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Introduction
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Ecosystems have complex 
exchanges of energy and 
water giving ecosystems 
their distinct identities

Ecosystems provide 
functions critical to survival 
but human activities place 
increasing demands on 
ecosystem services.  

The effect of these 
activities on ecosystem 
functioning has been the 
focus of numerous WRC 
studies
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The Montane Grasslands
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Paired Catchment Research
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The objective:

To investigate the influence of 

different veld management 

treatments on the vegetation and 

streamflow. 
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Catchment Water Balance Studies

The Importance of baseline studies
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The Grassland Catchment Water Balance
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QEP a  mm annum-1
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Grasslands vs Eucalyptus trees
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Dormant season

Evergreen
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• Rainfall higher along eastern seaboard, & in high-
lying catchments, favoured for afforestation.

• Limited indigenous timber resources. 

• Increasing demands for timber initiated large-scale 
exotic plantation forestry (replacing grassland & 
fynbos).

• High water-use necessitated regulation (SFRA) & 
constrained expansion of forestry.

• What about indigenous tree species?

• WRC/WfW project : Water-use and economic value 
of the biomass of indigenous trees under natural 
and plantation conditions (2009 – 2015).

Indigenous Tree Water Use:
Background

FORESTWOOD cc
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Alternative forestry systems based on 
indigenous tree species?

Indigenous trees slow growing, 

low water use?

Higher WUE?

Economically viable?
Hardwood value

Other products (traditional 
medicine)

Recreational value

Ecosystem goods and services

5-yr project (WRC)
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Main objective

Improve knowledge of WU in relation to 
biomass and compare to commercial 

forest plantations.
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Groenkop forest, southern 
Cape
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WU using 

Scintillometry 

& EC

3.2 km beam path

Net radiation and soil heat 

flux measurement
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Water Use Measurements
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ET modelling
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WUE of indigenous species potentially suitable 
for plantations
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Exotic Plantation Species

Podocarpus falcatus

Trema orientalis

Celtis africana

Ptaeroxylon obliquum

Olea europaea (subs. africana)

Berchemia zeyheri

© CSIR  2009                        www.csir.co.za

Relative differences in water-use - optimal conditions

WUE of indigenous trees: Results

∆Trans. = 
∆Streamflow

FORESTWOOD cc

Compare against data from exotic tree species
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WUE of Indigenous Forests: Conclusions

Low WUE in indigenous forests

Low ET 

Low growth rate, dominance of mature trees

High profit per unit of water

High value of wood

Low management costs

Viable land use option 

only wood considered in this analysis

non-wood products would increase profitability



Another project sponsored by www.wrc.org.za

Effect of agroforestry species on traditional 

cropping systems in rural areas. 

Agroforestry
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Problems: Shortage of Fodder
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Shortage of Fuel Wood
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Shortage of Land
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Shortage of water
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Possible solution – Agroforestry

Effect of agroforestry

species on traditional 

cropping systems in 

rural areas. 

Phase I and II
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Runoff  
and 
Erosion 
reduced 
by mulch

Soil 
erosion 
impeded 
by trees 
and roots

Plant litter provides 
mulch. 
Decomposition 
returns nutrients to 
the soil

Crop 
residues 
returned to 
the soil

Nitrogen 
contribution from 
leguminous 
plants

Nutrients 
absorbed 
by crops

Multiple benefits

.
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A field assessment of the agronomic performance and 

water use of Jatropha curcas in South Africa

Aim: To measure changes in 
water-use, growth & yield of a 
Jatropha curcas / kikuyu agro-
forestry (silvopastural) system
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Ukulinga Research Farm Pmb.

Jatropha grown in a silvopastoral (Kikuyu) agro-forestry system
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Seed Yield
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Modelling - Spatial Extrapolation

Monthly P-M ETo

Hallowes, J. 2007. Water use mapping of Jatropha curcas.

X =
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•Dry-land water-use of Jatropha curcas
is low, BUT

•High input  costs + low seed production 

The wonder of Jatropha is a 
fiction.

General Conclusions 

© CSIR  2010                        

www.csir.co.za
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Looking Back
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Challenges for the next 40 years

Population

Pressure 

Climate 
Change

Energy:

Biofuels

Biogas

Water Quantity

& Quality

Communal 
range mngt.

Food security

Payments for 
ES

IAP’s

Research 
Funding

Blue Sky Res?

Research 
Capacity

Good 
Governance


