod-Sev 60-80
	

	Wa 1
	
	
	Mod
	Mod-Sev ≈80
	Sev ≈80
	Mod ≈50 2


Based on Table 5 the dominant physical and morphological soil limitations for deep root development are:

· Wetness in the upper subsoil and/or E horizon.
· Wetness in lower subsoil and/or G horizon.
· Dense subsoil clay layers.
5
EFFECTIVE SOIL DEPTH FOR CROP PRODUCTION WITHOUT ARTIFICIAL DRAINAGE
Wetness and dense subsoil clay layers are the two dominant physical and morphological effective soil depth limiting factors. Both these limitations can be improved by amelioration measures such as artificial drainage and/or deep soil tillage for high income perennial crops to increase the effective rooting depth.
Because of the nature of the crop production pattern in the study area (e.g. annual vegetables, maize and pastures) the above amelioration measures are generally considered as not cost effective.

Wetness as an effective depth limiting factor is to a large extent dependent on the annual and seasonal rainfall. During the dry or low rainfall season or months the free water table will be lower than during the high rainfall season or months and the effective depth will be greater during the dry compared to the wet seasons.
In Table 6 the effective depth of the different soil types under different moisture conditions are listed.
Table 6
Effective depth of the different soil types under different moisture conditions
	Soil type
	Effective rooting depth (cm)

	
	Dry season
	Wet season

	Cc 1
	55 – 75
	75 +

	Es 1
	20 – 30
	30 - 40

	Es 2
	≈30
	35 – 45

	Es 3
	≈30
	40 – 50

	Gk 1
	≈30
	30+

	Kd 1
	≈30
	55 – 75

	Lo 1
	≈30
	75 – 85

	Pg 1
	55 - 75
	75+

	Se 1
	≈30
	≈30

	Tu 1
	55 - 75
	55 - 75

	Wa 1
	≈30
	≈50


From Table 6 it is evident that the effective depth of the Estcourt, Kroonstad, Longlands and Wasbank soil types differ significantly between the dry and wet seasons. The implication of this will be that crops that were planted in the dry season and developed a deep root system may be severely affected if the rainfall increase and the diagnostic E horizons becomes saturated with water (wet season).

6
SOIL SUITABILITY FOR CROP PRODUCTION
During the soil survey the individual soil pits were evaluated by the surveyors in terms of its suitability for the commercial production of annual (e.g. grain crops) and perennial pasture crops (e.g. lucerne). Annual crops included inter alia dry-land pastures and winter small grain (e.g. oats, wheat and barley). Because of the low availability of irrigation water the soils were rated for dry-land crop production and not for irrigated crop production. The suitability rating ranges from 1 to 10, with 1 the lowest and 10 equal to the highest or best suitability. The suitability rating refers to vigour and potential production potential without considering product quality. Although fairly subjective, suitability ratings by experienced soil scientists with many years of field experience are a handy tool to group soil types into production potential classes and for land use recommendations. The ratings can be interpreted according to the guidelines in Table 7. Climate was not included in the evaluation of soil suitability.
Table 7:
Interpretation of suitability ratings

	Rating
	General suitability

	(2
	Very low
	Not recommended (NR)

	(2 - (3
	Low
	

	(3 - (4
	Low-medium
	Marginally recommended (MR)

	(4 - (5
	Medium
	Conditionally recommended (CR)

	(5 - (6
	Medium-high
	Recommended (RE)

	(6 - (8
	High
	Highly recommended (HR)

	>8
	Very high
	


In Table 8 the average field soil suitability rating of the individual soil types by the soil surveyors during the soil survey is listed.

Table 8
Average field soil suitability rating of individual soil types

	Soil type
	Average suitability rating and recommendation

	Cc 1
	5.75 (RE)

	Es 1
	3.59 (MR)

	Es 2
	4.08 (CR)

	Es 3
	4.17 (CR)

	Gk 1
	2.75 (NR)

	Kd 1
	4.17 (CR)

	Lo 1
	4.50 (CR)

	Pg 1
	7.00 (HR)

	Se 1
	4.25 (CR)

	Tu 1
	5.38 (RE)

	Wa 1
	5.25 (RE)


The basic soil requirements for dry-land oats, wheat and barley are listed in Table 9 and that for legume pastures in Table 10. These requirements were used for the suitability evaluation of the individual soil types for dry-land small grain and legume pastures.

In Tables 9 and 10 the resistance/tolerance of annual grain crops against drought and the rainfall requirements under dry-land conditions for legume pastures are also specified. To evaluate the suitability of the soil types for dry-land production of a variety of crops, rainfall should therefore also be taken into consideration.

Table 9:
Number of soil requirements for dry-land small grain (Unpublished Soil Science 314 Notes, University of Stellenbosch)
	Soil parameter
	Type of small grain

	
	Oats
	Wheat
	Barley

	pH limit KCl
	4.0
	4.5
	4.8

	Brack resistance
	Low-moderate
	Moderate-low
	High

	Sensitivity to waterlogging
	Moderate to highly sensitive
	Moderately sensitive
	Very sensitive

	
	
	
	

	Resistance against drought
	Moderate to high due to re-growth with rain in active growing season, namely winter
	Low (250 - 375 mm); moderate as forage (200 - 250 mm)
	Low for brewing purposes

	Tolerance for:

low clay %

high clay %
	High

Low
	Moderate

Moderate
	Low

High

	Tolerance for low nutrient status
	High
	Moderate-high
	Low for brewers barley; Moderate as forage


Table 10:
Soil and climate requirements of three legume pastures (Unpublished Soil Science 314 Notes, University of Stellenbosch)

	Genus and specie
	Trifolium subteranium
	Medicago truncatula
	Medicago sativa

	Common name
	Subsoil clovers
	Annual medics
	Lucerne

	Growing season
	Winter – spring
	winter – spring
	spring – autumn

	Potential working depth of roots
	600 mm
	600 mm
	>2 meter

	Rainfall requirements under dry-land conditions
	Winter rain

400 - 650 mm
	winter rain

250 - 550 mm
	summer rain ≈430

winter rain ≈700

	pH requirements (1M KCl)
	5 – 7
	5.5 – 8.5
	5.5 – 8.0

	Tolerance:
	
	
	

	Exchangeable Al
	Moderate
	Low
	Low

	Fluctuating watertable
	Moderate
	Moderate
	Moderate

	Flooding
	Moderate
	Moderate
	very low

	Brack
	Low
	High
	moderate-high

	Dense subsoil clay pans
	Moderate
	moderate-high
	moderate-low

	Minimum effective soil depth
	250 mm
	250 mm
	600 mm

	Requirements with reference to clay content
	Sandy loam
	sandy clay loam
	Loam


In Table 11 selected climate statistics for a long-term weather station (Outeniqua, George) with similar terrain to that of the study area are given.
Table 11:
Selected climate statistics for a long term weather station with similar terrain to that of the alternative substation sites (Soil and Irrigation Research Institute, 1989)

	Station
	Outeniqua, George (1967 - 1989)

	Coordinates
	-33°55’ S
	22°25’ E
	
	
	
	

	Elevation
	204 m
	
	
	
	
	

	Month
	Temperature
	Rain
	EVAP (mm/d)

	
	TX (°C)
	TN (°C)
	R
(mm)
	MX (mm)
	MN (mm)
	

	Jan
	24.3
	14.5
	58.6
	251.4
	14.5
	5.7

	Feb
	24.4
	15.0
	54.2
	132.3
	12.8
	4.9

	Mar
	23.6
	13.9
	58.9
	157.1
	12.0
	3.9

	Apr
	22.1
	11.9
	69.3
	233.2
	8.4
	3.1

	May
	20.7
	9.8
	55.4
	199.5
	3.8
	2.8

	Jun
	19.1
	8.3
	47.7
	134.9
	17.0
	2.6

	Jul
	18.3
	7.2
	47.1
	143.9
	6.2
	2.6

	Aug
	18.3
	7.3
	61..5
	215.6
	10.2
	2.8

	Sep
	18.8
	8.4
	57.3
	139.4
	19.7
	3.2

	Oct
	19.9
	10.1
	70.3
	198.5
	16.5
	4.0

	Nov
	21.4
	11.8
	57.0
	116.2
	11.1
	4.9

	Dec
	23.2
	13.5
	56.6
	135.3
	8.5
	5.5

	Avg/Total
	21.2
	11.0
	693.9 (mm/a)
	
	
	1397.5

 (mm/a)


TX
Mean of daily maximum temperature

TN
Mean of daily minimum temperature

R
Mean of monthly total precipitation

MX
Highest observed monthly total rainfall

MN
Lowest observed monthly total rainfall

EVAP
Mean of daily class A-pan evaporation

Based on the properties of the different soil types combined with the climate statistics of Outeniqua, George, the soil and climate requirements of oats, wheat, annual medics and lucerne were used to rate the individual soil types for its suitability for the production of these crops (Table 12). Note that barley is not recommended for dry-land production in the study area due to its specific soil and climate requirements.
Table 12:
Suitability of soil types for the production of dry-land oats, wheat, annual medics and lucerne as determined by soil type properties, crop requirements and climate of the study area

· Refer to Table 7 for abbreviations.
	Soil type symbol
	Average field rating
	Recommended use based on climate and soil properties

	
	
	Annual grain crops
	Legume pastures

	
	
	Oats
	Wheat
	Annual medic
	Lucerne

	Cc 1
	5.75 (RE)
	RE
	CR
	CR
	CR

	Es 1
	3.59 (MR)
	MR
	MR
	MR
	MR

	Es 2
	4.08 (CR)
	CR
	CR
	CR
	CR

	Es 3
	4.17 (CR)
	CR
	CR
	CR
	CR

	Gk 1
	2.75 (NR)
	NR
	NR
	NR
	NR

	Kd 1
	4.17 (CR)
	MR
	MR
	CR
	MR

	Lo 1
	4.50 (CR)
	MR
	MR
	CR
	MR

	Pg 1
	7.00 (HR)
	RE
	CR
	RE
	RE

	Se 1
	4.25 (CR)
	NR
	MR
	MR
	MR

	Tu 1
	5.38 (RE)
	RE
	CR
	CR
	CR

	Wa 1
	5.25 (RE)
	CR
	CR
	CR
	CR


The reasons for the low recommended use based on climate and soil properties are the following:

· The mean annual as well as the winter (207.5 mm during May – September) and summer (424.9 mm during October – April) rainfall is lower than the norms specified for annual winter grain crops and legume pastures. Average rainfall is therefore the most limiting factor for the production of these crops under dry-land conditions.
· Because of the high annual variation in rainfall (MN in mm in Table 11) the rainfall during dry seasons in winter (58.9 mm during May – September) and summer (83.8 mm during October – April) is far below specified norms.
· During winter seasons with abnormally high rainfall (MX in mm in Table 11) the effective soil depth without free water in all the soil types with wetness as a limiting factor, becomes a limiting factor and crops sensitive to wetness, e.g. wheat and legumes, will severely be affected.
· Annual small grain crops and annual medics are better adapted to a shallow effective soil depth than lucerne that requires a depth of at least 600 mm.
Under the present conditions the fairly low average annual and seasonal rainfall (winter and summer) and the high seasonal variation are the main limiting factors that restrict the economic viability for the production of dry-land crops in the study area.

Based on observations during the soil survey no water reservoirs (dams) or streams were found on any of the sites and the source of irrigation water is all off-site. Although the majority of the sites had some form of irrigation infrastructure (e.g. centre pivots or movable sprinkler systems) and crops are irrigated, the security of the water supply is questionable. Only sites 6 and 7 had no irrigation infrastructure and therefore no agricultural activities were present.
The total irrigation water requirement based on a design application of 25 mm of water per application, for a variety of crops under the climatic conditions of Blanco/George is listed in Table 13 (according to Green, 1985).

Table 13:
Total irrigation water requirement based on a design application of 25 mm of irrigation water per application, for a variety of crops under the climatic conditions of Outeniqua, George, according to Green (1985)

	Crop type
	Irrigation water requirement (mm)

	Deciduous fruit; mid-season
	185

	Onions; August – December
	189

	Pastures
	642

	Potatoes; January – May
	265

	Potatoes; March – July
	185

	Tomatoes; December – May
	236


The possibility to obtain sufficient irrigation water to produce any of the crops listed in Table 13 on a large enough area, is however small because of the absence of any large irrigation water storage facility.
Another factor that have an influence on the suitability and production potential of the different soil types, is the nutrient status. In the terms of reference it was specified soil that the soils should be sampled for the determination of available soil nutrients and the submission of representative soil samples to an accredited laboratory for analysis. The analytical results should be used for data analysis and interpretation in terms of soil quality and fertility status. No samples, however, were collected for analysis.
The main reason for not collecting soil samples for analysis is that producers normally follow a program of soil sampling and analysis according to their crop production program and fertilise the earmarked lands/camps according to recommendations for specific crops. One would therefore expect that the variation in nutrient status between lands/camps would be fairly small.
7
COMPARISSON OF the AGRICULTURAL SUITABILITY BETWEEN THE ALTERNATIVE SUBSTATION SITES
The only way to compare the agricultural suitability between the alternative substation sites is to calculate weighted site suitability values based on the area (in ha) of the individual soil types combined with the total area of the site (in ha) and the average suitability rating per soil type.
The calculated weighted suitabilities of the seven sites are listed in Table 14.

Table 14
Calculated weighted suitabilities of the seven alternative substation sites

	Alternative site number
	Soil type symbol (ST)
	Area per soil type (ha)
	Area of site (ha)
	Average ST suitability rating
	Weighted ST suitability
	Weighted site suitability

	1
	Es 2
	12.74
	20.12
	4.08
	2.58
	4.17

	
	Es 3
Lo 1
	3.79

3.59
	
	4.17
4.50
	0.79

0.80
	

	2
	Es 1
	8.04
	19.02
	3.59
	1.52
	4.14

	
	Kd 1
	0.91
	
	4.17
	0.20
	

	
	Lo 1
	9.00
	
	4.50
	2.12
	

	
	Tu 1
	1.07
	
	5.38
	0.30
	

	
	
	
	
	
	
	

	3
	Cc 1
	7.34
	20.4
	5.75
	2.07
	4.51

	
	Es 1
	8.33
	
	3.59
	1.47
	

	
	Kd 1
	4.39
	
	4.17
	0.90
	

	
	Se 1
	0.34
	
	4.25
	0.07
	

	4
	Es1

Es 3
	0.70

10.46
	19.21
	3.59

4.17
	0.13
2.27
	4.65

	
	Tu 1
	5.25
	
	5.38
	1.47
	

	
	Wa 1
	2.80
	
	5.25
	0.77
	

	5
	Gk 1
	3.84
	20.42
	2.75
	0.52
	6.20

	
	Pg 1
	16.58
	
	7.00
	5.68
	

	6
	Es 1
Es2

Kd1


	17.16


2.33

0.51
	20.00
	3.59
4.08

4.17
	3.08

0.48

0.11
	3.67


From Table 14 it is evident that site six (6) has the lowest weighted suitability rating while site five (5) has the highest. Sites one (1), two (2)  have weighted suitability ratings slightly higher than six (6) while sites three (3) and four (4) have intermediate weighted suitability ratings.
Based on this, if site six (6) should be selected as the preferred site for the installation of the substation, it will have the smallest impact on the production of agricultural crops. If sites one (1) or two (2) is selected it will have the lowest impact.
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