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I ntroduction

These Guidelines are for growers, land and water resource managers, environmental
organisations and any parties, interested in Short Rotation Coppice (SRC). It is hoped that the
Guidelines will enable you to decide if alocation is suitable for planting SRC when the likely
crop productivity is weighed against possible adverse hydrological impacts. To assist in this

task we consider various issues including:

e thewater use of SRC compared to other crops,

e what factors govern the water use;

e what the water requirements are for a productive crop;

e and what impacts are likely on the availability and quality of the water.

When reading these Guidelines you should remember that although we know alot about the
processes controlling the water use and growth of SRC through recent research, there are till
gapsin our knowledge. These gaps coupled with the variability of natural systems, and
climate change, inevitably give rise to uncertainties in predictions which in some situations

will be large.

Information that defines certain terms, or is of supplementary interest, isincluded in shaded
boxes.



Basic consider ations

e Because it uses more water than nearly all other vegetation in the UK (see the next
section) sites must be carefully selected to ensure that the growth and yield of SRC

do not suffer as aresult of too little water.

e Water use and growth will vary across the country. (The sizes of the differences and
the variation between varieties are being studied through a national network of field
trials. The results from this study will provide valuable information on the most

appropriate varieties to grow.)

e Thelow value of SRC makesit uneconomical to irrigate and it is therefore essential
that it is planted in locations where there is adequate rainfall, or readily available soil
water, or both.

e At the same time the presence of SRC should not so deplete the available water
resource as to cause adverse hydrological impacts such as seriously reducing aquifer
recharge and/or stream flow (see Figure 1), which may feed reservoirs, wetlands,

water meadows or other fragile ecosystems.

e The effect of SRC plantation on water quality must also be considered. In general
thiswill be beneficial but the possibility of increased NO3 or other pollutantsin

surface runoff or ground water must be considered.
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Figure 1 The main components of the water balance. Drainage beneath SRC will go to recharging aquifers

or to stream flow, which in turn may feed reservoirs or wetlands etc.



How much water does SRC need?

Over the last few years, research, in the UK
and on the continent, has shown that willow
and poplar SRC use large quantities of water.
The most detailed work in the UK has been on
poplar, but differencesin water use between
poplar and willow SRC are likely to be small.
Specificaly:

Water use

Water is used by vegetation through two
processes, transpiration and interception. In
transpiration, water is removed from the
soil through the plants’ roots and
evaporated into the atmosphere from
stomatal poresin the leaves. In
interception, rainfall or snow, intercepted
by plantsis evaporated directly back into
the atmosphere without ever reaching the
soil.

e [or the UK, the water use from mature SRC during the summer months exceeds

that from all other vegetation and on an annual basisis second only to coniferous

forest.

e The high water use isthe result of, (i) high transpiration rates that can be sustained

even during dry periods on deep soils, and (ii), large interception losses resulting

from large |leaf areas.

e Transpiration isthe largest component of the SRC water use and thiswill be

affected by the availability of water for the plants during the growing season;

affected by the rainfall and soil.
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Figure 2 Theannual water use of different crops




e Aspart of aDTI-funded study it was estimated that for a clay soil site with annual
rainfall of about 700 mm, poplar SRC will use about 600 mm water compared to
about 400 mm for barley or wheat (including evaporation from the soil), about 475
mm for broad-leaved trees, and about 650 mm for pine forest (see Figure 2).

- The water use of willow SRC in the UK isunlikely to be significantly
different. The water use of energy grasses such as Miscanthusislikely to be

somewhere between SRC and grass but nearer to SRC.

- The corresponding average reduction in annual drainage (in mm) caused by
replacing various crops by SRC on two different soils, clay and chalk

(representing a soil with freely available water) are:

grass barley potatoes sugar beet bare soil
clay 153 179 166 87 216
chalk 150 189 179 113 246

e After each harvest the stems have to grow again and the leaf areaincrease, so that
despite rapid growth, the water use in the first year after harvest is likely to be less
than in the following two years (in athree-year cycle). Thus staggering the
harvesting of different blocks between years provides a means of reducing peak
water use.

e Onthebasis of asimple Swedish model relating biomass produced by willow for
each unit of water used, we can estimate the average rainfall needed over the
growing season to meet fully the water needs of SRC, well supplied with nutrients,
to produce ayield of about 12 oven-dry tonnes ha’. This average seasonal
precipitation is about 550 mm and corresponds to an annual UK average of about
1200 mm.

- In areas with lower rainfall if SRC is planted on shallow soils and thereis no
alternative water supply, then the yield will be reduced. If planted on deeper
soilsthen the SRC islikely to produce large deficits of soil water.



- If summer rainfall isless than about 300 mm (annual average about 700 mm)
then yields are most unlikely to reach 12 oven-dry tonnes ha* with currently

available varieties, unless there are additional water sources.

Transpiration and interception losses

Annual transpiration from SRC with three-year old shoots is higher than for other vegetation, with
typical transpiration losses for poplar and willow plantations of around 500 mm a year compared
with typically 375 mm ayear for broadleaf forests. The reasons for this are:

1) Thetransfer of water vapour through the stomatal pores of SRC speciesis more rapid than for
many other species.

2) Tosustain rapid growth, SRC plants develop: (i) extensive, and in suitable soils, deep, root
systems, that make available large water reserves that can be used during dry periods, that are
unavailable to shallower rooted crops; (ii), large leaf area to maximise the capture of sunlight
for photosynthesis.

Interception losses from SRC plants are also large as aresult of large leaf area. During the leafy
period in the third year of growth interception losses are about 20% of the rainfall: much the same
as for mature broadleaf forest in full leaf, in the UK. The equivalent rate for most food cropsis
lower, peaking at about 15% or less, largely related to their smaller stature and leaf area. From a
very small amount of data available from one study, it appears that interception loss from SRC
during the leafless period is about 12% of the rainfall. The perennial nature of the crop resultsin
significantly greater annual interception loss than from annual crops.




Whereto grow SRC in the UK?

Large-scale plantation of SRC could
pose problemsin eastern England where
the effective precipitation is small (see
Figure 3, where the effective
precipitation has been calculated as the
difference between the precipitation and
evaporation from grassland), and where
groundwater recharge is already low.
Reduced aquifer recharge would thus be
serious in areas where groundwater is the
major source of water supply.
Additionally, in this area pollutant
concentrations in the drainage water
could be high and seriously degrade
water quality. However, by carefully
selecting the sites and controlling the
areato be planted, these potential
problems can be overcome - high water

Figure 3 The effective precipitation acr oss Great
Britain. Thismap isbased upon data from
MORECS. Contact the Met. Officefor more

information.

use need not create a hydrological problem. Moreover, in many locationsit will be possible to

take advantage of the high water use and extensive rooting of SRC, e.g. to dry marshy fields,

to reduce the start and depth of flooding by increasing soil water storage, to reduce erosion by

stabilising the soil through root systems.

The largest area of SRC plantationsis likely to be in the west of the country where rainfall is

greatest because:

e |n wetter parts of the country economic yields from SRC will be possible at more

locations than in the drier parts. In the west, growth isless likely to be limited

through inadequate water. Provided there are sufficient sunshine hours, the

plentiful rain should produce high yields.

e At the same time the high water consumption of SRC will not generally have

serious consequences for water resources in the region. These areas also



correspond to the areas of lower population density so that more land is available

for planting, and human water consumption is lower.

However, there may be situations where reduced surface flows could cause
problems e.g. in Devon and Cornwall where 90% of the water supply isfrom
surface waters, and where during the summer the population greatly increases
through holiday visitors. Thus, significant areas of SRC should not be planted in

reservoir catchments.

Specific Siteissues

When selecting alocation for planting SRC you should take account of the soil, including any

sub-soil, and any weathered rock or chalk below the soil layer that may all be able to supply

water, remembering that:

the water store will be larger for deep soils than shallow soils;

for the same depth of soil more water is stored in clays than loams which in turn

store more than sandy soils;

as the soil becomes drier so the water becomes harder to extract, especially in clay

s0ils;

the depth of the soil is more important than the type as regards avail able water

because of the efficient rooting of SRC.

At sites where the summer rainfall is less than about 550 mm the plants will create

soil water deficits over the summer:

On shallow soils the soil water store will be exhausted quickly, and in many
years thiswill result in soil water stress with corresponding stomatal closure
and restricted productivity. The quantity of water draining from the bottom of
the soil profile in these circumstances will be similar to that beneath food

crops.

At sites with deep soils, large reservoirs of available water will allow deeply
rooted SRC to continue transpiring at high rates throughout the summer. When

summer rainfall is small alarge soil water deficit will develop so that, at these



sites, there will be less water draining from the bottom of the soil profile,

available for aquifer recharge or stream flow, until the soil water is replenished.

Willow is able to cope with water logging over prolonged periods and would be
suitable for planting in fields subject to rising or perched water tables or in areas
prone to flooding. Poplar does not do well at water logged sites but is able to
access water from awater table and do well when grown over shallow water tables

(1 —2 m deep) in soils with high capillarity.

The highest risk of water shortage will be during the summer on small, heavily
planted catchments, because of their smaller storage potential. Springs and

ephemeral streams may dry up sooner and for longer than before SRC was planted.

The high water use of SRC may be used to advantage to reduce peak flows and
delay the onset of local flooding: using them to dry the soil profile on deep soils
with large potential water storage would result in the soil accepting more winter

rainfall before reaching saturation.

There is some evidence from a DTI-funded study that willow roots will enter and
potentialy clog field drains. This study revealed some differences in the rooting
characteristics of different varieties but found no evidence of poplar roots (see

Figure 4) entering drains.



Figure4 A root system from poplar SRC dug up at the end of the second three-year cutting cycle
(photo. lan Tubby, Forest Research)

e SRC should not be planted close to, nor surround, archaeological sites. Thereis
large uncertainty asto the appropriate separation, but it would seem prudent not to
plant closer than 50 m to the remains from hydrological considerations. However,
the requirement for heavy machinery to be able to turn and approach the plantation
may set alonger separation distance.

e |tisalso possiblethat economic considerations will aso comeinto play and the
potential disbenefit of high water use may be overridden in favour of proximity to

end users.

Reducing water consumption

e The most effective step to reduce water consumption, without affecting productivity,
will be to plant new varieties with higher water use efficiency when they become

available.

e Evaporation losses are likely to be lessif plantations are formed as afew large blocks
rather than many small blocks because of edge effects:



- plants at the edge of a block receive more radiation and are subject to less
competition from their neighbours, consequently they tend to grow larger and
have abigger leaf area and thus evaporate more water than plantsin the

middle;

- the degree of enhancement should be related to the prevailing wind direction:
evaporation from blocks planted perpendicular to the prevailing wind should be
greater than if planted parallel.

- At present we do not know the size of this edge effect, but studiesto evaluate it

arein progress as part of a DTI-funded project.

e |tisalso recommended, that the practice of staggering harvest timeswithin a
catchment be adopted so that the variation in the gross annual water use of an area
planted with SRC is reduced.



How much to grow?

When deciding how much to plant you should consider competing water uses; whether they
be water abstraction for agricultural, industrial or domestic supply, or natural ecosystems. The
Environment Agency is now implementing the new CAMS (Catchment Abstraction
Management Strategy) process and will be able to provide information on current abstraction

licences and requirements for water meadows etc

Non-riparian plantations

The important factor in deciding how much SRC to plant is the scale of the plantation relative
to the area of land under consideration. For example in an area with annual precipitation of
600 mm:

e |f 2500 ha were planted within a 40 km radius of a power station, the reduction in the
effective precipitation across the whole area would be negligible at about 0.5%.

e But, if the 2500 ha were planted across a small catchment then the effect on the local
hydrology would be serious, effectively eliminating the whole of the effective rainfall

and causing reduced stream flow and aquifer recharge in that catchment.

Figure 5 shows the possible percentage reduction in effective precipitation over awhole
catchment, produced by planting different fractions of the catchment with SRC, for different
annual rainfall. In producing these percentages it was assumed that poplar SRC was planted
on aclay soil in place of an average food crop and that its transpiration was appropriately
restricted as aresult of water stressin dry areas. The greatest reduction in effective rainfall is
in the driest areas of the country but the maximum reduction does not occur at the minimum
rainfall since for these locations the transpiration from the SRC is severely reduced by the
water stress.

In very dry regions where the annual precipitation is below about 600 mm, SRC will use all
of the effective precipitation and so only a small proportion of a catchment should be
planted. In these areas the impact in reducing catchment effective precipitation will be

proportional to the area planted.
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Figure5 The per centage reduction in effectiverainfall over a catchment asa function of rainfall

Riparian plantations

Because of the readily-available water in riparian soils, very high rates of transpiration and
growth can be expected. The amount of water abstracted from the water course by the trees
will depend upon various factors including the length and width of the plantation, the type of
soil, and the rainfall. On the basis of some crude assumptionsit is possible to estimate the
likely maximum additional volume of water abstracted daily from awater course for different
dimensions of plantation, for SRC in a shallow soil on sand and gravel. Figure 6 shows the
additional abstraction expected compared with grass, expressed as an average rate, for a

riparian strip of SRC on one side of a stream.
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Figure 6 Maximum additional abstraction ratesfor riparian SRC planted on one bank

e Compared with many streams and rivers, these abstraction rates are low and it would
require large plantations (several kilometresin length) to produce detectable

reductions in water level.

e However, the additional abstraction rates are typical of mean flows recorded in some
small gauged streams and for these, riparian plantation could seriously reduce the
levels or even dry them up completely. Planting just 1 km of SRC 50 m wide could
be serious for a headwater stream. This would obviously have implications for any

fish or amenity ponds fed by them.

e Upstream from wetlands riparian SRC would reduce inflow, and possibly threaten

the sustainability of the wetland during long dry periods.



Water quality issues

The impact of energy crops on surface and groundwater quality will depend on many factors
including the previous land-use, soil type, hydrological regime and the past and future use of

fertilizers and pesticides. The main points to remember regarding water quality are:

e Ongood quality agricultural land, including set-aside, the impact of energy crops
on water quality islikely to be beneficial because far less pesticides or fertilisers
will be used than with traditional farming.

e After the establishment year, the use of herbicides for SRC should drop rapidly
and herbicide leaching should be minimal and is unlikely to be detectable in most
surface and groundwater sources. Broad spectrum insecticides, used against
beetles on willow, degrade rapidly in the soil and their impacts on water quality

arelikely to be minimal.

e The most contentious practice as far as water quality is concerned is probably
nitrate leaching from N fertilisers and sewage sludge particularly where the SRC is
situated in NVZs (Nitrate Vulnerable Zones). The amount of nitrate leaching
beneath SRC is likely to be the most important water quality aspect to cause
concern especially in the light of new evidence that yields are improved with

judicious use of N.



Nitrate Vulnerable Zones

The EC Nitrates Directive has led to the designation of Nitrate Vulnerable Zones (NVZs) in
catchments used for public water supply. A recent judgement by the European court of Justice
(December 2000) ruled that the UK has not implemented the Directive fully and there may have to
be increase in the area subject to NV Z regulations: the whole of England is one option being
considered, or specific NVZs each with their own Action Programme, covering perhaps 80% of
the land area of England, is another. In essence, the NV Z regulations demand that N fertilisers are
not to be applied in excess of crop requirements and will mean yearly assessments of individual
fields, taking account crop type and existing nutrient availability in the soil from previous
applications of fertilisers, crop residues and organic manures. The aim is to balance supply with
demand, so that thereislittle surplus nitrate left to contaminate water sources.

How much nitrate leaches in any location reflects a large number of site-specific factors and
unfortunately there are few measurements available. However, what can be said with some

confidenceis:
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Where thereis alegacy of nitrate or mineralisable nitrogen from previous land use, a
newly established SRC plantation does not appear to be able to reduce the nitrate

leaching to low levelsin thefirst few years

Sewage sludge application rates using the current Codes of Practice give measurable
increases in nitrate leaching but the effect from single applications appears to be short-
lived and the amount of nitrate leaching could well be less than from land under
intensive agriculture. The maximum annual amount of water applied during the
application of sudgeis likely to be of the order to 10-20 mm. After 31 December
2005 it will only be permitted to apply treated sludge to SRC

Recent evidence does seem to point to some benefit from the use of fertilisers
(especidly N fertilisers), however, only modest rates should be applied. Evidence
from Sweden and Denmark as well as from the UK demonstrates that applications of
70-100 kg N/halyr will not result in excessive nitrate leaching once the crop is
established, i.e. after the first year. There are large uncertainties in thisand a* dose-
response’ relationship needs to be established at afew key sites across the UK, with
continuous monitoring for at least two years after the last sludge application.

SRC and other energy crops provide a good outlet for the disposal of sewage sludge.
At present, application limits are governed by DEFRA regulations which limit total

nitrogen from organic manures to 250 kg N/halyr.

Subject to this limit, higher-than-necessary (for plant growth) N loadings can be used
on SRC so that it “treats’ various problematic waters such as municipal wastewaters,

landfill leachate and high nitrate agricultural drainage water.

SRC could be used as buffer strips planted alongside rivers to protect against nutrient
and sediment runoff from adjacent farmland. Work in the US has shown that a mixture

of tree and grass species considered for energy crops, can be effective as buffer strips.
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Useful contacts

Information about environmental |egislation and the Catchment Abstraction Management
Strategy process can be obtained from:

e Environment Agency
Rio House
Waterside Drive
Aztec West
Almondsbury
Bristol
BS32 4UD
http://www.environment-agency.gov.uk/

Information about DEFRA-funded research projects can be obtained at:

http://www.defr a.gov.uk/

Information about DTI-funded research projects can be obtained at:

http://www.dti.gov.uk/r enewable/r enew.htm




Glossary

aquifer

catchment

drainage

ecosystem
edge effect

inter ception

leachate
riparian

stomata

transpiration

soil water deficit

layers of rock or unconsolidated material able to store and transmit

significant volumes of water
the areafeeding ariver or reservoir

the water that percolates through the soil beneath a crop and goes to
replenishing the water stored in an aquifer, which also ultimately feeds
surface waters, or, if the substrataisimpermeable, flowing laterally

through the soil until reaching surface waters

acomplex of plant and animal communities and the associated

environment
enhanced evaporation at the edge of a block of vegetation

the process in which rainfall or snow, isintercepted by plants and
evaporated directly back into the atmosphere without ever reaching the

soil.
a solution of materials draining from the soil
the land immediately bordering a water course

poresin the leaves of plants through which water vapour and carbon
dioxide pass

the process through which water is removed from the soil through the
plants' roots and evaporated into the atmosphere from stomatain the

leaves.

the difference between the amount of water stored in the soil and the

amount that the soil holds when drainage has ceased following saturation



