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EXECUTIVE SUMMARY

BACKGROUND

Pine plantations are still the most planted species in South Africa occupying 49% of the total commercial
forest plantation area. However, fast-growing Eucalyptus species are now considered an alternative to pine
by the dissolving woodpulp markets due to their superior pulping properties, high productivity rates and
short rotation. The literature suggest that Eucalyptus species are heavy water users compared to pine and
may cause a reduction (or cessation) of streamflow and depletion of underground water resources.
However, this information is limited to a few commercial forestry species mainly Eucalyptus grandis and
Pinus Patula. The forestry industry breeding programmes have produced several clonal hybrids whose total
water use (ET) and impact on water resources is not fully understood. The eucalypts, E. dunnii, E. grandis x
E. urophylla and E. grandis x E. nitens are the first, third and fourth most planted species in South Africa,
whereas, P. elliottii is the second most planted pine specie and ET and the impact on water resources has
not been quantified for each of these species. There is an urgent need to expand water use knowledge by
these species using high quality scientific research to inform policy (National Water Act of 1998) and forest
management decisions. This need has become more important with the proposed Genus exchange
regulation, which outlines that any existing water user that wishes to exchange a genus is required to apply
to the relevant authority to implement the proposed exchange.

PROJECT AIMS

Considering this water use knowledge gap identified above, the aims of this research were:

1. Toexpand the knowledge of the estimates of water use of different clones and hybrids of eucalypt,
wattle and pine species (e.g. clones/hybrids most commonly used, clones/hybrids planted in
optimal sites).

2. Toaddress shortcomings in the availability of leaf area index information for different SFRA species,
clones and hybrids.

3. To improve existing tools used for the estimation of the impacts of SFRA through the inclusion of
improved soils data and baseline land cover data, as well as the inclusion of the latest process
results related to water use (i.e. evapotranspiration) of SFRA clones, hybrids and species.

The outcomes, findings and products of the project are comprised of two final reports. This document
details the research undertaken to address Aim 1, which focuses on the improved water use estimation of
SFRA species, while the other deliverable speaks to Aims 2 and 3 and documents the SFRA Utility.

RESEARCH SITES

The Two Streams Research Catchment is one of the few remaining catchment areas in South Africa that
have been intensively studied with over 22 years of detailed hydrological process observation. The previous
projects have focused on understanding the impact of Acacia mearnsii on surface and groundwater
resources, ET and riparian zone management. In 2018, post clearing of A. mearnsii, a change in genus was
proposed, with subsequent planting of E. dunnii. This presented a unique research opportunity to
understand the impact of changing a genus from A. mearnsii to E. dunnii on the soil water balance.
Therefore, hydrological processes observations were conducted on a two-year-old E. dunnii for comparison
with two-year old A. mearnsii and a mature crop (six-year-old A. mearnsii). Due to a long historical data for
the catchment, two additional study sites in the same stage of development were identified adjacent to
Two Stream Catchment, one planted to eight-year-old E. grandis x E. nitens (GN) and second to twenty-
year-old P. elliottii. Measurements of transpiration and estimates of ET for each specie were compared and
implications to water yield quantified. A fourth site was selected on the north coast of KZN (KwaMbonambi),
planted to nine-year-old E. grandis x E. urophylla (GU), due to favourable growing conditions for this specie
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in subtropical conditions. Concomitantly, practical techniques that may be used to improve tree
productivity by the commercial forestry industry were investigated and are reported.

METHODOLOGY

This research involved conducting a detailed literature on PWPwoop as a tool to improve productivity in
commercial forestry. Case studies in other countries indicating improvement in plantation productivity
using PWPwoop instead of water use efficiency were highlighted. Practical interventions that can be
implemented by the commercial forestry industry in South Africa to improve PWPyoop are emphasised.

The most up-to-date techniques for measuring water use (heat ratio method), total water use (eddy
covariance and large aperture scintillometer) and quantifying the impact of commercial forestry on water
resources were used. First, water use comparison between E. grandis x E. nitens clonal hybrid (GN) and
P. elliottii at Two Streams research catchment were conducted and potential impact on water resources
quantified. Second, total water use by previously planted A. mearnsii crop (two-year-old A. mearnsii and
six-year-old A. mearnsii) was compared to a newly planted E. dunnii crop (two years old) to providing
observation of a change in total water use and hydrology of a site over time. Third, water use by GU in
KwaMbonambi, northern Zululand was measured, compared to its mother plant, E. grandis and E. urophylla
and the potential impact of GU on groundwater resources was quantified. Fourth, the major total water
balance components of the Two Streams research catchment, and the streamflow were determined,
providing an important understanding into the systems hydrological function.

RESULTS

The Two Streams research catchment was found in previous studies to have water-use losses that exceed
rainfall. This study found similar results and trees were not water stressed, with the exception of a GN study
site where trees indicated signs of water stress. These long-term results suggested, with omission of the GN
study site, that trees sourced water in the soil water storage from previous wet years held deep in the soil
profile or water from lateral flows from surrounding areas. Similar results were found on the fast-growing
GU in KwaMbonambi. The total Two Streams catchment water balance indicated that tree
evapotranspiration was the main consumer of water loss in the catchment, contributing 96% relative to
total runoff and baseflow.

Comparison of water use by GN and P. elliottii showed that, in the first year P. elliottii water use significantly
exceeded GN (mean daily water use: P. elliottii= 2.5 mm and GN = 1.9 mm), while water use was statistically
similar in year two (mean daily water use: P. elliottii = 2.6 mm and GN = 2.1 mm). These results contrasted
with findings from previous Eucalyptus and Pinus comparative studies where Eucalyptus water use was
statistically greater than pine, and this was attributed to water stress conditions experienced at the GN
study site. The PWPwoop at the GN site was statistically greater than the P. elliottii site (mean: GN =0.725 g
wood kg H,0 and P. elliottii = 0.59 g wood kg™ H,0), however, statistically lower than other similar studies
(maximum = 3.1 g wood kg™ H,0), which was once again probably a result of soil water deficit at the study
site. The genus exchange ratio between GN and P. elliottii was found to be on average 0.92, however, these
results were based on measurements conducted on two sites, with one site subjected to drought stress. A
recommendation is that these measurements are conducted over several forestry sites to include different
soil and climatic conditions. Based on these results a conclusion was drawn that conversion from P. elliottii
to GN in water stressed sites and where groundwater resources are too deep for access by trees may not
affect groundwater resources, however, during the wet season, trees may deplete the recharged soil profile
soil water content which may lead to streamflow reduction in the long term.

Total water use comparison between young A. mearnsii (two-year-old) versus young E. dunnii (two-year-
old) versus matured A. mearnsii (six-year-old) at Two Streams catchment indicated that total water use by
the two young crops was 12% greater than the matured crop. This finding was supported by literature,
which suggests that the water use of young crops is higher, decreasing as the stand approaches maturity.
The genus exchange ratio between young crops was calculated to be one, while between young crop and
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mature crop was 0.92. A suggestion is that measurements are continued for the full E. dunnii rotation to
allow for comparison with A. mearnsii rotation. The young E. dunnii PWPwoop (0.068 g wood kg H,0) was
statistically greater than young A. mearnsii (0.018 g wood kg™ H,0), while the matured A. mearnsii PWPwoon
(0.131 g wood kg H,0) was statistically greater than both the young crops. Afforesting the catchment with
E. dunnii or A. mearnsii, at any stage of development, could have a negative impact on the streamflow and
groundwater reserves. These findings were supported by a reduction in streamflow when the catchment
was afforested by either E. dunnii or A. mearnsii, while the streamflow increased when the catchment was
cleared.

The heat ratio technique indicated that the GU mean daily water use was 2.3 to 3.3 mm corroborating with
previous water use studies conducted on E. grandis and E. urophylla in northern Zululand region. These
results suggested that the GU water use is statistically similar to its mother plants water use (E. grandis and
E. nitens). The PWPwoop was higher (range: 1.4 to 1.74 g wood kg H,0) than other published studies
(0.6 g wood kg H,0), which was attributed to a very high productivity potential of the study site. Trees did
not produce any signs of water stress, regardless of very low soil water content on the sites, inferring the
possibility that GU trees were able to access groundwater reserves with possible long-term consequences
on the streamflow and depletion of groundwater reserves.

The Random Forests predictive model was used to determine the relationship between tree transpiration
and total evaporation versus micrometeorological variables (rainfall, soil water content, vapour pressure
deficit, relative humidity, air temperature, solar radiation). The model indicated that solar radiation, FAO
reference evaporation, soil water content and vapour pressure deficit are good predictors of transpiration
and total evaporation. The model further indicated that streamflow was highly correlated with water yield
(defined as a ratio of streamflow to precipitation) and rainfall. This relationship will form a good background
for future modelling studies where water use can be estimated from weather measurements.

CONCLUSIONS

This report indicates the value that can be achieved from conducting direct water use measurements in
commercial forest plantations. Before this study was conducted, there was a lack of water use information
by clonal hybrids and species currently planted by the commercial forestry industry in South Africa, which
is now available in this report through the use of the most up-to-date measuring techniques. This report
not only present the first measurements of water use by GU, GN an P. elliottii in South Africa and first
comparative water use by P. elliottil and GN, but is also one of the few studies that quantified the impact
of A. mearnsii and young E. dunnii on groundwater reserves and streamflow in South Africa. The study
provides decision makers, such as government officials with an opportunity to update policies using water
use information from species and hybrids currently planted by the South African commercial forestry
industry. Data captured in this report will also be a useful resource in future modelling studies where water
use could potentially be estimated from weather and growth variables beyond the Two Streams and
KwaMbonambi study sites. This water use dataset provides invaluable data for validating remote sensing
techniques. Finally, data from this study will form a good background for future water use studies by
increasing sample dataset and the long-term measurements of water use will provide a robust
understanding of water use by different species and their potential impact on water resources to accurately
determine commercial forestry streamflow reduction activity.
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