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SUMMARY

This report discusses the 'energy crop' potential of many species
of tall herbaceous plants in Great Britain. Detailed accounts of
seagsonal dry matter production and chemical composition are presented.

Many natural stands of widely distributed gspecies could be harvested
immediately as opportunity energy crops to give between 6.5 and 12.5
tonnes ha 1. Much larger yields (up to 37.5 tonres ha—l) have been
recorded for other, less widespread, species that might succeed if

planted and managed as dedicated energy crops.

In most locations, opportunity and dedicated energy crops of natural
vegetation seem able to give dry matter yields comparable to these of
conventional agricultural crops and trees; on poor land, they often
yield more than many conventional crops growing on 'good' land with
regular applications of fertilizers. Thus, natural vegetation seems
to contain some species which have potential as renewable sources

of energy.

Stands of bracken (Pteridium aquilinum), which cover more than
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2 ways:

4,1 Fronds, and possibly rhizomes, could be harvested when standing
crops are maximal, in a programme aimed to improve rough grazing
by eradicating bracken. The biofuels produced, with dry matter
yields of 8.0 to 9.0 tonnes haml, would have a positive value in
contrast to the current cost of eradication of about £120 ha 1.
Fronds harvested when standing crops are maximal would be
decomposed rapidly in anaerobic digestors because they contain
large concentrations of carbohydrates.

4.2 Bracken fronds could be harvested when senescent. In this
instance, the stands of bracken might be mainteined indefinitely
as opportunity energy crops. This option would not significantly
affect the amenity and wildlife value of bracken land. In fact,
in some areas, it would be an extension of the traditional
practice of cutting senescent bracken fronds for bedding.

Autumn harvests of senescent fronds would be larger (4.6 to
8.0 tonnes ha 1) than those achieved by eradicating bracken
and promoting rough grazing. Because amounts of nutrients in
senescent foliage are small, the need for applications of
artificial fertilizers would be minimal.

Butterbur (Petasites hybridus) would be harvested to give maximal
standing crop yields of 8.2 tonnes ha *. It cannot be harvested when
genescent as it shoots quickly collapse at the end of the growing
season, Although butterbur currently covers only 33.5 km2 of Great
Britain, it could be maintained as an opportunity energy cCrop.
contains about 35% dry weight of soluble carbohydrates and would
provide a good substrate for anaerboic digestion. Fertilizer
applicaetions would be required to replace nutrients removed when
biomase is harvested and vields may increase with increasing amounts

It

of fertilizer.
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Cord-grass {Spartind anglicaz), which occurs in saltmarshes,could

be harvested when greein, yielding betiween 5.1 and 16.8 tonnes hanl,
or when senescent, yielding hetween 4.0 and 11.4 toanes he . Like
bracken, green DbIONAss would be converted by anaerobic

digestion whereas cenescent material would prcbably be converted
thermally. Both hervesting strategies are rfeasible; the choice
would depend upon the type of fuel required and/or the necessity

to control the spread of this invasive species. Neither harvesting
procedure is likely to impair re-growth as nutrient losses are
replaced by tidal inundations. Cord-grass, which occupies 120 xm? of
British salt marshes, sSeels to be an opportunity energy CIop of high

potential.

Japanese knotweed (Folygonum cuspidatum) and the closely-related

p. sachalinense have the potential to yield 9.8 to possibly 37.5
tonnes ha ! of dried green-tops oOT, at least, 5 tonnes ha ! when
gsenescent. Neither harvesting strategy is likely to impair re-pgrowth
even if some rhizomes were harvested. To compensate for losses
incurred when harvesting peak standing crops, applications of
fertilizer would be within the range currently applied to agricultural
crops, whereas applications of N, P and K would be decreased by

90, 93 and 75% respectively if shoots wexe harvested when senescent.
The evidence suggests that F. cuspidatum and F. sachalinense could

' o sirne mi emerev orons of high potential. They could be planted

et P

readily on a varilely of locations whether good AELLCULLUL GL Ly
railway embankments, OX roadsides (where small stands occur naturally).

policeman's helmet (Impatiens glandulifera) is an annual species and
could be managed as & dedicated energy c¢rop, and, possibly, an cnergy
catch crop, if its rapid rates of growth were mainteined after late
planting. Shoots and the small root systems, together give annual
yields of 11.4 tonnes ha }. This species would be harvested at peak
standing crop, when the goft fleshy tissues with iarge amounts of
proteins and soluble carbohydrates, and little lignin, would decompose

rapidly if digested anaerobically.

Meadow sweet (Filipendula ylmaria) is of marginal interest; its maximal
standing crops of shoots are unlikely to exceed 6.5 tonnes ha !, whereas
other species capable cf growing in its wet habitats are likely to be
more productive. Consequently, it seems that meadow sweet would be
harvested only if its habitats were being drained and "improved" for other
uses. Shoots of meadow sweet harvested at serk standing Ccrop should
decompose when subjected to anaerobic digestion even though 1its foliage
contains fewer nutrients than other species. It has relatively

large concentrations of holocellulose and lignin (75% of the dry weight).
Rosebay willow-herb (Chamaenertov angustifblium) could be an important
short-term cpportunity energy cIop if harvested frcm areas were land
use is changing or where more productive energy crops are to be
introduced. It currently occupies 138 km? of the under-utilized land
of Great Britain and a yield of 10.6 tonnes ha ! has been recorded.
Its green shoots contain 14% by dry weight of soluble carbohydrates
and they should decompose rapidly in an anaerobic digestor,with only
small amounts of N, P and K being removed from gsite.
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Great hairy willow-herb (Eptlobium hzrsutum) and associated plants
are very productive, yielding_standing Crops of 12.9 tonnes ha ! ¢op
POOr s0ils and 7.0 tonnes ha™! of dry

These large yields contain few mineral Nutrients - ggp amounts to
4.49 of shoot dry welght - ang amounts
Sustain yields are therefore likely to

Stinging nettie (Urtic

green., The Species ig
of Great Britain ang he
restrict its Spread. I

be very small,

a diotea) hag pPotential ag g short-ternm
OPPOTrtunity energy €rop; 1t yields 9.7 tonnes ha ! when harvested

a weed of agric
rbicides or rep

ultural land, covering 331 kp?

Tentative estimates of the ylelds of other tall herbg range from
Reed (Phragmites australis), yields 7.7 to

2.6 to 26.7 tonnes hg
26.7 tonnes ha™ ! ang ye
tonnes ha”!,

llow flag (Ir{s

pseudacorie) gives 6.3 to 14.8

In dedicated energy crops established from 'natural nontiletinm~ - -
TRt el ana wannera manieata, survival was

Japanesge knotweed. ovian
'Ihy 43 to 579 and 639
Erowth rates of Japanes
results suggest that it
of these 3 Speciesg,

respectively,
e knotweed and
would be feasi

During the Subsequent 2 years,
giant hogweed increased, Tpe
ble to establish monocultureg
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RECOMMENDATIONS

5

Large ylelds have been obtained when harvesting several types of ¥
natural vegetation and a variety of introduced plant species. It is h
now essential to investigate if these yields can be gsustained in

the longer term when harvested repeatedly.

While estimates of productivity of the species sampled on only one
occasion can only be tentative at this stape, the large amounts of
biomass obtained from reed {Phragmites auctralis) and yellow flag
(Iris pse.dacorus) suggest that these species should not be excluded

from further consideration.

Because most yields were obtained from plants growing in unfavourable
environments and on poor soils, it is probable that relatively large

yield increases would be obtained by applying fertilizers. The
effects of fertilizers should therefore be examined in detail.

Although different populations of a species growing in different
napitats have given similar yields, j+ 1s still necessary to make
detailed investigations of genotype/habitat interactions which might

iead to higher yields.

The inference made about the guitabil.ty of different types O1 pilaiut
material, harvested at different times of the growing season, 88
feedstock for chemical conversion processes must be verified in

pilot chemical conversion units.

Because they can be transplanted easity and produce yiclds competitive
with those of conventional crops, species such as Japanese knotweed,
giant hogweed and Gunnera mantcata have potential as dedicated energy
crops. Research on monocultures of dedicated energy CIoOpsS should now
be started, studying the effects of dates and rates of planting, of
optimal propagule gsize, and the application of fertilizers., The
establishment and yields of multiple species crops should also be

investigated.

Most of the species studied seem to have potential as opportunity
energy crops, 1le they could be harvested from their existing hebitats,
with their 'natural' distribution being extended along railway
embankments etc. It 1s now important to characterise and quantify

the habitats available for energy Crops, seeking to confirm the
provisional egtimates obtained with the use of the ITE land classification.

Although most of the species studied could be harvested after

slightly modifying the machinery currently available, field trials are
needed to detect and solve practical problems such as the relation
between the extent of macerat.ion and biomass digestibility in
anaerobic digestors, and the deterioration of biomass in storage.
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INTRODUCTION

Two recent desk studies (Callaghan et al. 1978; Lawson et al.) 1980 suggest
that the natural vegetation and introduced plant species of Great Britain

show considerable potential as renewable sources of energy. This potential

results from 2 important features:

i Natural/semi-natural vegetation is very extensive, covering
8.6 x 10° ha of land (almost 40% of the rural area) of the UK

ii Some indigenous and naturalised species show higher yields in
uncultivated habitats than many agricultural crops and trees
which have been cultivated and supplied with fertilizers.

Using these features, it is possible to construct 2 strategies for
managing natural vegetation as a feedstock for fuel production.

1.1 Opportunity energy crops

Natural vegetation could be harvested from areas where it presently occurs
without significantly affecting traditional uses of the land. An example
of such an opportunitv energy crop would be heather. Heather moors are

currently used mainly for amenity purposes (shooting and walking), and they
are burned every 10 to 20 years to enhance the re-generation of young shoots

on which grouse feed. If heather was harvested on a similar rotation,

a vast area of Great Britain (14 910 km?) could provide 1.5 x 10° tonnes
of dry matter each year for conversion to a fuel without significantly
disturbing traditional land use (Lawson ¢l al. 1980).

In some situations, land could be managed more efficiently by harvesting
plants for fuel rather than "improving" it for agriculture or forestry.
Some areas of cord-grass and bracken, for example, are currently sprayed
with herbicide either to control the spread of the weeds or, in the case
of bracken, to enable the bracken to be replaced by upland pastures. The
British Government paid £100 000 in grants towards the eradication of
bracken from 1 600 ha of ncu-crofting land in Scotland in 1978/79 (Lawson
et al. 1980) and this was only 50% of the cost of a generally unsuccessful
process. In terms of dry matter production, however, bracken is a far
more productive specles than the grasses of upland pastures which farmers

are trying to establish.

It is possible that both bracken and cord-grass could be eradicated by an
intensive harvesting regime during which the harvested plant material, or
biomass, would be available as a source of energy. Once a market has been
established for energy feedstocks, farmers etc, would have a financial
return during the eradication of theilr weeds, rather than a financial cost,

On the other hand, it may also be possible to maintain areas of bracken

and cord-grass indefintely as opportunity energy crops, if the financial
rewards of growing energy crops were sufficiently high, remembering that
areas presently covered by cord-grass would have 1ittle financial return

if cord-grass were eradicated, while upland farming is often highly subsidised

by government because of low cost-effectiveness.

Similar arguments can be applied to wet lowlands where the natural vegetation

is often more productive than the crops which are introduced after the
costly processes of draining etc.
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Other areas where natural vegetation could be managed as opportunity

energy crops include road-side verges and railway embankments where willow-
herbs and knotweed are particularly productive (Callaghan et aql. 1978).
These areas are often mowed to control the growth of the plants, but the
subsequent biomass is rarely utilised. This vegetation could be used

to produce fuels with harvesting rosts only slightly greater than those
currently incurred in control measures.

1.2 Dedicated energy crops

Although it is probable that energy crops would achieve cost-effectiveness
soonest on '"waste'" land where competition with other land uses is minimal,
it is important to consider the energy scenario in which it may become
cost-effective to dedicate areas of land - perhaps even good quality
agricultural land - to the production of fuel crops (Callaghan et al. 1978) .
In cnesidering this scenario, it is fir-t necessary to maximise the yield

of plants on the available land.

This maximisation of yield %3 a comparatively simple objective in the
development of dedicated energy crops, when compared with the parameters
on which tree and agricultural crops have been developed, because trees

and agricultural crops have been selected and bred for quality, eg timber
; Ll ‘o CLU UCYCLUplEIL Ul SHUL L —
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stalked cereal plants,may have resulted in a decrease in over-all productivity,

Some of the plant species native and introduced to this country are highly
productive in generally poor environments and often produce more dry matter
annually than cultivated species growing in more favourable environments
(Callaghan et aql. 1978). Indeed, the fact that many of these species are
noxious weeds shows that they are extremely successful in propagation,
establishment and competition with other species. Such species represent

a genetic pool from which individuals may be selected to form monocultures
either to maximise production on good agricultural land or on poorer
uncultivated land. Even though these indigenous and naturalised species
already show high productivity, it has been suggested that an increase in
production of up to 50% could be possible as a result of selection and
application of fertilizers (Cooper pers comm). This management would make
these species even more competitive with cultivated species which are probably

approaching their upper limits of yield.

Another factor is important in the choice of energy crops: the balance
between energy input in crop management and energy output in harvested

biomass.

Energy inputs in management arise mainly from planting, applying fertilizers
and harvesting. The native and naturalised British plant species which

show the greatest potential as energy crops are those which have a perennating
system below the soil. Perennial oppportunity energy crops, therefore,

have no energy inputs in land cultivation and planting, whereas it may

be possible to harvest perennial dedicated energy crops indefinitely after
planting on only one occasion. This system contrasts strongly with the

annual planting of cereal and root crops, etc, and may involve lower inputs

of energy than long-rotation forestry (Callaghan et al. 1978).

According to provisional estimates ocutlined in the 2 desk studics referred
to above, opportunity energy crops could give yields of 5 to 15 dry tonnes
per hectare per year (t ha 1 yr 1), while dedicated energy crops developed

from native and naturalised British plan.s such as Japanese knotweed could

yield over 20 t ha~! yr‘l.
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Objectives of a field-based assessment of - . .. - .ial of -
native and naturalised British plant spec: @ *% . u¥Ce€S of
eneregy

1.3.1 Measurement of the productivity of potential energy crops

The potential of native and naturalised plant species as energy
crops discussed above is based upon 2 desk studies which collated
and reviewed a fragmentary record of productivity values in the
literature. Most of these records related to species of upland

and other poor environments, and it became apparent that little

is known about the productivity of fast growing species in Great
Britain, apart from work by Al-Mufti et al. (1977). The present
study was designed, therefore, 1o provide data on the yield of tall
herbs, and the variation in yield between various geographical
locations. However, the potential of plants as energy Crops must

depend upon factors other than yield alone.

1.3.2 Characterisation of the seasonal development of potential
energy crops

In order to manage an energy crop, it is essential to understand %}
the way t(le Clup ueveavps Lllh wupiiva e W L CWERLG TITTOT Tra mattearn >

of dry weight changes is of particular importance to the pptimisation
of harvesting time. For example, some species may show a sharp peak
of dry weight in mide-season and the time of harvesting will be
critical in order to maximise yield. Other species may show prolonged
periods of high dry weights allowing the time of harvesting to be

flexible.

It is also important to characterise the change in quality of the
biomass throughout the growing season, as this will be important in
determining the choice of machinery for harvesting and collecting
the crop, and the chemical conversion processes required to produce
a usable fuel. Water contents, for example, are important in determining
the actual weight and texture of material for cutting and transporting,
while of paramount importance in determining the suitablility of
anaerobic digestion or thermal methods for converting the biomass to

fuel.

A knowledge of the chemical content of plant material at the time
of harvesting is also important in determining the energy content of
the plant material and its suitability for various chemical conversion

0f particular importance are the contents of soluble

processes,
jonal to protein content) and

carbohydrates, nitrogen (which is proport
fibre (eg lignin), but the concentrations of theses compounds can

only give a rough estimate of the suitability of plant material for
conversion to fuel, and are not a substitute for trial coversions.

1.3.3 Estimation of the stability of yield

1t is obviously important that an energy Crop should give high yields
year after year. The process of harvesting will affect the subsequent
re-growth of the crop mainly by the removal of inorganic and organic
nuirients which would normally be re-cycled naturally at the site

via translocatioun, leaching and decomposition. N, P and K are
essential for plant growth, and yield is generally very responsive to
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i:creased amounts of these elements in the soil. The constant
removal of these elements from the site will reduce subsequent
yields at a rate dependent upon the size of the available nutrient
pools held in the below-ground biomass and soil. It is essential,
v therefore, that the seasonal contents of these inorganic nutrients
K are measured in order to estimate the size of the nutrient pools
which would be removed from site in harvested biomass. With this

information, it is possible to:

- i optimise the dry matter yield in relation to nutrient removal,
i eg accept a 25% loss of yield if 75% of I', P and K are re-cycled
naturally by harvesting the crop during the initial stages of
senescence rather than earlier;

. 1i calculate subsequent applications of fertilizer required to
replace lost nutrients.

In some cases, nutrient removal from site may necessitate applications

of fertilizers far in exce.s of those currently used in agriculture.

Although nutrient replacement may be possible by the return of

nutrient-rich residues from the chemical conversion of biomass to

usable fuels, it is important to compare nutriznt replacement requirements

I with levels of fertilizers traditionally applied to various agricultural

crops. This comparison has been made using data of Church (1975) on

"Fertilizer use on farm crops in England and Wales" (Appendix V).

ine comparison is crude, however, in that natural inputs of inorganic
nutrients in rainfall and ground water have not been taken into

account.

A e

Organic nutrients are also important in determining re-growth
subsequent to harvesting. Pholosynthate produced in leaves and
stems is translocated to below-ground organs and is stored here
during winter to provide an energy source for new shoot production
ir the following spring. The removal of this energy source from
the rhizomes will decrease the subsequent re-growth. However, the
dev _.opmental stage of shoots at the time of harvesting determines
' 1¢ amount of carbohydrate removed and subsequent re-growth. Shoots
narvested when young will have the maximum effect on re-growth,

whereas shoots harvested when dead should have little effect on

re-growth, because mobile energy sources will have been translocated . i
to perennating tissues. Large perennating organs in relation to

the size of deciduous shoots would be expected to enhance re-growth

after harvesting. Throughout this report, soluble carbohydrates,

starch and crude fat are regarded as energy-storing compounds in a

botanical sense, whereas holocellulose and lignin are regarded as

structural compounds aithough they contain energy which may be

released.

1.3.4 Estimation of the potential for crop re~growth within
a growing season

Re-growth may also be considered within one growing season rather

than between different growing seasons. Grasses are the best

example of plant species with a leaf development pattern which is

adapted to continuously replace leaves lost through senescence,
grazing or mechanical harvesting. In order to maximise grass

yields, it is necessary to harvest the crop several times during
one seasoyn (Bedaovws 1973). As some of the 'weeds'

investigated




in the present study are particularly prolific, some wore harvested
twice during the growing season to investigate if 2 harvests during
season could produce a greater total yield than one

one growing
harvest.

1.4 Methodology and presentation

The field study described in this report was carried out in just one
year - 1979. 1Its first priority was an intensive study of native and
naturalised plant species which earlier desk studies had suggested showed
particular potential as energy crops. Several sgsites (which were logistically
easy to maintain) were selected, and sampling was carried out each month.
Where possible, species of particular importance were studied at 2 widely
Separated sites in order to ohtain some estimate of the variation in yield

between sites.

The second priority of the study was to obtain some estimate of the
productivity of other tall herbs, and to investigate the variation in yield
between diverse geographical locations. This extensive survey was carried
out by sampling species at sites throughout Great Britain at single harvest
dates in lete summer, often with limited replication. These data should,
therefore, be treated with caution. Finally, in order to provide backeround
LusvLmdLLOD LOX 4 more detailled study of dedicated energy crops, methods

of propagating and establishing some species at garden sites were investipgated.

A detailed account of the methods involved in this investigation is
contained in Appendix I, while detailed descriptions of the study sites are
presented in Appendix IXI. Wherever possible, statistical analyses were
used to test the significance of differences between means, and the results

of these analyses are contained in Appendix III,

The following chapters present and discuss the results obtained during the
1979 field study for each species in turn.
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2 PTERIDIUM AQUILINUM - BRACKEN

2.1 General description

This fern (Plate 1(a)) is a rhizomatous specie: which possesses long
creeping, perennial underground rhizomes and photosynthetic fronds which
are produced each season and die each autumn. Fronds are commonly
30-180 cm high but can reach 4 m (Clapham et aql. 1962). Reproduction
in established clones is mainly vegetative, by proliferation of the
rhizomes, but sexual reproduction is also successful, particularly after

forest fires (Oinonen 1968).

2.2 Distribution and extent

Bracken occurs throughout Great Britain and Ireland (Figure 2.1, A) and

is widespread throughout the northern hemisphere (Meusel 1965). It occurs

in many habitats, Jrom fells at 610 m in Scotland to lowland heaths and

woodlands in the s.»uth of England, although it prefers light acid soils -
and is not tolerant of wet peaty soils or limestone areas (Clapham et «i. B

Where bhracken ocecurs, it often dominstec !ha riart comemoe e Ttrning
almost pure stands. It occupies approximately 1.6% of the land area of

rural Britain, between 3 224 km<? (Lawson et al. 1980) and 3 470 km? -
(Callaghan et gl. 1978). .

b

2.3 Rate of development

Fronds appear above ground comparatively late in the season during May
and June, but quickly develop, particularly at the Chisworth site, and
o reach maximum height in Julvw (Figure 2.1, B). A leaf area index (LAI) of N
—— 1.2 m? m-2 may be produced in shade conditions (Roberts et al. 1980). v
Spores are formed, ripening in July and August. Nearly all fronds are
produced within thc same month, achieving densities of between 50 and 60 m~2
(Figure 2.1, B). The fronds turn brown in October and November and
eventually fall to the ground. Decomposition va.ies dramatically with
site conditions, fallen fronds disappearing from the Chisworth site before
the next growing season, whereas they persist until at least late summer

at the Lowick Common site.

Rhizomes may persist between 35 and 100 vears before they decompose
(Wact 1940), and rhizome growth can be up to 18 cm yr-“1 (Oinonen 1968).

. { 2.4 Productivity VI
Eitimates in the literature of above ground production by bracken vary
vtween 2.43 and 31.59 tornes per hectare per year (t ha-! yr“l) (Callaghan
et aiL. 1978), although the higher values are probably fresh weights. 1In
. the present s+*udy, maximum above ground standing crop varied between
R 4.6 und 8.9 tonnes ha~! yr1 dry matter (Table 2.1). Unfortunately, values
“;?54 from sites sampled at only one time during the growing season may not
T;f'f reprasent maximum values, but they are consistentlv higher than 4 t ha—l yr‘l
R
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TABLE 2.1 Between-site variation in the above-ground standing crop of bracken (t ha
and fresh weight/dry weight ratios.

SITE SITE No.
Romsey, Hampcshire 20
Ashurt Wood, Sussex 31
UM A mvenlaa, CunlTIU e
Loughrigg, Cumbria 19
Gaufron, Powys 24
Strathoykel, Lairg 10
Eggerslack, Cumbria 17
Lowick Common, Cumbria 1
Chisworth, Derbyshire é

COMMUNITY

wood understorey
wood understorey
rtnland henth
upland heath
upland heath
birch scrub
wood understorey
upland heath

clearing in wood

* Fresh weight/dry weight data for 4 July

** Fresh weight/dry weight date for 19 June

——— (A erEer s | 1. %\ e Nefr— T

Tull site descriptions

SAMPLE DATE

8 September
5 Septenber
5 Detoher

20 July

16 August

13 September
g October

31 July

13 August

STANDING CROP

-1 dry matter)
are given in Appendix ITI.

FRESH Wt

./DRY Wt.

4,12

4,62

|4+

1+

14+

1+

1+

I+

0.47

0.58

0.28

4.30

I+

14

i+

1+

0.25

0.18

0.18

0.11*

0.16%*
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Values measured over the growing season of 1979 at 2 different sites,

Chisworth and Lowick Common, showed very similar trends and maxima

(Figure 2.2). However, fromd expansion occurred 2 weeks earlier at Chisworth,
and the initial increase in drv weilght was more rapid than at the Lowick
Common site. At both sites, neither of which had a particularly favourable
environment, an above ground standing crop of almost 9 t ha-! was achieved

in less than 12 weeks,.

Fresh weight/dry weight ratios during the summer show that the bracken
fronds had about 75% water content (Table 2.1), but the beginning of season
water content was much hipher, with fresh weight/dry weight ratios of

9.76 + 0.31 and 6.55 + 0.16 at the Lowick Common and Chisworth sites

respectively. When the fronds were brown at the Lowick Common site on
23rd October, water content was reduced to less than 507 with a fresh weight/

dry weight ratio of 1.8 % 0.06.

Values for the standing crop of rhizomes and roots are rare in the literature.
In the present study, dry biomass of rhizomes at the Lowick Common and
Chisworth sites varied between 11.24 and 16.69 t ha~!, with no significant
seasonal trends. However, turnover of rhizome material must occur as the
apical ends grow and distal regiongs menesce and d1e, The following rhizome

biomass values were obtained.

i. Lowick Common : 12.65 * 1.47 (¢ May), 11.24 > 1.42 (26 September) and
Ce e . U

” aXal AR a

- s ae e me s N

{1. Chisworth . 16.69 + 1.51 (22 May), 12.64 * 1.59 (10 September) and
12.70 + 2,67 (5 December) t ha~ 1

P - T

2.5 Re-growth after cutting

Because ¢f the synchronous development of fronds, the potential for
re-growth after curring is low. However, some re-growth is possible
(Table 2.2), although it may not be feasible or economically viable to
harvest this material. Re-growth after an early harvest at the Chisworth
site amounts to about 1 t ha—l, whereus re-growth after peak standing crop
has been obtained is only 0.4 t ha~! (Table 2.2). The maximum yield of
bracken fronds (9.24 t ha-! yr"l) would be obtained by harvesting on

13 August at peak standing crop (8.87 t ha-l) and then again on 10th September
(0.37 t ha‘l) (Table 2.2). Dead bracken fronds quickly decompose at the
Chisworth site and the arca is colonised by a grass (Pea trivial7s) during
the winter. On 14 December, the above ground standing crop of this grass
was 1.22 + 0.15 t ha~!, so the maximum annual yield of the site (within

the limitations of the experimental design) is 8.87 + 0.37 + 1.22 =
10.46 t ha~! yr~l. A higher yield may have been achieved if re-growth had

been measured after 10 September and the grass sampled again during the
following spring.

At the Lowick Common site, there was considecrable re-growth (3.8 t ha_l)
after cutting fronds on 6 June when frond expansion was still in progress

(Table 2.2).

Re-growth after later harvests was similar to that at the Chisworth site,
with a maximum yield of 8.98 t ha~! achieved by cutting fronds on 31 July

and again on 26 September (Table 2.2).

The growth of other species wasg less pronounced than at the Chisworth site,
and they were not sampled, although grass did occur in some quadrats in

autumn.

oy v
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DATE

The seasonal growth of fronds of bracken from the Chisworth
site (solid line and solid circles) and the Lowick Common
site (broken line and open circles). The arrows denote the
date by which all fronds had turned brown.
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TABLE 2.2

dates refer to the Lowick Common site or,

yYiEld 4l specllicu

date:

CHibWUHLH OoLibnL

re-growth after
specified date:

total yileld

LOWICK COMMON SITE yield at specified
date:

re-growth after
specified date:

total yield

T i A i « B 3T i e Tt iy S

6 June (19 June)

whe:n bracketed, the Chisworth site.

The re-growth of brecken fronds measvred on 10 September (Chisworth site) and 26 September

(Lowick Common site} after cutting at earli~r times 1in the growing season. Yields are t ha“l;

SR Sy r——————

4 July (18 July) 31 July (13 August)
6.90 8,87
1.29 0.37
8.190 9.24
3.01 8.60
1.13 0.29
4,14 8.98

28 August

7.99

0.18

8.17

it ———
e A —-
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Removing fronds appears to have little cffect on the subsequent standing
crop of rhizomes at the Chisworth and Lowick Common sites (Tahle 2.3).
However, standing crop measurements of rhizomes are probably an insensitive
parameter from which to predict frond re-pgrowth in subsequent years,
because 1ittle is known about turnover from living to dead material in

rhizomes.

2.6 Nutrient content ot bracken
2.6.1 Inorpanic nutrients

The Lcentrations of all the inorganic nutrients studied were low
at the beginning of the growing season (Figure 2.3) when frond
expansion was starting. Nitrogen, phosphorus and potassium

corcentrations then showed similar trends, increasing rapidly and

reaching a maximum value approximately 2 months before naximum dry

welght (Figure 2.2), and then decreasing throughout the remainder
of the season to very low values (Figure 2.3, A). Concentrations of

P are about one tenth of those of N and K.

In contrast, concentrations of Ca show a marked increase over the

growing season (Figure 2.3, B), a trend which is typical of many

plant species. Mg concentration also shows increased values throughout
I T S Tho trenda Adeacribed above are

« 1 - PR I A " RN LR DI IR SRR

similar to those described for bracken by Allen (unpublished data)
quoted in Lawson «/ «l. (1980), although Allen's data do not show the
early season increase in nutrient concentrations and his concentrations
of Ca are lower than those in Figure 2.3, B. Compared with angiosperms
(Lawson «~* a/. 1280) and the pteridophyce Lucopodiiwm annotinmim (Callaghan
1980), bracken shows high concentrations of N, P and K, and this would
suggest that bracken fronds would be suitable for anserobic digestion,
as they contain a high protein fraction. Potassium concentrations in
Figure 2.3, A show an anomaly, in that 1t is usually the most mobile
element and often shows the fastest decrease in concentration (Malmer

& Nihiglrd 1980). ‘the double peaks shown by N, P and K in Figure 2.3, A
are also difficult to explain, as they are not associated with a period

of renewed growth (Figure 2.2).

Nutrient concentrations in rhizomes (Table 2.4) are generally much
lower than those in the fronds (Figure 2.3}, and no significant
seasonal trends are evident. However, becsause rhizome standing craop
is high and fairly constant throughout the season, a constant pool of
nutrients is held in the rhizomes although ash contents are quite

low (Table 2.4).

In the fronds, the contents of nutrients chow a c¢lear mid-season peak
with low values at the beginning and end of the seascon (Table 2.5).
The mid-season peak in the N, I and K contents generally coincides
with peak standing crop (Figure 2.4), but the suh<equent decrease in
nutrient content is far faster than the decrease 1n standing crop.

As the pinnac ot the fronds die before the main rachis (or stem) and
the rachis does not die unti. November (Figure 2.2), this reduction
in the content of N, I and K (Figure 2.4) probably represents
re-translocation into the rhlzome, although cerresponding increases

r and K are not

Ly
N,

in the total content or concentrations of
evident (Table 2.4).

. e e e
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TABLE 2.3 The effect of harvesting bracken fronds on rhizome standing crop (t ha"l) at the end of the
growing season. Dates reter to the Lowick Common site or, when bracketed, to the Chiswroth site.

SITE DATE OF FROND REMOVAL DATE OF RHIZOME REMOVAL
6 June 4 Jul 31 Jul 26 September
2 cune 2 cusy e 28
(19 June) (18 July) (13 August) £8 August (10_September)
Chiswerth Site 12,93 11.38 14,46 - 12.64 10 September

ET

Lowlck Common Site 5.806 7.09 7.94 14.36 11.24 26 September

T e ee e r———




'
SIS L

Figure 2.3

CONCENTRATION OF N.Px10.X

The seasonal trends of concentrations of inorganic nutrients (% dry weight) in fronds of bracken

4.0 —

3.0

20—

1:0 =

£

H L B
a

I 1 I { i
May June July  Aug. Sept. Oct. Nov, Dec,

from the Chisworth site.

A Concentrations of N (golid line and solid circles), P (broken line and solid squares)

and K (dotted line and solid diamonds).
B Concentrations of Ca (solid line and open circles) and Mg (dotted line and open diamonds).
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TABLE 2.4

ELEMENT

Ca

Mg

Ash

Concentrations and contents (concentration x dry welpght) of 1norganic nutrients in bracken

rhizomes from

o KL,

1.60

0.15

2.00

.18

0.21

B.97

the Chisworth

CONCENTRATION

(%_dry wt)

R I 2 T J e S,
a

1.35

0.13

1.87

site

1.80

0.17

2,00

0.15

¢.16

o T T it it b T kel 11712 e

25.0

333.8

30.0

35.1

1497

CONTENT
(kg ha=]1)

Y L TV e s oo ilel

170.6 228.6

16.4 21.6
236.4 254.0
22.8 19.1
30.3 20.3
910 813

~ .

Ay v ek




? The pattern of nutrient 1oss means that, if hracken fronds were
harvested when dead and dry on 8 November, about 487 of the maximum
. dry weight yield would be gacrificed, but only 33%, 20% and 15% of
i K, N and P respectively would be removed from site (Figure 2.4).

. t
' These percentages represent 34 kg ha-!, 2.32 kg ha~' and 83.5 kg ha~!

of N, P and K respectively, compared with the 169 kg ha-! and 240 kg ha”
which would be removed if the maximum dry matter yield were obtained

by harvesting on 13 August (Table 2.5). Accumulations of ash (Table 2.5),
after a chemical conversion process, would be low because of low
concentrations of ash in the frond (between 3 and 9.37 dry weight).

1

b
: The N, P and K contents of brachen fronds at peak biomass (Table 2.95)
are very similar to their levels in the rhizomes on 10 September
(Table 2.4). Thus, the pool of nutrients held in the rhizome is small,
. and harvesting maximum yield would be axpected to result in a severe
l set-back to re-growth in subsequent yecars. Harvesting brown bracken
fronds would enable some re-cycling of N, P and K, via translocation

and leaching, and would affect re-gro~th less severely.

Calcium presents a different picture to N, P and K in that it is not
I re-cycled within the plant, and the same amount would be removed from
- site whether fronds were harvested when greet oF brown (Table 2.5).
Bracken prefers acid soils in which Ca concentrations are already low,

but the removal of Ca may present a problem to re-growth after
continued harvesting, and applications of calcium may even be necessary.

I1f fronds of bracken were harvested at maximum standing crop, ie

13 August (Figure 2.2), more nitrogen would be removed frcm the site

(Table 2.5) than is traditionally added to maincrop potatves and
.,., sugarbeet (ie 169 and 132 kg ha” respectively, Church 1975). The
T . quantity of K which would be removed in the fronds (240 kg ha-l, Table 2.35)
' is considerably greater than the quantities traditionally applied to
roct crops (between 136 and 183 kg ha=®, Church 1975). On the other
hand, only 16 kg ha-! of P would be removed, and this is small compared
with the amounts given to potatoes and sugarbeet (72 and 81 kg ha~”

respectively, Church 1973).

If brown bracken fronds were harvested on 8 November, the amounts of

A N, P and K removed would be approximately only 24%, 3% and 549,
respectively of the anmounts traditionally applied to root crops (Table 2.5,

Church 1975). Thus, considerable applications of fertilizer, in

excess of the levels currently applied to commercially viable crops,

! would be needed to replace nutrients lost by harvesting bracken fronds

o
) at peak standing crop, whereas only a very small fertilizer application,
arable and grass crops,

1 less than that currently given to most root,
would be necessary if fronds were harvested in autumn.

| 2.6.2 Organic fractions

Concentrations of the organic plant fractions in the shoots of bracken
sntrations of the inorganic

i show different seasonal trends to the conce
nutrients. Soluble carbohydrates, starch and crude fat show high
concentrations during mid-season when standing crops are highest,
decrease when senescence begins in September (Figure 2.5, A).
Concentrations of soluble carbohydrates fluctuate more than the

' concentrations of starch and crude fats, reaching a maximum of 13.3%

) at peak standing crop. The subsequent decrease in concentration may

and

.| NP i vim

e ot g g e o e
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TABLE 2.5 The nutrient content (concentration x dry weight) of bracken fronds from the Chisworth site
throughout the growing season of 1979. Values are kg ha-l,

ELEMENT 22 May 19 June 18 July 13 August 10 September 8 Novemher 5 December
N 0.97 80.2 148.4 168.5 159.8 33.9 61.9
P 0.064 9.68 15.87 15.97 13.59 2.32 4.38
K 0.079 88.03 231.2 239.5 252.3 83.52 55.90
Ca 0.47 4.01 26.22 42,58 65.99 28.77 40.55 2 v
Mg 0.041 4.01 £.28 16,64 12.29 4.18 4.93 .
Ash 3.6 208.4 652.0 636.0 599.8 280.7 257.6
"3
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Figure 2.4 The relationship between the seasonal trend of standing crop
(thick solid line and solid ci.cles) and the total contents
of N (broken line and open squares), P (thin solid line and
open diamonds) and K (dotted line and open circles) in
bracken fronds from the Chisworth site. All values are
expressed as percentages of the maxima to standardise the

S vertical axis. The arrow denotes the date by which all

fronds had become brown.
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well be the result of the translocztion of this moblile cnergy source
from the shoots to the rhizomes at the end of season. It may be
inferred, therefore, that the harvesting of bracken shoots at peak
standing crop would remove an important energy source necessary for
re-growth during the following year, but experiments are necessary
to determine the precise effect on re-growth of harvesting shoots

at that time.

The concentrations uof the other energy-storing compounds, starch

and crude fat, vary little over the season, and end of season
concentrations are high (Figure 2.5, A) suggesting little, if any,
translocation below ground. Starch and crude fat concentrations follow
very similar trends but starch concentrations are around one-tenth of

those of crude fat.

High mid-season concenc¢rations of soluble carbohydrates and crude fat
(totalling almoust 16% of shoot dry weight) suggest that green shoots
of bracken would be a good substrate for conversion to methane or
alcohol via anaercbic digestion or alcoholic fermentation.

Holocellulose and, in particular, lignin are more difficult to break
down under anacrohic digestiorn and fermentation processes. High
concentrations of these fractions would indicate that a thermal
conversion method might be preferable to convert plant material to
fuel. In shoots of bracken, the concentrations of holocellulose

Lt P SV FOrTe Yy sl A ATy md

L L = L [V o han R = LI oy

season depression can be seen when soluble carbohydrates show their
highest concentrations (Figure 2.5). Lignin concentrations show a
similar trend to the concentrations of holocellulose hbut have lower

values, between 9 and 219 (Figure 2.5, B).

In the rhizomes of bracken, concentrations of the organic plant
fractions show no clear seasonal trends cxcept that starch shows a
high end of season value (Table 2.6). Concentrations of soluble
carbohydrates, crude fat and holocellulose are lower in the rhizomes
than in the shoots, but concentrations of starch are up to 300 times
higher in the rhizomes than in the shoots. This high starch concentration
suggests that the rhizomes serve as an important energy storing
organ. A large end of season increase in starch concentration in
the rhizomes (Table 2.6), together with a great decrease in the
concentration of soluble carbohydrates in the shoots (Figure 2.5, A),
suggests efficient translocation of energy stored in the shoots in a
mobile form to the perennating tissues, where it is stored in an

immobile form.

The high concentrations of starch, together with quite high concentrations
of cvell wall materials in the rhizomes of bracken, suggest that

conversion to a usable fuel by anaerobic digestion would be inefficient,
even if it were feasible to harvest rhizomes of bracken.

The energy content of a plant is determined by the concentrations

of 1ts various organic fractions. Although these concentrations vary

throughout the growing season, the energy content of the shoots, on

a per gramme dry weight basis, change insignificantly, varying between
20.5 and 21.5 KJ g—!(Figure 2.6), with a mean of 21.1 * 0.1 KJ g~

This figure is slightly higher than the encrgy content of the rhizomes

which 1s 19.6 4 0.2 KJ g~ dry weight.
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Figure 2.5

The seasonal trends of concentrations or organic plant fractions in fronds
of bracken from the Chisworth site.
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A Soluble carbohydrates (solid circles and line), crude fat (solid
diamonds and dotted line) and starch x10 (solid squares and broken

line).

B Holocellulose (open circles and solid line) and lignin (open

diamonds and dotted line).

NB Concentrations of starch are 1/10th of the values on the Y axis.
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TABLE 2.6 Concentrations (% dry weight) of organic plant fractions in the rhizomes of bracken collected

from the Chisworth site

COMPOUND
22 May
Soluble carbohydrate 16.3
Starch 17.7
Crude fat 0.920
Lignin 25.5
33.0

Holocellulose

T S —

ra A v R R

-

R 1 b inr

CONCENTRAT ION

10 September

5 December

18.3

15.8

1.20

32.1

28.0

20.0

32.0

.98

14.8

37.0
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Seasonal trends of the energy content of the shoots of bracken on
a land area basis are determined mainly by the standing crop. During
August, the energy content of bracken stands is at a maximum of

186 x 10° J ha-1 (Figure 2.6) but, if rhizomes were harvested also,
approximately 440 x 102 J nha-! would be available for conversion to
fuels. Although it may not appear to be feasible, or desirable, to
harvest the rhizomes of bracken, a detailed consideration should be

n to this large store of energy, particularly if the bracken

give
nagement of an area of land.

control is of major importance in the ma
A summary of the potential of bracken as an energy crop

2.7.1 Bracken would be managed mainly as an opportunity energy cIop
as it grows throughout Great Britain up to an altitude of 610 m and
covers between 3 224 and 3 470 km? of England, Scotland and Wales.

2.7.2 Dry matter yields of green shoots should be at least 4.6 t ha~lyr~
with a more typical valuc between 8 and 9 ¢t ha-! yr‘l (168 x 10° and

189 x 102 J na™1).

2. .7.3 Shoots of bracken harvested at peak biomass should be easily
L., it A anntant i about

digesteu allaerupiculsy v P wsue s s wahesls "
759, fresh weight, concentrations of N, P, K and soluble carbohydrates

are high (1.9, 0.18, 2.7 and 13.39% dry weight respectively), while
concentrations of lignin, holocellulose and ash are quite low (12.3,

52.7 and 7.2% dry weight respectively).

2.7.4 1f shoots of bracken were harvested at peak biomass, re~growth

ffected becavse translocatlon of energy-storing compounds

may be a
The effect on re-growth should

into the rhizomes would be prevented.
be determined in long-term experiments.

and K to areas of harvested bracken would be

2.7.5 Applications of N
agricultural croYs, if

greater than those traditionally applied to
the N and K removed in harvested biomass (169 and 240 kg ha

were replaced. Additions of Ca may become necessary after repeated

harvesting.

2.7.6 If fronds of bracken were harvested when senescent, dry matter
yields of between 4.6 and 8.0 t ha! yr-1, 94 x 102 and 164 x 102 J ha”
respectively, should be obtained, and a thermal chemical conversion
process may be necessary as water contents are as low as 65% of the

fresh weight.

1

2.7.7 If fro:;-:- of bracken were harvested when senescent, approximately

709, X and 88% ' :» the fronds would be re-cycled naturally on the
site and repl: :-. +t applications of fertilizer would be lov.

2.7.8 Only sm¢ - ~uantities of soluble carbohydrate, starch and crude
fat would be preveated from reaching the rhizomes if bracken fronds
were harvested when brown. Re-growth in subsequent years should,
therefore, be unaffected by harvesting. Indeed, some arcas of bracken
have sustained repeated harvesting at this stage for many centuries.

1
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2.7.9 1t is technologically feasible to harvest much of the above-
ground standing crop of bracken from natural sites.

2.7.10 1If it were possible to harvest the rhizomes of brackcn, an

additional yield of between 11 and 17 t ha~! yr’l(ie 215 x 10° and
333 x 10%2 J ha~! yr-! respectively) could be expected during the
year of harvesting, but it is not known if regeneration would take

place in following years.

Conclusion

Bracken could, therefore, be managed as an opportunity energy crop
in one of 2 ways:

i TFronds rould be harvested at peak standing crop, possibly
together with their rhizomes, in a programme aimed at eventual
eradication to promote rough grazing. The biofuel produced would
have a pgsitive value in contrast to the current cost of about

£120 ha—* for eradication.

i1 Fronds of bracken could be harvested when senescent and maintained

indefinitely as an opportunity energy crop. This option would not
et fd At affoent tha amentte and conaervation usces cf the

=

tand where bracken occurs, as it would only involve the removal
of senescent fronds in autumn. This option would result in greater
rates of plant production on areas of land than those achieved by

eradicating bracken and introducing rough grazing.

o . b i, L Vb 7 £, e
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PETASITES HYBRIDUE - BUTTERBUR

3.1 General description

This species possesses stout, creeping rhizomes, the crowns of which
produce an inflorescence very early in the season followed by large,
flat, deciduous leaves. Each leaf is supported by a petiole, which may
exceed 1.5 m in height and the leaves form a horizontal canopy beneath
which there is dense shade (Plate 1 (b)). Reproduction in established
clones is mainly vegetative by proliferation of the rhizomes, and in
many localities this is the only means of reproduction because female

plants are absent (Clapham ¢t al. 1962).

3.2 Distribution and extent

Butterbur occurs throughout most of Great Britain, but appears to be

absent from the north .« ° Scotland ond Welsh Mountains (Figure 3.1). It
thrives along stream and river banks and can form extensive "monocultures"”
in wet meadows, damp woods and copses (see Plate 1.2 in Lawson et al. 1880).
Soil pH does not appear to affect the distribution of butterbur, as it 1is

et R s I BT TS R T I ek Ak S et

FULT R VI S O T V) (AR R Aoba aa kANl R T P

areas.

Although common, butterbur is not extensive, occupying only about 33.5 km?
of Great Britain (Bunce pers comm).

3.3 Rate of development

Leaf production starts in late autumn and some young tightly-folded leaves
over-winter. In spring, inflorescences are produced and leaf expansion
occurs as the inflorescences die. The initial density of leaves and petioles
is 83 m~2 at the Chiswecrth site but, as the season progresses, the density
falls quickly to 30 m~2 by the end of August (Figure 3.2, A). Surviving
leaves and petioles increase in height from 13 cm to 1 m in about 11 weeks

(Figure 3.2, A).

As petioles grow in height, the leat laminae expand linearly with time,

until a mean leaf area of 16 dm? is achieved by the end of season (Figure 3.2, B}.

Thus, individual leaves are very large in size (Plate 1(b))and this, combined
with high densities of leaves per unit ground area, results in the development
of & dense canopy. This dense canopy not only ‘upresses the growth of

other species beneath, but also causes self-thinning (White & Harper 1970)

of the butterbur 1leaves described above.

High densities of leaves at the beginning of season result in the early
development of high leaf area indices (reaching 2 maximum of 5 m? of leaf
per m? of ground) and the prolongation of a well-developed photosynthetic
canopy (Figure 3.2, B) Thus, whereas the mean area per leaf on 28 June
shows only 46% of its maximum development, mean leaf area index on the
same date shows 86% of its maximum development (Figure 3.2, B).

In autumn, the leaves begin to die, lose turgor and the petioles and leaves
collapse, falling to the ground where they decompose qulickly over the
winter months. Indeed, little leaf and petiole material is identifiable

in the following spring cf Al-Mufti ot gi. 1977).
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Figure 3.2 The seasonal development of leaves and petioles of butterbur at
the Chisworth site.
A  Number of leaves and petioles per m? of ground (circles and solid
line) and height of petioles (triangles and dotted line).
B Leaf area (diamonds and dotted line) and leaf area index {squdres
and solid 1line). Bars denote standard errors,
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3.4 Productivity

Estimates of the productivity of butterbur are rare in the literature.

Al-Mufti ot al. (1977) recorded a maximum living shoot biomass of 4 t ha™} .
during July 1975, and 2 maximum living shcot biomass of all species at :
-1 A higher provisional estimate of 8.2 t ha™!

' the site of about 6 t ha™".
was made by Callaghan ¢t al. (1978) for butterbur alone. A low value of
2.1 £+ 0.26 t ha—-]! was obtained for a site at wWinterbourne Research Gardens

but this was

(site number 23, Appendix II) during the present study,
beneath a tree canopy.

sworth, site number 6,

At the intensive site of the present study (Chi
was obtained for butterbur

Appendix II), a peak standing crop of 7.1 t ha~™

and 1.0 t ha~! for the other species at the site (Figure 3.3). Peak : :

& standing crop was obtained during July, whereas the peak standing crop ‘.
eved during August. However, : L

'

of bracken at a neighbouring site was achi

. the growth of butterbur started 2 months earliev than that of bracken

v so that the growth rate of butterbur is comparatively slow. water contents
: of leaves and petioles of butterbur were very high, varying between 899 and

85% of the fresh welght. Fresh weight/dry weight ratios on 29 May, 28 June |

and 17 October were 9.03 * 0.56, 7.68 + 0.23 and 6.84 * 0.84 respectively,
At the ond of gceason

with no significant seasonal trend (Appendix IITI).
(14 November), all of the above-ground tissues of butterbur had died and

most had collapsed (Figure 3.23).

by g
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The dry weights of rhizomes were deteliillivu v Gitay w -l

following results were obtained: 30 March, 8.96 £ 1.71 t ha"l; 19 September, )
8.89 + 0,57 t ha-!; 14 December, 8.17 % 0.16 t ha—!. Thus, no clear ‘
seasonal trend is evident. However, turnover of living material occurs

within the season, and ''area sampling" cannot discern these changes which

must be investigated using demographic methods (Callaghan 1976, 1980) .

Other species growing at the site (mainly FPoa trivialie and Heraeleum
sphondylium, Appendix II) contributed to the above-ground production of
the site by as much as 2.2 t ha‘l, and increased the peak standing crop

of the site to over 8 t ha~! (Figure 3.3).

O

3.5 Re-growth after cutting

Like bracken, leaf production in butterbur is synchronous and the

potential for re-growth is 1imited. However, over 1 t ha_1 was produced
between a first cut on either 28 June or 25 July and 19 September (Table 3.1),
which would increase the maximum harvestable standing crop of butterbur
(under the present experimental conditions) from 7.2 t ha~1 yr"1 to :
8.2 t ha~l yr~! (Table 3.1). Considerable re-growth of the assoclated }
species also occurs over the g2:2son, amounting to as much as 2.8 t ha-1 ?
following an early cut (Table 3.1). The maximum above-ground yield {rom :
the site (10.4 t ha™! yr'l) is, therefore, obtained by cutting all the ¢
species on 28 June and again on 19 September (Table 3.1). This yvield F
is almost identical to that obtained on the neighbouring bracken site }
(10.5 t ha-! yr'l), although the increased importance of other species F
after cutting butterbur suggests that the vegetation of the site may ﬂ

change quickly with repeated harvesting.

T e—————

s of butterbur during the summer has no

Removing the leaves and petiole {
g at the end of season j
|

significant effect on the standing crop of rhizome

(Table 3.2). Rhilzome longevityv appears to be shor
so that removing photosynthetic tigsue during the summer, €g 28 June,

may well retard rhizome growth although between- sample variation 1s great.

t while growth 1s faot,
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Figure 3.3 The seasonal growth of leaves and
petioles of butterbur (solid line and 3
solid circles) and other species {
(open circles and dotted line) at the '
Chisworth site. Standing crops of
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denotes the date by which all the
above-ground tissues of butterbur
were dead.
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The re-growth of above-ground shoots of butterbur and associated specles from the

TABLE 3.1
Chisworth site measured on 19 September 1972 after cutting at 3 earlier times in
the growing season. Yields are t ha~-‘.
28 June 25 July 23 August
BUTTERBUR
yvield at specified date: 6,33 7.15 3.55
re-growth after specified date: 1.20 1.06 0.32
total: 7.53 8.21 3.87
ASSOCIATED SPECIES
yield at specified date: 1.15 1.00 2.21
re-growth after specified date: 1.69 0.52 0.12
total: 2.84 1.52 2,33
10.37 9.73 6.20

TOTAL ABOVE-GROUND YIELD OF SITE
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TABLE 3.2

SAMPLES COLLECTED ON 19 SEPTEMBER

UNDISTURBED SAMPLES
WITH ILFAVES AND PETIOLES REMOVED ON:

COLLECTED ON:

28 June 28 July 23 August 19 September
RHIZOME f:ﬁggﬂf CROP 6.49 8.18 6.66 8.89
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Obviously, the effect should be more pronounced during the following
growing secasons, particularly with the repeated harvesting of above-ground

material.
3.6 Nutrient content of butterbur

3.6.1 Inorganic nuirients

Concentrations of N, P and K, which showed very similar seasonal trends
in bracken (Figure 2.3), are far less closely related in the above-
ground tissues of butterbur. Nitrogen concentrations show an

increase at the beginning of season followed by a characteristic
decrease over summer and autumn (Figure 3.4, A) and are very similar

to those of bracken fronds, suggesting high protein content.

Concentrations of P are exceptionally high at the beginning of season
(Figure 3.4, A) when leaves are starting to expand, and far exceed

the concentrations of P determined for other tall British herbs

(Allen unpublished, quoted in Lawson =i ui. 1980). Throughout the
summer, concentrations of P decrcase and at the end of season they are
less than one-third of their original level.

Loncentrations Ol h al'e is0 excepllollally {1iEl, appluadliacately Lwilg
the highest values determined by Allen (unpublished), and the seasonal
trend is unusual in that a peak concentration occurs in September
(Figure 3.4, A). Usually, this element reaches a maximum concentration
early in the season and then decreases faster than concentrations of

N and P decrease (Lawson e¢f al. 1980).

No significant seasonal trends are shown by concentrations of Ca and
Mg, but end of season concentrations of Ca are characteristically high
(Figure 3.4, B) and are within the range found in other species.
Concentrations of Mg (Fipure 3.4,B) are twice those found in bracken
(Figure 2.3, B) but are within the range shown by other herbs

(Lawson et al. 1980).

In butterbur rhizomes, concentrations of N and K show a significant
decrease over the growing season, whereas concentrations of P, Mg, Ca
and ash show no significant seasonal trend (Table 3.3). On 30 March
and 19 September, the concentrations of N, P, K, Mg and ash in the
rhizomes are lower than the corresponding concentrations in the above-
ground tissues (Table 3.3, Figure 3.4). Concentrations of Ca, however,
are greater in the rhizomes than in the above-ground tissues.

A comparatively large underground standing crop of butterbur rhizomes
results in large pools of inorganic nutrients below ground. At the
beginning of season, as much as 170 kg ha~! of N and 352 kg ha-! of K
may be held in the rhizomes (Table 3.3), quantities similar to those
held in the much larger rhizome standing crop at the bracken site
(Table 2.4). Indeed, high concentrations of P in butterbur rhizomes
result in a greater pool of P in butterbur rhizomes, even though the
standing crops of hracken rhizomes are at least 50% greater than
those of butterbur.
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Figure 3.4 The seasonal trends of concentrations of inorganic nutrients (% dry weilght) in

e .

leaves and petioles of bhutterbur from the Chisworth site.

A Concentrations of N (solid line and solid circles), P (broken line and solid

squares) and K (dotted line and solid diamonds).

B Concentrations of Ca (solid line and open circles) and Mg (dotted line and open diamonds).

NB Concentrations of P are 1/10th of those of N and K.
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: TABLE 3.3 Concentrations and contents (concentrations x dry weight) of inorganic nutrients in
’ butterbur rhizomes from the Chisworth site.
v T
;“;;“”m” ELEMENT CONCENTRATION CONTEN Pr—
| . - (7_dry weight) (kg_ha~1) |
SU MELCH LY DepLelibes it LELCHUCL GV hda s —— OU L L - i vl
N 1.90 1.01 1.40 170.2 89.8 114,4 &
P 0.34 0.23 0.20 30.5 20.5 16.3
K 3.93 2,83 2,93 352.1 251.6 239.4
Ca 0.70 0.90 0.55 62.7 80.0 77.6
Mg 0.079 0.075 0,075 7.08 6.67 6.13
Ash 10.3 9.1 8.7 920.2 806.3 710.8
f
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There appears to be a compensating balance between the pools of Ca
and Mg in the rhizomes of bracken and butterbur, in that the pool of
Ca in butterbur is approximately 4 times that in bracken, but the
pool of Mg is only one-quarter of that in bracken (Tables 3.3, 2.4),

A clear mid-season peak of nutrient contents occurs in the above-ground
tissues of butterbur and this corresponds to peak standing crop

(Table 3.4, Figure 3.5). Indeed, the seasonal tr.ud of N, P and K

in leaves and petioles of hutterbur closely follow the seasonal

trend of standing crop (Figure 3.5), which suggests that nutrients

are not re-translocated into the rhizomes (as in the case of bracken),
but are returned to the soil euch year in the highly efficient
decomposition process at this site. A harvesting strategy at this

site would be directed towards harvesting the maximum amount of

green matter for processing in an anaerobic digestor, with the
subsequent return to site of the nutrient-rich residues. Accumulations
of ash (Table 3.4) would, however, be great because of the apparent
lack of nutrient translocation to below ground organs.

The re-growth of above-ground tissues of butterbur would probably he
quickly affected by harvesting if fertilizers were not added, because
the pools of nutrients in the rhizomes are not much greater than
those removed from the site in leaves and petioles (Tables 3.3, 3.4).
However . the ampnlication ~f fortilizor ahonld reacalt in an inereaaod
yield, as the roots appear to be efficient in taking up nutrients
from the s0il after the annual decomposition cycle which seems to

replace re~translocation of nutrients from above- to below-ground tissues.

The levels of N and P which would be needed from artificial fertilizers
to replace nutrients lost in hervesting would be in the range
traditionally applied to cereals and 2-7 year grass leys (Church 1975).
However, approximately twice the traditional application of K would

be necessary, because of the very high content of this element in
leaves and petioles of butterbur at peak standing crop (Table 3.4).

3.6.2 Organic fractions

Concentrations of soluble carbohydrates reach high values of nearly
50% of the dry weight of shoots of butterbur, but the values fluctuate
greatly over the growing season (Figure 3.6, A). The seasonal trend
suggets that young emergent shoots contain a large source of energy

in soluble carbohydrates which is used up during extension growth.
After extension growth, soluble carbohydrate concentrations increase
as photosynthesis takes place (compare with leaf development in
Figure 3.2). At the end of season, however, concentrations of soluble
carbohydrates are still very high (the data for October are probably
anomalous), and it is possible that this energy source is not
translocated into rhizomes at the end of season but cdecomposes over
the winter. Thils strategy would agree with the evidence that N, P

and K are re-cycled externally rather than internally, and perhaps

explains why decomposition is so rapid.

Concentrations of crude fat and starch show no clear seasonal trends
and, as in the case of bracken, appear to follow the same fluctuations
within the season (Figure 3.6, A). High concentrations of the 3 energy-
storing compounds suggest that the shoots of butterbur will be a good
substrate for chemical conversion methods using fresh biomass as a
feedstock., The apparent lack of translocation of soluble carbohydrates
into rhizomes at the end of season would suggest that, unlike bracken,
shoots could be harvested at peak standing crop without greatly

affecting subsequent re-growth.
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TABLE 3.4 The inorganic nutrient contents (concentration x dry weight) of leaves and petioles of
butterbur from the Chisworth site throughout the growing season of 1979. Values are given in kg ha-1,

e bl e g

FTFMENT 3N MARCH 3 OMAY 25 JULY 19 SEPTEMBER 17 OCTOBER 14 DECEMBER
N 4,27 27.1 130.9 69.4 33.4 19.3
P 0.94 3.82 17.16 B.76 4,77 1,67
K 7.52 35.3 314.6 209.9 80.0 15.6
Ca 0,78 6,84 30.8 23.7 17.7 7.44
Mg 0.35 1.44 30.8 13.9 6.36 2.79
Ash 20.8 72.0 1001.0 657.0 275.1 123.7
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Figure 3.5
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The relationship between the seasonal trend of standing
crop {(thick solid line and solid circles) and the total
contents of N (broken line and open squares), P (thin
solid line and open diamonds) and K (dotted line and
open circles) in leaves and petioles of butterbur from
the Chisworth site. All values are expressed us
percentages of the maxima to standardise the vertical
axis. The arrow denotes the date by which the above-
ground tissues had died.
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A Souluble carbohydrates (solid circles and line), crude fat (solid diamonds and dotted line) and

50—

40

30—

20 =

10—

o

()

%

T E

starch x 10 (solid squares and broken line).

B

b ——

- S —— e i

e —— -

e —em

T

simem

.

NB Concentrations of starch are 1/10th of the values on the Y axis.

!

T

Y
Mar. Apr Moy June July Aug. Sept Oct. Nov.

Holocellulose (open circles and solid line) and lignin (open diamonds and dotted line).

8¢

-




P — A e e

39

Butterbur shows much lower concentrations of holocellulose in its
shoots (Figure 3.6, B) than bracken, but lignin concentrations are
very similar in both species. As in bracken, there appears to be an
increase in the concentrations of hoth fractions at the end of
season, but, if shoots were harvested at peak standing crop (in July),
fibrous tissues would be at their minimum concentrations.

In the rhizomes of butterbur, concentrations of soluble carbohydrates
are very high reaching 68% in December (Table 3.5). On the other hand,
concentrations of starch and fats are similar to those in the shoots
(Tahle 3.5), and the low concentrations of starch (about 50 times
lower than those in bracken) suggest that the rhizomes of butterbur
are not simply an over-wintering storage organ. The presence of a
mobile (soluble carbohydrate) rather than immobile (starch) energy
source in the rhizomes of butterbur at the end of season may,to some
extent, reflect the production of shoots at this time - a situation
which contrasts with the emergence of bracken shoots in spring.

High concentrations of scluble carbohvdrates and low concentrations

of cell wall materials (Table 3.5) suggest that rhizomes of butterbur
would make a good substrate for anaerobic digestion, if harvesting
were feasible. The large and mobile pool of soluble carbohydrates in
the rhizomes torether with the nossibly insienificant end-of-season
translocation of soluble carbohydrates from shoots to rhizome, suggests
that the harvesting of shoots at peak standing crop would exer?

little effect on subsequent re-growth - a fact casually observed in

the field over 3 years,

The energy contents of the dry matter cof shoots of butterbur vary little

over the growing season (Figure 3.7), and the mean energy content

over the growing season is 20,0 £ 0.24 KJ g'l, compared with 18,9 * 0.26 KJ g"1
for the rhizomes. If shoots of butterbur were harvested at peak standing

cror, over 140 x 10° J ha~! would result, but other gpecies at the site

could increase this to ca 180 x 107 J ha™!, while the harvesting of

~hizomes would further increase the energy vield to ca 340 x 107 J ha=l.
However, the latter fipgure could not be sustained on an annual basis.

A summary of the potential of butterbur as an energy crop

3.7.1 Butterbur could be managed as an opportunity energy crop but,
because of its limited distribution in England, Scotland and Wales

(ca 33.5 kmz), it would only he important in a few areas such as the
Scottish Tslands where it is abundant. Flsewhere, it may be harvested
for fuel in the vegetation of riversides and roadsides.

3.7.2 Butterbur leaves and petioles would he harvested at peak
standing crop (25 July at the Chisworth site in 1979) as they collapse

at the end of season and decompose rapidly

3.7.3 Dry matter yields of shoots were 7.2 t ha=! (142 x 109 J ha™l)
at the Chisworth site, and other species associated with butterbur
increased the vield to 8.2 t ha~1 {(ca 162 x 10°% J ha"l).

3.7.4 Shoots of butterbur harvested at peak standing crop should

form an extremely good substrate for anaerobic digestion, as the water
content is over 85% of the fresh weight, concentrations of N, P and K
are high (1.8, 0.24 and 4.4% dry weight respectively), concentrations
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TABLE 3.5

COMPOUND

Soluble carbohydrates

Starch
Crude fat

Lignin

Holocellulose

30 March

53.7
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butterbur collected from the Chisworth site.

CONCENTRATION

19 September

57.7

0.48

< 1.0

25,7

U e i, ¢ 7 oo

Concentrations (% dry weight) of organic plant fractions in the rhizomes of

14 December

68.3

0.68

24,0
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Figure 3.7 The energy content of shoots of butterbur throughout
the growing season expressed on a land area basis and
on a unit dry weight basis.
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of socluble carbohydrates are much higher than in the other species '
investigated (357 dry weight), and compounds more resistant to

digestion (holocellulose and lignin) occur in only small concentrations

(37 and 3% dry weight respectively). An ash concentration of 13.97%

would remain in the residues produced by a chemical conversion

process.

3.7.5 The re-growth of butterbur in the year after harvesting should
not be significantly affected by renoving biomass, as the soluble
carbohydrates in the shoots appear to be decomnhosed on the soil

surface rather than translocvated into the rhizomes at the end of season.
Indeed, re~growth within a season occurs and 2 cuts can increase

total yield by 1 t ha-1, However, long-~term effects of harvesting
biomass can only be evaluated in long-term experiments.

3.7.6 Application of N and P to areas of harvested butterbur would [
be in the range of those currently applied to agricultural crops,

if the N and P renoved in biomass (131 and 17 kg ha~! respectively)
were to be replaced. Applications of K, however (315 kg ha“l) would
be far greater than traditional applications (29 to 183 kg ha-1) of
this element in agriculture.

T, A Firmn R e — armcn

3.7.7 Butterbur appears to re-cycle its nutrients externally (through
decomposition) rather than internally Zthrough translocation), as in
bracken. It should, therefore, be efficient in taking up and utilizing h
nutrients added to the soil, and there wsy ke significant potential
for increasing yields by adding fertilizer.

3.7.8 Although it is technologically feasible to harvest butterbur
from waterlogged halatats by using equipment similar to that developed
in Sweden for harvesting rceds, this woul! probably only bte cfficient
in the large stands of butterbur on the ¢ >ttish Islands.

programme of land improvement for agriculture, a yield of 8.7 ¢t ha™!

(164 x 109 g ha‘l) could be expected, and this material should be
amenable to anaerohic digestion as the scluble carbohydrate concentration
reaches 68% dry weight.

|
f
3.7.9 If rhizomes of butterbur were harvested in, for example, a t
¢

3.8 Conclusion

Butterbur would be harvested at peak standing crop, as shoots quickly E
collapse at the end of season. The shoots should provide a readily '
digestible substrate for chemical conversion, but the high nutrient contents

would require high fertilizer applications to maintair vield,.




SFARTINA ANGCLICA - CORD-GRASE

4.1 General description

This grass is a stout perennial which reaches a height of 50 to 130 c¢m
(Clapham ¢t al. 1962). It reproduces vegetatively in established clones,
but sexually fertile plants are widespread (Clapham et al. 1962),

4.2 Digtribution and extent

Spartina ancliica is thought to be a vigorous descendant of the sterile
hybrid §. x townsendi?, which arose in Southampton water where it was first
recorded in 1870 (Hubbard 1968). Spartina anglica was first collected at
Lymington, Hampshire, in 1892 but by 1907 many thousands of hectares ot

tidal mud-flats between Sussex and east Dorset had been covered (Hubbard 1968).

It is now abundant on tidal mud-flats up to southern Scotland (Figure 4.1,

in which §. x townmsendii and S. anglica have not been distinguished), and,
although frequently planted as a mud-binder, its vigorous growth is controlled
by herbicides in areas where 1t 1lg reparded as scenically undesirable.

Cord-grass forms dense and extensive stands (Plate 1lc¢), and it is thought
to occupy 120 km? of land around Great Britain's coast (Ranwell 1967).

4,3 Hate of development

Leaf emergence in spring is comparatively late at the Rampside site,
occurring in late May and early June., The subsequent development of the
plant is also slow, s0 that a maximum standing crop is obtained in late
autumn or early winter when seed-set occurs (Figure 4.2). After pesak
standing crop has been achieved, the rate of death of the above-ground
tissues increases over winter, but green tissue is still present in the
new year. No green material ig evident in March of the second year, and
much standing dead material persists until July of that year (Figure 4.2).
The late development of cord-grass contrasts markedly with the early
development of butterbur (Figure 3.3).

4.4 Productivity

Previous estimates of the annual productivity of cord-grass shoots and
rhizomes vary from 9.6 to 9.8 t ha 1 yr 1 (Ranwell 1961; Jefferies 1972), with
a peak above-ground standing crop of 7.5 t ha‘l, to 41 t ha” ! (Dunn &

Long 1980). The latter figure, however, makes a large allowance for leaf
turn-over. The intensive site at Rampside (site number 2, Appendix II) used
during the present study showed a peak standing crop of the current year's
above-ground growth of 6.1 t ha-! (Figure 4.2), but at Southport (site

number 21, Appendix IT) the species was far more extensive and vigorous

with a maximum standing crop of 16.8 + 0.61 t ha~! on 10 October 1979 and

a high standing crop of 11.4 +# 0.53 t ha~! on 20 December 1979.

Although development was slow at the Rampside site, a standing crop o~

at least 4.3 t ha”! was maintained for 4 months (Figure 4.2). After death
of the above-groun- tissues, standing dead matter was persistent, yielding
2.0+ 0.2 and 2.4 *+ 0.3 t ha~! on 5 June and S July, respectively.
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The distribution of cord-
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Figure 4.2 Seasonal trends of above~pground standing crops of cord-grass
(solid line and solid circles) and other species at the
Rampside site (dotted line and open circles). The arrow
denotes the date by which all of the cord-grass leaves and

gtems had turned brown,.
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The water content of living leaves of cord-grass is about 60% with

fres weight/dry weight ratios of 3.0 4 0.03 on 6 July and 3.4 * 0.10 on

23 tober. In the following year, when the leaves were dead, the water
content was only 30 to 357 with fresh weight/dry weight ratios of 1.64 % 0.08

on 25 April and 1.48 % 0.04 on 6 July.

Standing crops of rhizomes vary considerably throughout the season from
4.1 £ 0.3 t na-! on 5 June to 10.6 and 14.2 t ha~! on 20 November and

18 Decetber, respectively. Unfortunately, no sample replication could be
obtained at the end of season due to practical difficulties in extracting

rhi-omes from tidal nud-flats.

Other species growing nt the site (mainly Puceincllia maritima, Appendix II)
contributed very little to site yield as the maximum standing crop was

only 0.36 t ha“.fl (Figure 4,2

4.5 Re-growth after cutting

Grass leaves are usually produced continuocusly throughout the growing
season and the potential for re-growth should be high. Indeed, Beddows
(1977) showed that a maximum annual yield of Loltwum perenne could hbe
obtained by cutting 4 times in the growiag season. It is surPrising,

- -t

therelore, LOUT L€ IE—gLOWLl UL CULU-ELldabd 4b vuly +.94 v uuw
maximum (Table 4.1), following an early season cut. Re-growth after later
cuts is so small that the energy input via harvesting is probably greater
than the energy cortained in the harvested material. The maximum standing
crop of cord-gra.s is consistently greater than the standing crops at earlier
stages in the plant's development, plus the re-growth after an earlier cut
(Table 4.1). Thus, the potential for harvesting cord-grass more than

once in the growing season is even less than that in the case of bracken,
although fertilizer treatments during re-growth trials may alter these

conclusions.
4,6 Nutrient content of cord-grass

4.6.1 Inorganic nutrients

Concentrations of N, P and K in lecaves and stems showed & characteristic
exponential decrease over the growing season, with K showing the

slowest rate of decrease (Figure 4.3, A). Concentrations of N and P

are within the range shown by bracken (Figure 2.3, A) and butterbur
(Figure 3.4, A), but concentrations of K are generally much lower than
those in the other 2 species. However, Na and K may be physiologically
interchangeable in some species and high concentrations of Na occur in
the saline environment of cord-grass, which might compensate for

low concentrations of K. Unfortunately, Na analyses were not carried

out.

Concentrations of Ca and Mg in stems and leaves show an increase over
the growing season (Figure 4.3, B) and, again, this is typical of

many species (Lawson ¢t al. 1980). This trend is also evident in

the rhizomes, but the concentrations of Ca and Mg are generally higher
in the rhizomes than in the above-ground tissues (Figure 4.3, B).

In contrast, concentrations of N, P and K in the rhizomes show slight
decreases over the growing ses~m (Table 4.2) and levels are lower
than in the above-ground tis: »s (Figure 4.3, A). Concentrations of
ash in the rhizomes {(Table 4.2) and shoots (which can be calculated
from Figure 3.2 and Tanle 4.3) are exceptionally high, reaching 449,
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TABLE 4.1
the growing season. Units are t ha-1.
6 _JULY 31 JULY
Yield at specified date: 1.04 2.17
Re-growth after specified date: 1.41 0.85

Total yield: 2.45 3.02

B it et - e -~

28 AUGUST

25 SEPTEMBER

The re-growth of cord-grass leaves and stems after cutting at various times in

23 OCTOBER

20 NOVEMBER

5.39

4,95

0.06

5.01

6.06

6,06
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Figure 4.3 The seasonal trends of concentrations of inorganic nutrients (9 dry weight) in shoots of cord-grass

from the Rampside site,
A Concentrations of N (soljid line and solid circles), P (broken line and solid squares) and K (dotted

line and solid diamonds).
B Concentrations of Ca (solid line and open circles) and Mg (dotted line and open diamonds).

NB Concentrations of P are 1/10th of those of N and K.
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TABLE 4.2 Concentrations and centents (concentration x dry weight) of inorganic nutrients
in rhizomes of cord-grass.
FTFMENT CONCENTRATTON CONTENT
(% dry weight) (kg ha-1)
5 June 20 November 18 December 5 June 20 November 18 December
N 1.50 0.84 1.00 62,1 88.7 141.8
P 0.15 0.12 0.12 6.33 12.67 17.02
K 1.40 1.30 1.40 58.0 137.3 198.5
Ca 0.71 1.34 1.20 29.4 141.5 170.2
Mg N, 47 0.53 0.47 19.5 56.0 66.7
Ash 31.0 44 .0 42.0 1283 4646 5956
t
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p, K, Ca, and Mg in the rhizomes increase

s a result of increased standing
because of lack of replication
be made about nutrient

The total amounts of N,
cver the growing season (Table 4.2) a
crop at the end of season. However,

of rhizome biomass samples, few inferences can

cortent.
Although zoncentrations of N, P and ¥ in cord-grass shoots decrease
, total N, P and K increase

over the growing season (Figure 4.3, A)
during the growing season (Table 4.3), due to the seasonal increase
in standing crop (Figure 4.2). Similar trends are shown by contents

of Ca and Mg although higher contents are evident in dead material
which has over-wintered (Table 4.3).

Nutrient contents (Tahle 4.3) and dry weights (Figure 4.2) of cord-
grass show relatively little variation between 25 September and

18 December. Harvesting above-ground tissues within this period
would give a yield of between 4.6 and 6.1 t ha—! and would remove
far less N, P and K than harvesting bracken and butterbur at peak
standing crop. Removing the peak living standing crop of cord-grass
would remove less N, P and K from the site than is traditionally
applied to grassland and root-crops (Church 1973).

~ “ L P

If the above-ground tissues 01 cord-grass wueld Ud v b term bem ot T
had died, fewer nutrients would he removed (Figure 4.4). Whereas there

is a very close relationship between the seasonal increase in dry
weight and the contents of N, P and K, dry weight decreases at a
slower rate than contents of N, p and K in senescing and dead tissues
(Figure 4.4). This is the pattern previously described for bracken
and probably represents translocation of N, P and K into the below-
ground perennating tissues and eventually into new above-ground growth.
I1f a harvest were taken on 25 April, 77% of the total N, 78% of the
total P ond 82% of the total K would have been naturally re-cycled,
with a loss of 549 of the maximum gtanding crop (Figure 4.4).
Harvesting dead cord-grass leaves and stems would therefore, probably
affect re-growth less than harvesting green tissues, and would

remove only small amounts of N, P and K which tend to be naturally
replenished each year in the estuarine environment of cord-grass

(Lawson et al. 1980).

of ash would result from the chemical

Unfortunately, & large residue
 high as 1.9 t ha~!

conversion of cord-grass, and this could he a
(Table 4.3).

4.6.2 Organic fractlons

storing compounds in the shoots of cord-
ends (Figure 4.5, A), and concentrations

ite low when compared with those in
11 wall materials also

Concentrations of the energy-
grass show no clear seasonal tr
of soluble carbohydrates are qu
bracken and butterbur. Concentirations of the ce
shew no clear seasonal trends (Figure 4.5, B) and, whereas concentrations

of holocellulose are similar to those in other species, concentrations
of lignin are very low. However, the low levels of lignin may, to
some extent, be an artefact resulting from the method of determination
(see Appendix I). In general, the nature of the leaves of cord-grass
ig similar to that of other grass leaves, and conversion to fuels by,
for example, anaerobic digestion, should be as efficient as in

herbage grasses.
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TABLE 4.3

ELEMENT

Ca

Mg

Ash

The nutrient content (concentration x dry weight) of cord-grass leaves and stems

during the annual cvele,

5 JUNE

6.9

1,10

0.76

50.6

31 JULY

42.8

31.9

362

1 b

o p——— e 4

'mits are kg ha~1,

25 SEPTEMBER

23 OCTOBER

20 NOVEMBER

18 DECEMBER

84.6

11,32

77.1

34.50

24,2¢

1256

59.4

65.8

32.67

23.76

1337

72.7

10.30

86.7

46.66

29.69

1859

50,9

7.20

55.4

25.20

21,60

1080

25 APRIL

23.60

28.84
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1f shoots of Japanese knotwecd were harvested when senescent,
dry matter yields of at least 5 t ha~! (97 x 109 3 he-1)
could be obtained over the winter period, and the dry fibrous

tissues (with concentrations of holocellulose and lignin of
73 and 197 dry weight respectively) could be used as feed-stock
for a thermal chemical conversion process.

1f shoots of Japanese knotweed were harvested when senescent,
re-growth in following years should not be significantly
affected, and 90, 93 and 757 of the N, P and K in the shoots
would be recycled naturally making fertilizer applications

minimal.

It may be possible to harvest the rhizomes of Japanese knotweed
on a long-term rotation basis as this appears to reju-enate old
stands of the species. Additional ylelds of between 12 and

30 t ha-! (232 and 579 x 10% J ha-!) could be expected in the
initial year of harvesting. The rhizomes are rich in soluble
carbohydrates and starch, which together represent 30% of the

rhizomes dry weight.

The harvesting of shoots of .Japanese knotweed should present
no problems to conventional harvesting equipment.

-~
L B b d e e WS Ay e n ms
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Japanese knotweed and I'. sacha’inensc could be harvested when green or
when senescent, the harvesting strategy depending upon the nature of the
fuel required. Both harvesting strategies could produce hlgh yields and
re-growth should be very efficient. These specles of Polygorum must,
therefore, represent dedicated energy crops of high potential which could
be planted easily on areas of good agricultural land, or on railway
embankments and roadsides where they occur naturally.
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TMPATIENS GLANDULIFERA - POLICEMAN'S HELMET

6.1 General description

Unlike the species considered earlier, policeman's helmet is an annual
species which does not reproduce vegetatively. It possesses stout,

hollow stems which may reach a height of 3 m, and it regularly produces
vast quantities of seeds which arc dispersed violently from an "exploding"

fruit.

6.2 Distribution and extent

Policeman's helmet is a native of the Himalaya which was introduced into
Britain and is now completely naturalised (Clapham et al. 1962). It is
found in damp woodlands and along banks of rivers and streams, particularly
in industrial areas where it appears to tolerate high levels of pollution
(Plate 2a). The species has already spread o the north of Scotland, but
itg centre of distribution is in the industrial midlands and north-west
(Figure 6.1), and, at present, it covers only about 0.6 km? of Great

Britain (Bunce pers comm).

6.3 Ratce of development

Seeds germinate in March and quickly produce 2 cotyledone and & pair of
leaves, but this state appears to be maintained for many weecks with most

of the annual growth occuring between May and July (Figure 6.2). Flowering
occurs in July, August and September, and seeds are shed after leaf death
has occurred. Loss of dry weight takes place while stems are still standing
(at a density of 46.2 X 3.61 stems h“z), and the outer tissues of the stems
show considerable putrefaction before stem turgor is lost and the stems
collapse. At the end of season, all stems collapse and decomposition is
very fast. Winter floods redistributl the stem litter.

6.4 Productivity

No previous estimates of the productivity of policeman's helmet have been
found in the literature, and it appears that little is known about its
autecology. At the Chorlton Brook site (site number 5, Appendix II), a
maximum above-ground standing crop of 10.5 t ha~! was achieved in August
and standing crop remained quite constant at this high level until
October (Figure 6.2). During October, the small root systems and stem
bases were excavated and found to have a standing crop of 0.93 + 0.09 t ha”
Total productivity at the site is, therefore, approximately 11.5 t ha™" yr

1

The ratio of root to shoot standing crop in policeman's helmet is very
small (0.092), and contrasts strongly with the ratios in the perennial
species considered earlier. For example, ratios of 1.5 can be calculated

for bracken, cord-grass and Japanese knotweed.

6.5 Re-growth after cutting

Because of the annual nature of policeman's helmet, re-growth after
cutting is impossible in the context discussed earlier. However, as peak
standing crop is achieved on 13 August, it may be possible to produce 2
crops of the species from seed in one growing season, and this potential

should be explored.
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The seasonal growth of shoots of policeman's
helmet at the Chorlton Brook site. The arrow
denotes the date by which all the shoots had
died,
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Nutrient content of policeman's helmet

6.6.1 Inorganic nutrients

Concentrations of N, P and K in leaves and stems of policeman's helmet
show decreases over the summer and autumn months (Figure 6.3, A), and
concentrations are within the ranges shown by these nutrients in the
perennial species described above. Concentrations of Ca, however,
decrease over the growing season and are much higher than those found
in bracken, cord-grass and butterbur, showing a greater similarity
to concentrations found in Japanese knotweed (Figure 5.4, B).
Magnesium concentrations in above-ground tissues also show a seasonal
decrease (Figure 6.3, B), which contrasts with the trends shown by

this element in the other species.

Within the below-ground tissues, concentrations of all the inorganic
nutrients analysed show similar values to those in above-ground tissues
on the same date (Table 6.1), but ash concentrations are twice those

in the shoots. Because of the small size of the below-ground standing
crop, however, the pools of inorganic nutrients in below-ground tissues
are extremely small (Table 6.1), and only approximately one~tenth

of those found in the perennating tissues of the species described

R R

If policeman's helmet were harvested at peak standing crop (13 August,
Figure 6.2), a considerable pocl of inorganic nutrients would be

removed from site (Table 6.2), and this pool would exceed those
represented in the peak above-ground standing crops of bracken, butterbur,
cord-grass and Japanese knotweed. Thus, there would be a considerable
effect on site fertility it policeman's helmet were harvested as an

energy feed-stock, and long-term nutrient replacement would involve
applications of levels of N, P and K in excess (particularly in the case
of K) of those currently applied to root crops and cereals. Unfortunately,
this annual speciles cannot be harvested when it is dead as stems

collapse and whole plants die. It is interesting in this annual species,
that the contents of N, P and K in the stems and leaves decrease

faster than dry weight (Figure 6.4). Whereas this difference represents
translocation in the perennial species, in policeman's helmet it is
probably the result of leaching as nutrient-rich lcaves fall to the
ground, leaving stems with lower nutrient concentrations which are
themselves decomposinz on the outside while still standing.

Concentrations of ash in the shoot (calculated from Table 6.2 and
Figure 6.2) vary between 10 and 159 and would contribute ca 1.5 t ha~1
to the residues of a chemical conversion process (Table 6.2).

6.6.2 Organic fractions

Policeman's helmet is an annual species, and therefore, cannot

accumulate energy-storing compounds to be used for a period of rapid
vegetative growth followed by flowering and seed-set. Consequently,
concentrations of soluble carbohydrates, starch and crude fat are

very low at the end of the season in both shoots (Figure 6.5, A) and

stem bases (Table 6.3). However, at the time of peak standing crop
(August), concentrations of crude fat and starch are maximal, while
concentrations of soluble carbohydrates are highest immediately before
peak standing crop when photosynthetic rates are probably greatest.
Concentrations of the 3 energy-storing components are high (Figure 6.5, A)

when compared with those in other species, while concentr ticens of
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Figure 6.3 The seasonal trends of concentrations (% dry weight) of inorganic nutrients in

leaves and stems of policeman's helmet from the Chorlton Brook site.
A Concentrations of N (solid line and solid circles), P broken line and so0lid squares)
and K (dotted line and solid diamonds).
B Concentrations of Ca (solid line and open circles) and Mg (dotted line and open diamonds).

NB Concentrations of P are 1/10th those of N and K.
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TABLE 6.1

Element

Concentration (% dry weight)

Content (kg ha 1)

Concentrations and contents (conce
and stem bases of policeman's helm

9 Qctober 1YYy,

SLANJdAIUd LLLluUlD dic

1=

0.90 £ 0.09 0.26

8,37 + 1.36

2,39 .

Ph e L,

I+

.02 2.77 0.49
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25,76 + 6.45
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Ca
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1.43 * 0,09

13.30 + 1,51

ntrations x dry weight) of inorganic nutrients in roots
et collected from the Chorlton Brook site oOn

Mg

0.36 * 0,032

3.35 ¢

3.94
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TABLE 6,2 The nutrient content (concentration x dry weight) of stems and leaves of policeman's
helmet from the Chorlton Brook site. Units are kg ha 1, .

ELEMENT 18 JULY 13 AUGUST 9 OCTOBER 8 NOVEMBER
N 165.5 203.4 86.8 53.56
P 30.2 35.5 14.0 13.4
K 319.2 407.9 272.4 157.9
Ca 176.4 187.1 204.8 100.4
Mg 49.0 46,1 42.4 20.7
Ash 1176 1370 1483 662
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The relationship between the seasonal trends of standing
crop (thick solid line and solid circles) and the total
contents of N (broken line and open squares), P (thin
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of lignin are low (Figure 6.5, B). This combination of organic
compounds suggests that shoots of policeman's helmet harvested at
peak standing crop would decompose rapidly in an anaerobic digestor.
Shoots harvested later in the season would be more resistant to
digestion, because of the lower concentrations of the energy-storing

compounds and the higher concentrations of holocellulose (FFigure €.5, B).

Re-growth is improhable in an annual species and the whole plant,
including stem bases and roots - which are easily extractable from
the soil - could be harvested with the stems. Although the chemical
composition of the underground organs was determined on only one
occasion, at the end of the season low concentrations of lignin and

holocelluloge (Table 6.3) suggest that the stem bases and roots could

be digested together with the shoots. The low concentrations of

soluble carbohydrates and, ir particular, starch (Table 6.3) contrast

with the high concentrations found in perennating root systems.

The energy content of shoots of policeman's helmet shows a slight

mid-season maximum (Figure 6.6) and an overall value of 19.5 + 0.15 iKr g"l,
which is not signiiicantly different from the value of 19.3 *+ 0.33 KJ o~
for the stem bases and roots. Shoots of policeman's helmet, if harvested

at peak standing crop, would yield 210 x 102 J ha~! (Figure 6.6),

and the harvesting of roots could increase this to ¢8 238 x 10° J ha-l.

A summary of the potential of policeman's helmet as an energy crop

6.7.1 Policeman's helmet could be managed as an annual dedicated
energy crop as it occurs naturally only in small stands (covering
ocnly 0.6 km’ of Great Britain), although it is capable of growing
throughout lowland Britain. 1t may also have potential as an energy
catch crop, if its high growth rates are maintained after late

plantings.

6.7.2 Whole plants would be harvested, as the root system is small
and easily extracted from the soil.

6.7.3 Policeman's helmet would be harvested when standing crops
are at a maximum, as the shoots of this annual species quickly lose

dry weight and collapse.

6.7.4 Dry matter yields of shoots of 10.5 t ha~! (210 x 10% J ha™!)
plus 0.9 t ha"! (18 x 10° g ha~!) of roots could be obtained by

harvesting at peak standing crop (13 August in 1979).

6.7.5 Shoots and roots of policeman's helmet should be digested
easlily as the shoots (which contribute 91¢% of the total biomass)
show high water contents, and moderate concentrations of N, P, K and
soluble carbohydrates (1.9, 0.3, 3.9 and 10.2% of dry weight
respectively) occur while the concentrations of holocellulose and
lignin (51 and 10% of dry weight respectively) are quite low.

An ash concentration of 13% of dry weight should reduce the size of
the residues resulting from chemical conversion processes.

6.7.6 Vegetative re-growth does not occur in this annual species,
but it remains to be proved that seeds of policeman's helmet can
successfully be planted and seedlings established at various times

during the growing season.
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TABLE 6.3

COMPOUND

Scluble carbohydrates

Starch

Crude fat

Lignin

Concentrations (% dry weight) of organic plant fractions in the stem bases
and roots of policeman's helnet collected from the Chorlton Brook site on

9 October 1979. Standard ersrors are presented.

Holocellulose

A s e e i 824 547 T

CONCENTRATION

2.59

1.43

8,50

50.7

+ 0.87

I+

i+

I+

.14

0.08

0.

76

.89
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6.7.7 Applications of N, P and particularly K to areas of land }
dedicated to the growth of policeman's helmet (211, 38 and 434 kg ha~l
respectively) would be greater than those currently applied in
agriculture, 1f nutrients removed in the cr-p were to be replaced,

but its tolerance to peollution may make it suitable for growing in
sewage effluent, in which case the nutrients in the harvested materieal

could be reclaimed for use elsewhere.

6.7.8 The management of artificial monocultures of policeman's helmet
should be technologically feasible using existing equipment, alihough
high soil water deficits may seriously affect the establishment of : ;

this energy crop.

6.8 Conclusion

Policeman's helmet is an annual species which could be managed as
jﬂ a dedicated energy crop, and, possibly, as an energy catch crop, i

C o if its high growth rates are maintained after late plantings.
Harvesting time would be at peak standing crop and the biomass

should digest easily.
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FILIPENDUL:A ULMAKIA - MEADOW SWEET

7.1 General description

Meadow sweet is a perennial herb which can reach a height of 120 cm
(Plate 2b). 1t flowers prolifically and also reproduces vegetatively

by rhizomes.

Meadow sweet is found throughout the United Kingdom (Figure 7.1) in
swamps, marshes, fens, wet woods and meadows extending to nearly 914 m
(Clapham et ¢Z., 1962). Although it often dominates the vegetation where
it occurs, it rarely forms pure stands, and other plant species make
important contributions to site productivity. It covers approximately
110 km? of Great Britain (Bunce pers comm).

7.2 Productivity

Previous estimates of the above-ground productivity of stands of meadow
sweet were 4 t ha | (Al-Mufti et al. 1979) and 7.1 t ha~! (Callaghan e¢* al.
1978) for total herbaceous shoot standing crop and 3 t ha (Al-Mufti

et al. 1979) for the meadow sweet component. More intensive sampling

during 1979 at the site used by Callaghan et al. (1978) in 1978 gave very
similar results, ie a peak standing crop for all herbaceous shoot material

of 6.5 t ha™* (Figure 7.4). Above-ground standing Ccrop redcnea u

maximum for the site in July, but meadow sweet and its associated specles
showed separate peaks of standing crop in July and June respectively

(Figure 7.2). The maximum ahove-ground standing crop of meadow sweet

was 5.6 t ha‘l, and it appears that the site studied 1s far more productive
than that studied by Al-Mufti ef al. (1977). 1In comparison with neighbouring
sites, however, the ahove-pground standing crop of the meadow sweet is low.

Biomass of below-ground organs is very high. In 1978, Callaghan et al.
recorded a below-ground standing crop of 12.6 t ha-! and, in 1979, standing
crops of 10.7 # 1,8 and 12.6 * 3.1 t ha~! were recorded on 25 May and

14 December respectively.

The water content of the aerial shoots of the meadow sweet site varied
1ittle over the growing season, being 81% in May and 74% in October.
The fresh weight/dry weight ratios were 5.3 £ 0.4 (25 May), 3.3 % 0.1
(26 June) and 3.9 * 0.1 (9 October).

7.3 Nutrient content of meadow sweet

7.3.1 Inorganic nutrients

The concentrations of all the inorganic nutrients analysed showed

a decrease over the growling season (Table 7.1). This trend is
characteristic of N, P and K, but the decrease in the concentrations
of Ca and Mg contrast strongly with, for example, the pattern found
in cord-grass. Concentrations of N, P and K in meadow sweet are

low when compared with the concentrations of these elements in

other species at similar stages of development. The combination

of low concentrations of N, P and K together with comparatively
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low standing crops results in low contents of N, P and K (Table 7.1),
I{f this material were harvested for conversion to biofuels, the
replacement levels of N, P and X would be lower than those required
for other sites and also lower than those currently used in
agriculture (Church 1975).

Concentrations of inorganic nutrients in the rhizomes of meadow sweetl
are generally similar to concentrations in the shoots, except that
concentrations of X are lower in the rhizomes than in the shoots.

Ca shows the opposite trend (Table 7.1).

. The clear seasonal trends shown by the concentrations of inorganic
nutrients in the shootu are not evident in the rhizomes, which
represent a considerable over-wintering pool of nutrients. In the
cases of N, P and Mg, this pool is approximately twice the size of ‘

. their maximum contents in the shoots (Table 7.1). Only K shows ;
: similar values between peak content in above ground tissues and
mid -~ season values in the rhizomes. However, there is a significant
increase in the content of K (and in the concentration of K) in
et the rhizomes during autumn (Table 7.1), and this may represent end -
' ‘ of season translocation from shoots to rhizome suggesting a possible
economy of this element. Concentrations of ash in the rhizomes

s (Table 7.1) are approximately twice those in the shoots, but both i
in ap ash residue nf onlv ;

vatnes are verv Tow and wonld resnlt
319 kg ha~! after conversion of biomass to fuel. i

7.3.2 Organic plant fractions

Concentrations of soluble carbohydrates and crude fat in the shoots
of meadow sweet decrease by over one-half between peak standing crop
and the end of season (Table 7.2). 1In the case of soluble carbo-
hydrates, this decrease in shoots coincides with an increase in
concentration in the rhizomes (where starch concentrations also
increase over the growing season), and a significant end of season
translocationis indicated (Table 7.2). In general, however the
concentrations of energy-storing compounds are low in both shoots
and rhizomes. On the other hand, concentrations of cell wall materials
are quite high in shoots and rhizomes, and it must be inferred that f
meadow sweet would not be converted to biofuels as easily as the :
species considered so far, while the removal of soluble carbohydrates '
during the harvesting of maximum standing crop would probably i
5

depress subsequent re-growth.

If meadow sweet were harvested at peak standing crop, an energy
yield of 130 x 102 J ha”! would be obtained, and this could be
increased to 344 x 10% J he"! on one occasion by harvesting rhizomes.

7.4 A summary of the potential of meadow sweet as an energy crop E

7.4.1 It is doubtful 1if meadow sweet could be efficiently managed
even as an opportunity energy crop for the reasons outlined below.

7.4.2 Although meadow sweet grows throughout Great Britain, its

maximum standing crop of shoots is only 5.6 t ha ! (112 x 10° J ha“l). i
and other species associated with it increase the yield of shoots ,
to only 6.5 t ha ! (ca 130 x 10° J ha™l), !
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Inorganic nutrient concentrations and contents (concentration x dry welght) of the

TABLE 7.1
above- and below-ground tissues of meadow-sweet collected from the Chisworth site.

g ikt

otk tivem i

N P K Ca Mg Ash
ABOVE~GROUND TISSUES
Concentration (% dry weight)
25 July 1979 1.80 0.150 1.75 0.60 0.35 5.7
14 December 1979 0.41 0.024 0.05 0.37 0.10 2.2
Content (kg ha 1)
25 July 1979 100.8 8.40 98.0 33.3 19.6 319
14 December 1979 9.2 0.54 1.2 8.3 2.3 49.3
BELOW-GROUND TISSUES
Concentration (% dry weight)
25 May 1879 2.0 0.16 0.88 1.03 0.37 11.7
14 December 1979 1.6 0.14 1.12 0.97 0.37 11.0
Content (kg ha !)
25 May 1979 214.6 17.2 94.4 110.5 39.7 1255
201.8 17.3 141.2 122.3 46.7 1387

14 December 1979
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o TABLE 7.2 Concentrations (7 dry weight) of the organic plant fractions and energy contents -
(KJ g 1 dry weight) of shoots and rhizomes of meadow sweet collected from the ¥
Chisworth site.

Soluble carbohydrate Starch Crude fat Lignin Holocellulose Energy content

Above-ground tissues

£5 July 1979 6.25 0.50 2.05 20.1 54.5 20,0
14 December 1979 3.03 0.83 0.86 14,0 77.3 20.0
0w
(o))
Below-ground tissues
25 May 1979 6.34 1.63 1.40 36,6 31.0 20.0

14 December 1979 12,00 7.57 1.27 29.8 47.3 19,3

. , -
ke e N e ek e e A e t——— % ¢ .




e P

TR Y L)

97

7.4.3 The wet habitats where meadow sweet usually occurs are often
capable of sustalning far greater productivities from specles such

as Eptlobtum hirsutum (Chapter 9).

7.4.4 1t would probably be feasible to harvest meadow sweet only
if its habitat were being drained and "improved" for other uses of
the land and about to be disturbed.

7.4.5 If the above strategy were adopted, 6.5 t nha~! (130 x 109 J ha™1)
of shoots could be obtained together with, possibly, 11.7 t ha~
(230 x 10% J ha=!) of rhizomes.

7.4.6 Shoots of meadow sweet, 1f harvested at peak standing crop

(23 July in 1979) should not be too resistant to anaercbic digestion,
although nutrient concentrations are lower than in the other species
investigated, whereas the concentrations of holocellulose and lignin

together (75% of the dry weight) are quite high.

7.5 Conclusion

It is doubtful if meadow sweet could be efficlently managed as an opportunity
energy crop, because its yields are lower than those which could be
obtained from other species of similar habitats. It could be harvested
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digest as easily as the other species considered earlier.
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. B8 CHAMAENERTON ANGUSTIFOLIUM - ROSEBAY WILLOW-HERB

8.1 General description

Rosebay willow-herb is a tall perennial herb which may reach a height

of 120 cm. It reproduces vegetatively but shows extremely efficient
sexual reproduction and seed dispersal, which is responsible for its
recent spread (Clapham et al. 1968) and success as a ruderal species,
often being the first species to colonise cleared woodland or derelict
urban areas (Plate 2c¢). The species occurs naturally in rocky places
(up to 975 m) and woodland clearings and it is possible that its present
abundance is due to the availability of newly-disturbed areas of land

(Clapham et al. 1968).

Rosebay willow-herb is found throughout most of Great Britain (Figure 8.1),
and may form dense, and almost pure stands. It covers approximately
138 km? of Great Britain (Bunce pers comm).

+
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8.2 Productivity

Al-Mufti ¢t agl. (1979) recorded standing crops of 8 and 6 t ha~! for total
ahove-ground staudine cron and standing crop of the rosebav willow-herk
component respectively of a site in Derbyshire, while Callaghan et aql., (1978)
recorded a standing crop of 7.79 t ha-! for another site in Derbyshire.
During the present study, a maximum shoot standing crop of 8.4 t ha-! was
recorded for the dominant species (Figure 8.2), and above-ground standing
crops of all gpecies ranged from 4.35 to 10.6 t ha"! (Table 8.1, Figure 8.2),
with & mean value of 8.5 t ha~l. At the intensively studied Chisworth

site, species associated wilh rosebay willow-herb showed a peak standing
crop of shoots of 2.25 t ha-! one month earlier than the peak standing

crop of the dominant species (Figure 8.2).

Below-ground structures ylelded 7.5 t ha~! when recorded in 1978
(Callaghan et al. 1978), and 10.03 # 0.63 when measured on the 25 May 1979,

Water contents of shoots from the rosebay willow-herb sites vary between
82% in May and 66% in September.

8.3 Nutrient content of rosebay willow-herb

8.3.1 Inorganic nutrients

Concentrations of the inorganic nutrients were measured on only

one occasion, ie when above-ground standing crop was at a maximum.
Concentrations of N, P, K, Mg and ash were generally low (compared
with values for meadow sweet), but high productivity resulted in
more typical contents of these elements (Tahle 8.2), However, if
rosebay willow-herb were harvested as a biofuel at peak above-ground
standing crop, the nutrients removed from site would be less than
those currently applied annually to agricultural crops (Church 1975),
while a comparatively good yield of 10.5 t ha” yr'l would be
obtained with an ash content of only 420 kg.
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The seasonal growth of shoots of rosebay

willow-herb (circles and solid line) and

specles associated with it (sauares and

dotted 1line) at the Chisworth site. The 2 i
ylel - components are plotted cumulatively.
Shoctis were still alive on 21 September.
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f3ellmuir, Aberdeenshire
Risedale, Cumbria
hollarbeg, Clackmannanshire

olsworthy, Devon

B Chiswortih, Derbyshire

RPontefract, Yorkshire

WStraition, Ayrshire

Standard errors are presented.
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26
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Sampling date

13 September
24 September
14 September
g8 September

23 August

4 September

1 Octobher

The yield and fresh weight/dry weight ratios of herbaceous shoots from stands of rosebay willow-herb.
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8.3.2 Organic plant fractions

At peak standing crop (23 August), concentrations of the energy-
storing compounds are high when compared with other species,
accounting for ca 17.8% of the shoot dry weight (Table 8.2).
contrast, concentrations of the cell wall materials are comparatively
low. Consequently, shoots of rosebay willow-herb, if hurvested at
peak standing crop, should provide & good substrate for anaerohic

digestion.

An energy content of shoot material of 20.0 KJ g'1 dry weight
(Table 8.2) would result in a maximum energy yileld of 212 x 102 J ha-l,
which could be increased initlally to 422 x 10° J ha~! by harvesting

rhizomes

A summary of the potential of rosebay willow-herb as an energy crop

8.4.1 Rosebay willow-lLiexrb would be managed as an opportunity
energy crop as it grows throughout Great Britain, covering 138 Km*~
of its surface. It iz uften a amajor component of the vegetation
of roadsides, railway cmpankments and waste land, where harvesting g
would not affect current land use.

R.4.2 Dry matter vields of 8.4 t ha ! (168 x 10% 7 na'!) of i .
rosebay willow-herb shoots together with 2.2 t ha-! (ca 44 x 10° J ha 1) :
of shoots of associated :pecies could be obtained by harvesting at

peak standing crop.

§...3 Shoots of rosebay willow-herb harvested at Zedk standing X
crop should be easily digested, as water contents are between 66 and 3
82% of the fresh weight and inorganic nutrients occur in moderate
concentrations. Energy-storing compounds occur in quite high
concentrations (soluble carbohydrates = 14% of the dry weight), and

. the concentrations of the cell wall materials are not excessive |

, (holocellulose = £1¢9 and lignin = 17% of the dry weight). Residues : R
from chemical coversion would contain an ash concentration of only

' 59 of the shoot dry weight,

!
8.4.4 Applications of N, P and K to areas of harvested rosebay !
willow-herb (126, 11 and 118 kg ha ! respectively) would be within i
the ranges currently applied in agriculture, if nutrients removed }
in harvested biomass were replaced,

8.4.5 The effect of harvesting shoots of rosebay willow-herb at |

peak standing crop on re-growth in subsequent years cannot be :

evaluated from the present data base. However, it is certain that

re-growth would be better if shoots were harvested when senescent

and processed by thermal conversion to fuel. Yields of senescent
. shoots would be low (4.2 t ha ! = 84 x 107 J ha 1), as standing
T crops quickly decrease in autumn,

LTI, TR I T G

8.4.6 If it were possible to harvest the rhizomes of rosebay _ ; o
willow-herb, an additional yield of c¢s 8.8 t ha 1 (176 x 109 J ha 1) .

would be obtained initially.
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TABLE 8- organic plant fractions in the shoots of rosebay willow-herb collected from the
Chisworth site on 23 August 1979 -hen maximum standing crop was achieved. Standard
errors are given.
s o
Y ‘ Fraction Concentration (% dry weight) Content ggﬁ_ya'l)
i 1.51 ¢ 0.1 125.9 + 8.39
P 0.13 + 0.01 10.9 + 0.56
K 1.4 * 0.0 117.5 *+ 0.00
ER. Ca 1.7 * 0.05 63.8 + 3.97 .
Mg 0.19 + 0.01 15.9 + 1.01 8
Ash 5,0 % 0.15 419.5 + 12.19
T Soluble carbohydrate 14.2 + 0.88 1199.8 + 74.0
;j Starch 0.22 * 0.08 i8.5 + 6.73
SRR
U Crude fat 3.27 £ 0.19 274.4 + 15.57
Lignin 17.3 + 1.22 1448.1 +102.1
Holocellulose 50.7 + 4.78 4253.7 +183.4
. ¥ Energy content 20.0 + 0.0 KJ g ! dry weight 168 x 102 + J ha ! + 0.0 .

Concentrations and contents (concentration x dry welight)

of inorganic nutrients and
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8.4.6 It is technologically feasible to harvest shoots of

rosebay willow-herb, and cutting and collecting should be
particularly energy efficient along present transport routes where
the species often occurs naturally. In the case of road verges,
the vegetation is often controlled already, but by the wasteful

processes of mowing or applying herbicides.

—— g

8.5 Conclusion

Rosebay willow-herb could be an important short-term opportunity energy
crop, and could be harvested at peak standing crop frou areas where land
use is changing or where more productive energy crop are to be introduced.
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EFILORTI HIRSUTUY - GREAT HAIRY WILLOW-HERB

9.1 General description

ily as rosebay willow-~herp

Great hairy willow-herp
restricted distribution (Fig

of Derbyshire (Clapham ¢t 47, 1962) ang covering gni
Great Britain (Bunce perg comm)., (Qreg
&reas than Tosebay willow-

9.2 Productivity

Callaghan .. Wi ground standing crop of
7.79 t ha~l for a low-herb, put no other egt

During the Present stude . el
above-ground standing cron af 19 o . .

B I T Y iy

- lia vas recorded for the site, with
T evsduaul specieg contri -

(Figure 9.2), Thus, Srecies
erb make ga major contrip

Ve-ground Standing Crop of 5.9 t pp-!

imates

productivity,
(Figure 9.2),

Yigh productivity va

lues were also recorded at Other giteg w
ground 8tanding crop

here above-
5 varied between 8.72 and 15.32

t ha~l (Table 9,1),
Below-ground standing cr

yield 5.09 + 0,14 ¢ pg-1
on 25 May and 8.08 + 1.s53 t ha”l
therefore,

76% on 17 October,

ith valueg for
rosebay willow-herb,

9.3 Nutrient content of great hairy willow-herb

9.3.1 Inorganic nutrients

Concentrations of inorganic nutrie

of great hairy willow-herp are n
Standing crop.,

of nutrients for
later ip the seas

the time of peak
-2 presents concentrations and
the yield wag 10.8 t ha 1,

on when the above- ground tissues were dead,

Concentrations of the inor
17 October (Table 8.2),
would remove Quantities of N

It would appear, therefore, that gr

eat hairy willow-herb
t economy of N, P and Mg.

Concentrations and contentg
of K ang Ca are, however, high and the replacement applications of
K would pe a5 great ags those conventionally applied <o agricultural
crops,
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The distribaution of great hairy willow-herb
in Great Britain and Ireland;
Walters (1962).
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Apr. May June July Aug, Sept Oct. Nov. Dec.

Figure 9.2

DATE

The seasonal growth of shoots of great hairy
willow-herb (circles and solid line) and
specles associated with it (squares and dotted
line) at the Chisworth site. The 2 yield
components are plotted cumulatively. The

arrow denotes the date on which all of the
shoots of great hairy willow herb were
apparently dead.
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TABLE 9.1 Above-ground standing crops of stands of great hairy willow-herb

Site Site No.
Kettleburgh, Suffolk 25
chisworth, Derbysuire 6
Sheepy Magna, Leicestershire 28
Plucks Gutter, Kent 29
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Concentrations of inorganic nutrients in the rhizomes of great

hairy willow-herb decrease by a factor of up to 50% over the

growing season, but increased rhizome dry weight at the end of

season results in similar contents of inorganic nutrients (Table 3.2).
The pools of K, Ca and Mg in the rhizomes are quite small compared
with the contents of these elements in the shoots (Table ©.2), which
reflects a low rcot/shoot ratio. However, thie rhizomes appear to
represent a pool of P as the content of this element is alwmost 4 times

greater in the rhizomes than in the shoots.
9.,3.2 Organic plant fractions

Concentrations of the organic plant fractions in the shoots of
great hairy willow-herb show that the shoots are fibrous structures
with only small amounts of energy-storing compounds (Table $.3).
This woody nature would probably make the shoots resistant to
anaerobic digestion (compared with the species considered so far)
and necessitate a thermal method of producing a usable fuel from
senescent and dry shoots. Surprisingly, the rhizomes appear to be
far less fibrous than the shoots and are rich in energy-storing
compounds at the end of the season (Table 9,3). High end of season
concentrations of soluble carbohydrates and starch, which shows a
10-fold increase over the scason, suggest that the rhizomes of great

hairy willow-herb are efficient storage organs and should be amenable

The energy contents of this species are typical, in that there is
1ittle variation within the season and the rhizomes show slightly
lower values than the shoots (Table 9.3). If shoots of great hairy
willow~herb were harvested at peak standing crop, an energy ylield of
ca 257 x 10° J ha ! would result, which would increase to about

387 x 102 J ha ! if rhizomes could be harvested.
A summary of the potential of great hairy willow-herb as an energy crop

9.4.1 Great hairy willow-~herb would be managed mainly as an opportunity
energy crop, although it only covers aboui 6 km? of Great Britain

(Bunce pers comm). Like rosebay willow-herb, it is often an important
component of railway embankments, roadside ditches and damp waste

land. Thus, harvesting would not affect current land use.

9.4.2 Dry matter ylelds of 7.0 t ha ! (140 x 107 J ha 1) of shoots of

great hairy willow-herb could be obtained together with 5.9 t ha

(ca 118 x 10° J ha-l) of the shoots of its associated species, if
harvesting were carried out at peak standing crop. A total yield of
15.3 t ha * (306 x 109 g hanl) wag recorded for a less intensively

studied site.

9.4.3 Shoots of great hairy willow-herb harvested at peak standing
crop would probably be suitable for anaerobic digestion as between
76 and 887 of their fresh weight is water. However, the nutrient
content of shoots harvested at this time is not known.

0.4.4 The effects of harvesting shoots of great hairy willow-herb
at peak standing crop on re-growth in subsequent years cannot be
evaluated from the present data base. However, re-growth would
probably be better if shoots were harvested when senescent (between
17 October and 14 November) and processed by thermal conversion

P e e RS S R

v [ - e u

s g e < =

S U

|
|

whor et i

‘;{-




s ‘- 2 S rak L At g b S A At el b St A
- - e K il i . KL 0 e e et AV 8 et 6 e st e i
Il e ey b T o o M )l bl i A ? & -
“ B e e i e e s A s e s e e e e callr ciaeoe &
- £ iaondy s e 3 a0 s 48 A b i o ittt £ e At S om0 U B b Pl 0 e A s -
A e e S A A ST By e b ULl ot b et B S e A bttt n e -

- -\j';
';.‘ i 1 . J
f, '
[ _‘
ll‘\“ ?
s
i :
: %
: \R TABLE 9.2 Inorganic nutrient concentrations and contents (concentration x dry weight) of above-
and telow-ground tissues of great hairy willow-herb collected from the Chisworth gite
S N P K Ca Mg Ash
l \' - - _—— T - !
o ABOVE-GROUND ’

RS-
ST ——

Concentration (% dry weight)

17 October 1070 At e aes e

14 November 1979 0.88 0.073 0.41 1.27 0.21

Content (kg ha !)
17 October 1979 78.6 5.949 135.2 120.5 24 .1 611

14 November 1979 45.0 3.73 21.0 64.9 10.7 225

BELOW~-GROUND

Concentration (% dry weight)

25 May 1979 2.20 0.42 2.57 1,73 0.37 15.7

14 December 1979 1.67 0.27 1,36 0.93 0.22

Content (kg haﬂl)

25 May 1979 112.0 21.4 130.8 88.1 18.8 290

14 December 1979 134.9 21.8 109.9 75.1 17.8 210




TABLE 9.3 Concentrations (% dry weight) of the organic plant fractions in the above- and below-ground
tigsues of great hairy willow-herb collected from the Chisworth site

— FRACTION ABOVE-GROUND TISSUES BELOY-GROUND TISSUES -
17 October 14 November 25 May 14 December
Soluble carbohydrate 4.3 3.6 4.5 14.0
Starch 0.04 .15 0.77 7.23
Crude fat 2.30 2.13 1.60 1.2y
Lignin 18.58 16,68 28.59 22,21
Holocellulose 62.0 67.67 35.7 41.7
Energy content (KJ g !) 20.0 20.3 18.3 19.7
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