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Executive Summary
1. With funding from the Scottish Funding Council, a study was carried
out by the Agronomy Institute (Orkney College UHI) between July and
October 2011 to investigate the feasibility of Isle of Barra Distillery
(IOBD) using locally grown barley as a source for its malt.
2. The study included i) a visit to Barra and South Uist to meet distillery
management and potential growers and contractors and collect grain
and soil samples; ii) a desk study involving telephone interviews with
relevant informants.
3. The study focused on the potential for barley production on the
machair. This is a low-lying sand dune environment which is an
important agricultural resource which also has considerable biodiversity
value. Most of the cereals (rye (Secale cereale), small oats ( Avena
strigosa) and bere barley (Hordeum vulgare)) grown on the Western
Isles are grown on the machair, but usually as a mix, called corn, rather
than sole crops.
4. Machair soils are derived from calcareous beach sands and have a
high pH, low organic matter and a poor ability to retain nutrients. The
high pH can make some nutrients unavailable to plants and modern
cereal varieties may fail without the application of mineral sprays.
Traditionally grown local cereals are tolerant to these conditions,
however. The low fertility of the machair means that it cannot sustain
cropping for very long and most growers who cultivate it use a rotation
of 2 years of arable cropping followed by 2 years fallow. Traditionally,
seaweed was extensively used as a fertiliser.
5. Interviews with growers in Barra and South Uist showed that there was
little information about bere grown as a sole crop, although a yield of
about 1 t/ac (2.5 t/ha) was estimated by those who had grown it for
seed. Although some growers knew of modern barley varieties having
been successfully grown on the machair with a manganese spray, they
did not know what grain yields had been obtained.
6. Information was sought from growers about the costs of local cereal
production and the income from current enterprises. Based on limited
data, an enterprise margin of about £104/ac (£260/ha) was indicated
and this has been used in this study, together with estimated costs of
cereal production, to calculate a local grain price which would give a
grower an equivalent return. In the absence of local data, grain yields
for modern barley were estimated to be 1.3 times those of bere, based
upon yield differences in Orkney.
7. On the assumption that growers use a combine harvester and are able
to dry their grain with a grain drier, grain prices giving an enterprise
margin of £104/ac are estimated to be £206/t for bere and £178/t for
modern barley. These compare with grain prices of £264/t and £217/t
2
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for Bere and modern barley, respectively, if harvesting is carried out
with a reaper binder, followed by stooking, stacking and threshing.
8. IOBD estimates that its annual requirement for modern malting barley
will be 70 t. This would produce about 58 t of malt which, with an
alcohol yield of 410 l/t, would produce about 23,800 l of alcohol. Bere
normally has a lower alcohol yield (a sample collected from Barra had a
predicted spirit yield of 380 l/t of malt) and so about 63 t of malt or 75 t
of grain would be required to produce the same amount of alcohol.
9. Using current costs for road transport and malting at Bairds Malt in
Inverness, the following costs (for grain purchase, transport and
malting) were estimated for IOBD to source sufficient malt to produce
23,800 l of alcohol (its target) from locally grown grain: i.) £40,720 and
£36,132 for bere and modern barley, respectively, harvested by a
combine and dried with a grain drier; ii) £47,974 and £38,884 for bere
and modern barley, respectively, harvested with a reaper binder
followed by stooking, stacking and threshing. These prices compare
with £28,179 for purchasing malt at current prices and having it
delivered to Barra. The prices exclude any possible income from draff
(wet malt after it has been used by the distillery).
10. As a result of the much higher costs involved in producing local grain
with stooking and stacking, and also because most informants felt the
process is too labour intensive to be an attractive option for growers, it
is assumed that locally grown grain will have to be harvested by
combine and dried with a grain drier.
11. The study reviewed the main components of malting barley supply
chains set up by the AI in Orkney and outlined the current situation in
Barra and South Uist for each component. This showed that it could not
be recommended, at the moment, for IOBD to attempt to source locally
all the barley it needs because of:
a. A lack of accurate information on the yields, costs of production
and grain quality of bere and modern malting barley grown as
sole crops on the machair. This means that there is uncertainty
about which type of barley to use and whether this could be
grown successfully on a large scale.
b. A lack of growers with access to suitable machinery (seed drill,
crop sprayer, combine and grain drier), particularly on Barra.
Although contractors are available with suitable machinery on
South Uist, only a small grain drier, owned by the Machair Life
project, is likely to be available from the 2011 harvest. Although
suitable for small scale testing, this would not be able to cope
with drying 70 t in a single harvest period.
12. Considering the high costs of local growing (9) and the practical
problems (11), it is not considered feasible, in the near future, for IOBD
to source locally all the barley it requires. However, a strategy is
outlined below (13 to 15) which would allow IOBD to test the feasibility
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of local sourcing on a small scale, and if this is successful, to scale up
production as necessary.
13. The key first step in investigating local sourcing of grain will be for
IOBD to identify a grower with suitable equipment who is prepared to
carry out simple trials to investigate the yields of bere and modern
varieties on the machair and to provide IOBD with grain samples which
can be analysed for their malting quality. The trials will provide basic
data on the growth and yields of bere and modern varieties which are
necessary to allow an informed decision on whether to continue with
the concept of local sourcing and, if so, whether to use bere or a
modern barley. The present study has indicated that modern barley
would be a much cheaper option, but trials are needed to confirm this
and also to confirm that it will grow successfully on the machair.
14. In the year after the trials, the feasibility of local sourcing would be
investigated by growing about 6 t of grain. This could be malted at
Crisp Malting Group’s Great Ryburgh plant and would allow IOBD to
compare the performance of malt from locally sourced grain with
imported malt.
15. If the small scale growing trial is successful, IOBD should then have the
information it needs to accurately estimate the costs of using malt from
local grain and should be able to set a target for how much local grain
to source. Local production of grain can then be gradually increased
each year, as resources allow. As this happens, it will probably be
necessary for IOBD to employ someone to manage the supply chain
and oversee the quality of grain supplied to the distillery. It may also be
necessary to assist the supply chain to source improved/larger
equipment as production increases (e.g. a larger grain drier).
16. In view of the current lack of appropriate agricultural machinery on
Barra, it is likely that the testing and small scale production stages will
have to be done on South Uist. Production on Barra would require the
purchase of equipment specifically for Barra and it is unlikely that this
can be justified until proof of concept has been convincingly
demonstrated by several years successful growing in South Uist.
17. The machair is an environment with major biodiversity value and
farming with traditional methods is generally considered to have a
positive impact on this. There is concern, however, that a number of
recent changes in agricultural practices – the large reduction in
stooking and stacking, the increase in early harvesting of grass for
silage, the use of mineral fertiliser and herbicide and deeper ploughing
- are having a negative impact. Against this background, there could
be advantages for the machair if there was an expansion in cereal
production, based on traditional methods, to satisty a market created
by IOBD. A traditional approach to growing barley is favoured by IOBD
and would provide an attractive marketing story for the whisky
produced by the distillery.
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18. It needs to be recognised that the climate and soil of Barra and South
Uist will make the growing of malting barley a more risky enterprise
than in areas where growing is well-established (e.g. along Scotland’s
east coast).
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1 Introduction
On the Isle of Barra in the Outer Hebrides a new whisky distillery, Uisge
Beatha Nan Eilean Ltd (Isle of Barra Distillery;
http://www.uisgebeathananeilean.co.uk/ ) is at an advanced stage of planning.
The uniqueness of this distillery will be its location (there is only one other
distillery in the Outer Hebrides and this is much further north on the Isle of
Lewis) and that it aims to become the most environmentally friendly distillery
in the country. This will be achieved by generating renewable energy from
hydro and wind turbines and reducing energy demands by designing energy
efficiency into its buildings. Fundamental to the green aspirations of the
distillery will be the sourcing of barley from as close to the distillery as is
possible, to produce a genuinely local product and reduce the whisky’s carbon
footprint. This will also have the added benefit of providing a cash crop for
local farmers. To investigate the options for sourcing the barley used by the
distillery, the Isle of Barra Distillery (IOBD) therefore asked the Agronomy
Institute (AI) at Orkney College UHI, to undertake a feasibility study which
would take into account practical, agricultural and economic considerations.
The main options being considered are growing the barley on Barra or the
Uists, or importing barley or malt from mainland Scotland. The AI was
selected for carrying out this study because of its experience in recently
establishing specialist supply chains for malting barley for Bruichladdich and
Highland Park distilleries. The study was funded by a Scottish Funding
Council Innovation Voucher.

2 Outline Of Methodology
The study was carried out by a combination of the following:
• Desk study based in Orkney, including telephone interviews and
internet and literature research with relevant parties
• A visit to Barra and South Uist which included interviews with the IOBD
Managing Director, potential growers, an agricultural contractor, staff of
Machair Life and the collection of grain and soil samples which were
sent for laboratory analyses.
Although the IOBD website’s references to local sourcing of barley infer that
the barley will be grown in Barra, the current study uses a wider definition of
“local” to include the possibility of growing it on South Uist. This is mainly
because of the current lack of resources for growing cereals for grain
production on Barra (see section 3.4). The possibility of grain production on
Barra is further considered in section 3.5.1.5.
Although the long-term plan of IOBD is to have its own malting facility, this
would be a costly addition to a new distillery and therefore this study assumes
that malting of any locally grown crops is performed elsewhere.
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3 Results
3.1 Growing Of Cereal Crops In Barra And South Uist
The Scottish agricultural census (Scottish Government, 2010) indicates that
about 270 ha of cereals are grown in the Eileanan an Iar local authority region
which includes Lewis, Harris, North and South Uist, Benbecula and Barra,
Unfortunately, it is not possible to determine the areas which are grown in the
islands of greatest interest to this study – Barra and South Uist (BSU). The
following sections summarise information obtained from a number of sources
but primarily from a small number of growers listed in Appendix 1. While this
information is likely to be generally correct, it must also be recognised that
there will be inaccuracies as a result of the relatively small number of people it
was possible to interview in the time available.

3.1.1 Location Of Cultivation
Most cereals grown in BSU are grown on the sandy soils of the machair by
crofters who hold a traditional right to cultivate this land. The machair is a lowlying sand dune environment which is centred on dune grassland plains but is
also part of a larger ecosystem including beach, foredunes, dune grassland,
slacks, lochs, loch margins and fens to “blacklands” where wind-blown sand
mixes with peat (Owen et al., 2000). In BSU, most machair is found on the
west coast. The machair habitat is rare within a European and global context
and is of considerable biodiversity value, as well as being an important local
agricultural resource.

3.1.2 Characteristics Of Machair Soils
Machair soils are derived from calcareous beach sands. They therefore have
a high pH and, with low organic matter, have a poor ability to retain nutrients
(particularly potassium, phosphorus and certain trace elements). The high pH
can also make some nutrients unavailable to plants. The low fertility of the
machair means that it cannot sustain cropping for very long and the traditional
system of cultivation relied on cropping, with the use of seaweed as a
fertiliser, alternating with a period of fallow. Currently, most growers who
cultivate it appear to follow a rotation of 2 years of arable cropping followed by
2 years fallow. The use of mineral fertiliser is becoming more common.
Appendix 2 presents results of soil analyses of 4 samples collected from two
crofts on Barra. These analyses confirm the high soil pH and show that the
soils were deficient in copper, manganese and potash.

3.1.3 Cereals Grown
The cereals grown on the machair in Barra and South Uist area are mainly rye
(Secale cereale), small or black oats (Avena strigosa) and an old type of
barley (Hordeum vulgare) called bere. Mostly, a traditional, locally adapted
type of each cereal is grown (landrace) although some farmers also
mentioned having occasionally grown small amounts of modern varieties of
oats (Avena fatua) and barley. Occasionally, these crops are grown
individually but normally they are planted as a rye/oat mixture, usually
containing a small amount of bere (see cover photograph). This mix is often
referred to as “corn” and this is the terminology which will be used here for a
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mixture of the 3 cereals. The main use of the corn crop is to provide winter
feed for livestock for which it is now mostly harvested green and baled as
silage.

3.1.4 Current Cereal Management Practices On The Machair
This section is based largely upon interviews with DD Campbell (DD), Angus
Morrison (AM), Duncan John MacEachan (DJ) and Neil MacPherson (NM).
Seaweed is still used as a fertiliser by many farmers and is collected from
December to March and applied in March (DJ used a rate of about 3.3 t/ac).
The land is ploughed in April but is usually not harrowed. Seed is then
broadcast with the result that much of it falls into the furrows and is then
covered when the ground is harrowed. This results in high plant populations
along the furrows and later in crop development gives the impression that the
crop was planted with a seed drill. DJ claims that the use of a seed drill gives
higher yields, presumably as a result of better plant spacing. Although
growers are reported to keep their own seed, both AM and DJ mentioned
purchasing seed from the same grower (£37.50 for 50 kg; £750/t). DJ uses
mineral fertiliser on his corn (100 kg/ac of 20:8:11which is equivalent to 50, 20
and 28 kg/ha, respectively, of N, P and K)
Generally, no crop protection sprays (herbicide or fungicide) are applied to the
corn, although DJ has applied foliar manganese to modern varieties and
herbicide may be used when the incidence of charlock and thistles is high.
Although seldom grown as a pure stand, both DJ and NM estimated the yield
of bere grain at about 1 t/ac but were not able to supply a moisture content for
this. DJ estimated that corn grown for silage produced an average of about 8
round bales per acre which he valued at about £40/bale. The production cost
of this is estimated at £27/bale which includes a contractor charge of £15 for
cutting, baling and hauling to stack.
The traditional method of harvesting corn, until recently, was to use a reaper
binder which cut the corn and tied bundles of stems together in sheaves and
was followed by stooking and stacking. This involved i) stooking – making
stooks from 4-6 sheaves; ii) building rucks (small stacks) out of the sheaves
after these have dried in the stook for 5-6 days (depending on the weather);
iii) dismantling the rucks and taking the sheaves out of the field to a safer
location where they were built into stacks. Over the winter, sheaves were
removed from the stack as required for feeding to livestock. This process can
also be used for storing grain, with sheaves being removed for threshing
when the grain is required. Although stooking and stacking has been
abandoned by most growers because of the labour it requires, AM stooks and
stacks a couple of acres annually and does not consider the operation overly
demanding. For an acre of cereals, he estimated about 0.5 person days for
stooking, 0.5 person days for building rucks and about 1 person day to build 2
small stacks. Stooking and stacking is of interest to the IOBD because it could
be a way of storing grain prior to malting without requiring access to a grain
drier.
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There are at least 2 combines in the Uists and these are mainly used to
harvest cereals grown for seed production.
Contractors charge about £20/hr so that operations like ploughing and
seeding cost about £20/ac.

3.1.5 Changes in Machair Agriculture
In many areas, the method of farming the machair has changed considerably
in recent years and as these changes spread more widely there is increasing
concern that they are degrading the biodiversity of this habitat. A number of
these issues are being investigated by the Machair Life project
(http://www.machairlife.org.uk) and, as these are relevant to the possible local
growing of malting barley for IOBD, they are summarised in Appendix 1. The
production of local barley for IOBD could have positive effects on the machair
by providing growers with a reason for retaining it in arable cultivation and
growing crops which are not harvested until September. There could also be
negative consequences, however, if the inputs used have a negative effect on
the environment and biodiversity. IOBD is very aware of this, and is keen to
use agricultural practices based on traditional methods.

3.1.6 Estimated Costs Of Grain Production On The Machair
Ideally, grain produced locally in BSU would be harvested with a combine and
dried with a grain drier. However, since there is currently no grain drier in BSU
(although a small one is expected soon for the Machair Life Project) and since
there are few combines, the IOBD is keen to investigate the possibility of
harvesting bere with a reaper binder and drying it by stooking and stacking,
followed by threshing at a later stage. Based on the interviews in the previous
section an estimate has been made of the costs of production for bere and a
modern cereal variety on the machair under these 2 scenarios: i.) using a
combine and grain drier and ii.) using a reaper binder and stooking/stacking. It
is stressed that a number of assumptions have been made to calculate these
costs. The most important ones are listed below:
•

Grain and straw yields. Bere grain yield has been estimated at 2.5 t/ha
(1 t/ac) based on the interview with NM. Bere straw yield is estimated
at 1.2 times that of grain weight, based on trial plots in Orkney. No
information was available for the yield of modern barley on the machair
but a grain yield 1.3 times that of bere has been assumed, based on
Orkney trial data. But, for a modern variety, a straw yield of 0.8 times
that of the grain has been assumed (bere allocates a higher proportion
of its biomass into straw than modern varieties).

•

It is assumed that both varieties will require the use of a herbicide to
control weeds – this needs to be investigated and may not be
acceptable to some growers on the machair, particularly if they are in
receipt of agri-environment scheme grants which do not allow this. It is
likely, however, that many fields would require a herbicide to reduce
contamination of the grain with weed seeds, particularly charlock
(Sinapis arvensis) and creeping thistles (Cirsium arvense). The modern
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variety is also assumed to require the application of a manganese
spray applied at the same time as the herbicide.
•

Enterprise Margin. It is extremely difficult to estimate the return (profit)
a grower would expect from growing a cereal crop. Growers who were
interviewed could not be persuaded to suggest a figure!! The best
indication, however, came from DJ who estimated an average
production of 8 bales of silage/ac with a cost of production of £27/bale
(£216/ac) and a possible sale price of £40/bale (£320/ac). The
difference between these figures (£104/ac or £260/ha) has been used
as the minimum expected profit necessary to attract a farmer to grow
grain for IOBD. It should be noted though that this figure is
considerably less than the likely returns/ac of a few growers who are
currently engaged in bere seed production – this has a sale value of
£0.75/kg (£750/ac; excluding any income from straw). This compares
with an estimated cost of production (with stooking and stacking (Table
2) of £280/ac. Bere seed production would therefore appear to give an
enterprise margin of at least £470/ac.

•

Labour costs. This was also very difficult to obtain an estimate of but
contractors mentioned a charge of about £20/h for several operations
which included the use of machinery. A labour cost of £10/h has
therefore been assumed although it is recognised that many crofters do
not calculate the cost of family labour in such a way.

•

Grants. Although grants are available for stooking and stacking as part
of the Rural Priority Biodiversity scheme of the Scottish Rural
Development Programme, these have not been included in the below
calculations because of the uncertainty about the availability of such
grants in the future.

Using the above assumptions, Table 1 estimates the costs of production of
bere and a modern barley variety using a combine harvester and grain drier
and calculates the grain prices required to give an enterprise margin of
£260/ha.
Table 2 summarises the costs of production of bere and a modern barley
variety using a reaper binder for harvesting followed by stooking, stacking and
threshing. To give an enterprise margin of £260/ha, it is estimated that
growers would require a price from IOBD of about £264/t for locally grown
bere and £217/t for modern barley. For bere, this price is about 28% higher
than the estimated price using a combine and grain drier. While the higher
estimated price of grain produced by stooking and stacking is a major
disadvantage, it is likely that the main limitation would be the amount of
manual labour required to do this on a large scale with the result that few
growers would consider this an attractive proposition.
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Table 1. Estimated costs per hectare for the production of grain of bere and a
modern barley variety using a combine and grain drier.
Bere

Modern
Barley

Cultivations, planting, fertiliser and seed1
Herbicide
Manganese spray (applied with herbicide)
Combining
2
Baling cost
3
Grain drying (20 to 14%, £35/t)

240
40
75
113
88

240
40
12
75
98
114

Total costs

555

578

300

260

515

578

206

178

Outputs
Straw (15 and 13 bales for bere and modern, respectively @
£20/bale)4
Price of grain from 1 ha required to give grower an enterprise
margin of £260/ha5
Grain price (£/t)
1

Estimated at £96/ac by Duncan MacEachan for silage
2
Estimated as half of the £15/bale of silage charged for cutting, baling and stacking
3
Value of straw from Neil MacPherson
5
Grain drying costs estimated from costs in Orkney with a batch drier
4
The enterprise margin of £260/ha is explained in the text

Table 2. Estimated costs per hectare for the production of grain of bere and a
modern barley variety using a reaper binder and stooking/stacking
Bere

Modern
Barley

Costs up to cutting1
Cutting and stooking (7.5 h/ha)
Building rooks (7.5h/ha)
Building stacks (15 h/ha)
Threshing (combine and labour to feed grain in) 2.5 h @ £30/h
Baling cost (£3/bale)

280
75
75
150
75
45

292
75
75
150
75
39

Total costs

700

706

Outputs
Straw (£20/bale)
Price of grain from 1 ha required to give grower a return of £260/ha
Grain price (£/t)

300
660
264

260
706
217

1

Derived from the costs specified in Table 1 up to combining.
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3.2 Requirements Of IOBD For Malting Barley And The Cost
Of Different Sourcing Options
3.2.1 Malt Requirements Of IOBD
IOBD estimates that it will have an annual requirement for 70 t of modern
malting barley. This would produce about 58 t of malt which would produce
about 23,800 l alcohol (at 410 l alcohol per tonne of malt). Modern malting
barley varieties are the result of breeding programmes designed to produce
varieties with a low grain nitrogen content (and therefore high grain
carbohydrate content) and give a high alcohol yield on distillation. Bere has
not been selected for this and therefore it has a higher grain nitrogen content
and produces a lower alcohol yield on distillation. The alcohol yield obtained is
variable and will depend on growing conditions like soil nitrogen level and the
amount of nitrogen fertiliser applied to the crop. Orkney bere has sometimes
produced alcohol yields as low as 320 l/t malt. The sample of bere from Barra,
was predicted to have an alcohol yield of about 380 l/t malt and this has been
used in the following analysis. It should be noted, however, that this may be
higher than what is achieved if bere is grown with more inputs. With an
alcohol yield of 380 l/t malt, 62.7 t of bere malt or 75.5 t of bere grain would be
needed to produce 23,800 l alcohol. Using grain yields for bere and a modern
variety of 1 t/ac (2.5 t/ha) and 1.3 t/ac (3.25 t/ha), respectively (see the
previous section), about 30 ha of bere or 22 ha of modern barley would need
to be grown to supply IOBD with all their own grain. For bere, an additional 2
ha would need to be grown each year to produce seed for the following year.
The data are summarised in Table 3 and the feasibility of doing this will be
discussed in a later section.
Table 3. Estimated land and grain requirements for using bere and a modern
barley variety to produce the annual alcohol requirement of IOBD.
Modern Barley Bere
Alcohol required (l)
23,800
23,800
Malt required (t)1
58
62.7
Grain required (t)2
70
75.5
Estimated grain yield (t/ha)
3.25
2.5
Land required for malt production (ha) 22 (54)
30 (75)
(acres in brackets)
Land required for seed production (ha)
2 (5)
(acres in brackets)
1
This assumes that the alcohol yield of malt from modern malting barley is
410 l/t and from bere is 380 l/t
2
This assumes an 83% conversion of grain to malt

3.3 Likely Costs Of Sourcing Malt By Different Strategies
IOBD is primarily interested in the possibility of growing barley locally and
using this to produce its own malt. In the absence of malting facilities at the
distillery, however, malting will have to be done somewhere else – the most
likely option initially is at Bairds Malting in Inverness. The following strategies
will be considered:
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a. Growing bere or a modern malting barley locally using a
combine and grain drier and malting this in Inverness.
b. Growing bere or a modern malting barley locally using a reaper
binder with stooking and stacking and malting this in Inverness
c. Purchasing the malt required on the mainland and importing this
The costs of the above options are detailed below in Tables 4, 5 and 6 which
use grain purchase prices derived in Tables 1 and 2. The following should be
noted in Tables 4-6:
•

•

Bairds have a standard charge of £8,000 for malting each batch of up
to 50 t of grain as this is the capacity of each malting bin. There is
therefore no difference in the cost of malting 75.5 t of bere or 70 t of
modern barley.
Cost of malt has been calculated i) without including an income from
the sale of draff (the wet malt after mashing) and ii) including an
income from this. A price of draff of £15/t has been used after
consultation with one distillery. It was stressed, however, that the price
for draff was variable and the demand varied according to the
availability of other feed stocks.

Table 4. Cost of malt delivered to Barra and produced by growing grain locally
using a combine and grain drier and malting this in Inverness.
Bere
Cost of grain (£/t)
Grain required (t) to produce 23,800 l alcohol
Cost of grain required (£)
Transport of grain (Barra-Inverness) £60/t
Malting cost (£8,000 per 50 t batch)
Return transport costs (62.7 t bere; 58.1 t modern) £60/t

206
75.5
15,558
5,400
16,000
3,761

Modern
Barley
178
70.0
12,446
4,200
16,000
3,486

Grain purchase & malt production costs

40,720

36,132

Quantity of malt produced (83% of grain weight) (t)
Cost of malt (including grain) (£/t)
Likely alcohol yield (380 l/t Bere; 410 l/t modern)

62.7
650
23,821

58.1
634
23,821

Quantity of draff (t at 76% mc)
Income from draff (£15/t)
Grain purchase & malt production costs minus income from
draff

251
3,761

232
3,486

36,958

32,646
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Table 5. Cost of malt delivered to Barra and produced by growing grain locally
using a reaper binder and stooking/stacking and malting this in Inverness.
Bere
Cost of grain (£/t)
Grain required (t) to produce 23,500 l alcohol
Cost of grain required (£)
Transport of grain (Barra-Inverness) £60/t
Malting cost (£8,000 per 50 t batch)
Return transport costs (62.7 t bere; 58.1 t modern) £60/t

264
75.5
23,681
4,532
16,000
3,761

Modern
Barley
217
70.0
15,198
4,200
16,000
3,486

Grain purchase & malt production costs

47,974

38,884

Quantity of malt produced (83% of grain weight) (t)
Cost of malt (£/t)
Likely alcohol yield (380 l/t Bere; 410 l/t modern)

62.7
765
23,821

58.1
669
23,821

Quantity of draff (t at 76% mc)
Income from draff (£15/t)
Grain purchase & malt production costs minus income from
draff

251
3,761

232
3,486

44,212

35,398

Table 6. Cost of malt purchased on the mainland and delivered to Barra.
Cost of malt (£/t)
Quantity (t) of malt required to produce 23,500 l alcohol
Cost of malt required (£)
Transport (Inv-Barra) £60/t

425.00
58.10
24,693
3,486

i) Malt cost delivered to Barra

28,179

Cost of malt (£/t)
Likely alcohol yield (410 l/t)

485
23,821

Quantity of draff (t at 76% mc)
Income from draff (£15/t)
ii) Malt costs minus income from draff

228
3,420
24,759

The costs of sourcing malt with the different options is compared in Fig. 1.
Purchasing malt on the mainland is clearly the cheapest option, with the
cheapest local sourcing option (modern barley harvested by combine and
using a grain drier) being about 30% more expensive while using bere would
be at least 45% more. Compared with growing a modern malting barley, bere
is estimated to be about 13% and 23% more expensive using combining and
a reaper binder, respectively. It should also be noted that even these values
do not reflect fully the extra costs of using bere. Since more bere malt has to
be distilled to produce the same amount of alcohol, there will be about an
additional 4-5 mashes and distillations required (using a 1 t mash tun) which
represent about an additional 9% on the cost of mashing and distillation
above that of a modern malting barley variety. It is therefore likely that, even
with the use of a combine and grain drier, it would be over 50% more
expensive to use locally grown bere as to import malt to Barra.
14
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Fig. 1. Comparison of the estimated costs to IOBD of sourcing the malt
required to produce 23,800 l of alcohol using different options.

3.4 Components Of A Malting Barley Supply Chain And The
Feasibility Of IOBD Sourcing 70 to 90 t Of Malting Barley
Locally
3.4.1 Components Of A Malting Barley Supply Chain
As a background to considering the practical feasibility of establishing a local
malting barley supply chain for IOBD, the main components of the supply
chains established by the Agronomy Institute in Orkney are listed in column 1
of Table 7 and important considerations related to each component are
described in column 2. Comments are provided in column 3 about the
situation in Barra and South Uist for each of the main components.
It is clear from Table 7 that, currently, it would not be wise for IOBD to attempt
to source locally its annual needs of malting barley. The main restrictions on
this are the following:
•

•

•

A lack of knowledge of the best type of barley to grow and of the yields
and costs of production which can be achieved. Associated with this is
a lack of knowledge of the best practices for growing malting barley as
a sole crop on the machair.
A lack of growers with access to suitable machinery, particularly on
Barra. Contractors are available with suitable machinery on South Uist,
however.
It might also be very difficult to find a single individual who could
manage a supply chain growing (and drying) up to 75 t of grain per
year, in addition to his existing commitments.
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In addition to these practical issues, the estimates of grain and malting costs
(Section 3.3) suggest that local sourcing of IOBD’s entire requirement for
malting barley would be a very costly strategy. IOBD is, however, in a better
position than the author to decide whether these costs would be acceptable.
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Table 7. Main components of Orkney malting barley supply chains and observations on the current situation in Barra and South
Uist for each component,
Component

Considerations

Observations on the situation in Barra and South Uist

Growers

i. These should have sufficient land of a suitable
quality to produce the quantity of barley required.
The area of land required will depend on the yield
of the barley used and the amount of barley
required by the distillery.

i. To supply all of IOBD’s malting barley, it is estimated (Section
3.2) that about 30 ha of bere would need to be grown or 22 ha of
a modern variety. It is unlikely that there would initially be
sufficient growers with interest and spare land on Barra, to allow
this area to be grown. One factor which would make production
on this scale difficult is the small size of fields which greatly
reduces the efficiency of machinery and increases production
costs.
Although bere is successfully grown as part of a crop mixture on
the machair and, on a small scale, as a sole crop for seed, the
suitability of this land for growing bere on a much larger scale as
a sole crop, or for growing modern barley varieties, needs further
investigation.

ii. They should have a good knowledge of cereal
grain production methods and be keen to grow
malting barley.

ii. Although local farmers have a good knowledge of forage
production, there is much less knowledge of growing barley as a
sole crop for grain. A number of growers interviewed were
interested, however, in the prospect of growing barley for the
distillery.

iii. They should have access to appropriate
machinery and inputs to produce the yield and
quality required. Machinery may be owned by the
growers or supplied by a contractor. Generally,

iii. Few crofters have the equipment required for efficient cereal
production. Although some contractors have seed drills and
combines, these are not available on Barra and it would probably
be too time-consuming and expensive to take them there from
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Barley

high yield and high quality will require access to a
wider range of equipment. In Orkney, growers are
expected to have access to a tractor, plough,
power harrow, seed drill, Cambridge roller, crop
sprayer, combine harvester and grain drier. With
modern varieties, the inputs used include mineral
fertiliser, herbicide (to control weeds) and fungicide
(to control fungus disease)

South Uist. Generally, the inputs required for producing high
quality malting barley (under non-organic systems) are not used
in BSU, or are used infrequently. Use of such inputs on
environmentally sensitive machair land would also be viewed by
many with alarm and may not be possible for the land
management contracts of some farmers. While these constraints
do not make it impossible to produce good quality malting barley,
they make it more difficult.

iv. It is easier to work with a small number of
growers than a large number!

iv. The small size of crofter’s fields and the small size of most
crofts will tend to result in more growers being involved in a
supply chain than in areas where land holdings are larger.

i. A suitable type of barley is required for the soil
and climate where it is to be grown and for the
whisky which is to be produced. It took several
years of research with bere before the AI had
sufficiently improved the management of the crop
to develop a supply chain for it. Similarly,
development of the supply chain for Highland Park
was preceded by research trials aimed at
identifying the best malting barley for Orkney and
appropriate practices for growing this in Orkney.

i. While bere is adapted to growing on the machair, its low grain
and alcohol yields will make it a very costly option. There is also
little information about how well Bere grows as a sole crop –
experience in Orkney suggests that difficulties can be expected
because of crop lodging. There has been no testing of modern
malting barley varieties on the machair and so it is not known if
any are suitable for growing. Some growers claim, however, that
modern varieties can be grown with the addition of a manganese
spray and one thought that Optic had been grown. The challenge
will be to identify a variety which will grow and produce good
grain quality under the special growing conditions of the Western
Isles (especially, the short cool growing season and the sandy,
manganese deficient soils of the machair).
Climate may also be a limiting factor in the Western Isles,
particularly at harvesting. Protracted wet weather can lead to
delays in harvesting while lodging, to which bere is very
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susceptible, lengthens the time it takes for a crop to dry out after
rain. Where delays in harvesting are combined with wet weather
there can be a risk of crop spoilage or loss because of grains
germinating in the ear. This has occurred in some years with
bere in Orkney and the Western Isles have a higher September
rainfall than Orkney.
ii. Modern varieties of malting barley give a higher
grain and spirit yield than bere and therefore have
lower spirit production costs.

ii. and iii. An attempt has been made in this study (Section 3.1) to
estimate the yield and costs of production for both a modern
malting barley variety and bere. These estimates include many
assumptions, however, and yields and costs of production need
iii. While bere is grown in Orkney for Bruichladdich to be identified more accurately using data derived from growing
distillery, grain yields are low and growers therefore modern varieties and bere under comparable local conditions.
require a premium for bere compared with modern This is considered to be a crucial step in determining the viability
barley. Since alcohol yield on distillation is low, a
of IOBD using locally grown barley.
greater quantity of malt (and grain) is required to
produce the same quantity of alcohol produced by
a modern variety. For a distillery, the costs of spirit
production are therefore higher for bere than for a
modern variety.
iv. Whether modern barley or bere is used, a
system needs to be in place to ensure that growers
obtain sufficient quantities of seed well before
planting is due to begin. Highland Park supplies
growers with the variety it wishes them to grow.
The AI produces its own bere seed which it
supplies to collaborating growers.
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iv. It is normally not difficult to obtain seed of modern varieties –
provided this is sought well before it is needed. But, eventually,
most varieties are replaced and IOBD would need to have a
strategy for identifying locally suited replacement varieties before
this happens. In the event of IOBD using bere, the distillery
would probably need to have a contract with a grower to supply
the amount of seed required. Additional quality control would be
required here, to ensure it has a high germination % and, if the
seed is to be planted with a seed drill, it would need better
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removal of awns than was achieved in the seed sample collected
by the author in Barra in July 2011 (see photograph 2, p.33).
Supply Chain
Management

i. Distilleries often find it easier to contract out the
management of the supply chain rather than doing
this themselves. In Orkney, this role is done by the
AI for Bruichladdich and Highland Park.
Management of the supply chain can include
identifying suitable growers, obtaining/distributing
seed to them, providing advice, collecting grain
samples for quality assessment, grain drying,
cleaning, storage and delivery to the distillery.

i. In the absence of anyone with agricultural expertise at IOBD,
the company would need to employ someone to manage a
malting barley supply chain if it was decided to source barley
locally. The most suitable people would probably be agricultural
contractors or larger crofters. The main work associated with
supply chain management occurs at planting time (ensuring
seed is obtained and distributed and planting is done on time)
and harvesting. For a contractor or grower in BSU, the latter is
likely to involve a combination of combining and grain drying. It is
very unlikely that a contractor could be found with both the
resources and the free time during the harvesting season to
cope with harvesting and drying 75 t of local barley – drying
alone, would require at least 7-10 days with a 10-t batch drier.

Contracts and
grain quality

i. Contracts are usually required between the
distillery and each grower and between the
distillery and supply chain manager.

i. No comment

ii. Contracts with the growers need to specify the
terms of payment for grain (price/t at a certain
moisture content), any premiums or deductions to
be made (e.g. for levels of grain nitrogen,
screenings or grain moisture content) and the
criteria for rejection of grain (e.g. viability, pregermination). In relation to the latter, it is important
that the system of grain management allows grain

ii. No comment
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to be rejected before it is mixed with sound grain.
Grain drying

Grain storage

i. No comment
i. This is a critical operation and is necessary to
prevent spoilage of the stored grain by overheating,
fungi and pests. It is usually recommended that
grain is dried to 13% moisture for safe storage.
During drying, grain temperature must not exceed
temperature thresholds specified by the drier
manufacturer or germination of the grain can be
impaired.
ii. For small scale supply chains in remote areas,
grain drying will most commonly be done using
agricultural batch driers capable of drying about 10
t on each occasion. With a 10t drier, it takes
approximately 1 h to reduce the grain moisture
content by each 1% of moisture. In a wet harvest
year, it can therefore take an entire day to dry a 10
t batch of grain.

ii. The Machair Life project is reported to be bringing a 2.5 t grain
drier to the Uists for use from 2011/12. If available for use
outside the Machair Life project, this would be useful to IOBD to
allow small-scale testing and the early stage development of a
supply chain. If a stage is reached where several growers
produce more than 2.5 t of grain for IOBD, this size of a drier
would be too small, however. Although harvesting with a reaper
binder followed by stooking and stacking sheaves is,
theoretically, an alternative to using a combine harvester and
grain drier, it is estimated (Section 3.1) to be a considerably
more expensive and time-consuming option which would not be
attractive to many growers.

i. Usually, grain will be stored before it is malted.
For some varieties, this may be necessary as
newly harvested barley sometimes does not have
good germination and requires storage to lose
dormancy.

i.No comment
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ii. For storage, a clean, dry vermin-free building is
required.

ii. No comment

iii. Grain is often conveniently stored in woven
polypropylene tote bags (Flexible Intermediate Bulk
Containers). These can be purchase in various
dimensions, but a bag 0.95x0.95x1.45 m contains
about 1.1 t grain. These need to be stored on
paletts, but one bag can be stacked on top of
another.

iii. Handling these requires a fork lift or tractor/loader with pallet
toes.
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3.5 An Alternative Sourcing Strategy
While it is currently not practical to consider sourcing the entire annual needs
of IOBD for malting barley locally (i.e. from BSU), it is likely that a strategy
can be developed to allow the distillery to source a proportion of its annual
needs locally. In this section, the practical steps which would need to be taken
to do this are outlined and this will then be followed by an estimate of the
costs which this would involve.

3.5.1 Practical Steps Required
The main steps required are first summarised below and then described in
more detail:
i) Identification of a local grower prepared to carry out small scale barley
variety trials for IOBD
ii) Small scale testing of Bere and a few (about 3) modern malting barley
varieties to provide reliable data on yields and samples for determining
malting quality.
iii) Small scale growing to test the feasibility of larger scale production
iv) Scaling up of production to meet the minimum requirement of IOBD for
local grain.
v) Further scaling up of production as necessary and as resources allow.
3.5.1.1 Identification of a local grower prepared to carry out small scale
barley variety trials for IOBD
Since there are no research organisations with trials facilities in BSU, testing
of barley varieties will have to be done by a grower or contractor. This would
need to be someone with genuine enthusiasm for the project, appropriate
equipment and land and an appreciation of the need for this research. In
selecting the grower for this initial co-operation, IOBD should also be looking
for a grower with the ability to, perhaps, manage a supply chain at a later
stage.
3.5.1.2 Small scale testing of barley varieties
Small scale testing would involve the grower planting several strips of Bere
alternating with strips of a few (about 3) modern malting barley varieties in the
same field (about 1 acre in total). Strips would need to be slightly wider than
any spray boom which might be used and to be harvested with a combine.
Ideally there would be a minimum of about 4 strips of each variety in different
parts of the field and this should be repeated on a second field in a different
location. Crops would be grown under what are considered appropriate
conditions for the variety (e.g. with the application of a manganese spray for
modern varieties) and harvesting would need to be done in such a way that
the grain yields from the strips of each variety can be compared. Samples of
grain of each variety would be sent away for micromalting.
As a result of the trial, the grower and IOBD would be able to make an
informed decision on i) whether to continue with the concept of local growing
and ii) if so, which type of barley to use. A decision will need to be made
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between growing bere or a modern variety. Table 8 summarises what are
currently considered to be the main advantages and disadvantages of each.
Table 8. Advantages and disadvantages of growing bere or modern barley as
a local source of malt.
Bere
Modern Barley
Advantages
i. Known to grow on the
i. If a suitable variety can be
machair and suited to the
found, grain yields and
local climate
alcohol yields should be
higher than for bere.
ii. Can be grown with fewer
inputs than modern barley
ii. Costs of spirit production
(more likely to have a positive are likely to be considerably
environmental image)
less than for bere
iii. There could be a strong
marketing story linking bere /
Western Isles / traditional
machair agriculture /
biodiversity.
Disadvantages

i. Possibly likely to have
problems with lodging.
ii. Grain and alcohol yields
are low
iii. Costs of spirit production
are likely to be about twice
that of modern barley

i. Not known if it will grow
successfully on the machair
and under local climatic
conditions
ii. Will require more inputs
than bere (this may not
create a positive
environmental image)
iii. There will be less of a
marketing story. But,
appropriate research may still
allow claims to be made
about sustainability,
development of best
practices etc.

3.5.1.3 Small scale growing
Using the variety selected from the research trial, a larger area would be
planted in the following year to produce about 6 t of grain. This is currently
about the smallest amount which can be malted commercially (Crisp Malt can
malt 5-10 t quantities at Great Ryburgh in Norfolk) and would produce about 5
t malt, sufficient for 5 distillations at IOBD. This would allow both the grower
and IOBD to test proof of concept of local production and, if this is successful,
to develop plans for scaling this up. It should be stressed that crop growth
often varies considerably from season to season and success in one year will
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not necessarily guarantee success in following years. For this reason, only a
gradual scaling up of production is recommended.
3.5.1.4 Scaling up of production to meet the minimum requirement of
IOBD for local grain
Assuming that the results of small scale growing continue to show that local
grain production is a much more expensive sourcing option for IOBD than
importing malt, it will be important for the distillery to identify its minimum
requirement for local grain (based on cost and marketing criteria). There will
then need to be an incremental increase in production by grower(s) to this
level. Depending on the quantity, this may require the recruitment of more
growers to the supply chain, a supply chain manager, and possibly the
purchase of additional agricultural equipment and further variety testing. As
grain production increases, it will also be necessary to carry out research into
the effects of the cropping practices which are being used on the machair
environment and biodiversity. It will be important for IOBD to address any
major environmental concerns which might arise as a result of using the
machair for commercial growing – otherwise, the positive marketing image of
local production may be undermined by a negative environmental image. This
was discussed with IOBD, but it was clear that the distillery was already
aware of the environmental sensitivity of the agricultural land on the machair .
3.5.1.5 Location Of Supply Chain
With the current absence of suitable agricultural machinery on Barra, it is
likely that variety testing and small scale growing will have to start in South
Uist. As a result of the cost of taking machinery from South Uist to Barra,
growing barley on Barra would require an investment in appropriate
agricultural machinery and this would not be wise until proof of concept has
been successfully demonstrated for several years.
3.5.1.6 Time-Scale
An approximate time-scale for the above steps is as follows
Year 1 – variety testing
Year 2 – small scale production
Year 3 onwards – incremental scaling up of production. The time it takes to
reach the target for local production will depend on the quantity of grain this
represents and on any constraints which are encountered (e.g. equipment)
and the resources allocated for meeting these constraints. Decisions on how
rapidly to scale up production are best left until this stage is reached when
much better knowledge of the crop and supply chain issues will be available.
3.5.1.7 Costs Of Variety Testing
Variety testing can probably be done fairly cheaply (less than £3,000) as the
grower would retain the crop (only a very small sample of grain would be
needed for micromalting analysis). External advice would probably be
necessary to select varieties, design the trial, develop protocols and to
analyse the results and ensure a statistically unbiased interpretation of them.
Other costs would include a payment to the grower for the extra time taken to
sow and harvest small plots of grain, and for soil and micromalting analyses.
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3.5.1.8 Small Scale Growing
If an initial target of 6 t of grain is set for small-scale production, the cost of
purchasing this and having it malted by Crisp Malt at Great Ryburgh is
estimated in Table 9. The cost of producing malt from local barley in this way
is estimated to be approximately £984/t for Bere and £950/t for modern barley
(excluding any income from draff).
Table 9. Cost of purcahsing 6 t of locally grown barley and sending it to Crisp
Malt (Great Ryburgh) for malting.
Bere
6 t of grain (£206/t for bere and £178/t for modern barley)
Transport (Barra-Norwich 450miles) £170/t
Malting cost (£300/t grain)
Return transport costs (5.0 t)

1236
1020
1800
847

Modern
Barley
1066
1020
1800
847

Grain purchase & malt production costs

4903

4733

Quantity of malt produced (83% of grain weight) (t)
Cost of malt (£/t)
Likely alcohol yield (380 l/t Bere; 410 modern)

5.0
984
1,892

5.0
950
2,042

Quantity of draff (t at 76% mc)
Income from draff (£15/t)
Grain purchase & malt production costs minus income from
draff

20
299

20
299

4,604

4,435

Although transport costs are higher to and from Great Ryburgh than to Baird’s
at Inverness, these are offset by the malting charges being based on each
tonne malted rather than Baird’s batch price of £8,000 for any quantity up to
50 t. Consequently, up to about 16 t of grain, it would be cheaper to send
grain to Great Ryburgh than to Inverness for malting. Table 10 provides an
estimate of the total costs of malt to the distillery with different amounts of
local barley being grown. In this table the following should be noted:
• Costs of local grain are as detailed in Table 1 for using a combine and
grain drier
• It is assumed that grain quantities below 16 t are sent to Great Ryburgh
for malting (see Table 8) and above this to Bairds at Inverness where
there is a standard charge of £8,000 for malting any quantity of grain
up to 50 t.
• No value for draff has been included in the calculations
• Malt from modern barley is assumed to give an alcohol yield of 410 l/t
and bere 380 l/t.
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Table 10. The estimated cost of malt to IOBD with different amounts of grain
being grown locally.
Type/Quantity
of local grain
used (t)

Alcohol
produced
from malt
of local
grain (l)

Cost of
local
grain
and
malt (£)

Imported
malt (t)

Alcohol
produced
from
imported
malt (l)

Cost of
imported
malt (£)

Total
cost of
malt (£)

Total
alcohol
produced
(l)

6

1,892

4,903

53.5

21,929

25,940

30,843

23,821

10

3,154

8,171

50.4

20,667

24,448

32,619

23,821

20

6,308

14,316

42.7

17,513

20,717

35,033

23,821

30

9,462

17,474

35.0

14,359

16,986

34,460

23,821

40

12,616

20,632

27.3

11,205

13,255

33,887

23,821

50

15,770

23,790

19.6

8,051

9,524

33,314

23,821

6

2,042

4,733

53.1

21,779

25,763

30,497

23,821

10

3,403

7,889

49.8

20,418

24,153

32,042

23,821

20

6,806

13,752

41.5

17,015

20,128

33,880

23,821

30

10,209

16,628

33.2

13,612

16,102

32,730

23,821

40

13,612

19,504

24.9

10,209

12,077

31,581

23,821

50

17,015

22,380

16.6

6,806

8,051

30,431

23,821

Bere

Modern
Barley

The figures for total cost of malt shown in Table 10 should be compared with
the figure of £27,839 for using all imported malt and £44,291 and £36,090 for
obtaining all the malt from locally grown bere and modern barley, respectively.
The reduction in total malt cost as the tonnage of local barley is increased
from 20 to 50 t is a result of the quantity of grain getting closer to the
maximum batch capacity at Bairds. Clearly, the use of modern malting barley
is likely to be a cheaper option than Bere – provided the assumptions about
growing it on machair and its higher alcohol yield are correct.
3.5.1.9 Risks
If local sourcing of barley is undertaken, it is important to realise that there will
always be a risk of failure in some years. The risks are probably greater in the
Western Isles than in established malting barley growing areas (e.g. Eastern
Scotland) because of the less favourable climate and soils and because there
is much less experience of growing a barley crop to grain maturity. Crop
failure would clearly have an immediate effect on IOBD which might not be
able to produce spirit from local barley for the year in question. It would also
have an effect on growers who might then be reluctant to grow barley in the
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next year. The following are perceived as the main risks to a locally grown
barley crop:
• Unsuitable weather (rain and wind) at harvest making harvesting
difficult or impossible – for instance, September rainfall in the Western
Isles is higher and there are more wet days than on Scotland’s East
coast1 . Dry periods during the growing season could also be a
problem in some years because the sandy machair soils have little
capacity for water retention.
• Crop lodging (falling over) which, combined with unsuitable weather at
harvest ,could result in much loss of crop. Lodging is particularly likely
with bere because of its long straw. If there is a long delay in
harvesting, combined with wet conditions, grain may start to germinate,
making it unsuitable for malting.
• Damage to the crop by geese. Farmers report this to be an increasing
problem in the Western Isles and barley grown for malt would be very
susceptible to this because it would not be harvested until midSeptember.
• Breakdown of key machinery. In the early stages of supply chain
development, growers may only have access to one combine or grain
drier. Mechanical failures in these, at a crucial stage, could have
serious consequences.
While steps can be taken to mitigate some of these risks (e.g. using kites or
bird scarers against geese), little can be done about others (e.g. weather) and
this is another reason why it will be important to test the concept thoroughly
and scale up production gradually, allowing IOBD and growers to have a
better understanding of the risks involved.
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While the author has worked with the best information available to him,
neither the Agronomy Institute nor the author shall in any event be liable for
any loss, damage or injury howsoever suffered ,directly or indirectly, in
relation to the information presented in this report.
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Rainfall data were not available for Barra or South Uist, but data from both Stornoway and
Tiree for September show that the monthly average rainfall (113 and 119 mm, respectively)
and the number of days with >=1mm of rain (17 and 16.5 days, respectively) were both
considerably higher than for Aberdeen (77 mm and 10.8 days), but not too different to Kirkwall
(99 mm and 16.7 days).
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Appendix 1. List of people interviewed in relation to
the present study.
Type Of Information

People/Organisation Consulted

Isle of Barra Distillery

Peter Brown (Managing Director)

Growing CerealsOn Barra Or South
Uist

DD and Michael Campbell (growers,
Barra)
Angus Morrison (grower, Barra)
Archie MacDonald (grower, Barra)
Duncan John MacEachan
(grower/contractor, South Uist)
Neil MacPherson (grower/adviser,
North Uist)
Angus Ferguson and Julia Gallagher
(Machair Life Project, Benbecula)
Jamie Boyle (RSPB, North Uist)

Grain malting

Mark Kinsman (Bairds Malt,
Inverness)
Andrew Howard (Crisp Malting
Group, Great Ryburgh)
Brian Hickman (Thomas Fawcett &
Sons Ltd)

Transport

Hebrides Haulage
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Appendix 2. Results Of Analyses Of Barra Soils
Analyses for two soil samples collected from Angus Morrison’s and DD
Campbell’s fields in Barra are presented in the table below.
Analysis

pH
P Index
K Index
Mg Index
Extractable
Copper (mg/l)
Hot water
soluble Boron
(mg/l)
Extractable
Zinc (mg/l)
Extractable
Iron (mg/l)
Available
Sulphate
(mg/l)
Extractable
Manganese
(mg/l)

Angus Morrison
Camping Cattle
Site
Pen
8.6
8.4
2
1
0
0
2
2
0.4
0.4

DD Campbell
Sample 1 Sample 2

Comments

8.5
2
0
2
0.4

8.5
2
0
2
0.4

Very Low

1.9

1.8

1.3

1.5

Normal

7.0

4.6

4.8

4.0

Normal-High

18.9

23.1

23.9

21.1

Normal

18.9

17.6

15.6

19.1

Low

1.9

1.8

1.9

2.3

Very Low

Very Low

The above analyses show that the soils sampled at both crofts were:
• very low in potash
• deficient in copper and manganese
• low in sulphate
The company which performed the analysis (NRM Laboratories) estimated
that to produce a crop of 6 t/ha, an application of about 50 kg/ha of P2O5 and
130 kg/ha of K2O would be required. It should be noted, however, that these
yields are more than twice what is currently reported for bere on the machair.
Foliar sprays of both copper and manganese were also recommended.
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Appendix 3. Changes in agricultural practices which
are considered to be having a negative effect on the
biodiversity of the machair.
Source: The Machair Life Project (http://www.machairlife.org.uk).

Change In Practice
Earlier harvesting of
cereal crops for arable
silage instead of
traditional stooking and
stacking

Under-sowing arable
crops with grasses
instead of leaving land
fallow

Earlier harvesting of
grass for silage
production to reduce
risk of crop spoilage by
weather or geese
Introduction of larger
ploughs and faster
tractors

Increasing use of
mineral fertiliser instead
of the traditional
seaweed

Abandonment of land
and failure to manage
the machair as a result

Effect
Insufficient time for seed
production by the weed
flora resulting in
reduced plant
biodiversity.
Reduced cover for
corncrakes resulting in
reduced survival of
young birds
This provides better
quality livestock grazing
but eliminates the weed
flora which would
normally appear and
provides an unsuitable
habitat for ground
nesting birds.
Risk of killing
corncrakes during grass
cutting

Related Factors
Crofters relying more on
contractors for
agricultural operations

Modern ploughs are
wider and plough
deeper than traditional
ones, risking the
creation of erosion
problems.
Mineral fertiliser is
quicker acting than
seaweed but adds no
organic matter to the
soil so that soil structure
will tend to deteriorate. It
may also have a
deleterious effect on the
weed flora and can
pollute wetlands
Land abandonment
results in an erosion of
the biodiversity value of

Increasing use of
contractors who need to
achieve economies of
scale
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of the reduction in
number of crofters and a
lack of labour.
Homogenisation of
management of the
machair as active
management of it is left
to a smaller number of
crofters and contractors
Erosion of local crop
types

the machair.

This tends to result in
several adjacent areas
of croft land being
managed in the same
way rather than different
ways and is thought to
reduce biodiversity
Relatively small
amounts of seed of
locally adapted rye, oats
and bere are grown
each year and these are
susceptible to loss as a
result of crop failure
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Appendix 4. Results of grain and micromalting
analyses conducted on a sample of bere
A sample of bere was provided by Angus Morrison from the 2010 harvest and
was micromalted by Bairds Malt, Inverness. Results are summarised below.

Analysis
Grain moisture content (%)
Grain total nitrogen (%)
Germination capacity (%)
Malt total nitrogen (% dry matter)
Predicted spirit yield (L/t)

15.3
1.91
99.5
1.70
381
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Appendix 5. Photographs

Photograph 1. The diverse, colourful flora found on the machair (Vatersay,
Barra)

Photograph 2. A sample of bere seed from the Western Isles (left) compared
with one from the Agronomy Institute (right). The awns attached to the seed
on the Western Isles sample would not allow the use of a modern seed drill.
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