
1.1 Climate-resilient agriculture: is multi-scale diversification and land use extensification the key? 
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In the context of ongoing climate change and increasing population, there is an urgent need to optimize 

the water consumption of surface and groundwater in agricultural production. In recent years, intensive 

irrigated viticulture and horticulture have faced increasing demand pressure in many water-limited areas 

including the Western Cape Province in South Africa. It has also been shown that the number of 

consecutive dry days between precipitation events has increased in the Western Cape. Increased 

temperatures imply increased evaporation as a result of increased vapor pressure deficits, which in turn 

may reduce soil moisture and the availability of water resources in the long term. Shelterbelts of trees 

and agroforestry are often used to reduce water demands as an eco-engineering measure directly 

influencing soil evaporation and crop transpiration. How effectively could agricultural landscapes be 

redesigned through the introduction of specially designed obstacles to airflow, via significant impacts 

on the near-ground wind field? And how especially the surface energy budget, together with the local 

temperature and wind regime is influenced? Objectives of our experiments are (i) to evaluate the extent 

of impacts of wind speed from shelterbelts at canopy level in crop species and (ii) to assess shelterbelt 

effects at leaf level (including leaf temperature and related ecophysiological performance) in irrigated 

vineyards. Experiments are underway in the Winelands of Stellenbosch, South Africa, and comparative 

studies on the interaction between microclimatic and ecophysiological conditions are also carried out 

on a vineyard in the post-mining site in Lower Lusatia. It is hypothesized that the proximity of tree 

shelterbelts reduces vineyard evapotranspiration, leaf conductance, and photosynthetic capacity. The 

quantum efficiency of photosystem II and stomatal conductance of leaves were measured to test for 

effects of shelterbelts on leaf-level performance. Preliminary results indicate that shelterbelts 

significantly enhance the physiological function and photosynthetic performance of vines. 

  



1 CEBra – Centre for Energy Technology Brandenburg e.V., Cottbus; Germany  
2 Stellenbosch University – Department of Zoology and Botany, Stellenbosch, South Africa
3 Brandenburg University of Technology, Cottbus-Senftenberg. Institute of Envrionmental

Sciences, Cottbus, Germany
http://www.agroforestry-africa.org/

Can shelterbelt trees reduce evapotranspiration and 
ecophysiological stress in irrigated vineyards and citrus orchards? 

A transcontinental experiment in the Western Cape, South Africa and Lower Lusatia, Germany

Maik Veste 1,3, Kerry-Anne Grey 2, Nadine Gottschalk 3, Katja Trachte 3, Guy F. Midgley 2

Climate Change and horticulture
In the context of ongoing climate change and increasing
population, there is an urgent need to optimize the water
consumption of surface and groundwater in agricultural
production. In recent years, intensive irrigated viticulture and
horticulture have faced increasing demand pressure in many
water-limited areas including the Western Cape Province in
South Africa. Increased temperatures imply increased
evaporation as a result of increased vapor pressure deficits,
which in turn may reduce soil moisture and the availability of
water resources in the long term. Shelterbelts of trees are
often used to reduce wind speed and water demands as an
eco-engineering measure directly influencing soil evaporation
and crop transpiration [1,2]. Agroforestry can be a suitable
tool to mitigate climate change effects in agriculture [3]

Study sites and methods
Field experiments are underway in the Winelands of
Stellenbosch of the Western Cape, South Africa, with
comprehensive studies on the interaction between
microclimatic (Fig. 2a,b) and ecophysiological conditions (Fig
2c-e). Additional measurements are also carried out on the
vineyard Wolkenberg in the post-mining site Welzow Süd in
Lower Lusatia, Germany (Fig. 2b).

Leaf transpiration and photosynthesis
Leaf transpiration was unaffected by the windbreak for the citrus
trees (Fig. 5a), but was lower for the vines located within the
windbreak zone than those located away from the windbreak
zone (Fig .5b).

Tree – crop interactions
With reference to a control station in the open field, the mean wind
speed in a position about 18 m from the hedgerow at canopy level
(2 m) was reduced by 27.6% over the entire year and by 39.2%
over the summer growing season (Fig.3a). This effect leads to a
parallel reduction of reference evapotranspiration of 15.5% during
the whole year and of 18.4% over the growing season. When
applying empirical crop-specific Kc values for well-irrigated
grapes, the reduction of evapotranspiration is 18.8% over the
summer growth period (Fig. 3b).
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Fig. 1: Tree shelterbelts at the wine farm Babylonstoren, Paarl region, 
Western Cape, South Africa.

Fig. 2: Microclimate measurements (a) in the citrus orchard at 
Babylonstoren, Western Cape, and (b) in the vineyard Wolkenberg,
Brandenburg. Ecophysiological field measurements of photosynthesis, leaf 
conductance, leaf transpiration and chlorophyll fluorescence (b-d).

a b

edc

a

Fig. 4: Stomatal conductance of (a) citrus and (b) grape leaves inside and 
outside the windbreak zone at Babylonstoren (Fig. 1). 

Quantum efficiency of PSII (PhiPSII) did not differ between plants 
located inside or outside of the windbreak zone, both for the citrus 
trees (Fig. 6a) and grape vines (Fig. 6b). However, there was a 
significant relationship between leaf temperature and PhiPSII
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Objectives
(i) to evaluate the extent of impacts of wind speed from 
shelterbelts at canopy level in citrus orchards and vineyards
(ii) to assess the wind effects at leaf level including leaf 
temperature and related ecophysiological performance in 
irrigated vineyards. 
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Fig.3: Monthly average of wind speed (a) and monthly evapotranspiration (b) near
the hedge and at the open field at 2m and 6m height at Babylonstoren [2]

Crop ecophysiology – first results
Leaf-level conductance was unaffected by the windbreak for
the citrus trees (Fig. 4a), but was lower for the vines located
within the windbreak zone than those located away from the
windbreak zone (Fig. 4b).

For the presented results we collected chlorophyll
fluorescence and stomatal conductance data from vineyards
in February 2021 and citrus May 2021 at Babylonstoren using
the LI-600 (Licor Biosciences, Nebraska, USA) (Fi. 2c).
Additional leaf gas exchange and photosynthesis
measurements were carried out with Li-6400. We intend to
combine long-term microclimate, spectral reflectance sensors,
and leaf ecophysiology for further analysis.

Fig. 6: The relationship between leaf temperature and quantum efficiency of 
Photosystem II of (a) citrus and (b) grapevines inside (orange) and outside (blue) 
the windbreak zone

Fig. 5: Leaf temperature of (a) citrus and (b) grapevine leaves inside and outside the 
windbreak zone


