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1. INTRODUCTION

1.1 Importance to identify prime and unique agricultural land

South Africa has very limited areas of high potential arable land, i.e. land with high potential for crop production. It is, therefore, very important to identify and demarcate these areas and to ensure that no non-agricultural land use is allowed on them. I want to state it categorically that I am totally against the use of high potential arable land for non-agricultural purposes.

Prime agricultural land is land of high quality for crop production, i.e. land having high quality soils, favourable climate and favourable topography. Unique agricultural land is land which may not have high potential for general cropping, but having uniquely high potential for a specific agricultural enterprise. The best South African example is the Hex River valley, which will be rated as unsuitable for cropping according to normal land suitability evaluations, but has a unique high potential for the production of high quality export table grapes.

Of biggest importance is to ensure that areas with high potential for the production of staple grains (mainly maize and wheat ) do not disappear under other uses, since this would jeopardize the country’s food security. In the case of areas highly suitable only for crops that are solely or mainly produced for export markets, sometimes called “runaway crops”, the principle is somewhat different. Here the agricultural enterprise must compete with other enterprises, not only in terms of economic profitability, but especially also in terms of socio-economic advantages – number of job opportunities, improving the livelyhoods of households and communities, etc.

1.2 Basic principles of land suitability evaluation

In a series of documents the Food and Agriculture Organization (FAO) of the United Nations gave clear guidelines for land suitability evaluation for different types of agricultural enterprises (rainfed cropping, irrigated agriculture and extensive grazing). I use “South Africanized” versions of these guidelines in land suitability evaluation.

The most basic principle of the FAO guidelines is that evaluation must be done for each specific land utilization type (LUT). A LUT does not only refer to a specific crop, but also includes the management system. 

The FAO documents point out that with a view to agricultural land use planning three main groups of factors need to be evaluated, viz. those related to:

1. Crop requirements and tolerances: These inter alia include aspects such as

· Climate requirements and tolerances

· Soil requirements and tolerances

· Prevalence of pests, diseases and persistent weeds in the area.

2. Management requirements: These inter alia include aspects such as

· Benefit/cost analyses

· Infra-structure

· Availability and distances to markets, processing/packing facilities

· Cost of land clearing, land preparation, etc.

· Irrigation systems and irrigation costs (e.g. pumping costs)

· Drainage requirements and costs

3. Environmental requirements: These inter alia include aspects such as

· Erosion hazard (both water and wind erosion) – looking at both on-site and off-site impacts

· Pollution hazard – especially off-site

· Threats to endangered species.

A main aim of land suitability evaluation is to ensure sustainable land use, including both ecological sustainability (avoiding land degradation) and economic sustainability.

2. PHYSICAL-BIOLOGICAL AGRICULTURAL RESOURCES OF THE PROPOSED LAKES ECO AND GOLF RESERVE

Information on the physical-biological resources (climate, soil, topography, vegetation) was extracted from the report by Schafer & Robertson (2003). It is acknowledged that in some cases statements have been taken directly, as they were written, from the report of Schafer & Robertson (2003). For more detailed information on certain aspects the report of Schafer & Robertson (2003) should be consulted.

2.1 Climate

The temperature regime of the area is described as a favourable warm-temperate one. The rainfall is, in South African terms, relatively high. It ranges from about 700 mm per annum at the Swartvlei recording station near the southern boundary of the proposed reserve to about 800 mm at the Beervlei Bos recording station near its northern boundary. Although the area is described as having an all-year rainfall distribution pattern, two aspects should be noted from the monthly rainfall figures for Beervlei Bos, viz.

a. Rainfall is decidedly lower during the winter months (May, June, July) than during spring, summer and autumn.

b. Rainfall during January is lower than during November and December and during February and March. Combined with the high Plant Evapo Transpiration (PET) during January, it means that this area is also subject to the mid-summer drought that is characteristic of the Eastern Cape – although it is not as severe as in the latter. This does have important implications in regard to crop production.

2.2 Physiography
The northern part of the area consists of a flat to gently sloping plateau. In the central part south of this there are gently sloping topslopes incised in places by streams. South of the latter the area slopes steeply towards the south and also becomes deeply incised by gorges with steep to very steep side slopes. In the western part south of this the slopes become more moderate (but in many cases still in excess of 12%), before planing out to a small plain at the edges of the Swartvlei. The southeastern corner of the proposed reserve consists of relict dunes with rolling topslopes, steep to very steep sideslopes and small narrow bottomland valleys. At the edge of the Swartvlei a narrow alluvial plain is found here also, as on the western side.

2.3 Soils

Schafer & Robertson (2003) conducted a detailed soil survey of the reserve. Detailed information on the properties of the soils can be found in Schafer & Robertson (2003). The distribution of different soil mapping units is depicted on a 1:10 000 scale soil map compiled by them. 

Slope gradient is an extremely important parameter in land suitability evaluation for cropping (both rainfed and irrigated). Unfortunately Schafer & Robertson (2003) lumped a far too wide range of slopes together in their “level” category. Under no circumstances can slopes up to 12% be grouped together and even less can terrain with slopes up to 12% be described as “level”. The “official” South African terminology of Scotney et al. (1987) for slopes up 15% is as follows:

	Slope class (%)
	Description

	0 - 2
	Level

	2 - 5
	Gently sloping

	5 - 8
	Moderately sloping

	8 - 15
	Strongly sloping


Depending on slope gradient, the terms “Moderately steep”, “Steep”, “Very steep” and “Extremely steep” are used for slopes steeper than 15%.

Based upon my field experience and erosion research, inter alia in the Eastern Cape, and for the sake of simplicity the 0 – 12% slopes must be divided into three classes, viz. 0 – 4%, 4 – 8% and 8 – 12% respectively and the soil map amended accordingly to be useful.

Meanwhile general descriptions of the present soil mapping units of Schafer & Robertson (2003) and brief outlines of their qualities and main limitations (type and degree) are given in Table 1.

TABLE 1 – General descriptions and qualities and limitations of soils of the proposed Lakes Eco and Golf Reserve

	Mapping unit
	Soil form and family code
	General soil description
	Limitations

	Cb1
	Kroonstad 1000
	Grey structureless fine sandy loam over permanently water-logged clay loam
	Permanent excessive wetness; very poorly drained; severe compaction and surface sealing (crusting); hard-setting; highly erodable.

	Cb2
	Longlands 1000
	Grey structureless fine sandy loam over seasonally water-logged sandy clay loam
	Fluctuating water table; poorly drained; severe compaction and surface sealing; hard-setting; moderately erodable

	Cc1
	Westleigh 1000

Kroonstad 1000
	Thin grey structureless loamy sand over seasonally or permanently water-logged clay loam
	Excessive wetness; very poorly drained; very limited effective depth; severe compaction and surface sealing; hard-setting;  highly erodable

	Cc2
	Westleigh 1000
	Thin grey structureless loamy sand over seasonally water-logged clay loam
	Very limited effective depth; fluctuating water table; poorly drained; severe compaction and surface sealing; hard-setting; very highly erodable

	Db1
	Sterkspruit 2100

Estcourt 1200
	Thin grey structureless fine sandy loam over clay loam prismacutanic horizon
	Extremely high erodibility; very limited effective depth; severe surface sealing and compaction

	Db2
	Estcourt 1200

Sterkspruit 2100
	Thin grey structureless fine sandy loam over clay loam prismacutanic horizon
	Extremely high erodibility; very limited effective depth; severe surface sealing and compaction

	Db3
	Swartland 2121
	Thin grey structureless fine sandy loam over clay loam “prismatic”?/pedocutanic horizon
	Exceptionally high erodibility (combination of unstable soil and slope steepness); very limited effective depth; severe surface sealing and compaction

	Db4
	Estcourt 1200

Klapmuts 1120
	Thin grey structureless fine sandy loam over clay  prismacutanic horizon
	Exceptionally high erodibility (combination of unstable soil and slope steepness); very limited effective depth; severe surface sealing and compaction

	Db5
	Estcourt 1200

Klapmuts 1120
	Thin grey structureless fine sandy loam over clay loam prismacutanic horizon
	Exceptionally high erodibility (combination of unstable soil and slope steepness); limited effective depth; severe surface sealing and compaction


Table 1 (Continued)

	Mapping unit
	Soil form and family code
	General soil description
	Limitations

	Db6
	Estcourt 1200

Klapmuts 1120
	Thin grey structureless fine sandy loam over clay loam prismacutanic horizon
	Exceptionally high erodibility (combination of unstable soil and slope steepness); limited effective depth; severe surface sealing and compaction

	Db7
	Klapmuts 1120
	Moderately thin grey structureless fine sandy loam over clay loam “prismatic”?/pedocutanic horizon
	Exceptionally high erodibility (unstable soil and steep to very steep slopes); moderately limited effective depth; severe surface sealing and compaction

	Db8
	Sterkspruit 2100

Swartland 2121

Tukulu 1120
	Moderately thin grey structureless fine sandy loam over clay loam “prismatic”?/pedocutanic horizon
	Exceptionally high erodibility (unstable soil and steep to very steep slopes); moderately limited effective depth; severe surface sealing and compaction

	Fb1
	Glenrosa 2111

Groenkop 2100
	Moderately thin grey structureless fine sandy  loam over fine sandy clay loam tonguing into weathering rock
	Very high erodibility due to relatively shallow soils with strong crusting characteristics on very steep slopes

	Fb2
	Etosha 2211

Gamoep 2210
	Brown structureless medium sand over reddish brown structureless medium sand on calcrete
	Exceptionally high erodibility due to extremely steep slopes and the sandy nature of the soil

	Fc1
	Cartref 1200
	Thin grey fine sandy loam tonguing into hard weathering rock
	Exceptionally high erodibility due to very steep slopes and nature of the soils (shallow/sandy); low water holding capacity; low fertility; severe surface sealing and compaction

	Fc2
	Cartref 1200/1100

Houwhoek 2100
	Thin grey fine sandy loam tonguing into hard weathering rock
	Very high erodibility due to steep slopes and nature of the soils (shallow/sandy); low water holding capacity; low fertility; severe surface sealing and compaction

	Ga1
	Lamotte 1100

Fernwood 2120
	Deep structureless grey fine sand
	High erodibility (wind and water); low fertility; low nutrient retention capacity; high leaching losses; severe compaction


Table 1 (Continued)

	Mapping unit
	Soil form and family code
	Soil description
	Limitations

	Ga2
	Witfontein 1100
	Deep structureless wet grey medium sand podzol
	Poorly drained (bottomland); fluctuating water table; high wind erosion hazard; moderate water erosion hazard; infertile; low nutrient storage capacity; low water holding capacity

	Ga3
	Lamotte 1100

Witfontein 1200
	Deep structureless wet grey medium sand podzol
	High water erosion hazard (structureless sand on steep slope); high wind erosion hazard; infertile; low nutrient storage capacity; high leaching losses; low water holding capacity

	Gb1
	Concordia 1000

Pinegrove 1000
	Deep dry structureless medium sand podzol; grey topsoil over brown subsoil
	High water and wind erosion hazards; low water storage capacity; extremely infertile; very strongly acidic; high leaching losses; sodicity

	Gb2
	Pinegrove 1000

Fernwood 1110
	Deep dry structureless grey to brown medium sand
	Moderate to high water erosion hazard (depending on slope slope); very high wind erosion hazard (sand on exposed upper slopes); low water storage capacity; infertile; low nutrient storage capacity; high leaching losses

	Gb3
	Constantia 1200

Fernwood 1110
	Deep dry structureless grey to brown medium sand to loamy medium sand
	Moderate water erosion hazard; very high wind erosion hazard (sand on exposed topslope); low water storage capacity; infertile; low nutrient storage capacity; high leaching losses

	Gb4
	Constantia 1200

Fernwood 1110
	Deep dry structureless grey to brown medium sand to loamy medium sand
	Moderate water erosion hazard; high wind erosion hazard; low water storage capacity; infertile; low nutrient storage capacity; high leaching losses

	Ha1
	Fernwood 1110
	Deep seasonally wet structureless grey medium sand
	Extremely infertile; strongly acidic; very low nutrient storage capacity; high leaching losses; moderate water erosion hazard; high wind erosion hazard; low water storage capacity; fluctuating water table


Table 1 (Continued)

	Mapping unit
	Soil form and family code
	Soil description
	Limitations

	Ha2
	Fernwood 1110
	Deep dry structureless grey medium sand
	Extremely infertile; strongly acidic; very low nutrient storage capacity; very high leaching losses; very low water storage capacity; moderate to high water erosion hazard (depending on slope); very high wind erosion hazard (sand on exposed upper slopes)

	Hc1
	Constantia 2100

Fernwood 1110
	Deep structureless grey to brown medium sandy loam
	Moderate water and wind erosion hazards; low fertility

	He1
	Oakleaf 1110

Tukulu 1110
	Moderately deep fine sandy loam soils; greyish at top, brown in subsoil; signs of wetness deep in profile in places
	Severe surface sealing and compaction; moderate to high water erosion hazard (depending on slope); slightly limiting effective depth

	He2
	Vilafontes 1120
	Grey structureless fine sand over reddish brown fine sandy loam at depth
	Severe surface sealing and compaction; high wind erosion hazard; moderate to high water erosion hazard; low water storage capacity; low fertility; low nutrient storage capacity; high leaching losses; fluctuating water table; poor drainage; Very high subsoil sodicity (ESP 21.7 and Mg:Ca ratio 1.7)

	He3
	Tukulu 1110
	Grey fine sandy loam topsoil over brown fine sandy loam subsoil over sandy clay loam with signs of wetness
	Severe surface sealing and compaction; fluctuating water table; poor drainage; moderately limiting effective depth

	He4
	Oakleaf 1110

Klapmuts 1120
	Grey structureless grey fine sandy loam over brown structureless fine sandy loam
	Severe surface sealing and compaction; moderately limiting effective depth; very high water erosion hazard (crusting soil on steep slope)

	Ia1
	Dundee 1210
	Stratified alluvium
	Severe surface sealing and compaction; Fluctuating water table; poor drainage

	Ia2
	Dundee 1210
	Stratified alluvium
	Severe crusting and compaction; fluctuating water table; poor drainage


2.4 Water resources

No quantitative information on the water resources of the reserve/estate is available. Schafer & Robertson (2003) indicated that limited water supply in the Wolwe River for irrigating the lower area of the estate is one of the constraints to agricultural development. They point out that four to six million litres of water per hectare per year is required for crops grown in the area.

2.5 Natural vegetation

According to Schafer & Robertson (2003) about 300 ha of the proposed reserve is under indigenous forest vegetation. The indigenous forest vegetation occurs in two areas, i.e. it is not dispersed over the estate.

2.6 Present land use

As indicated under Section 2.5, about 300 ha is under indigenous forest. 

There are 660 ha under Pinus radiata. Virtually all of the upper plateau area (soil mapping units Db1, Db2 and Db3) and all of the dune sand areas in the southeastern part of the proposed reserve are under pine (Schafer, e-mail communication). The latter is important to keep in mind, since this area has good irrigation potential according to Schafer & Robertson (2003). Most of the upper plateau area comprises young pine natural regeneration, with stumps from the previous rotation still present (Schafer, e-mail communication). Only the relatively small far northern part of the plateau is under actual pine plantation.

In the southwestern corner of the proposed reserve, bordering on the Swartvlei there are 40 ha of abandoned cultivated lands. According to Schafer (e-mail communication) all these lands were previously under hops. According to him the hops lands were abandoned because the yields were marginal due to

· Mild climate

· Sandy soils

· Nematode problems

· Poor management

According to Schafer the hops quota was sold to SAB and it is now “impossible to retrieve the quota on that land, so hops is no longer an option”.

3. LAND SUITABILITY EVALUATION FOR AGRICULTURE 
Land suitability evaluation for agriculture in the proposed Lakes Eco and Golf Reserve will be discussed under four sub-headings, viz.

· General evaluation of the qualities of the natural resources

· Evaluation of the requirements and tolerances of selected land utilization types

· Broad matching of the qualities of the resources with the requirements and tolerances of the LUT’s

· Alternative scenarios

3.1 General evaluation of the qualities of the natural resources

3.1.1 Rainfall

The rainfall of between 700 and 800 mm per annum is amongst the highest in crop production areas in South Africa. The rainfall is generally not in the form of aggressive thunderstorms, as in the summer rainfall areas. Due to the relatively cool climate and high relative humidity due to proximity to the coast and lake, PET should not be as high as in the hotter other parts of the country, thus increasing the efficiency of the rainfall in this area.

Yet, Schafer & Robertson (2003) describes the rainfall as “erratic”, making rainfed cropping an “uneconomical option”. They consequently conclude that “any farming operation will require irrigation”. The rainfall of the area is probably amongst the less erratic and most reliable in South Africa. The statement of Schafer & Robertson (2003) is from a practical point correct, however, due to the following: 

a. The relatively low rainfall during the three mid-winter months (indicated earlier) necessitates irrigation during winter time and the mid-summer drought in January (indicated earlier) makes irrigation during that period essential. 

b. Most importantly irrigation is necessitated by the fact that the soils at the proposed estate invariably have low to extremely low plant-available water storage capacities, due to either very shallow effective depth or very sandy textures or a combination of the two. On such soils even a few days without rain can be disastrous for rainfed crops.

3.1.2 Topography
The level to gently sloping upper plateau creates the illusion of an area that should be favourable for cultivation and irrigation. Unfortunately almost the whole of this area is occupied by duplex soils (mapping units Db1 and Db2) that have very low effective depth (only about 30 cm) and, more importantly, are extremely highly erodable, even on flat slopes. The advantage of a favourable slope is thus totally nullified.

In the southern part of the proposed reserve topography itself becomes a constraint to cropping and irrigation, with at least two aspects being very important: 

a. In the southeastern dune sand area, with predominantly deep grey sands, a number of steep to very steep slopes pose hazards in regard to erosion, cultivation and irrigation. Here the topography also creates a rather patchy pattern in regard to land suitability, so that big contiguous areas cannot be developed, as indicated by Schafer & Robertson (2003).

b. The Wolwe River and other streams flow in deep gorges and water for irrigation will have to be pumped to great heights. The implications of this will be discussed later.

3.1.3 Vegetation
In regard to vegetation the critical aspect is the fact that more than 90% of the area that is not under natural indigenous forest is under pine trees, including the area with volunteer regeneration of pines. The fact that the whole dune sand area in the southeastern corner is under pine trees particularly has serious implications for agricultural development. 

Pine trees bring about at least the following two constraints to agricultural development:

a. Soil under pines becomes very strongly acid, much more than the already high natural acidity of the soils of this region (Robertson, Personal communication). Liming costs are thus increased. Soil fertility is also negatively affected. This means that the cost of land preparation for agriculture is increased.

b. Clearing of land under pines for agriculture is expensive, amounting to between approximately R4 000 and R5 000 per hectare, according to Schafer & Robertson (2003).

3.1.4 Soils
None of the soils at the proposed reserve can be described as having high potential for either rainfed cropping or irrigated agriculture, even if they should occur on favourable slopes under a favourable climate and if all other factors would be favourable. In fact, only limited areas have soils that can be classified as having moderate or at the very best moderately high potential for rainfed cropping or irrigated agriculture.

The biggest proportion of the areas where steep slopes are not prohibitive is occupied by soils that are unsuitable for rainfed cropping or irrigated agriculture. These areas include, inter alia, all the duplex soils of the Db mapping units (from Db1 through to Db8) which cover practically the whole of the upper plateau. These Db mapping units alone cover nearly 480 ha or over 65% of the just more than 700 ha which is not under indigenous forest. It is estimated that together with the steeply sloping areas and other low quality soils, at least 80% of the area not under indigenous forest is unsuitable for rainfed cropping or irrigated agriculture. Most of the rest has low to moderate potential for rainfed cropping or irrigated agriculture.

From the last column in Table 1 it is clear that the soils of the proposed reserve have a whole range of unfavourable properties which limit their suitability for rainfed cropping and irrigated agriculture. Most of the soils have a number of serious limitations which together severely restrict their agricultural potential. On the basis of the factors that determine their agricultural potential the soils of the proposed reserve can be divided into the following broad groups:

a. Duplex soils with prismacutanic B horizons (All Db mapping units): All duplex soils with prismacutanic B horizons everywhere are soils with extremely poor agricultural potential and in almost 100% of cases unsuitable for any form of rainfed cropping or irrigated agriculture.

Firstly, these soils are extremely highly vulnerable to water erosion, even on practically level slopes. This mainly caused by the exceptionally unstable, highly dispersive subsoils of these soils. Water infiltration into these clayey subsoils is very low, and consequently the thin overlying sandy structureless horizon is easily over-saturated with water. Together with the strongly surface sealing nature of the topsoil, this enhances excessive runoff and topsoil removal by erosion. As soon as the erosion cuts through into the subsoil, rapid and extreme gully erosion follows. The resilience (recovery potential) of these soils is virtually non-existent, i.e. once they have been degraded it is for all practical purposes permanent. Soil analysis results from the subsoils of modal profiles Db mapping units (Samples 102B, 178B, 210B and 225B) in Appendix 1 of Schafer & Robertson (2003) clearly show that the duplex soils on the upper plateau of the proposed reserve should be amongst the worst as far as erodability is concerned. 

The latter is concluded from the following:

· Internationally an exchangeable sodium percentage (ESP) of 15% is usually considered as the limit above which serious dispersion problems (a big precursor to erosion) occur. Research by a number of my post-graduate students, and others in South Africa, Zimbabwe and Australia, has shown that serious dispersion in duplex soils with prismacutanic B horizons often starts at ESP’s of even less than 5%. From the data in Table 1 of Schafer & Robertson (2003) I calculated that the ESP values of the four modal Db subsoil samples mentioned above range between 21.5% and 28.9%. These are exceptionally high values and will cause extremely serious dispersion and erosion problems.

The situation is aggravated by the lop-sided Mg:Ca ratios in the Db prismacutanic subsoils. This has been identified, in South Africa, Australia, Russia and elsewhere, as a factor which on its own (without high ESP) causes serious dispersion and erosion. It is a major contributor to the widespread serious erosion found in the Eastern Cape. Mg:Ca ratios of more than 1.0:1 are problematic, but the big problems start at ratios of over about 1.5:1. For three of the Db subsoil samples the Mg:Ca ratios lie between 1.0:1 and 1.3:1, but for sample 210B (from mapping unit Db5) it is no less than 2.2:1, the latter indicating a cause for great concern.

· The topsoils of mapping units Db1 to Db6 are very thin, rarely deeper than 30 cm. This enhances over-saturation of the topsoils during rains and consequently increased runoff and erosion.

· In mapping units Db7 and Db8 the topsoils are slightly deeper on Db1 to Db6, but still shallow. In Db7 and Db8 the steep slopes seriously aggravate the erosion hazard, over-riding the efeect of the slightly deeper topsoils.

· In the case of Db8 there is an additional, probably over-riding, factor, viz. the fact that the Db8 areas are situated in water ways. Runoff from upper slopes and side slopes accumulates and flows through here. Any high volume of fast-flowing water is highly erosive and will simply rip through this unstable soil if it is not protected.

Secondly, these soils have very low production potentials, even for grasses, because of the very limited effective rooting depth (only the layer above the prismacutanic B horizon). In addition the fine sandy loam texture of the topsoils leads to severe crusting (surface sealing) and compaction. Apart from increasing runoff, this poses serious limitations to germination, seedling emergence and root development. In the case of trees it increases wind-throw, because of the shallow poorly anchored roots, especially when the soils are soaking wet.

Thirdly, if these soils are at all considered for irrigation – which they should not be – very elaborate and extremely expensive drainage systems would be required. To have any effect, drains will have to be installed on top of the prismacutanic B horizon. Because it is so close to the surface, drains will have to be very closely spaced (in the case of tile drains not more than 45 cm apart), making the cost prohibitive.  The upper part of the drains will also be within cultivation depth, making them vulnerable to damage.

b. Deep grey (bleached) sandy soils, with or without podzol characteristics (All Ga, Gb and Ha mapping units): These mapping units are occur only in the far southern part of the proposed estate, bordering on or close to the Swartvlei lake. Their occurrence in this specific locality has important implications regarding agricultural land use options and management requirements for them, taking into consideration their specific properties and limitations. 

Ga, Gb and Ha mapping units cover almost the whole of the dune sand area in the southeastern corner of the proposed reserve. Mapping unit Ga1 (two delineations separated by a stream) and one of the Ha1 delineations border on the Swartvlei lake on small floodplains to the west of this dune area.

These soils have a whole series of serious limitations which severely restrict their potential for both rainfed cropping and irrigated agriculture. Since high soil acidity and very low soil fertility are serious limitations in these soils, it is a great pity that Schafer & Robertson (2003) give analytical data for only one modal profile  (Profile 287, samples 287A and 287B in their Appendix 1) from all the Ga and Gb mapping units. Ironically this modal profile is from mapping unit Gb1, which is in any case not suitable for cropping or irrigation due its very steep slopes. Because it is facing south, it may also have a special situation due to its exposure to spray from sea breezes, as will be discussed later. If the analytical data for Profile 287 are reperesentative for these mapping units, then the acidity and fertility situations in these soils are absolutely horrific, possibly having been aggravated by the fact that they are under pine plantations. The data for the two Ha profiles (Samples 350A from mapping unit Ha1 and 265A and 265C from mapping unit Ha2) support these indications of poor fertility and very strong acidity.

The most important properties limiting the agricultural potential of these soils include:

· Very strong soil acidity, which has serious implications in regard to soil fertility and root development. The pH(KCl) values ranging from just 3.0 for the Gb1 topsoil to barely 4 for the Ha samples are extreme. The 3.0 value for the Gb1 topsoil is close to the lowest that I have ever seen. This means that liming would be required before any cropping (rainfed or irrigated) can be done on these soils. 

Apart from the direct cost factor, liming of these poorly buffered soils also requires high management skills. Many years ago I was involved with an experiment at the Outeniqua research station near George in which the soil was limed from a pH(Water) of 4.9, corresponding to a pH(KCl) of about 3.9, to a “nice” pH(Water) of 5.9 to help alleviate phosphorus deficiency problems. At the pH(Water) of 5.9 the sweet corn performed extremely poorly, however, due to zinc deficiencies induced at this pH. Furthermore, the efficiency of soil-applied Zn fertilizers was reduced by 50%, compared with the lower pH.

· Very low soil fertility in regard to a whole range of plant nutrients, including P, the base cation nutrients (K, Ca, Mg) and various micro-nutrients, notably Cu and Zn. Although these are well-known for the grey sandy soils of this region, the analytical data for the Gb1, Ha1 and Ha2 profiles reveal an extreme picture for the dune sands at the proposed reserve: Amongst the base cations K is almost non-existent, Mg is very low, Ca is generally low and practically non-existent in the Gb1 subsoil. P is extremely low. Cu is almost non-existent, as is Zn in the Ha1 and Ha2 profiles. Schafer & Robertson (2003) aptly describe it as follows: “The soils are chemically poor with a high degree of acidity, low phosphorus, cations and micro-nutrient levels. This will require substantial financial inputs to rectify the soils to acceptable levels for crop production. The cost of liming and fertilizing for crop production will be between R3 000 and R3 500/ha.”

The abnormally high Zn levels in the Gb1 profile are inexplicable. Nutrient deficiences affect not only plant production, but deficiencies of nutrients like P, Ca and Cu have very serious implications for animals grazing on pastures on such soils.

Again, nutrient management on these poorly buffered soils require very high management skills. Injudicious fertilizer applications on such soils easily cause serious nutrient imbalances, as was inter alia recently identified in irrigated pastures at Tsitsikama by researchers from Natal University.

· Very low nutrient retention capacity (a very important factor in the FAO guidelines for land suitability evaluation) and high leaching losses of plant nutrients. Because of the low organic matter and clay contents of these soils, there cation exchange capacities are very low. This is also evident from the data for the Gb1 subsoil and the Ha1 and Ha2 profiles in Appendix 1 of Schafer & Robertson (2003). The soils, therefore, have low capacities to adsorb cationic nutrients, like the base cations K, Mg and Ca and micro-nutrients like Cu and Zn. This is reflected in the low levels of these nutrients in these soils, as indicated above. The grey sands also do not have iron oxides coatings that can retain phophates.

The situation is aggravated by low water retention capacities of the soils, which cause excessive amounts of water to drain through the soils, taking the nutrients with it. Most excessive leaching is always of nitrogen, much more than the nutrients mentioned above. This means that nutrients must continuously be replenished to supplement not only those removed by the crop, but also the larger amounts removed by leaching. Leaching of bases also cause continuous re-acidification of the soils, increasing the need for more lime applications. Both the additional nutrient and additional lime applications required, increase the input costs and lower profitability. Schafer & Robertson (2003) also refer to the importance of leaching losses of nutrients like P and N.

The nutrients leached from the soils end up in water tables at the bottom of or below the soil, sometimes deep down. From there it moves by lateral subsurface seepage until it reaches a water body like a stream, which transports it to a lake or other water body, causing eutrophication or pollution of such water body. This where the locality of these soils so close to the Swartvlei lake becomes so important. Lateral leaching will discharge the leachates not far from the lake into the stream which flows into the lake, taking the nutrients with it into the lake. This is even a bigger factor where the grey sandy border right on the edge of the lake and lateral leaching will be directly into the lake. Recent research by one of my students on such grey sandy Fernwood soils in the Western Cape showed that even P and K leach very fast through such soils and laterally into water bodies under irrigated kikuyu pastures. 

In the same study mentioned above, the student also found that water soluble organic compounds moved right through the grey soils under irrigated kikuyu into underlying water tables, where it underwent anaerobic decomposition, forming obnoxious compounds, and leached laterally into streams and ditches from there. Although these were organic compounds from winery effluents, it is not difficult to see that the same would happen with any water soluble organic compounds or other organic pollutants originating from animal faeces or urine under intensive dairy or beef production on cultivated pastures. This would also impact on the lake.
· The low water storage capacity of the soils is a major limitation. This is because the soils are not only sandy, but also have medium sand grades. It makes crops vulnerable to drought stress. It also means that irrigation systems must be geared for light applications at short intervals. Such systems are very expensive.

· The soils are prone to compaction. Normally severe compaction is associated with fine sandy soils, but in the Nelspruit area I have also observed serious compaction in grey sandy soils with medium to coarse sand grades, such as also described by Schafer & Robertson (2003) for these medium sands. Compaction limits root growth, thus making plants more vulnerable to drought and to root diseases. Uptake of nutrients like P and K is also seriously reduced by compaction. Compaction is caused not only by intensive cultivation, but also by trampling by animals under intensive grazing on irrigated pastures. Compaction is a bigger problem in wet grey soils than in dry ones and therefore the all three Ga mapping units and Ha1 will be most susceptible to compaction. Mapping unit Ga1 should be especially prone to compaction because its sand grade is fine.
· In the three Ga mapping units and the Ha1 mapping unit periodic wetness (fluctuating water table) is also a limitation.
· Wind erosion is a serious hazard on all the light grey sandy soils, but especially the dry ones on top and upper slopes (Mapping units Gb1, Gb2, Gb3 and Ha2). These are, after all, relict dunes that were formed by wind action. When they are exposed they will just start blowing again. One should keep in mind what happened at Paterson when relict dunes were cleared for grain farming.
· The soils have moderate to very high water erosion hazards, the latter on the steep slopes. Because of the proximity of these soils to the Swartvlei lake, water erosion in these areas will pose a siltation threat to the lake, because that is where the eroded material will end up.
· Sandy soils everywhere are prone to high nematode infestation. The fact that nematode infestation was one of the reasons for abandoning the hops in the adjoining area, on soils that are not even as sandy as these should serve as a further warning of nematode infestation as limiting factor to cropping on these soils. Nematodes can be controlled, but this introduces an additional input cost and management factor.
· The Gb1 subsoil (Sample 287B), unexpectedly for such highly leached soil, has a high ESP (15.7%) and also fairly high salinity (as shown by the low resistance value). Even the topsoil sodium value is higher than expected and the resistance lower than expected. This probably due to the fact that Gb1 delineations are on slopes facing south, i.e. towards the coast from which sea breezes will carry salt spray. The latter is further substantiated by the very low sodium and salt (very high resistance) level in the comparable samples (265A and 265C) from mapping unit Ha2 on north facing slopes in the same dune area. Apart from effects on the soil, the salt spray will cause scorching damage to plants, limiting production of especially fruit and vegetable crops. This is well-known in coastal areas, up to many kilometres from the coast.
c. Moderately deep to deep apedal to weakly structured medium-textured soils with yellow-brown to brown subsoils (Mapping unit Hc1 and all He mapping units): These are generally speaking the best soils on the proposed reserve, but they do have limitations that prevent them from being classified as having high potential for many rainfed cropping or irrigated agriculture enterprises. These soils do not have the extreme physical and erodibility problems of the duplex soils (Db mapping units). They also do not have the extreme infertility, low water storage capacity, excessive leaching and wind erosion problems of the deep grey sands. From an agricultural point it is unfortunate that these mapping units cover only very small areas on the proposed reserve. Mapping units He2, He4 and one delineation of He1 have special problems that severely limit their potential. It is suspected that mapping unit He3 and the other delineation of mapping unit He1 may also have serious limitations, but these will have to be verified by means of soil analyses. The most salient points in regard to this group of soils can be summarized as follows:
· All the He mapping units have somewhat limiting effective depth. The Hc1 soils are deep.

· All the soils have serious surface sealing and compaction problems.

· All the He4 delineations are on steep slopes, thus making all of them unsuitable for rainfed cropping or irrigation. The smallest of the two He1 delineations has the same problem. The upper parts of two of the Hc1 delineations have slopes in excess of 8%. At such slopes these soils are highly erodable, except if they are under a permanent grass cover (e.g. irrigated pastures).

· The soils of mapping unit He2 have special problems. Firstly the top 50 cm or more of these soils are grey sands and therefore have problems of low fertility, high acidity, low water storage capacity, high wind erosion hazard, etc. Analytical data in Table 1 from Schafer & Robertson (2003) reveal that the subsoil of the modal profile from this mapping unit (Sample 274B) has a very high ESP (21.7) and unfavourably high Mg:Ca ratio (1.7:1). When looking at the position of this mapping unit in the landscape, there is reason to fear that the adjoining mapping units He3 and Cb2 may have similar problems, which would seriously jeopardize their suitability for irrigation.

· The biggest He1 delineation looks like a nice little (probably about 4 ha) area for irrigation. Its slopes are not too steep and it is close to a stream, so that it should be easy and inexpensive to irrigate it. The only fear is that it may be sodic, in view of its position below the sodic duplex soils on the plateau. This would have to be verified by means of soil analyses.

d. Water-logged  soils with moderate effective depth (Mapping units Cb1 and Cb2): These are structureless highly leached grey fine sandy loam soils with moderate depth (50-90 cm) over permanently (Cb1) or seasonally (Cb2) water-logged subsoils. The most salient points regarding each of these two mapping units are:

· For Cb1 the most serious limitation is the permanent water-logging not far from the soil surface. It must be kept in mind that a soil is over-saturated with water for quite some height above a water table. These soils also have a range of other very serious limitations, as listed in Table 1. It is not necessary to analyse these limitations in detail, considering the position of the soils in the landscape. These soils occur in water ways in the form of two narrow delineations. In addition to the facts that all bottomland waterways should always at all costs be protected and not cultivated and that these soils are highly erodable, eroded material from the one delineation will be dumped directly into the Swartvlei lake and from the other will also end up in the lake. One could argue that these areas could be planted to irrigated pastures, but trampling of these wet soils with their severe crusting and compaction susceptibilities will cause serious damage.

In their legend to the soils map Schafer & Robertson (2003) give the total area of Cb1 land as being 18.7 ha. This is impossible. According to their Table 2 on agricultural potential its size is 1.8 ha. I believe the laater is the size of one of the two delineations and that the two delineations together are probably about 4 ha.

· Mapping Cb2 has serious limitations in regard to seasonal water-logging and especially the extreme susceptibility of these soils to surface sealing and compaction. The high subsoil sodicity of the adjoining He2 mapping unit is cause for concern that the same may exist in this mapping unit, especially in view of its restricted drainage.

e. Water-logged  soils with very shallow effective depth (Mapping units Cc1 and Cc2): These are very shallow (only 20-35 cm) structureless grey loamy fine sand to fine sandy loam soils over permanently or seasonally water-logged clay loam subsoil. The limitations of these soils are as summarized in Table 1 and need no further explanation. If the topsoils were deeper, as in the case of Westleigh soils in the Eastern Free State the soils might have had low potential for rainfed wheat production, but here the topsoil is simply too shallow. The combination of shallow topsoil and poor drainage makes the soil toatally unsuitable for irrigation.
f. Miscellaneous shallow soils on steep slopes (Both Fb and both Fc mapping units): A variety of shallow soils on steep slopes, scattered in small patches, occur on the proposed reserve. Their total area is very small, only about 20 ha. The combination of shallowness and steep slopes makes them unsuitable for any form of rainfed or irrigated cropping.

g. Deep alluvial soils bordering the Swartvlei lake (Mapping units Ia1 and Ia2): These are typical stratified alluvial soils, with alternating layers of sand and silt loam. In the case of Ia2 there is a layer of silty clay (severely restricting drainage) below 100 cm. Traditionally alluvial soils are used extensively for irrigated agriculture. If the stratifications are not mixed by deep ploughing they cause serious restrictions to water infiltration (causing perched water tables) and root penetration. The soils are prone to severe crusting and compaction. Other factors to keep in mind are:

· I am pretty sure the Ia1 mapping unit and the Ia2 delineation next to it are subject to occasional flooding – after big rains in the catchment of the Wolwe River.

· According to Schafer & Robertson (2003) soils of the Ia2 mapping unit are saline – I would guess because they border on the Swartvlei lake.

· The narrow Ia2 strips bordering on the lake should in any case not be used for intensive cropping, because from an environmental point intensive cropping should not be allowed within 50 (or even 100) metres from the lake.

3.2 Evaluation of the requirements and tolerances of selected land utilization types

Evaluations of requirements and tolerances were done for only a small selection of agricultural land utilization types which are practised in the area. The evaluations were done for only those LUT’s for which Schafer & Robertson (2003) give suitability ratings for the different soil mapping units at the proposed reserve. They consider these LUT’s to be the best suited and most viable for the area.

Although Schafer & Robertson (2003) expressed the view that due to erratic rainfall and high input costs rainfed cropping is not an economical option for the area, they do give ratings for both rainfed cropping and irrigated LUT’s. They give ratings for

· Rainfed grown grain (summer and winter) and pastures 

· Irrigated grain (summer and winter), pastures, citrus (clementines), fynbos and vegetables.

They indicate that

· The pastures are mainly used for intensive grazing by beef and dairy cattle

· The grains are used as feed concentrates for the cattle

· The citrus and fynbos (as cut flowers) are grown for the export market

· Vegetables are used for the fresh and processing markets.

Evaluations assume commercial farming under very high management levels, i.e. they are for “best farmer potential”. This is because on the one hand one needs a certain baseline for comparison purposes and on the other hand even the best soils on the proposed reserve are problem soils having high input and management requirements.Only the production of fynbos on some of the soils is an exception to the latter.

It should be kept in mind that for the normal agricultural crops (i.e. except fynbos) evaluated high potential soils would be deep Hutton, Clovelly, Bainsvlei or Avalon soils (and for some crops also deep Shortlands soils) on favourable (not steeper than 8%) slopes.

Rainfed cropping

a. Grain crops: There are important differences between the requirements and tolerances of different grain crops and they must be evaluated separately. It is assumed that maize will be the summer grain and oats the winter grain.

· Maize: For high yields maize require deep effective depths, in excess of 90 cm. Soils with effective depths of less than 50 cm are unsuitable for maize. Because it is a wide spaced crop, maize is one of the crops that leave soils the most vulnerable to soil erosion (both water and wind erosion). Because of this and because of their shallow effective depths, it cannot be grown on duplex soils. Research on sandy soils in the Free State and framers’ experience on wet light grey soils have shown that maize perform poor under no-till or minimum till systems on such soils. So these systems, used to combat erosion, are not viable alternatives on such soils. Maize can be grown on deep, well-drained grey sandy soils, but their potential for maize is not high. This is, inter alia, because maize has high nitrogen requirements and there is excessive leaching of N from these soils. Maize also has high water requirements and under rainfed conditions the low water storage capacity of these soils is a serious limitation. Maize is sensitive to soil compaction. Under rainfed conditions the mid-summer drought in the area, which coincides with the very sensitive tasseling stage of maize is a serious limitation. Research and experience in the Eastern Free State has shown that Longlands soils (such as mapping unit Cb2) have low potential for maize. Maize is very sensitive to zinc deficiencies.

· Oats: I do not have specific information for oats, but in general I do not expect its requirements to be much different from wheat. Wheat has a strong root system and is much more tolerant to soil compaction than most other crops. Since oats is often used to “break in” new soils and as “foster crop” for other crops, I believe this will even more so the case with oats. Being a small-seeded crop, wheat is very sensitive to soil crusting and its is difficult to establish wheat on a crusting soil. Since oats is also a small grain, it may have the same problem. It cannot be grown on soils with shallow effective depths. Since the soils are bare for some periods, it cannot be grown on highly erodable soils. Small grains are not very sensitive to zinc deficiencies, but are very sensitive to copper deficiencies.

b. Pastures: A major limitation to rainfed pastures is the low water storage capacity of just about all the soils. Pastures on the leached sandy soils will have low palatabilty and low nutritional value, unless they are heavily limed and heavily fertilized with both macro- and micro-nutrients. The duplex soils have very low production potential for pastures because of their very limited effective depth and very poor subsoil physical conditions.

Irrigated cropping

a. Grain crops: Everything that was said under rainfed cropping about the grain crops are also valid here. The only difference is that the limitations of the low water storage capacities are alleviated by irrigation. This is especially important in regard to overcoming the mid-summer drought that is such a serious limitation for maize. The duplex soils are still unsuitable, and even more so, than under rainfed cropping, and the other soils still will not have high potential.

b. Pastures: Animal production, especially dairy farming, on cultivated pastures is an important farming system in the area. The duplex soils are not suitable for irrigation, however. The deep sandy soils that are suitable for irrigation, require high lime and fertilizer inputs, which lower their profitability, and they are not easy to manage. Just about all the soils are also vulnerable to compaction due to trampling by animals. The danger of pollution of water bodies by nutrients and organic compounds from animal faeces and urine under this type of intensive grazing system also negatively affect suitability ratings for this farming system.

Dr. F. Ellis, Senior Lecturer in Soil Science at the Unversity of Stellenbosch, rates the suitability of deep sandy soils in the George/Knysna area for irrigated pastures as follows (e-mail communication from him):

· Deep dry grey sandy soils (such as found in mapping units Gb2, Gb3, Gb4 and Ha2): Moderate (5/10)

· Deep wet grey sandy soils (such as found in mapping unit Ha1 and parts of Ga1): Moderate-Low (4.5/10)

· Soils with podzol B horizons (such as found in mapping units Ga2 and Ga3 and parts of Ga1): Moderate-High (5.5/10)

c. Citrus: Citrus requires deep (>100 cm) well-drained soils for optimum production (high potential). It cannot tolerate clayey subsoils, especially not the dense subsoils of duplex soils, making such soils unsuitable for citrus. I have seen in Swaziland how citrus suffer and die on such soils and have photographs of it. This can theoretically be alleviated by planting the trees on big ridges. Since only topsoils can be used for ridging and the topsoils of the duplex soils at the proposed reserve are so shallow, it would mean that only a few rows could be planted per hectare. Inappropriate ridging will aggravate the situation instead of alleviating it, as I have seen near Nelspruit. Citrus is very sensitive to subsoil wetness, being very vulnerable to the root-rot fungus Phytophtera infestans under poorly drained conditions – especially under irrigation. Citrus is very sensitive to both subsoil compaction and surface sealing, which are both problems on almost all the soils at the proposed reserve. A combination of compaction and wetness greatly aggravates the susceptibility of citrus to phytophtera. From what I have observed near Nelspruit, it is clear that citrus preforms very poorly on deep grey sandy (Fernwood or Cartref) soils.

Dr. Ellis rates deep grey sandy soils (based on information from Citrusdal) as follows for citrus:

· Deep dry grey sandy soils (such as found in mapping units Gb2, Gb3, Gb4 and Ha2): Moderate-Low (4/10)

· Deep wet grey sandy soils (such as found in mapping unit Ha1 and parts of Ga1): Moderate (5/10), but on condition that good drainage is provided. From my experience at Nelspruit this would be a too high rating for the higher rainfall area where the proposed reserve is and a low rating (probably 3/10) would be more appropriate here.

d. Vegetables: Many vegetables have shallow root systems and could, therefore be grown on soils that are too shallow for other crops. Some vegetables require soils with deeper effective depths. Beans can, for example, not be grown under irrigation on soils with a dense clay subsoil within 80 cm from the soil surface. This is well-known and at Occupation Post, a commercial estate under sophisticated management in the former Transkei, I saw it failing totally under irrigation on duplex soils. Again, theoretically the situation could be alleviated by ridging, but if the topsoil is as shallow as at the proposed reserve, then ridging is no longer a viable option. Also, ridging is not a viable option on highly erodable duplex soils, as I have observed in the Lowveld. In the old days I have seen excellent vegetables being grown on deep grey sands of the Joostenbergvlakte near Cape Town, but this was during the hot, dry summer seasons when the water tables were low and excess water from winter rains were removed by ditch drains. Lots of compost were also applied. In the area of the proposed reserve the deep sandy soils will require high lime and fertilizer inputs, including micro-elements, for successful vegetable growing.

Dr. F. Ellis, Senior Lecturer in Soil Science at the Unversity of Stellenbosch, rates the suitability of deep sandy soils in the George/Knysna area for irrigated vegetables as follows (e-mail communication from him):

· Deep dry grey sandy soils (such as found in mapping units Gb2, Gb3, Gb4 and Ha2): Moderate (5/10)

· Deep wet grey sandy soils (such as found in mapping unit Ha1 and parts of Ga1): Moderate-Low (4.5/10)

· Soils with podzol B horizons (such as found in mapping units Ga2 and Ga3 and parts of Ga1): Moderate-High (5.5/10)

It should be noted that he gave vegetables the same ratings as for irrigated pastures.

e. Fynbos: The requirements and tolerances of fynbos are totally different from those for the “normal” agricultural enterprises. Fynbos thrives on infertile, strongly acid, sandy soils. “The more acid and the more sandy, the better” (Ellis). This means that all the deep sandy mapping units (Ga1, Ga2, Ga3, Gb2, Gb3, Gb4, Ha1, Ha2 and Hc1) have, from a soil quality point high potential for fynbos production. Since no lime and fertilizers are required and no cultivation should be done, input costs are low, indicating good profitability. Unfortunately  the major part of these mapping units (except Hc1) are presently under pine plantations. This means that costly land clearing will have to be done. In addition some of the mapping units are on high dunes, meaning that expensive pumping costs will be needed to irrigate them. A similar problem exists for Hc1, as will be explained in the next section. From an economic point it then becomes a question whether it can really be rated as high potential.
Irrigation

Irrigation per se has some requirements and tolerances that have to be considered, regarding impacts on the soil, technical feasibility and economic viability. Nett Incremental Irrigation Benefit (NIIB) is an important factor stressed by the FAO. Is irrigation more profitable than other LUT’s after considering the fixed and runnig costs involved? 

It is important to keep in mind that a number of the mapping units rated as having high potential for fynbos (all the Ga and the Ha1 mapping units) have restricted drainage, as indicated by the presence of fluctuating water tables. This indicates a danger of water-logging under irrigation. With water-logging follows sanilization and/or sodification. Superficially one would guess that the water in the rivers from which water for irrigation will be abstracted is of a good quality. The high subsoils sodicity of the one sample from the former hops plantation warns that this may not be the case. When considering that at least some of the water is coming from the plateau with the duplex soils with the sodic subsoils, it indicates that the quality of the water for irrigation should be investigated. In any case, in these mapping units drainage will probably have to be provided – an important cost factor.

The fact that the soils have such low water holding capacities means that more expensive irrigation systems will be required, to cope with the frequent light irrigations needed. Because of the sandy nature of the soils flood, furrow or drip irrigation can not be used. Overhead sprinklers or microjets will have to be used.

Regarding slope Turner & Scotney (1993) give the following important outline: “Slope is an important parameter and should always be incorporated into irrigability assessments. In general,slopes less than approximately 8% are considered to be suitable for irrigation development. Slopes greater than this value would require specialized irrigation systems and conservation measures. They would receive a lower irrigation class rating or be considered unsuitable.” Recent experiences that I had in Swaziland would endorse these statements fully. Of the mapping units rated as having high potential for fynbos from a crop point, a number have substantial areas with slopes steepr than 8%. These include mapping units Ga3, Gb2, Gb3 and Ha2. In some parts the slopes are much steeper than 8%. The areas with less than 8% slope occur in patches and not as contiguous blocks. Development of irrigation infra-structure for different patches of land is much more expensive than for large contiguous areas. Small parts of mapping unit Hc1 also have slopes steeper than 8%.

In the case of the sand dune areas there is no existing irrigation infra-structure. The dunes are quite high and the water in a deep gorge. If my calculations are not totally wrong, water will have to be lifted through a height of over 100 metres to get it to the highest parts of mapping unit Gb3. For significant areas it will have to be lifted more than 50 metres. I am under the impression that irrigation development is not feasible and economically viable if water has be lifted more than 50 metres.

In the case of Hc1 and Ga1 there is a big existing dam high on the edge of the plateau from which water can be commanded here by gravity – probably with enough gravity pressure to drive sprinkler irrigation. But there is again a big pumping cost involved since water will have to be lifted through a height of about 60 metres to get it from the Wolwe River to the dam. So, although high fixed development costs will not be required,  recurrent costs (running costs) will be high due to the high pumping costs.

3.3 Broad matching of the qualities of the resources with the requirements and tolerances of the LUT’s

The objective of this exercise was not to do land suitability evaluation with a view to agricultural land use planning of the area considered for the proposed Lakes Eco and Golf Estate. Therefore no detailed tables giving land suitabilities for individuel mapping units for different LUT’s or detailed land suitability maps are given The objective was purely to identify whether there are significant areas of high potential agricultural land that should be reserved for agriculture and where these are.

After considering all the different physical-biological parameters and potential environmental impacts, I concluded that fynbos under irrigation is the only LUT for which there are areas with high potential. After excluding areas which are presently under pine plantations and for which both the development and running costs for irrigation will be very high, thus downgrading the rating, I concluded that only mapping unit Ga1 (if its flooding hazard is not too big) and the parts of mapping unit Hc1 with less than 8% slope could be rated as having high potential for irrigated fynbos production. These cover a total of about 25 ha. It is important to note that quite incidentally the vast majority of this area has in the proposed development plan for the Lakes Eco and Golf Reserve in any case been earmarked for the growing of fynbos.
It is important to note that the vast majority of the area which is not under natural forest should, for various reasons, be rated as UNSUITABLE for rainfed cropping and irrigated agriculture. Top on this list are the mapping units with the highly erodable duplex soils, i.e. all the Db mapping units. I have seen some horrible disasters (ecological and socio-economical) where such soils have been included in irrigation schemes or recommended for rainfed cropping – in the Eastern Cape and elsewhere - and would not like to see another such case. The following mapping units should be included in the “unsuitable” class: Cb1, both Cc’s, all Db’s, both Fb’s, both Fc’s, Gb1, He4 and Ia2. They cover a total of 593 ha out of the just more than 700 ha not under indigenous forest, i.e. more than 80% of the area not under indigenous forest.  

3.4 Alternative scenarios

It has not been part of the terms of reference for this report to do any environmental impact or scoping regarding the proposed Lakes Eco and Golf Reserve. Consequently no investigation was done in this regard and no comments will be made.

It is important to look at two other scenarios. Firstly, it must be realised very clearly that in view of the high input costs and very high management required for agriculture on the farm where the proposed reserve is supposed to be developed, this farm is totally unsuitable for the settlement of small-scale farmers. It can only lead to ecological disasters and human hardships. Probably the worst scenario would be where the farmers keep excessive numbers of livestock which overgraze the plateau area. This will lead to severe erosion, producing lots of sediment that will end up in the Swartvlei lake. Also bad will be if the homesteads are located on the sandy soils near the lake and sanitation is by means of pit latrines from which pollutants will just simply leach into the lake.

Secondly, it will pose very severe pollution hazards for the lake if uncontrolled informal settlements are allowed to invade the farm. Invasion of the sandy areas around the lake will be a big hazard if there is not provision for proper sanitation. This is a real danger if the farm is allowed to just lie unused. It is also something that must be guarded against on the adjoining areas bordering the lake east of this farm.
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