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INTRODUCTION

The purpose of tis study is toassess the current interest in growiG@@amellia sinensiga in
Scotland, to consider its commercial feasibility as a business venture, @edétop a detailed set
of research objectives meigigthe current and future needs of th8cottishtea growing and

processing sector with respect to gsccessfutlevelopment.

While many of the pioneer planters in traditional tea growing countries hailed from Scotiaad
growing within Scotland is a new ide@here are manyacetsto growing and producing tea in
Scotlandmost of whichhave not beenconsideredopreviously andall of which neegractical

answes, to allow potential growers to assess the ssid benefits of the venture.
Essential questions we need to address in the study are:

Q1. Can tea be grown in Scotland?
Q2. Can tea be growprofitably in Scotland?
Q3. What business approach best balances risk and reward for Scottish tea growing?

This study haansweedthese questions in practical and business terms drawing on data and
examplesoth from Scotland and from similar tgaoduction operationsinderfringe conditions

we recognize that many practical details remain to be worked dtte first section of the study

looks at the essentials of tea growing, manufacture and marketing that a new Scottish tea grower
should apprecite. The second section looks at ways to overcome problems and potential
difficulties and suggests R&D areas that will aid the success of a Scottish tea indingrthird

section indicats resourcesavailableto assist the nevcottish teagrower.

Who wants to grow tea in Scotland?

¢KS INBGSNE YR LRIOGSYGAIf 3INP g Rebrk#ganizédisd { O2 G
group in 2015. Its formation was spearheaded largely by Susie \AMik&o who had been

learning eagrowing for the previousix years, relying mainly on trial and error experimentation.

The rationale for forming theetworkwas tobring togethera critical mass of groweisto a
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common interest groupto access professional assistance, and to share ideas and solUfiosig.
initially approached the James Hutton Institute for technical assistéordeer tea growingut the
crop was too esoteric for them to provide practical husbandry advice. Subsequently Teacraft

Technical Services has advised her with tea growing and wioggsiidance.

At the date of reporting there areinemembersofthe{ O2 GG A &K ! NGAALF Y ,8ISF t N
located in the eastern lowlands (see Appendix Their first meeting was on ¥QJuly 2015; and a

Facebook pageww.facebook.com/ScottishArtisanT@as set up in the same month. It was clear

at the initial meeting thatalthough unanimously enthusiastmembers were unclear about the
requirements for tea graving, or the risks and rewards that should be considered as part of a sound
business planConsequentlyapplication was made to the Community Food Fund for financial help
to establish the feasibility of tea growing in Scotland. A study grant was cewfimSeptember

2015 and Teacraft Technical Services appointed as consultant to the study.

The Community Food Fund Assessment Panel stipulated that the study project be open to new as
well as existing members. Consequenilg, have sought information abowther Scottish tea
growersand invited themto takepart. Allother tea growers we have identifiexb farare

associated with the Wee Tea Compaysee Appendix 2.

Questionnaire results

In DecembeR015,we circulated a questionnaif@ppendix 3}Jo the Scottish Artisan Tea
Producerssommon interest grougAppendix 1plusall other known tea growers and wowlde tea

growers in Scotlan@Appendix2). From theresults,we collated informatiorongros SNE Q | QU A @

and intentions and listed concernsat they expressed.

We had eleven respatersof whom half were planning to grow tea and half were already growing

or had seed being propagated for them. t@dse,the total number of plants currently envisaged

I Wee Tea Plantation, the only other tea growing group identified in Scotland (see Appendix 2) were invited to
contribute information to the Feasibilityt&ly via the Grower Questionnaire but declined to take part.

6|Page


http://www.facebook.com/ScottishArtisanTea

were in therange 100 to 4,000 (100, 500, 42 2,000, 3,000 and 4,000l growers were

consideringa final area ofrom one-halfto one acre of tea plants.

Only one grower to date had processed and produced tea that had been sold commercially.

Questionnaire concerns

Responderdéistedand prioritised theperceivedchallengeghat they faced:

First: Cold weathershort growing season 5 mentions
Second: Lack of sufficient knowledgskill 4
Joint Third: Wind exposure 1
Winter survival 1
Incorrect soil pH 1
Labour costs 1
Maintaining quality consistency 1
Adverse public perception 1

All these issues can be mitigated by the application of skillsexpertisederived froma knowledge
of international tea growinginder marginal conditiondy crossfertilisingtechniques from

protected agricultureand horticulture, andby the application oétandard business skills.

Questionnaire respondemsere also aske@Question 10jo listallthe areas when they felt the

greatest need for future helgo ensure their own gccess with tea growing.

Herea massivés0%of the 30repliesto this questionprioritisedaccess t@xpert consultancy advice
and trainingg thesewere split 50% for cultivation consultancy and training, 22% for processing

consultancy and training, ar#B% for marketingonsultancy and training.

Some 27% of the responses prioritised group collaboration and sharing of experience, with 7%

calling for help via access to pooled equipment.
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Links to other tea groups and access to funding were mentioned bpi3éaéhof theseissues.

Again this perceived need for helpnd guidancean be met by judiciousput of external
consultants in touch with tea expertise around the world awith horticultural expertise in related
areas. This need and the strong fegliior sharing and collaboration within the group can best be

met bythe regular holdingof group-fundedworkshops with an appropriate invited expert.

Future needs to ensure success

m Access to consultancy advice and training

m Group collaboration and sharing of experience
Joint access to pooled equipment

m Links to other tea groups

m Access to funding

Figure 1. Responses to Question fduture Needs

Where separate businesses within the group regspecific or proprietary guidance and support,

the hire ofspecialisttonsultants should be undertaken and funded on an individual basis.

Concernsfromh YA O A | £ meeshy o SNAE Q

Attendees at thdirst full meeting of walled tea growerd 5" November 2015)when asked for

their concerns about growing tea responded with a wide range of questions:

What is correct planting density?

What is the best planting direction to maximize interception of sun fight
How to measure and maintain correct soil and water g

What are the optimum levels of light and rain for tea?

= =4 -4 -
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Is there a market for expensive tea?

What ground preparation is needed before planting?
Shouldnitrogentfixing plants be grown before planting?

What nutrients does tea need and what amounts?

Is dicken manure good or bad for tea?

Is wind a problem? Can plants be protected from wind?

What are the potential pests and fungal diseases of tea?

Can pesticides be used

What are the pros and cons of machine harvesting vs manual plucking?
What smaltscalemachinery is available?

How often should we pluck, and how long is the season?

What is the best size of planting?

Will other Scottish tea growers share experiences or act cooperatively?

= =4 8 -8 -8 _9_95_4_°5_24_-2._-12-°_-2

These concerns are much more specific than the questionnaire respoviseisaveattempted to

answer many ofhesequestionsand someotherswithin the study

Findings from visiting each grower in January 2016

l'a LI NI 2F GKS 4{ SNBU HSEK 612N YA ICS | @310 Attt NHIRRdz { { d:
Beverly Wainwright oT eacraft Technical Services visited growers to assess their proposed

growing sites for suitability and potential problemslope, aspect, wind exposure, soil pH,

drainage, water availability and herbivorous mammalian pes$tsese findings are summsaed in

Appendix4.

No unforeseen new problems or constraints to tea growing were identified during the visits but it
was a valuable experience to make direct comparison of various levels of constraint likely to be
experienced while growing tea in ScotlanNot every growing site has all of these constraints, and

manyof themcan bediminishedby informed proactive response by individual growers.

We are however very much aware that the growers are tackling a very new crop and with one
exception have verittle experience of the particular requirements of a perennial crop. Each
grower needs to develop a soil preparation plan well before planting to ensure that soil (and water)
pH can be brought within the optimal range, a suitable planting density attdrpahat will allow

the future possibility of mechanical harvesting, and the outline (at least) of a bustrassgy
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We found all group members very willing to discuss their plans and open to collaboration. As the
project progressewill be most helpdil to group member to continue to shaopenly their

experiences and problentsand, better still, effective solutions.

It should be understood by anyone growing tea anywhere in the world that, unlike an annual crop
which gives a fast financial return, tgeowing takes time to establish a mature plantighit is a

much longer term investment. In traditional tea countries thégiod can be from 5 to 7 years; in
Scotland it will be longer. Nevertheless, once mature it can be cropped for 50 to 80 ydars wit
minimal inputs, so can be highly rewarding. There are not yet available any accurate costs of
production forgrowing tea commercially iBcotland but some estimates have been made in the
body of the report. Tesemust be treatedwith care as provisiorastimates highly dependent on

local conditions.
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PART ONE: What Scottish growers should know about tea

Field poduction aspects

What conditions does tea require to grow well?

In the traditional tea growingountries,we seek:

1 Air temperatures betwee20°C and 30°C (tea goes dormant if night temperatures are
below 10°C)

Soil temperature not below 15°C nor greater than 25°C

Annual rainfall of 1,500 to 3,500 mm well spread through the season

Soil structureg freely draining but retentive

Water table¢ below 2 metres

Soil pH between 4.5 and 5.5

= =2 =/ =/ A4

Humidity high enough not to limit growth (dormancy onset at saturation deficit below
2.3 kPa)

i Light intensity of at least 76800 Watts per m2.

Aspectc generally,in the northern hemispherga slopingsoutherly apect is preferred

to maximisesolar flux.

These arehe ideal conditiondor tea growingout tea thrives in many places undess than
optimum conditions. However, & conditions become less ideal productivity redugéise cropping
season becomes short@ewer productivemonths in the year) and the yield becomes less (less
weight of leaf in each cropping monthlUndoubtedlythere are some factorghat will kill tea stone
dead¢ waterlogging of soil, or prolonged drought, but other factors affect groartd killmore
graduallyg for example incorrect pH, ovgrlucking, and poor nutritionOur skills as agriculturalists
can offset some of these constrairgandfrequentlywe findquality is relatedinverselyto yield¢
thus tough conditions often givediiest prices per kgf tea¢ though theweightharvested will be

less. One thingthat is certain about marginal tea growing conditions: yields of the level achieved in

11|Page



East Africa (5,000 to 8,000 kg of commaodity tea per hectare) will never bars&eoland. What
makes tea growing potentially commercial under the marginal conditions of Scotland is that
specialty tea when well grown, well processed and well marketed can aghieeésa hundred

timesmore per kilogram than Kenyan commodity eer does

Cantea be grown in Scotland?

DAGSY (y2¢fSR3IAS 2F (SIQa NBIldANBYSyGaint yR (KS
theory be gown anywhere.Snce the advent of the specialty tea boom in North America many

artisan tea growers have emergegtowingin 17 US statesinder a range of challenging

conditions? While Scotland is the furthest point from the equator that tea asbeen grown
commercially (Forfar iat latitude57°north),i KS S@ARSYy O0S A& Ay GKS 3INRd
that it can be grown hereThe big questions are whethit can be grown here commercially for

profit - and if so¢ how?

Where can we source suitablglant material?

Climatic conditions in Scotland, and indeed anywhere north or south of the Tropics,a®thar

use of cold tolerant Camellia sinensis var. sineq€lkina type or China hybrid varieties. Tea plants
have for commercial reasons been introduced into many countries over the years and, while some
major tea countries forbid the export of plant negial, it is nonetheless quite easily obtained from
smaller tea growing countries. Teacraft has obtained seeds from Nepal and the Republic of Georgia
for the Scottish Artisan Tdaroducersandfor other projectsplant material (for cuttings) from

South Arica, Pakistan, and the USA. All of thosantriesand many more, have China type plants

that would be athome under Scottish condition3here are import restrictions into many countries

2 Currently growing in Alabama, California, Florida, Idaho, Kentucky, Georgia, Hawaii, Louisiana, Michigan, Mississippi,
New York, North Carolina, Oregon, South Carolina, Texas, Virginia, Vi@shargl also in British Columbia in Canada.
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but tea seed can currently be imported into European Union coestwvithout a phytosanitary

certificate.

Seeds or cuttings, or ready to plant saplings?

Seed is the cheapest option and requires the leasttskdktablish them.Seeds however do not
breed true though the resultant plants tend to be tougher and refgettl abuse better than their
elite clonal cousinsCuttings allow plant selections to be propagated true to tigeVP but getting
cuttings to root can be tricksind requires some horticultural skilhd a glasshouseCuttings
material is more expensive to import afglubject to greater restrictionsPlanting field ready
saplings (either seed or VP derived) is an ideal way to start but is the most expertsigg Bist
be cared for by somebody else in a greenhouse for 12 montteally,the beginner should start

with field ready plants, then try growing from seed, and then aspire to propagation from cuttings.

How easy is it to propagateWhat are the constaints?

In manycountries,tea seed is direct planted into the field. This is not recommended under the
severe conditions typical of Scotland. H#re minimum conditions for propagation from seed
would be protection under a polytunnel. Seed would be samto a bed and transplanted into
sleeves or pots when germinated. Soil warming is not essential but will give a sturdy plant more
quickly. In abasic unheategbolytunnel,it will take 1218 months to produce a viable saplinghe

Scottish Artisan Pradters are in the main raising their seeckgroundheatedglasshouses.

3VP¢ vegetative propagation from cuttings

13|Page



What are the constraintgo Scottish grown te&

Temperature

Looking at the ideal conditions shown above we canfg@a historical climate recordshat air
temperature will bdimiting outside the summer months of June, July and August. Night
temperature induced dormancfnights below 1a11°C)will restrictplant growth for nine months of
the year. We camitigateto some extenthis temperatureconstraint by use of temporary or
permanent polytunnels, or by use bbérticulturalfleece. The local soft fruit industry should give

useful guidance Other constraints to growth are:

Water

Tea needs a minimum of 1,500 mm of rain annualBundee receigs an average of only 761 mm.

In areas where rainfall isnreliableor insufficient,it will be necessary to install irrigation. Given the
current level of climate volatility around the world Teacraft advice to all tea growegspective of
historicalprecipitation recordsis to install irrigation. Cost can be mitigated by using the system for
low labour / high efficiency fertilizer application by fertigation. Drip irrigation is the most effective

system in terms of water usage. Tea responds wedlrip irrigation.

Soil drainage can be improved by deep cultivation and ditghimough both these need to be
adjusted for local conditions of soil depth, stness, and slopeOn the other hand, soil ater
retention isenhancedby ridging and mulchingnd/or planting on the contoyrthese are usefubr

alleviatingdrought conditions.

SoilpH

Tea yieldreaches its full potentighetween pH 4.5 and 5.&8bove and below which its performance
declines Tea dies below 3.0 and above 7Thus for a yield of, say, 1,000 kg made tea per hectare

at a soil pH of 5.0, the yield from a similar soil at pH of 6.0 would be reduced by 30% to 700 kg MT/ha;
similarly with a similar soil at pH 4.0. Input costs, however, would remain the same. Tirez'sar

profit is of course proportional to his tea yiel@nd directly linked to the correct acidity of his soil.

Soil pH should be frequently monitored; it can be unbalanced by using unsuitable fertilizers, by the

rotting of unsuitablemulch, by irrigaing with alkaline water, or by ruyoff from adjacent fields. Soil

l4|Page



pH may be manipulated when necessary: it can be acidified using elensalghur, or aluminium

sulphate

Actual Bush Yield as
% of Potential Yield

IDEAL SOH

[Grab

Actual Soil pH

Figure2. Effect of Soil pH or\ctual Tea YieldsPercentageof Potential Yield

It is difficult however to make large reductions in pH using organic inputs, though poultry manure is
a possible route. Bracken and/or pine needles will maintain a low pH but are ineffective for rapid
reliable acidification. Iecessarya soilcan be made less acid by the application of Dolomite

(magnesium carbonate). Straight chalk or lime should never be used on tea solls.

Humidity
Tea bushes thrive under humid conditions. Dry air will cause leaf dagtggburn; this occurs
mainly in potgrown plantsand nursery plants Severely low humidity will actually cause onset of

plant dormancy.

Humidity around bushegan be improved by use of shade trees (effective mainly in the tropics as

the resultantreduced light restricts growth in temperateeas). Sprinkle irrigation is effective in
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the short term but soon evaporates hick mulching, though this should not be overdone as many

fungal diseases also appreciate a wet environment, can provide ldagarhumidification

Damage and reduced growtiecauseof wind exposure is primdy caused by drying out of the
leaves due to excessive evapotranspiration. Growing in walled gardens gives a degree of protection
but shelterbeltsof trees andwindbreaksto the east and west dbcottish plantings may prove

necessary to reduce exposure.

Latitude

Yield is maximum at the equatdrit is grown at a high enoughesation to maintainits optimum
temperature range. Yield falls off as the growing location latitude is increaSgie shows

average annual tea yields from 31 locations spread across latitudes of 0 to 44 degrees north and
south. There is a fair spread of yield at any given latitude due to inherent differences in cultivars,
bush age, husbandry skill, and the quality &k of tea being grown. However, a linggend line

through the data (shown in solid black) extended to a typical east lowlaitddatof 56.5°N (sddi

Effect of Latitude on Annual Yield

Dundee 56.5° N

Average Annual Yield (kg Made Tea/Ha)
|
J
J
J

Degrees of Latitude (N or S)
Figure3. Effect of location latitude on average annual tea yield
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red) shows that a yield &50 kg/ha might be possible. The yield/latitude envelope (erclds/
black dotted lines)ndicatesa spread from 100 to 1,500 kg/h&or Scotlandve assume a normal
season Yyield of 30Kg/acreplucked at 2L&B standard and 180 kg/acre at 1L&B standaiith full

season extension we assur880 kg/acre if plucked at 2L&B standard and 300 kg/acre at for 1L&B.

Light

Light is the energy source for plant growingigorous growth depends on active photosynthesis
that requires adequate light; as light availktlyidecreass so bush growth becomes slower and

yield is decreasedThe availability of sufficient light is possibly the greatest hurdle to overcome for
tea growers outside of the traditional areasthin the latitude band of 813 degrees In areas
abovethis thelight intensity isprogressivelyower, short days are greateafter the autumnand

before the spring equinoxesand cloudy dayare increasingly more commorkigure4 explains the
reduction in light intensity on Forfgb7°N)compared to the Equato(0°)where atmidsummer

noon a square metre of sunlight falls on a square meter of ground. In Forfar the low angle of the
sunat midsummer noon (33°) means thasquare metre of sunlight falls axss 1.92 m2 of ground

¢ diluting thelight to 52% of Equator sunlight.

1.92 sq metre of ground lit
\ I’"-‘_
_ & |
FORFAR 57" 1 5q metre of sunlight

| =)

1 sq metre of ground lit

EQUATOR 0*

1 sq metre of sunlight

Potential light intensity at Forfar is only 52% of that at the Equator - the
low angle of the sun dilutes sunlight by spreading it over more ground

Actual light intensity is also reduced by greater Inherent cloudiness

Figured4. Showing why light intensity reduces away from the equator

17|Page



Reduction irsolar radiation andgts soil warming effecslows down growth rate and therefore
diminisrescommercial yield.Actions on the part of thgrower to optimize the availability of light
to the plant will pay dividendsSee SectiordHow do we improve our chances of growing tea in

Scotland for somesuggestions

How easy igeato harvest? What are the constraints?

Tea is traditionally harvested bgmoving temer new growth byhand using a technique termed
GaSt SOUADS wkédreyundadtiveh@INB WA/ I & K &r@ rérdoved amdhé Buslia ¢
Conventionally for good quality atp2 YLINA A Yy AYRGI 52 0 ZBRE O3 HWI K[ 9. A&
when the pluckr comes to the bush the tips may be at a continuum of ages tioybud initials to

three or more leaves and a bud. In selective plucking the older tips (> 3L&B) if any, are plucked and
thrown awayc Ol f f SR & 6 NJBhe 2L&B/sHoots arepluékaaid collectedh y 12 (G KS LJX d
basket, and the smaller tips and buds are left to grow for the next plucking round. If the round length
is chosen wisely then the number of oversized shoots is veryl,sama the number of 2L&B is
maximisedg this is the green leafaw materialfrom whichall types of tea are madeReally high

value teas are made, when the leaf conditions are right, by selective hand pluckampte leaf

shoots with a bud, and evengt the plucking the unopened buds without leav&onstraints to this

simple and effective traditiongdluckingsystem are:

Skill

It takes a lot of practice and a lot of concentration to maintain precision selective hand plucking for
any length of timeg neverthelessskilled pluckers will keep it up for an eigmbur shift and pick

around 15 kg of shoots. Any lapse in attention will add coarse leaf to the basket and result in a

lower price for the resulting tea.

Yield¢ the weight of harvested matter
For newcomers, hile learning to pluckit is a very slow jolg this increases production costs
When skilled ifs still slowprocedure,as speeding up invariably reduces greerf tpaality ¢ this

reduces selling price. Many attempts have been madetroduce mechanization butvhile this
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improves speed, it has so far only been possible by reducing quality. Speciality teas cannot (yet at
least) be made from machine harvested green leaf. However this may change in thecfeage
{SOGA2Y G{LISSRAY 3 dzLJ KI NBSauAy3I¢ LI IS

What level of yieldmaybe expected?

Yieldg the weight of harvested crop per given arearesponds tawo kinds of influence: i) effects
that the grower cannot modify, and ii) effedisat can be readily manipated. Agriculture
becomes increasingly effective as we learn to reduce the influence of the former gnalp

maximise the latter.

Tea yields vargonsiderably around the worldsome small organic gardens in Sri Lanka produce

only 400 kg MT/ha, China aages779kg MT/ha,Sri Lanka average 1,818 kg MT/ha, India 2,128 kg
MT/ha, Kenya smallholde®5028kg MT/ha, and Kenya estat8s300kg MT/ha. The world average

is 1,165 kg MT/ha. However good operators will individually achieve much higireaverag

yields by planting suitable cultivars and following the rules for good growth. In Keroeke Bond
routinely achieve 5,000 kg MT/ha and James Finlay has topped 10,000 kg MT/ha, while Tanganda in
Zimbabwehas fields that record 8,000 kg MT/ha.

Factorghat often decreaeteayieldare:

Lack of tea growing skills
Unsuitable soil pH

Poor soil drainage
Insufficient precipitation
Lack of light

Short growing season

= =2 =2 =/ A A

Poor soil nutrition

“41n the tea world, this Yield is most commonly expressed as kilograms of made tea (dry finished tea) obtained per
hectare of growing land per annum. As a rule of thumb, we get one kg of made tea from five kg of harvested green
leaf. A hectare is 2.47 a&.
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Organic growing

Bad or insufficient pruning
Unskilled plucking

Poor plantgenetics
Temperatures too lovg or too high

Humidity too low

= =2 =2 =2 A2 A

Pests & diseases
Factors that often increase tea yields are:

Growing in the tropics

Maintaining the correct soil pH

Irrigation if rainfall is low or erratic

Fertilizing to a nutrient budget

Plart frame training from day 1

Maintenance pruning suiting local conditions
Skilfully managed harvestning

Plucking coarsely (up to 4L&B)

The right variety for local conditions

Constant monitoring of crop growth and correcting observed problems

= =2 =2 =2 A4 A A A A A -

Introductionof a degree of protected agriculture

Given the number of influencing factors both positive and negative in effect and our minimal
knowledge of tea growing in Scotlandwibuld befoolhardy to predict a typical yieJahevertheless
we need to understand what is possibl&xtrapolating from world tea yields across a range of
latitudes (see Figure XY) v¥ad 950 kg/ha might be attainable with a yield/latitude envelope
ranging from 100 to 1,500 kg/halNeverthelessevengiven the best husbandigchniques finely
plucked specialty tea would be unlikely to yield more th&b0kg MT/ha andvould bemore
likely to achieves00to 900 kg MT/ha. This equates t@43to 364 kg of made tea per acrduring
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the typicall2 week Scottish teayrowing season Using season extensiteéchnology? we may be

able toincrease yields to 500 kagre (segage 2).

We cannot at this stage say what proportion of the crop would be suitable for the very highest tea
production¢ it may be(as in China) that first flush or spring green leaf is harvested by hand for
really high end tea with the summer and autumn leaf being harvested by machine for lesser value

teas.

What level of quality is possible?

It is easier to predicBcottish teegualty than yield. We know from many instances in the tea world
that adegree of plant stress enhances quality while it decreases yigld is good news for

Scottish tea growers. However, the stress must not be too high, and the ingotextial quality
expected in Scottish grown green leaf must necessaripaiatained by skilfuharvestng and

sustainedright through the manufacturing process.

What resourceswill | need?

A suitable growing site deep well drained soil with a gentle slope to aid drainage, a southerly
aspect to maximise natural light, and protection from cold, drying winds. Walled gardens are ideal

as the Victorian garden planners had similar aimgd@ngtheir tenderand often exotiglants.

Personal resources required are patience, optimism and resilience.

5> This may include the use of horticultural fleece, windbreaks, growth sleeves, permanent or temporary polytunnels,
soil heating, supplementary lighting, or any other techniques borrowed from current and future commercial
horticulture as well as, evenally, improved cultivars less liable to cold induced dormancy.
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How much will | need to invest?

Initial financial investment is split across purchase or raising plants and land preparation and
planting. Ta is a perennial plant that takes time to come to maturitynder ideal conditions first
plucking may be attempted at three years while full maturity takes five years to achieve, thus there
is no income for four years (1 year in nursery and 3 in the)faadd six years for full income. Under
Scottishconditions,we can expect first plucking &tur or five years in the field while full maturity

may require seveto eightyears. Undoubtedly we shall learn how to accelerate this process but it
is a giverfor tea growing that ugront capital costs and initial delay in income gives tea growing a
long time to breakeven point. Moreattractively,tea isalonglivedplant. Some gardens in
Darjeelinghavelargeareas of bushes planted in the 1850s that ik Iseing grown commercially.

The typical working life for modern tea plants around the world is 50 to 80 years for seedling tea,
VP clonal te¢awas first introduced in the 1960s and while some of this is being replaced by modern
higher yielding clonesnuch of theoriginal materiaketainsits original vigour.Thus,we can defray

the startup costs over a very long asset life.

Actual costs will be addressed in Sectioh K i A & { K SK ¢5eefagell) YHeyvary O2 & i
widely depending how much work is outsourced, the scale on which tea is planted, and the degree
of mechanization used. A receattisanal tegoropagation and plating operation in the USA

costed field establishment at £2.4&r plant or 1,16 per acre

What labour input is required?

Mechanization is the realm of tHargescalegrower. With an acre dess,most tasks will be
manual and will requirenanpower. Phases during bush establishment that are particularly

demanding of labour are:

1 nursery tube filling, seed planting and transplanting

1 marking out for planting

6 Clonal tea is genetically identical within a clone or cultivar. It is vegetatively propagated (VP) by raising plants from
cuttings.
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digging planting holes
planting

weeding in the 3 to 5 juvenile bush years

= = =4 =

irrigation if this is not automated

Once bushes are mature, providing that they have been plantsdfitient density their canopies
will merge and weeds will be discouraged. Thereafter the principle labour input is plucking
(weekly), fertilizing (twice yeariy solid fertilizer is useq skiffing or light pruning (annuallygnd

heavy pruning (fivgearly)

How long will ittake to maturity?

This depends very much on how swiftly it grows. Under ideal climatic conditions and assuming
optimum bush training full maturity takes five years to achieve. Under Scattistlitions,we can
expect first plucking at four or five years in the field while full maturity may require seven or eight
years. Anticipated yield profiles (apercentage othe potential maturebushyield)achieved over

time under ideal and Scottish conditionseasshown in Figure 5.

Estimated time required to achieve full
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Figure 5. Estimated time to achieve full mature yield under conventional and Scottish conditions
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Note that establishing tea under a stilicbrganic growing regime will deldlye time takento

maturity beyond that shown above.

How muchtea should Igrow?

Choosing the right area of tea to grow is very much like choosing a financial investment that meets
2ySQa 2¢y X thdupsidedteiShasiaihi§hdvalue when well grown and the more one
grows relatively speaking the cheapbe cost and thus the higher the reward. On the downside,

tea growing has tair degree of rislof failure and of financial losnd thisperil increasa by

growing it under marginal conditions. To be in the vanguardr@aventure adds the additional
dangerthat the ground rules are not yet establisheBlunging into a venture with minimal

expertise further compounds the rishkn this scenariolaout the only immediate actioavailableto

mitigate the risk is to choose to gratvwon a small scale aralild up from there.

Some degree of scale however is necesgdrglf a dozen pots of tea will not sufficiently develop
the 3 N2 ¢ &iNsDIaformed judgement would say thaider Scottish conditionsne quarter to

one acre of tea (1,000 to 4,000 plapteduces the riskor new growers tan acceptabldevel.

What are the key constrairg to productiorf?

Constraintdo productionand their solutions will be discussed fully in Section 2. In summary they

are:

low levels of natural light

short cropping seson

plant material not yet selected for local conditions
lack of appropriate technical expertise

high labour costs

= =/ =4 4 -4 -

grower skills
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What are thekeydrivers to success?

1 the emerging high value specialty tea markwdt allows previously prohibitive labour costs
to be used

1 perception of health benefits of teaparticularly of some specialty teas

1 consumer interest in locdbod production, andtheir willingness to support it

1 vague consumer distrust of tea growinthies and practicem traditionaltea countries
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Processin@spects

Is hand processing viable?

Any successfubngterm commercial activity requires that the selling price must exceed the cost of
production plus the cost of sale. Hand processing of tea, particulaayighlabour costeconony,

is necessarily an expensive undertakihany attemptsin various countriesit making hand
createdartisanal teas have failed in thpast,as there was no ready market for them. What has
changed in the past 20 years is the emergence of a specialty tea trend, first in the USA and then in
Europe, that recognizes the quality, andvdling to pay the price, for high quality hand made teas.

Appendix7.

Can anyongprocess te&@

If you are sufficiently skilled and manually dextrous to grow and harvest your own tea you should
certainly be able to process your green leaf into made t&s.withcookery,skill comes with
practiceplusenthusiasmand a willingnesto learn. Consistency comes withre andattention to

detail.

What sort of tea is best to make?

Experimentation will soon confirm what sort of tea is best made from your k@atpand their
interaction with your terroir and processing methods. Strisfhgakingany one of the six tea types
can be made from green leaf of any tea bush, but to makexceptionalkexample of any type
requires matching of green leaf quality wiéippropriate processing conditions. Input from a

trained artisanal tea maker put you on the right path and eliminate a good few learning mistakes.
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What equipment is needed?

The early tea maks used their hands for rolling and shaping tea and sunfayhdryingc nothing

else¢ someartisans inRRep ofGeorgiaand China stikreate wonderful teas using no more than this

It is still the best way to get to know your own leaf with its advantages and limitatibissbest

done at an early stage whenii Ol y KSf L) RSTAYS (KS o0Said Ay@Saf
to optimize its tea type and qualityExpert assistance at this stage will help eliminate a lot of time

and error mistakesDepending on the amount of tegou want to makeand the tye of tea you

find is best some mechanical assistance Wwal useful. Small scale equipment is available from

India and Ching see Resources Section.

How much will it cost to process a kilogram of te@2ost of Production)

Depending on tea type and thea maker, titakes around 24 hours to pluck apdocess datch of

tea. Duing much of this time it requires no more than an occasional check and adjustment of
conditions if necessary. Some tea tygesolong in particulag may require attention durig the

night. The skilled tea maker when properly organized should be aljppeaducea kilogram of

made tea each day that green leaf is availalidat do not expect to reach this level at first
5SILISYRAY3I K2g &2dz 02ail @&e@nakdthatkidgamA Scalisgup € 6 S |
production by using appropriate mechanical assistance will give you more weight per day, but your

market may value this less than real hand made tea.

For a true calculation of cost of production you must include the labodragricultural inputs
required in the field, the labour cost of harvesting, a shareagfital expenditure omquipment,
electrical power and process labguand cost of packaging; also make an allowance for wastage.
The labour cost of harvesting gretaf is always the highest element; in large gardens around 50%

of the total cost of production.

Should | be agrower, or processor, or both?

Each of these work though splitting roles requires some careful establishment of responsibilities

and trust. Provided there is a market established for green leaf the choice of role depargidy
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on personal preference. Vertical integratiQundertaking both roles gives you total contxehile
choosing just one role allows you to concentrate exclusively orojusjob. As a processdiuying

in green leaf rather than harvesting it your main contributor to cost of production will be at a price
agreed at the beginning of the season. As a growau have a steady monthly income rather than

waiting until the mae tea is marketed.
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Commercialspects

How bigshoulda tea growing business li&

As with planning youtea gardensize (page4), the ideal size for your business depends very much
on personal preference, whieer you are happiest as a big fish in a small ponghrefer to bea

small fish in a big pondf you work best on your own a small business is ideal, if you are happiest
in a team then a larger businessy be best However, unlikéea planting, businesaskrelates

lessto size as tespeed Growing too fast very often increases risk of failure, particularly if you

borrow heavily to supporits growth.

What istimescaleto bush maturity, to break-even, andto end of commerciabush life?

Timescale.In the traditional teaworld, the timescale is one year the nursery, thhree years to first

harvest, five years to bush maturity, and 50 to 80 years of commercial life for bushes.
Under Scottisltonditions,we are workingsomewhatin the dark butour bestestimates are:

time in nursery 12 to 18 months
planting to first harvest 5 years

time to maturity¢ 7 to 8 years

= =2 =/ =

commercial life of bushesat least 40 years

As a perenniatrop,tea takes a fair while to mature but there is a lot of work do during this period.
Note that maturity is delayed by poor husbandry in the early yeaust like raising childrethe

success of mature bushes relies heavily on the right training apgligdg their formative years.

Bush training comprises:

hardening off before planting out
inittal deOSYGSNAY 3 (2 cégKSy LIXIYyGSR G2 3IAOGS
F2NXYIFGA GBS LINHzy A y Jo ghve/nin€viiobdly shoots lydi 2w (2 MH €

= = =/ =1
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cycle
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Test processing and product development can be undertaken in Years 3 to Gresimigaf derived

from pruning.

Breakeven point; where total investment is balanced by accumulated incapaepends on
individual factors that needonsideringseparately in dusiness. Tea growing typically exssct

long period before breakevetue slow maturation of a perennial crop; orchards or woodland have
the same problem. Once the cropeistablishedthe input cost element is much reduced and the
operating margin atr maturity is reached is far better thamth annual crops. A typical small tea
garden in the temperate tropics Wexpect to break even inyears. IrScotlandthis might be

closer to7 to 10years depending on the skill of the growand the level of technology utilised

Bush life. In thetropics,tea bushes increase their annual yield to a maximum in y&ate 40 and

then begin a decline Rejuvenation pruning at 40 years can kick start a segouath but 80 years is
generally acepted as thdimit for commercial purposes, though a high proportion of Darjeeling
bushes are 120 years and more. Much tea is replanted before it reaches a terminal decline as plant
breeding constantly replaces existing cultivars with higher yielding.oweshave no data to base
estimates of the commercial life of tea bushes grown in Scotland; to be on the safe side we might

expect 50 years.
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Apparent effect of bush age on tea yield
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Figure6. Effect of Bush Age on Yield (data from Colombia)

What is the investment costad the ROI?
Tea growig, as withany other perennial crop is expensive to establish, slow to mature, but

requires minimal input durings long years of commercial harvesgin

Figures from a recently set up artisan tea garden in the USA give an idea of the cost aedtres

values on a per plant basis:

1 Land preparation USD ®0
1 Seed cost 0.12
1 Nursery cost 2.01
1 Planting labour & inputs 047
i Field losses @10% 0.32

Total cost per planin field USD 3.52 (= £29)
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We do not yet have equivalent data f8cotlandout this will undoubtedly be more expensive for
the group as the scale of the Scottish operation is sm#iken in the US For profitability

estimationwe will use £3.50 per plant in the field

At 4,500 plants peacre? this is an establishmermostof GBP %,750per acreby Yearl (planting
year). As experience igained future plantings wilcertainlycost less per plarand theUSgrower

is aiming for a 33% reduction as he gains experiehe&d preparation is a big variable depending
on previous crofistoryon the landand any requirement for major drainage or subsg, or
acidfication adds to cost Note that theseestimatesdo not include the cost ahanagement time

or technical consltancyc an activity that reduces wasted time and money but necessitates a
significant outlay. Also note that the costs are based etag-up basis; doing things for a second
or third time always reduces cost as expertise is gairgthring of expeence between growers

will inevitably improve success and reduce wastage and loss, leading to significant cost saving.

Costs in the period between planting and first harvest will bedmay, GBP 00 per plant-

primarily labour for weeding and formatiyguning. Weed control labour in particular can be
minimized by use of mulching and mowing. Some formative pruning can be mecha@zstidper
acrein Years 1 t@ will be GBF,05Q Again, sharing of equipment and expertise within the group

can help reluce these costs.

Costs jump in Yeasandonwards due to the labour demand for plucking and increased fertilizer
required to replace nutrients removed in green leaf. Weeding and pruning labour costs will
decrease as bushes matur@nnual nputsthereatter, apart from plucking labouwyill be around
GBP 1,000 per acreormakingthe highest qualityea, fine plucking is required. Expect one
trained person to harvest hattkilogram ofreallyfine plucked(1L&B)greenleaf per houror 1.5 kg

of 2L&Bfine standard per hour.

" This assumegrower propagatiorof plantsg buying in fiedl ready plants wilinake establishmentonsiderably more
expensive.

8 Plant density is a variabtgif increased to achieve faster ground cover and a shorter time to harvest any increase
means higher nursery costs and planting costs. The tea industry mmsrimcreased from 2,150 plants per acre in the
1930s to 4,050 in the 1980s to around 5,000 currently. The optimum figure for Scotland has yet to be identified but we
will commence with 4,000 to 4,500 as a target.
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Assuming when mature a Scottish tea gardesing season extension technologyay yieldup to
500 kg of made tea per annum and that a kilo of made tea reqbitegy of green leaf then the
owner of one acre of bushes will pluck 208y ofgreenleaf annually.For 2L&B standard this is
1,667 hours of work, which at a pay rate of GBROper hour(at current UK Minimum Wage plus
£1)the labour cost is £3,669per acre plus inputs of £1,0qd8quivalent to a Green Leaf cost of
£5.87kg). For 1L&Bstandard the expected annual yieldould fall to around 80 kg/acre. Tis
represents3,000 hours ofplucking labourwhich at a pay rate of GB®.20per hour(at current UK
Minimum Wage plus £3}he labour cost is 80,600per acreplus inputs of £1,000equivalent to a
Green Leaf cost d&21.07 per kg)

Ourfield costs per acre from establishment to mature tdeeing pluckedo either a 1L&Bor 2L&B
standard now look like thigssuming tea is grown without added protection i.excamal season

length:

Annual costs in £ per acre
Plucking 1L&B Plucking 2L&B

Year O Costs up to planting 15,750 15,750
Yearl Prune & weed 4,050 4,050
Year2 Prune & weed 4,050 4,050
Year 3. Bushes at % of mature yield 5,968 5,460
Year 4. Bushes at 20% of mature yield 4,672 2,640
Year 5. Bushes at 40% of mature yield 8,344 4,280
Year 6. Bushes at 75% of mature yield 14,770 ..7,150
Year 7. Bushes at 95% of mature yield 18,442 ..8,790
Year 8. Maturdushes (100% of yield) 19,360 9,200

9 Reflecting the extra skill required fuck green leaf to a truly fine standard.
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However, if tea is grown with full protection to give a maximum season extension thetelalr

costs per acre from establishment to mature téeeing pluckedo eithera 1L&Bor 2L&B standal

now look like

Year O
Year 1
Year 2
Year 3

Year 4

Costaup to planting

Prune & weed

Prune & weed

Bushes 85%o0f mature yield

Bushes 820% of mature yield

Year 5Bushes 840% of mature yield

Year 6Bushes 875% of mature yield

Year 7 Bushes 895% of mature yield

Year 8. Maturdushes (100% of yield)

Annual cossin £ per acre

PluckinglL&B

15,750
4,050
4,050
6,580
7.120

13,240

23,950

30,070

31,600

Plucking2L&B
15,750
4,050
4,050
5,744
3,733
6,467
11250
13,983

14,66/

Plucking costs rise steeply with fineness of pluck (one leaf rather than two) and with season

extension (as yield is boosted and more leaf must be harvested).

These costs lodlikke a lot of moneyeing spent. But what can we expect to come in? Providing

that the green leaf is correctiyrocessedand the made teas marketed well a 2L&B Scottish

specialty tea should sell at retail on the world market from £50 to £100 per kg, and from £300 to

£400 pea kg for a 1L&B tea For the extended season approagitossprofit in mature Year 8

10 Considerably higher retail prices have been achieved in 2015 for Scottish made tea by Wee Tea Company (£2,300 per
kg for Dalreoch White Tea) and by Pekoe Tea of Edinburgh (£2,500 per kg for Kinnettles Gold). We consider it unlikely
that such high priceare sustainable: £5000/kg for a 2L&B standard and £3800/kg for a 1L&B standard match
international price realisation.
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onwardswould thus bearound £35,000per annum peracrefor 2L&B tea and&85,000for 1L&B
tea. For normal season growingrossprofit in mature Year 8onwardswould be around £1,000

perannum peracre for 2L&B tea andbB8,000for 1L&B tea

A simpistic Profit & Lossgraph is shown beloior extended season grown tearl his needs to be

refined for individual businesses.

It indicates a profit situation for 1L&Bdsby their fifth yearin the fieldafter planting andbecause
of their lower retail value)n thesixh year for 2L&Barvestedteas. Realistically most growers will
make some of each type thus an overall 4 year bie@adn period may be assumed. Notwt the

yields estimated in this projectiotio assume that successful season extension measures are in

place
300000 Accumulated Profit & LosBreakeven Point
250000 1L&B Green Leaf standard
PROFIT
200000 |,
<
150000 E)
)
100000 B
[
-}
(@]
50000 = O
0
¢ e
50000 L. OSS

Planting Year

Figure 7. Accumulated prof& loss estimate for two standards of Scottish specialty tea

Without seasorextensionthe breakevenoccurs inFieldYearb (1L&B) andrieldYear7 (2L&B)
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Marketing aspects

Who will buymy tea?

Buyers for high class retail outlets such as Forthnum & Mason and Harrods in thédbend

hotels in London, Paris, New York, Dubai and Tokyo. Specialist teaskagisr@s such as Pekoe
Tea, Postcard Tea, Canton Tea and Nothing But Tea in the UK, Marriage Freres in France, and
Harney & Sons in the US#e keen to spot and feature innovative specialty tebisthe USA
specialty tea salethrough a myriad of merchdsare increasing by 10% year on year and currently
stand at $1.9 billioffwholesale valueyepresentingabout 17.5% ofotal US tea salé& Twenty
yearsago,specialty teas were an unknown segment. Inth€the total sales value for teas is £0.9
billion with the specialtysegnent at £100 million. Green tea sales alone in the UK have doubled

betweenyears2009 to 2012 to £30 millidA.

Selling to wholesale distributors is also an option though they dairegssurances on volumes.

Many tea wholesalers are located in Germany.

A possiblealternativeoutlet for Scottish growers ithroughdirect retailing by ecommerce. While
thisroute is possible for an individugt represents a large investment of tepymoneyand skill
Serious thoughshould be given tgetting upa direct retailing cooperative of all the growers. This
might be in the form of an-€eommerce retailing company set up and owned by all the growers to
market their tea either under the geden name oiblended andoranded by the cooperative. The
KTDAN Kenyads an example of this type aboperativeorganization where individual farmétsell
green leafat an agreed pricéo KTDAprocesdactoriesthat they hold shares irthis price is pal
monthly. The processed tea is marketed by the KTDA and the farmers get a second payment

annuallydepending on the selling price of tiel O (itBaNE Q &

1 Data from the Tea Association of the USthough Sage Group International (Ref 11) put the total sales value much
higher at $8.2 Blion.

2 Data from Statista

B There are more than 500,000 small farmers in the KTDA cooperative.
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What are thebuyerslooking for?

It is important todifferentiate high value specialty teas cleaflpm low value commaodity tea.

Typically specialty teasnay have one or more of these attributes:

Rare or limited supply

Visually differenor unusuain style or appearancgecolour or taste

From a named origin, often a named garden or village or ing@itta maker
Crafted by hand or from a small scale operation

An interesting or intriguing story asackground

Superb quality of their type

Attractively presented

Transparently sourced

= =2 =2 = A A A4 A -

Sustainable or GMP credentials
Buyers seek teas of very high qualitatshow evidence of skilled production and presentation.

The most essential lessons to leaimout specialty tea making are how to identify the best tea to
make with your green leaf, how to make it, and how to maintain product quaiityconsistencylt

is easy to make the occasional good batch but not so easy to keep doing that consistently due to
the large number of variables that have to be juggled in the tea making process every time it is

made

How much will they pay?

Very high prices combined with a good staiways create headlinééandcanwork asan initial
marketing tool but are rarely sustainalilethe longer term Retail prices used gmage34 are in

line with current specialty tea trendsee also Appendig).

4 Hawaiian handmade tea sold at Harrods in 2014 for £6,000/kg. Wee Tea is selling Scottish tea at £2,300/kg in 2016.
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Retail drect sale versus selling wholesatewhichis best?

Producers achieve the best pridey selling direct to the endr retail customer. Selling specialty

teas toan intermediarywholesaler or distributor will realize only a third to one haltto retail

value. However, for a tea growet is far more complicated, time consuming and expensive to set

up as a retailer, whether thisisa 6 NBn@ fnort NE & K2LJ 2NJ I @GANIdzZ € Ly
middleman is faster and easieyenthough the returns are lower. Which route is best depends on
individual skills and aspirations, though for many growers selling wholesale initially makes a

sensible beginning/hich allows you to concentrate on tea production, then progressing to retail

whentime permits

How shouldyour teabe packaged?

This will depend very much on the type of outlet being sold into andtiectivesof the grower.
If selling in bulk t@n intermediarya simpleheatsealedlaminated polyfoil pouch will sufficethis
maximizes product protection at minimal cosfThe standard selling unit would be one kilogram.

Tea should be at or below 5% moisture content when packed.

Growers interested in establishing a brand, or engaging in direct retail sales, should make their
packagng support their marketing effort. A strong name, logo, colour scheme, and pack design,
plus supporting media matermre an essential part of the specialty tea offémique teas require

unique support to justifgheir high prices.

What is its shellife ¢ how long will it store?

Awell-madeandwell-packedtea, using suitablgpackagingnaterials can easily have a shelf life of
three to four yearswithout loss in quality European packers usually indicate a two year Best
Before Date, this takes into account tb&en longtime delay from garden to packeand the

seasonality of some teasArtisan made specialty teas tend to have a faster journey into the
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shop$® and shouldeasilystore for three years. However the consumer equates freshness with
qualitythus except for a few special classes of¢eaed teas and vintage teaa short declared

BBD of 12 months actually enhances the perception of the product.

Generic sal®r branded?

Branding adds value to a producBpecialty teas produced under fringe conditions have a high cost
of production and producerseed to maintain selling margins while remembering thretximisng
selling pricewill generally also increase castsales. This can be a trick path to tread when
computing the advantages of generic wholesale versus branded direct retail sale. Also for
consideration comes the cost of packaging, of design, advertising and pronetidof additional

product wastagehat retail selling entails.

Paid advertising or free promotion?

Free promotion is rarelfree; one generally swaps time for payment. Social media is now a popular
and widely used system to engender product awareness but to utilise it effectively require
consistent message, a light touch, and plenty of time committed. téuity new business should
experiment with the various media available to test which works best with the product and the

chosen market.

15 Mostly they are air freighted
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PART TWO: Challenges and Solutions

How do we improve ouchancesof growing tea in Scotland?

Scottish tea growers nedak aware of theexcellentmarket opportunities offered byhe
burgeoningspeciality tedrend, and of the advantages that arise from growsgecialty tean
Scotland. The are of course, as with any new venture, some challenges to be faamed some
solutions to be identified. Most if not all these solutions are potentially available to Scottish

growers though each will have a cost implicatioRor a summary see below

Opportunities of specialty tea Advantages ofjrowing tea inScotland
1 Exploit a rapidly growing tea trend 1 Pride in local production
1 Good local and export market 1 Local production minimizes travel mileg

prospects 1 More social responsibility in supply cha
1 Enter high value agriculture with 1 Soft fruit season extension expertise

minimal land ! UK production perceived as pesticide
1 Excellent margins if done correctly transparent
1 Exclusive niche smdllsiness 1 Scotland is recognizadternationally as
1 Recession resistant market a food and drink origin

1 Scots were pioneer planters of C19
Colonial tea
1 Scotland has a plant breeding heritage
Challenges of Scottish tea growing Solutionsavailable

1 Short cropping season 1 Protected agriculture techniques
1 Low light intensity 1 Innovative LED light technology
1 Cold winters 1 Concentrate on highest possildeality
1 Slow ROI 1 Select locally adapted seed and cutting
1 Obtaining elite plant material 1 Access tea knowhow via consultancy
1 No pool of tea growing expertise 1 Cooperative selinterest group approact
1 Sourcing the right equipment 1 Develop excellent PR
1 Maintaining even process conditions
1 Scepticism to overcome
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Maximising productivity

Season extension

The cropping season is the period during summer when sufficrereingeafc the new tips- has

grown to make a commercial harvest. The economics of growing tea depend on harvesting green
leaf and for this taegrow after each harvesthe plant must be actively photosynthesizinghe

first leaf collection is normallermed thespringflush and the lastollection of the seasois the
autumnflush. Leaf production continuagheneverthe plant is not in a dormant stateDormancy
isinitiated most commonly by several continuous days of low night temperatqigsow 10to

12°C, depending on tea varietyor by periods of exceptionally low humidiy Dormancy is broken
and plants become activegainwhen night temperatures exceed 10 to 12°C for several days.
Historicaltemperaturedata forDundeé’ shows the months whethe average minimum

temperature is below 10°C:
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Figure 8. Average air temperatures in Dundee through the year

16 Unlikdy under Scottish conditions.
" Dundee Airport from 2000 to 2012the closest recording station to Forfar and central to the SATP group locations.
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Figure 8hows that on average the growing season willBel3 weeks fronmid-Juneto mid-
September Local variations in temperature will affect thisecast by plus or minus few days.
Assuming (see pagé&)lan averagenade teayield of300 kg/acre/annum spread though thede?
weeks we wouldproducel00Kkg per acre per month. Seasexktension, by just four weeks at

either end will increase annual yieldy 67% to 500kg/acre.

Season extension can behieved in the long terray plant breeding for a lower dormancy
threshold, orat presentby modifying growing temperaturegsingproven protectedagriculture
techniquesc fleecing, polytunnels, black mulchiagd geothermal heatingA simple polytunnel
alone can offer six weeks extensiosee Appendib for more information on Protected

Agriculture.

Light

Tea yield correlatewith photosynthesisthe more light that is available to the plant the more
synthate is producedand the more green leaf the plant yield§hus,any photon of lightot
intercepted by a green leaf iscomewasted. Bushes that are too lax and let light through to the
grourd lose yield for you. Bushes planted too far apart allow light to reach the grodn I G Q &
money lost for you.Keeping bushes pruned to form a dense light intercepting layer will maximise
yield, as will dense planting with each bush touching its neighblm addition,the further benefit

is that weed germination and growth will suppressed by the lack of light at ground level.

Addingto natural light
One of the main challenges that Scottish tea growers face is that naturairitghsity islow
compaed to the semiropics where tea evolvedSunlight provides light energy (solar radiation) to

power photosynthesi$ but solar radiation also has other important effects on plant growth

18 The blue and red light wavelengths in the visible spectrum that are required for photosynthesis arvedjiealled
PAR (Photosynthetically Active Radiation). About 50% of solar radiation is PAR.
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(increase in dry matter) and development (morphological change, fmele from vegetative to

flowering phase). These include:

Warmingof soil. This encourages growth
Warming of leaves. This encourages photosynthesis.

Phototropism. This causes plants to grow towatdsdirection of the light

= =2 =2 =2

Photoperiodism. Daylenigtor the daily duration of light can affect developmental
responses like flowering and dormancy.

1 Mutagenesis. Some UN'solar radiation can damageellsand causelant mutations

In full sun at midday at the equator at the equinox, the radiant endadjing on 1mz2 of flat ground

is 1,014 Wattg this is called the solar constant. At the same time, at 45°N, because the sun is at a
lower anglethe 1m2 is stretched over 1.41 x 1 m and is thus reduced in intensity to 71% of the
solar constant. SimilarjatC 2 NJF | NI & 57¥NIthé ahadoei Gre Brifer and the 1m2 is

stretched to 1.85 x 1rwith the solar radiation diluted to 54% of the equatorial sun intensity. The
actual values vary with season as the earth tilts on its axis through the;yeavinter further

reducing the intensity of solar radiation and in summer increasing it. This variation with season is

shown below (for 52°N):
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Figure 9. Diurnal variation in solar radiation on 3 days of the year at latitude of 52 deg N

43|Page



Reflected light

While we can plant bushes at high density to intercept more light we cannot easily achieve ground
cover with young teaso we are wasting light that could have helped to speed up growth and
development of the bushWhat we can do here is to use reflectars/hite or metallic boards

erected either side of a row, to bounce light back at the bush, and white mulch on the ground

underneath the bushes to reflect wasted light back to the leaves.

Photograph 2Using light reflective white plastic mulch undgoung tea plantan Hawaii

Artificial light
Supplementary lighting is commonplace in horticulture to increase the yields of crops (tomatoes,
cucumbers, peppers and flowers) out of seasdhe introduction of high efficiency horticultural

LED lighting haslashed the running cost of artificial lighttignd promises to revolutionise the

19 Even more energy efficient are the latest Light Emitting Plasma (LEP) lamps.
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scope of protected agriculture. LED horticultural lightingow being adoptedoy the European
tomato industry and has been pioneered in the UShcipallyby marijuanagrowers. There is only
one experiment published so far using UEBting n teagrowing(in Japan) and the results are

reportedlyexcellent. See Appendbx

Fertilizing optimally

Getting the right fertilizer at the right dose at the right time willppéo maximise productivity.

Plant nutrition has never been an exact science in tea production. Much yield is wasted by under
fertilizing and much money lost by ovfartilizing. Getting the right ratio of nitrogen to phosphorus
and potassium, particularly as the ratio changes during development, is also largely a matter of
guesswork. Very few organic tea farms are optimally fertilized resulting in a 30 to 50% reduction in
yieldwhen compared to conventional tea gardenthis may be a kelpusinessssue for Scottish
growers who wish to pursue the organic routelancing the reduced yield from a typical organic

operation with the increased costs of maintaining an organic openati

Modern horticulture has plant nutrition well understood and tightly controlled, with nutrient
application, often by fertigation or by hydroponics, to a planned nutrient budget. The nutrient
budgetplans the right input ohutrients into the system tdalance increasing needs within the

system (growth) and losses from the system (cropping). The effectiveness of the budget is tracked

by foliar analysis at intervals.

For Scottish tea growers, where conditions are marginal and every gram of dry imatttierction
counts, it is important to get nutrition optimizegd K & Y St ya dzy RSNARGI yYRAY 3

requirements and ensuring that you feed them correctly.

Choice of plant material

Scientific plant breeding of tea has been done for nearly a centuryarte past 60 yearthe
improved cultivars have been stabilized and propagated vegetatively as clonal teas. So far 500 tea

cultivars have been released in the main tea breeding countries. These shchvprogress in
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improvedyield, vigour, disease resisteg and cup qualitybut virtually all this breeding has been
centred on semi tropical growing conditions. A 2012 published review of global tea breeding in
eleven countries (Ref0) does not even mentiobreeding forcold tolerance low light adaptation,

or season extensioq all essential attributes for improving tea growing in Scotland.

Until we can interest research establishments in Scotland to work on improvirgjaeamaterial

and until the length process of perennial plant breeding show resuthave to chooselant
materialfrom what is available around the world. 8w, Teacraft has imported tea seed unto the

UK from Nepal and frorex-SovietGeorgia Both sources have very cold winterat should ensure

their seedand plantswill survive $ottish conditions.Teacraft has supplied seed from both sources

to the embryonic specialty tea growing industry in the USA where Georgian seed survived winter
field conditions down to minus 10°C in 2013 and 2014. The US growers grouped as the US League
of Tea Growers has attracted the interest of the Mississippi State University to take on tea breeding
of plants to suit local conditions. Initially MSU are building an accession collection of genetic

material ofCamellia sinensend closeelatives

We have advised using seeds as a starting point for Scottish graygeesds are tough, easier to
establish, and their plants do better under some extreme condition than those derived from
cuttings. Unlike VP cuttigs seed derived teplantsretain a strongaproot system As Scottish

growers become more proficient and confident there may be some mileage in introducing some
elite VP clones as they represent the bulk of tea breeding. Importing live plant matetialkigr

than dormant seeds but Teacraft has considerable experience with moving VP material around the

world.

Synthate partition

In simpleterms, this means the division of photosynthesized dry maf®mthate)into saleable

material (harvestable leaf) and nesaleable material (the rest of the plant). We could strip the

20\V/P- Vegetatively Propagated using cuttings
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leaves from very young plants as the ignorant early British tea growers in Assam did, but this short

termism very quickly weakens and kills the bushes.

To create druly productive bush we mst sacrifice early yield to formsirong healthy bush that

will be optimally productive in the future. We control synthate partition by pruning. In the first
two years,we prune to divert synthate into wood growth of root and stem. When the bush frame
isformed, we alter our pruning to encourage synthate into leaf growth to build up a healthy layer
of mature leaf (called the maintenance layer) which becomegtheerhouseof photosynthesis.
Finally,we prune to divert a proportion of synthate into th&rvestable flush layer. To axtimal
synthate partitioncaused by correct pruning we also adjust nutrition from an initial NPK element
balance of 1:1:2 to 1:1:1 and then to 5:1:1.

In the maturetea bush,the idealtotal synthatedistribution is
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Figure 10. Proportional partition of synthate in the mature tea bush
Deviating from this synthate division due to poor training,@ekploiting synthate for &rvested

yieldin the early stages of development will inevitably lead to weakly plants angikdds in the

future.
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Physical crop protection

While animals rarely predate mature bushes both rabbits and deer pose a threat for youngiplants
the east Scottish lowlandsa nocturnal visit could severely reduce the potential productivity of a
planting. Growing tea in walled gardens offers some measure of proteitiba original gates are

in good order. Plantings on open land will need effective fengiagd constant vigilance until

plants are mature.

Reducingcostof production

Understanding and monitorinGost of Production (CoB)a key to running a profitable business.

The principal cost in tea growing is the labcost of harvesting some 50% of the total cost of
producing made teaMechanization in theorganreduce thg as it hasn other agricultural areas.

The limitation to this approach is the effect of mechanization on product qualityidwtrever it

can be introduced to save labour without loss in quality of either green leaf raw material or final tea
product, itshould be implemented. Cost of hand digging planting holes can be reduced using a
mechanical auger; fertilizer application through irrigation piping (fertigatianichis virtually

labour free compared with hand application; labour for hand weedingbeadrastically reduced

using plastic weed mat

Speeding up harvesting

With current harvestingnachinery green leaf cannot be harvested of a quality good enough to
manufacture specialty tea. In China the high quality first or spring flush is harvesieohthyand

the later summer and autumn flushes are machine harvested. Typical prices for tea made from
machineharvestedeaf are USD 2 to 4 per kg compared to USDto 450 per kg for hand plucked
specialty teas.In traditional tea countries, where haridif dzO1{ SNEQ RF At & ¢l 3S NI
£1.50, larvesting costs for machine harvested green leaf are less thaoftthifs. In high labour

cost economies the saving would be even higher.

48|Page



Doubtless, in time, engineering innovation will match or exciedhand pluckedeafstandard. An
experimental Australian harvester mabdy Williames Hirech is claimed to do just this anchsw

in use by Zeelondhe specialty tea grower in New Zland, for someof their harvesting.

It is expected that selectivieand plucking will be the norm for the Scottish Artisan Tea Producers
Neverthelessit is highly recommended that all new plantings of tea in Scotland are spaced at
planting time to make it possible to change over from hand plucking (of individual uthe
machine harvesting (of hedges of bush&ispuld cost effective better harvesting machirscome

available in the future

What growers must do before planting tea

{2YS 3INBGSNE INB LIXFyaAy3a GSI G2 aasSS Kz2g 4SSt
you should assume it will do well and have a business strategy in place before even the first plant
goes into the ground. Tea once plantieds in place for 8 years thus any mistake made to begin

with will remain a perennial problemA business strategy wiletermine how much tea you plant,

over what period, what type of teat what densityandwhether for hand or machine harvesting.

Carefully selecyourland to give tea plants a chance to thrjvgentify mitigating actionsvherethe

land is suboptimal. Land preparatiorrequires:

1 Soil pH between 4.5 and 5¢&soil may be acidified using sulphur before planting if
higher than pH 5.5 or acidity reduceding dolomite (not lime) if below 4.5

1 A well drained soil with water table below 2 metrea slope encourages drainage; soll
can be mole drained if compacted; cross draining can divert springs if present

1 Soil structure: freely draining but retentivgea sandy loam is ideal but mulching can
enhance soil structure

1 Annual rainfall of 1,500 to 3,500 mm well spread through the segsoigation is
virtually a necessity to avoid climate volatility

1 Protection from cold drying windstrees make good natutavindbreaksbut may need

assistance from artificial windbreaks in their early yeddsing polytunnels, at least until
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plants attainmaturity will be advantageous. Horticultural fleece during winter months
may also help.Tree guards will be useful io®e exposed sites.

Avoid known frost pockets torptect plantsfrom frost during spring flush tea plants

are quite hardy when dormant but are susceptible to frost during early season growth.
Japanese growers use tall electric fans to stir the air ist fpockets

Light intensity of 70800 Watts per m2 in the northern hemisphere, a sloping
southerly aspect will maximise solar flux but for young bushes some supplementary
lighting may be advantageous.

Absence of leaf or stem eating animgldeer and rabits must be excluded from young

plants¢ plan fencing if required

Prepare land well in advance of planting tin{é-9 months lead time)

1
1
1
il
il
1

Decide on number of plants to be planted out

Decide on a plant density and spacing format

Mark out the required area

Check soil pH and soil CEC

Calculate acidification chemical dose if required

Deep plough if this is required due to compaction, or has not been done in the {3ast 2
years, or as part of acidification treatment

Sow a green cover crop if time permits.

Plant or erect windbreaks as required

Erect deer/rabbit fencing as required

Mark out land for planting (3 to 7 days before planting)

1
1
T
T
1
)l

Measure and space planting rows

Allocate land for paths and tracks (depending on size of planted area)

Decide planting methodhanual or mechanized

Mark planting hole positions using stakes or spray paint

Procure fertilizer for mixing into planting holes

Plan planting logistios sufficient labour, moving plants to holes, identify place to start,

collectingempty pots or wastesleeves water for watering plants in
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Detailed peparation for planting, from developing a business strategy through to making a planting
plan are exercises beyond the scope of this feasibility study. They are speedhindividual
business and neetd be developed with a particular site in mineowever, neglecting to plan

properly and in proper detail will surely cause unnecessary expense in putting it right afterwards.

Best to do it right first time.

Future R&D needed to ensure success

Many of the major problems that make tea growing in Scotland more of a challenge than it may be
in traditional countries have been identified in the preceding tébmeof the conventionalissues

are relatively unimportant but they become more sogaswingconditions become more marginal.
Some solutions have been suggestedmitigationbut full resolutionof theserequires some

serious research and development.

Topics that would respond well to future R&idrk are discussed belowTea research institutes
based on the tropics will not in the normal course of events tackle th8owottish growers must

find their answers locally.

Create andeal tea variety for Scotland

This would be tea bustsuited to the Scottish environment. It would be:

cold hardy towithstand extreme winter cold
have a lower temperature dormancy threshold to give a longer cropping season
a high photosynthetic efficiency at lower light levels

fast to commercial maturity

= =2 =2 = =

have an enhance tendency for root storage of synthate

R&DProgram. The initial stage of plant breeding would be to collect a wide gene pool of suitable
material and to evaluate this under Scottish conditibmisa range of attributes These include:
nursery behavioufease of propagation, success level, spekegrowth); field characteristics (bush

shape bush vigour)eaf ande, leaf sizeyield,dormancytemperaturethreshold, drought tolerance,
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pest and diseastlerancg; harvestability (shoot density, stem resistance to plublgchemical
parameters (cateain levels and rationet photosynthetic efficiency, caffeine level); and cup quality
(suitability forvarioustea types). Initially all thesattributes evaluated for Scottish conditions on a
crude scale ofAbsent, Trace, Moderate, Acceptapte Outstanding. Breeding would commence
from favourable parent materialTea breeding is slow work and to make improvements innieer

future requires an early start.

Plant exposure- understanding and reduction

Scottish grown tea will feel the effects of wibdffeting, wind desiccation, extreme winter cold and
frost duringspring flush growth. These adverse influesiaee not new and many susceptible crops
are successfully grown in Scotlanébr example berry fruits and broccolMoreover,protected

agricuture around the world uses various techniques¢alucerisk of physicagxposure

R&D Program.Initially desk research to collate what is known:
1 investigate what techniques ampplied ancknown to work in other crops
1 similarly check current methodsmployed in tea
1 make preliminary recommendations for Scottish tea
1 suggest a practical R&D project to evaluate and recommend demonstrable solutions for

Scottish tea.

Season extension

The horticulture industry exemplifies the benefits of seasatension tlat can, similarlymarkedly
increasethe obtainable commercial yield from tea. Methods to raise and maintain the air
temperature above dormaneynducing levels in tea include polytunnels (though other methods
may also be found)Management of a polytunnekquires balancing of some competing demands

¢ while the plastic cover is capable in spring and autumn of raising temperature beneficially it also
reduces the already low light levels significantly at those tinfgoplementary lighting can
increaseight levelsbut the luminaireglamp housings3hade plantgrom natural lightwhen
supplementary lighting is turnedff during the day. Though there acapital and revenueosts

involved in supplementingaturallight, modern LED systemas now being useth tomato
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growing, run at very low cost and are spectrally controllabléusthe balance of the red/blue
spectrum is changed ding tomato growing to enhangelant developmentinitially and then after
flowering to maximise fruit filling, while the greespectrum is diminishedverallas it is less

effective for photosynthesisThis technology gives maximum response at minimum cost.
R&D Program.To establish:

1 Effective management techniques for growing tea under plastic polytunnels in Scottish
conditions

1 Comparing tunnel growing using plastic throughout the year with plastic removal during the
cropping season (not maximise natural light and avoid over temperatures)

1 Evaluate what the optimum temperatures are foest yield under Scottish naturavailabe
light levels (best balance of respiration and photosynthesis)

1 Investigate the cost effectiveness of enhancing natural light by supplementary lighting.

1 Investigate and evaluate the optimum spectral distribution of LED light for young plants and

mature phnts, for leaf flushing and for yield.

Correct puning for Scotland

We understand the correct pruning techniques to establish a healthy productive mature bush

under tropical conditions; these procedures hold up well under temperate conditions.

R&DProgram. To establish what if any modifications need to be made to established pruning
techniques, under Scottish growing conditions, flanmative training of young bushes and for the

cyclical maintenance training of mature bushes.

Understanding dormang

Tea is naturally a perennial evergreen plant of the moist tropicsuéls,it grows under conditions
that vary very little with season and depends on a natural or inherent cycle of dormancy where
growth ceases and actively growing buds cease developmEms is termed banjf@nd for a given
shoot may occur every three months or sé&/hen confronted with less equable conditions the

whole plant is triggered into dormandyy cold or by stressBanjhi dormancy occurring at the
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wrong time is commerciallgisastrous as it lowers leaf quality and reduces yield, sometimes to

Zero.

Banjhi period may be caused by natural cycle
night cold (several nights below 1 °C)
low humidity (saturatedrapourdeficit below 2.3 kPa)

plant stress droughtstress
nutrient stress
poor harvest management

R&D Program.To elucidate likely dormancy inducing causes under Scottish marginal conditions

and to identify methods tdreak dormancy andeduceits adversecommercial effect.

Tea irrigation

Thoughhavinga high requirement for wateitea has not traditionally been an irrigated crop assit
normallygrown under rain fed conditions thatlly meet its needs. Since tlH®70s,some

overhead sprinklerrrigated tea has been grown in Malawi, Fanig Zimbabweand South Africa
primarily to reduce low humidity induced dormancy during their dry season. In the past decade
with increasing climate volatility and incidence of drought a move towards irrigation has
commenced. Tanzania and India havegure slowly to develop systems using cheaper drip

methods

t NEBOALIAGI GA2Yy Ay Stad {O2G4fFryR R2S&a y20G YSSi
Dundee for example, while havimganywet days (165 rainy daymnually, these are drizzle more

than dowrpour, and sohas a total of only 761 mmannually

R&D Program.To identify the best method of irrigationsprinkle versus drip method(8)r tea
grown under Scottish conditions for the application of water to supplement natural raarfelfor

the applcation of fertilizer

I Cost effectivenestor water and for fertilizer
1 Ease of operation

i Ease or of installation
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1 Longevity
9 Suitability for tea

1 Usage efficiency (litres water used for kg of yield produced)

Caveat
Some R&D work can be done effectivelypmt-growntea thattakes two or three years to reach a

suitable age for those investigations. However, the majority of tea R&D requires plots of mature
plants as research material. Thasohesive R&D program needs long term approgiga needs

to be h the ground long before the experiment is commissidehis is a major obstacle to tea
research in Scotland, or indeed in Europe, where tea plantings are not already in exisitehee.
USAa wave of small farmer tea growing as a diversification andpe southern States (Alabama,
Florida, Georgia, Louisiana, Mississippi, Texas), has promptddighissippi State University

action. MSUs planting out tea bushes this year f@searchwork in the next decade and has (in

2014) funded collection of tea material to form a gene pool for breeding work

How do we ensure we get good prices for our Scottggiown tea?

While marketing hype will sell a tea at high prices for the firsé, we have to create a sustainable
market for Scottish grown tea. That means embracing quality as our standanding for quality
harvesting for qualityprocessing for qualityand maketing for quality This concept is not difficult
to define, though its sometimes challenging to maintaift. means understanding each step of
production and knowing how adjust conditions to maintain target quality. It requiedsdefined
quality targets and effective quality control to monitor actual quality levelsulgtmut the
production chain.It meansunderstanding and getting to grips with the supply chaiarticularly
the marketing end.lt needssometimesthe discardingof sub-standard leaf, orejecting tea when
processing went wrongln addition deep downt means really understanding what makes

specialty tea speciab the customer key to thisaspectare:

 Consistencgl Yy a2dzi 2F ad201¢ y2dubs@itlardked 06 S G0 SNI GFf
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f Integrityc & dzy RrBnse and oveR S f AigZ&niMdbrbusiness advicbut it isfar better
not to promise what you cannot deliver and to deliver what you have promised.
Realistically analysing what you can deliver and actually doing what you say you will and
doing itto the best of your ability will establish and enhancaiyintegrity.
f An intriguing stong gain interest and woo the customed dziT G St € G KS (0 NXzi KY
YANNRBNRERG ad2NB A& y20 adadlAylof S
 Diversitycy 2 @St G832 &aLISOAlItySaa FyR NIy3I&etF OK2A

to have smaller saled many types than big sales of a single offering
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Conclusions and recommendations:

Tea growing in Scotland is undoubtedly a challenge. Nowhere else in the world is tea grown
commercially so far north of thequator. Neverthelessmaltscaleexperiments have shown that
tea will grow under Scottish marginal conditions albeit at high cost and at low yields. Until the
recent marketdevelopmenttowards high value specialty tetfigese limitations would normally
have killed the project stone deaddowever, the ongoing development of a strong specialty tea

sector internationally allowsmall crops of expensively grown teabe commercially viable.
This study report commenced by asking three questions:

Can tea be grown in ScotlandPhis studycondudesthat it certainly can. While conditions are
marginal compared to tradition@rowingareas the knowledge and expertiseitoprove growing
conditions and alleviate shortcomings generally exists. We can modify soil where necessary,
supplement rainfd| extend the season, and supplement lighting. We could select more suitable
cultivars given time. Many of the tea growing issues and obstacles have been addressed in this
report and suggestions made for their alleviation. Content thatd@abe grownin Scotland we
mustadmitthe lack of formalizetiea knowledge andgractical teaexpertise among thaovitiate
growers. Access to expert consultancy advice and training was top of the6ig% of the

responses in answer to our questionnaire (see Figur m 0 ®  loGnhidg BeSdNEfdReady

access texpert guidance and fax Scottishtea-growinghandbookfor reference

Can tea be grown profitably in ScotlandPhisstudy takes the view that tea growing and

processing can be commercially viable intoal. Making some conservative assumptions about
potential yield and market prices, and realistic estimates of costs of production, we have shown

that specialty tea production can make some impressive income from a tea garden even as small as
one acre.Tea plants derived from seed have been recommended for initial planti8gatiandas

they are tougher and more cold hardy than plants raised from cuttings and plant losses are

potentially less.

Constraintdo Scottish tea growingre:
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low levels ohatural light
short cropping season
plant material not yet selected for local conditions

lack of appropriate technical expertise

= =2 =2 4 -

high labour costs

Achieving optimum growing conditioiy addressing these constraints as outlined in this report
will result n optimum yieldthat, if production cost is minimized, produces the highest profit. In
Scotland planting on a southern aspect, maintaining the right soil pH, keeping soil well drained,
irrigation when required, correct nutrition, shielding from strong dimnd extending the natural
season will help to optimise growthWe conclude however that the factor most likely to challenge
profitable tea growing is light intensity. Due to the latitude of Ezsttlandthe winter and early
spring day length is shiband light intensity is low. Even aiidsummerthe maximum light

intensity is lower than places south, and clouded days are higher. It may be that supplementary
LED lighting will play a role in intensive tea production, as it does already with tpooatamber

and capsicum horticulture.

There is a need for guidance and trainiiog Scottish growerso understand cost benefit analysis,
and control costs of production whileonsistentlyachieving the high quality required by the

specialty tea market

What business approach best balances risk and reward for Scottish tea growing?
Keydrivers to the success of a Scottish tea industry all edlatthe relativelynew changes

occurringin the traditional low price commodity tea market:

1 the emerging high vakispecialty tea market thgiermitspreviously prohibitive labour

costs
1 consumer interest in locdbod production, and willingness to support it

1 vague consumer distrust of traditional tea growing country ethics and practices

Large companies like Liptondiiata Tea have attempted to enter the specialty tea sector but with
scant success specialty tea works best at small scakegrouping of separate but cooperating

artisan producers matches very well the ethos of the specialty tea market. Withifnamgswork,
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there is the possibility of individual producers embracing the entire supply chain: gqmweessor
packerretailer, or just one of the links, say an individual grower selling on to a separate processor
who sells on to an individual marketer. r@enly the closer the grower is to the retail market the
more of the end value they will benefit frombut this benefit comes at a priagit increases risk,
financial exposure, dilution of effort, and sheer hard work. Group members have a rangésof skil
and experience of business. They will all benefit from mentoring and access to good quality

business building and management advice.

An aspect of Scottish tea production that should be faced up to from the beginrtimaf ihe

average consumer cam the hurly burly of marketingconfuse Scottish grown teaith Scottish
packedcheapimported teac sold as Scottish Breakfast and similar nam&gis confusion,

whether it arises by accident or design, can only affectihmegrowntea adversely. Worse still is

the temptation to blend a few leaves of Scottish grown tea into a mix of imported tea and pass it
off as a local tea. Darjeeling tea has suffered this adulteration for decades but has fought back by
gaining Protected Geogpaical Indication(PGl)see Ref.12 From2016,Darjeeling Tea has PGl in

the EU, in the same way that Champagne and Scotch whisky is protected. Obtaining Protected
Geographicalndicationand agreeing a quality standard mddk the retail productshouldbe a

priority for all Scottish tea growers to protect their punemegrownproduct from adulteration and

misrepresentation.
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PART THREResources available

Books

Most books about tea production are far too general or if deidre specific to s singlcountry or
origin. Ba handbooks are mostly written by expevigh experience of onlyheir own country

The problem is thatheir advice while itis sound and practical #Bouthindiaor Sri Lankajoes not
necessarily travel well to Scotland. Muekperience and a large pinch of salt is necessary before
transferring advice from a tea handbook direct to a tea problem in marginal conditMostly

even the newest of th@andbook type are rather oldHaving said that some useful ones are:

Tea Growes Handbook (8 edition). Tea Research Foundation of Kenya. 261 pp. 2002. (Covers

nursery and field).

¢Sl tfFYyGSNBRQ |FyRo221 ¢ .168p. Und&tedS(CNEKNurseilya 2 OA I |
field and factory).

Science and Practice in Tea CultiDeN Barua. Tea Research Association of India. 493 pp. 1989. (In
depth coverage of tea plant growth requirements, tea soils, plant improvement, propagation,

planting, pruning, plucking, DM partition, shadwitrition and water management).

Tea CultivationComprehensive Treatise. N Ghosh Hajira. International Book Distributing Company
Lucknow. 518 pp. 2001. (Broad though somewhat superficial coverage of all aspects of tea

history, taxonomy and field management including one chapter on organic growing).

Handbook on Tea. Ed. P Sivapalan, S Kulasegaram and A Kathiravetpillai. Teh Resadecof
Sri Lanka. 220 pp. 198@Detailed coverage of nursery practices, planting and field

husbandry, pests and diseases, tea manufacture and auction marketing).

Tea Manufacture in Ceylon. E.L Keegel. Monographs on Tea Production No.4. Tea Research
Institute of Ceylon. 179 pp. Revised edn. 1958. (Comprehensive guide to black tea orthodox

manufacture and factory organization).

Tea: Cultivation to Consumption. E€CRVillson and M.N Cliffor@€hapman & HallZ69 pp.1992.

(Though expensivehis is undoubtedly the best and most comprehensive treatise on all
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technical aspects of tea the English language. It covers history, botany, physical and
nutritional requirements, propagation, field methods, chemistry and biochemadtnon-
volatilecomponents and of aroma volatileégstant tea, specialty teashe few that were

represented in 192),non-Camellisand herbakeas, world trade, and regulatory standards).

Internet

The Internet is a two edged swogdjuick and easy access to endless information, but no way for
the inexperienced to assess the veracity of any particular new nuggelaf §lever has the old
FRF3IS 0SSy a2 FLILINBLINAIFGSY GAFT Ad az2dzyRa (22
are constantly copied and regurgitated by the ignorant, the naive and the unscrupulous. Tea is no

exception to this.
Neverthelessnot all are bad all of the time. Try:

http://www.tocklai.net/activities/tra -activities/ The website of the Tocklai Tea Research

Institute< Assam, North IndiaClick down the menu for goatképendablefactual information on

Tea Classification, Cultivation, Chemistry, Manufacture, Machinery and Health

http://www.upasitearesearch.org/about-tea-3/ The website of UPASI Tea Researaméation,

Tamil Nadu, South India. . Pages of good reliable technical information about all aspects of tea

production.
On social media useful Facebook pages are:

https://www.facebook.com/groupsitsgrowtea/ Discussion group for small tea growers in the

USA includes some ornamental Camellia interest

https://www.facebook.com/TeaAcrossAmericdlea Across America succeeded in gettingiagiv

tea plant growing in every one of 50 US states in 2014.

https://www.facebook.com/groups/86750859663261Fea STEMS (Science, Technology,

Engineering, Medicine & Statistics). Closed grout welcomes the more technically minded
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http://www.tocklai.net/activities/tra-activities/
http://www.upasitearesearch.org/about-tea-3/
https://www.facebook.com/groups/letsgrowtea/
https://www.facebook.com/TeaAcrossAmerica/
https://www.facebook.com/groups/867508596632619/

https://www.facebook.com/TheGreatMississippiTeaCompahyK N2 y A Of Sa 2y S avYl

venture into specialty tea growinig the US

https://www.facebook.com/usltgthe page of the US League of Tea Growers cofounded by

Teacraft Ltd in 2014 toonnectUS tea growers, wannabe tea growers, walhers, and
educators willing to share a visiofi @Gamellia tea being grown and made on North American

soil.

The US League of TBaNR ¢ S NB isHtipS/fusiekdio®ers.comt It has a wealth of

information, blogs and articles relating to small scale margioatition tea growing.

https://www.facebook.com/ScottishArtisanTeahd of course the Scottish common interest
ANRdzLIQA LI ISs y2¢ dspdadacrasg4s codindiest 2 6 SNBR o[ A1 S a

For businas plan making the University of Minnesota run a free software service called AgPlan to

develop your owrfarm business plamttps://www.agplan.umn.edu/ There are many other

business plan development packages availgldeme atquite reasonable prices.

Equipment suppliers

Tea processing equipment is generally not availabtbe UK or mainlan&urope it is mainly
available from India and Chin&.arious pieces of machinery can be found on the Internet primarily
through Ali Baba and Tradedia. Great caution is required if ordering equipment this way that
what you are actually ordering is what you think you are ordering. Specifications arathsest

and sometimes arplainwrong. Remember that you will pay import dwtgd VATon top of the
apparently low price. Another point to remember is that CE marking will not be inclydédch

means that import into the EU could land you with a héiite and confiscation of the import

Teacraft Ltd has 26 yesiexperience of importing from India and China and can assist with

equipment sourcing on a commission basis.
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Plant material supplies

Import of live tea plant materidbr cuttings and seeds fagermination is similarly fraught with

pitfalls for the unwary it is a specialist areaTea seed loses viability within two months if not kept
correctly and muh of the seed on offer, even from reputable seed merchants, has a very low
viability. Smallbatches of seeds on offer via the Internet have a very varied germination rate as
their age and storage conditions cannot be verifideacraft importedor clients in the USA and
UKmore than a quarter of a million telgeshseedsn 2015from the autumnharvest in Nepal and
Georgia. We have been handling international shipping of tea wiopged teacuttings and seed
from and to South America, North America, UK, Africa and Asia since the 1980s and understand
import and export permits and phytosanitacegrtificates, chilled airfreight and plant security

inspection regulations. We welcome enquiries.
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APPENDIZ. Other Scottish tea growers

The James Hutton InstituteDundee

Scientists there arendeavouring to micrgpropagateCamellia sinensissing tissue culture

techniques. So far no propaguleshave been transferred to the field.

GentechPropagation Ltd, Dundee

Smilarly, Gentech (a micropropagation company) has had tea cutfiragsed to tem but have so

far not succeeded in rooting them.

Wee TeaAmulree, Scotland

All information given herés extracted frompublicly available sources includitige extensive media

coverage of Wee Tea activities.

Wee Tea Company LIVTC). Company regiséer June 2012 as tea packers and retailers with
strong web presence. Directors: Jamie Russell and Derek Wallkefirst Scottish grown tea onto

market in 2014

Wee Tea Plantation LtV TP). Dalreoch Farm, Amulree, Perthshire PH8 OBY. Director: Thomas
J¥Sa hQ. NASy olfaz 1y26y Fa ¢FY hQ.thrteay 0 ® [ 2

growing experiments commenced in 2011.

WTC gained a £50,000 development grant from Scottish Edge who reportphagi@mme of
high-end tea training is presently underway for the first ever two young British Tea Somsnelier

Both arelocal young people with appropriately sensitive palates.
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Wee Tea Plantation formed a Tea Growers Association with twelve memberd 204®. The

purpose of formation was to pool purchasing power and technical capabilities. The Guardian (July
HaMpU [jdz2GS&a ¢FY hQ. NIXIFysX OfFAYAYy3d ahyOS Al K.
2F GKIF G Ay KBy JafldrRdie,sFAADSH eGH INBR E0PA YS&0 ¢FY Aa L
gAft 0S wn G2 on GSI 3IFNRSya Ay {O2Gfl yRe® a .
processing, or to use WTP as a central marketing organization. In Farmers Weekly (August 2015)
Tam explained that WTP set up the alliance to pool resources and create a support network that
O2dzZA R Fff2¢ F2NJ Y2NB GKIy 2yS {O020GAaK S 3N
AKFNBE ¢KIG KIR 0SSy | OKA S @ %tRea offér§ daaddidin& wantitoy A G A Y
0S aStFTAAKD LiQa Iy AyRdzzaNEBR:> y24 2dzad 2yS T
specialists, market gardeners, royal estates, and highland schools including Lochgilphead Joint

campus. Membership of the saciation is free.

In April2014,. ./ bSga NBLRNISR dauzInnn LIXFyda Ay (GKS =
S Ay o0tSyRa ySE( &SINE®ZL ORKS AISNRS S 084 ¢ wpn
FFASNI Y AYGSNIBASSG 6A0GKwote,¥2 Adx RI & §dzA §S { $ dARISING
GKFEG |+ {O024dGAaK GSF 3IFNRSY LINBPBRdzOSR | G2y 2F
had yielded 1,100 kg by Augi14 and that 20,000 plants were ready to plant in 2015.

In April2015,h dzi £ 221 al 3L T AYyS NBLR2NISR amnzInnn LI Fydas3
also quote Tam as saying the first flush at Amulree is in February, as do The Independent, in August

2015.
In Januarn?2016,the Financial Times reports 14,000 plants growing at Amulree.

WTC was selling Dalreoch Scottish grown tea to Fortnum & Mason by April 2015. This is (Daily Mail)
G mnm: {O02G0A4aK GSI of SYyR¢ o

WTP claim cutting edge technology usegtotect plants and encourage root growth. According
to World TeaNewsVTP(i S| LJX I yda FNB alF FTNRad NBarxadlyd o

21 Amulree is actually at 286m (93p#.m.s.ILatitude: 56.51215 North, Longitude: 3.79036 West
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polymers placed around the plants prevent moisture loss and reflect sunlight back onto the leaves.

It alsohas the added advantage of deterring insects, negating the need to use pesticides. Once
saplings the trees are stripped of their lower leaves and encased in UV reflective tubes that reduce
the amount of light reaching the plant. This encourages moradrgmwth of the upper leaves
RdZNAY 3 (GKS aK2NI 3INRogAYy3I aSlazyeéeo l'YR AY 51 A
YR FTNRalG>X RS@OSt2LIVYSyd 2F (GKS LXIydQa NeB2G ae
growth are key to our success . .y (busing degradable polymers around the plant, we reflect the
ddzy Qad 2¢y 3J22RyYySaa dzZll NRaAX R2dzofAy3a GKS STFS

WTP polymer technologin action. Photo Wee Tea Plantation

Bruce RichardsofElmwood Tea, NGpoke with¢ | Y h QSepNténtbgf 2014and wroteli K G & !
major part of their innovative growing method for this (Scottish) cold climate involves stripping

oFO1 ym: 2F (GKS tSI@Sa FNRBY cant@iiNe K9 YaSit SyAR S NUAG
are then enclosed by aofymer sleeve. Similar to the way sunglasses filter UV rays, tpese

endedtree guards hold back 99% of the light spectrum. This retards photosynthesis and forces the
bush to reach for the sun as new leaves appear. This also makes a very liglithléadsv

OKf 2NRLKeff @ ¢KS fSIF adNARLIMAYI A& NBLISKFGSR
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Gttt aGA0 GdzyySta INB dzaSR (2 AKASETR GKS LI I yd.
(January 2016). #ea-processingactoryfor freshly pcked tea leafsunder constructioron the

Dalreoch farm and will use solar powered electricity.

A new job and programme of higénd tea training not known to exist outside of Asia is presently
underway for the two first @er young British Tea Sommeliboth local young people with

appropriately sensitive palates.

WTP outgrowers

1. Rev. Liz Gibsamnd Martyn Gibson, Isle of Mull. WTC sell her teas as Scottish Antlers stem
tea. She has 100 bushes planted out in 2013
2. Angela Hurrell, Garrocher Market Garden, Newton Stewart, Dumfriéslway. WTC

supplied plants in August 2014 and commenced plucking and processing in January 2015.

Garrocher Autumn 2014 planting aftets first harvest in Spring 2015Photo Angelddurrell
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3. OtherWTPTea Growers Association members include Chris Henry, Richard Ross (Dalguise
Tea- Perth & Kinross), Mike Hyattiémorg, Charlies Ball (Dumfries & Galloway), Dan
Harrison (Midlothian), and Lynne Collinson (Orkney).
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Scottish TeaGroweér ! 342 OA L GA2Y Y 0O[ Sc@Pérthshige, Mikk Byftt lWisThord, Chdrlieh Q .
Ball¢ Dumfries& Galloway, Dan Harrisog Midlothian, Lynne Collinsom Orkney, Martyn Gibsort Isle of
Mull, Rev. Liz Gibsoqlsle of Mull and Richard RogsPerth &Kinross.
Photo by Angela Hurrell

4. The Dorchester Hotel, London, rooftop garden where WTP has introduced 60 tea plants.
5. Lochgilphead Joint Campus, Loch FymgylR& Bute with a tea garden planted in the
a0K22f Qa 3INRBdzyRa Ay Ay ! dz3dzad wnwmp

Samples of Ded¢och, Garrocher and Isle of Mull tea were presented to President Obama June 2015
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Tea awards claimed by WTP:

Silver award from the Tea Exchange in London

Gold medal award from the Salon de Thé in Paris in March?2015

Scottish grown tedas on the menu at:

The Balmoral Hotel, Edinburgh
The Dorchester, London

Lowell Hotel, New York

Wee Tea Scottish grown tea has been enjoyed by

HM Queen Elizabeth I
US President Barrack Obama

First Minister Nicola Sturgeon

And is sold at:

Forthnum & Mason, London

Mariage )] NBasz t I NR &

22We have been unable to verify the existence of either award.
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APPENDIX 3Grower questionnaire

419206 Faasitality study for toa producson In Scotland Survey

Survey Description

This survey has been funded by the Community Food Fund and has been
commissioned by Scottish Artisan Tea Producers who are a common interest group. The
finished feasibility study will be publicly available and its purpose is to assist anyone
either currently producing or interested in producing tea in Scotland. Data collected from
this survey will be used only for the purposes of the feasibility study.

1. Do you plan to grow or are you already growing Camellia Sinensis tea in
Scotland?

Yes, | am already growing tea - go to Q5
Yes, | am planning to grow tea - go to Q2

No

2. Which year do you plan to start growing tea?

3. How much tea do you plan to grow?

No. of plants?

No. of acres?

4. Where do you plan to plant tea? (Nearest town)

5. In which year did you start to grow tea?

6. How much tea have you planted and/or how many seedlings/cuttings are you
currently propagating?

No. of plants?

Fops Twww. surveymonkay coumn2sm=_2FaLUbIY 10UShwwirCFScA_3D_30 \a
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4192016 Feasibility study for taa production in Scottand Survey

No. of acres?

No. of seedlings or
cuttings?

7. Where have you planted your tea? (Nearest town)

8. Have you processed any green leaf into finished tea?
Yes, myself.
Yes, using third party.

Not yet,

9. What do you consider to be the greatest challenges facing tea growing in
Scotland?

I
2.

3.

10. Please suggest any support measures, assistance or further research that
might be useful through the collaborative group?

1.

2.
3.
—
Powered by
% SurveyMonkey
DS Swww surveymonkey co Ukt 7sm=_2FGLUDWVY 10U ShmwirGCEScA _30_30 23
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APPENDIX 4Grower visits- January 2016

Assessment of Scottish Artisan Tea Growers Signed up for Growing in 2015

Summary of Findings

As part of theCommunity Food Fund backéd{ O2 (i (i A & K ! NisNé&twoyk: FeaSibilityt N2 R d.
{GdzReé¢> bA3ASE aStAOFY |YyR . SOSNI & tehdctyapadh I K
potentialtea growers to assess their proposed growing sites for suitability asdipkeproblemsg

slope, aspect, wind exposure, soil pH, drainage, water availability and herbivorous mammalian

pests.

No unforeseen new problems or constraints to tea growing were identified during the visits but it
was a valuable experience to make direct comparison of various levels of constraint likely to be
experienced while growing tea in Scotland. Not every growiteghas all of these constraints, and
manyof them can belesseneduy informed proactive response by individual growers.

We are however very much aware that the growers are tackling a very new crop and with one
exception have very little experience thie particular requirements of a perennial crop. Each
grower need to develop a soil preparation plan well before planting to ensure that soil (and water)
pH can be brought within the optimal range, a suitable planting density and pattern that will allow
the future possibility of mechanical harvesting, and the outline (at least) of a business plan.

It will be most helpful to group member to continue to shaygenly theirexperiences and
problemsg and, better still, effective solutions.

Grower 1.Growerwas visited during the assessment but subsequently decidedmplant teadue
to competing business interesédkindly donated their seed to the group

Grower 2. Fife
Visit date: 28! February 2016

Initial planting of2,000plants to be raised by SusféalkerMunro in leased glasshouses.
Outhouses are available for future processing.

Planting area is a large walled garden much subdivided into formal garden, orchard and kitchen
garden. Approximate area available for planting is 0.5 acre in two adjaeéstigs. Previously
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used for market gardening, the area has been fallow for a couple of years, recently glyphosate
sprayed and rotorvated. As the planting arefinsted, it may require closer spacing than normal.

Not established whether organic or comt®nal growing is envisaged.
Aspect is 0 to 1 degree slope due south. Elevation 75m.
Exposure. Close to garden wall to east and beech hedge toqestailing wind is westerly

Good rich dark soil. Soil pH 5.6 (tested July 2015). Soil pH is 5dfofjognd 5.7 (bottom plot)
when tested Feb 2016. This is very close to ideal soil acidity for tea. An acidifying fertilizer regime
will be recommended.

Slope is very slight and natural drainage may require some ditching. Area by entrance is low lying
and holding water.

Drip irrigation is advised for drought risk mitigation and for fertigation.
Garden has mains water pH is 7.4 (tested Feb 2016).
9YLX 28SR I NRSYSNRa ylIYSY .NAIY DNBe@

Other information. Will benefit from deep ploughing before plantingeetls soil preparation plan,
planting plan, and business plan.

Grower 3. Fife
Visit date: 23! February 2016
Initial planting of 2,000 plants to be raised by grower on site.

Planting area is in a large cereal field currently in stubble. The field wksdrand a suitable
location identified towards the top end of the east side.

Organic growing is envisaged and the advantages and disadvantages of this route were discussed.
At the preferredlocationthe aspect is 3degreeslope facing due south.

Expsure. Tree belt protection on field edge to west but open to the eastree belt here would
be recommended.

Soil pH is 6.6 (tested Feb 2016) and 6.5 (tested Oct 2015). This is well outside the ideal range of 4.5
to 5.5 and requires acidification treaent with elemental sulphur during soil preparation.
Depending on sight of a full soil analysis with CEC reaalingprovisional recommendation would
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be 250 g/m2 of Brimstone 90 split into two applications, half on soil before deep ploughing and
second lalf rotorvated or harrowed in. This treatment should be applied in spring/summer 2016
and a cover crop of clover sown.

An acidifying fertilizer regime will be recommended.
Natural drainage should be adequate; contour bunds will assist water holding..
Dripirrigation is advised for drought risk mitigation and for fertigation.

Thelocal hurn runs below the field and may be usable for irrigattopH 7.2 (tested Feb 2016).
Mains water pH is 7.3 (tested Feb 2016)

Likely to have a deer and rabbit problemeiarly years thus requires fencing.

Other information. Will need deep ploughing before planting. Needs soil preparation plan,
planting plan, and business plan.

Grower 4. Angus
Visit date: 24 February 2016

Initial planting of 2,500 plants to be raiseg grower on site. These have been sown in root
trainers prior to transplanting into deep pots. Very impressive fully automated greenhouse in use.
Hard standing available for pots in an old glasshouse which will be renovated for the purpose

Planting aea is in an old walled garden laid out in earl 8 G NE quadrant. Approximate area 2.0
acres. Garden is under grass and has been fallow for years.

Organic growing is envisaged and the advantages and disadvantages of this route were discussed.
Use ofpolytunnels for season extension would not be entertained, but prepared to use fleece to
protect young plants.

Aspect is 1 degree slope due south. Elevation 52m.

Exposure. Little natural protection from east and wesgtrevailing wind is westerly. A bele

hedge has been planted around the proposed tea area. Tree belts outside garden walls are
recommended in the long term. There are already some trees on three sides, but Mary feels they
are inappropriate for the fourth wall. It would be many years Ipefany trees planted now would

be protection for the tea as the garden is so large.
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Soil pH is 5.9 (tested Dec 2015). While outside the ideal range of 8.5,this does not justify
acidification treatment during soil preparation. An acidifying fizeil regime will be
recommended

Drip irrigation is advised for drought risk mitigation and for fertigation.

Natural drainage should be adequate.
Garden has mains water (pHas83)tested Feb 2016.

Vigilance will be required to keep the garden safe frambits

Other information. The area is under grass and was ploughed inittaityideallyshould be
ploughed againbefore planting. Needs soil preparation plan, planting plan, and business plan.

Grower 5. Perthshire
Visit date: 24 February 2016
Initial planting of 4,000 plants to be raised by Susie Walkenro in leased glasshouses.

Planting area is in an old walled garden of traditional C19 desd\V quadrant allocated to tea.
Approximate garden area 2.0 acres. Garden is has been fallowdos gnd very weedy. Pigs have
been on land since December 2015 to turn up and eat roots but much live weed root remaining.

Organic growing is envisaged and the advantages and disadvantages of this route were discussed.
Aspect is B degree slope to dusouth. Elevation approximately 40m.

Exposure. There is some protection to east and wgstvailing wind is westerly from tree belts
outside the garden wall.

Soil pH was 6.1 (small enclosure) and 6.6 (large enclosure) when tested in Jun 2015. 8oivpH is
6.8 (testedFeb2016) doubtless increased by pig activitill these results arevell outside the ideal
range of 4.5 to 5.5 and requires acidificationat@ent with elemental sulphur during soil

preparation. Depending on sight of a full soil analysis ®@#TCreading our provisional
recommendation would be 300 g/m2 of Brimstone 90 split into two applications, half on soil before
deep ploughing and secorlf rotorvated or harrowed in. This treatment should be applied in
spring/summer 2016 and a cover crop of clover sown. An acidifying fertilizer regime will be
recommended.

Drip irrigation is advised for drought risk mitigation and for fertigation.
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Natural drainage should be adequate.
Garden has mains water (sample taken but could not be tested).

The garden is effectively walled and with diligence there should nat tadbitor deer problem

Other information. After pigs are removed the planting area will need to be left to grow and then
weed killed with glyphosate; deep ploughing will be required before planting and put under a
clover or rye/clover mix in 2016. Needs soil preparation giamting plan, and business plan.

Grower 6. Perth and Kinross
Visit date: 24 February 2016

Initial planting of 1,000 plants to be raised on site by grower. A walled garden greenhouse will be
used for propagation.

The estate has two walled gardettise smaller one originating from 1575 and a contiguous larger
walled garden of traditional C19 design of approximate garden area 2.0 acres. Both gardens are
under lawn and the larger garden retains its cenpath thathas newly planted cordon applesan
single row either side of the path. An alternative planting area in the adjacent orchard
interplanting tea between new apple trees was discussed but rejected as a plan due i) to poor
drainage, and ii) potential shading from apple trees. The C19 garsienis considered essential to
future plans for the house. In view of thienstraint,tea could best be incorporated as two parallel
hedges either side of the existing path planting of cordon apples.

Organic growing is envisaged and the advantagesdasatlvantages of this route were discussed.
Garden aspect is less than 1 degree slope due south. Elevation 154m.

Exposure. There is some protection to east and west, and house to Qprévailing wind is
westerly.

Soil pH was 6.5 (small walled gardanyl 6.3 (large walled garden) when tested in July 2015.
Grower will send additional soil sample to Teacraft for testing when the planting site is finalised.

Drip irrigation is advised for drought risk mitigation and for fertigation.

Natural drainage mayeproblematic depending on the final siting. The C19 garden lawns are
mossy, indication low drainage.

The C19 garden has a central manual water pump. Grower will send water sample to Teacraft for
testing when the planting site is finalised.

80|Page



Likely to bea deer and rabbit problem in early years.

Other information. Planted area will need ploughing. Needs soil preparation plan, planting plan,
and business plan. The house and gardens are ripe for developirgaigm, whichventure will
be enhanced bhaving planted tea.

Grower 7. Perth and Kinross
Visit date: 2% February 2016

Initial plantingof 3,380 plantso be raised on site by grower. A polytunnel has been set up for
propagation.

The farm is on north facing land running down to a small radtiake and brook. It has been fallow
for years under rough grass and weeds. The land was walked and various areas discasated
on poor drainage and limited lighhtensity. The final choice was for an area adjacent to and west
of the polytunnel.

Organic growing is strongly envisaged and the advantages and disadvantages of this route were
discussed.

Aspect of chosen site is aXdegree slope facing due north. Elevation 106 m.
Exposure. There is little protection on any sidbe prevailing winds westerly along the valley.

Soil pH is 6.1 (tested Feb 2016). This is well outside the ideal range of 4.5 to 5.5 and would benefit
from acidification treatment with elemental sulphur during soil preparation. Depending on sight of
a full soil analysiwith CECreading our provisional recommendation would be 150 g/m2 of

Brimstone 90 split into two applications, half on soil before deep ploughing and second half
rotorvated or harrowed in. This treatment should be applied in spring/summer 2016 and & cove
crop of clover sown. An acidifying fertilizer regime will be recommended.

Subsequent NoteAs their organic certifying body disallows elemental Sulpiverhave suggested
the use of organic poultry manure for soil acidification. This should be pHitast®the correct
dose calculated.

Drip irrigation is advised for drought risk mitigation and for fertigation.
Natural drainage should be adequate.

The farm haspringwater (eportedlytestedat pH 7.7 and itmaybe possible to utilize the stream
below the house.
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Likely to be a deer and rabbit problem in early years which will require fencing.

Other information. Monia and Andyaretechnically minded and solutions driven. They need to
make a soil preparation plan, planting plan, and business plan.

Grower 8. Perth and Kinross
Visit date: 2% February 2016
Initial plantingof 2,482plants to be raised by Susie Waltdunro in leased glasshouses.

There is an old walled garden by the house but the wall has been reduced to 5 ft height, giving no
protection, and the land is very flat. An alternative site was sought and found: this comprises a
field with hill slope with a 5 degree slope about 5 minutes from the house. It is old pasture
currently grazed by sheep.

The advantages and disadvantages of orggnowing were discussed.

Aspect of chosen site is a 1 degree slope at the top NW corner of the field, facing due south with
approximate area of 1.2 acres. Elevation 85m.

Exposure. There is excellent protection due to a tall tree perimeter belt the ameshorthg the
prevailing wind is westerly along the valley. Care must be taken to site the planting at least 20 m
from the tree line. There is no protection to the east.

Soil pH is 6.1 (tested Feb 2016). This is well outside the ideal range 0f5456and would benefit
from acidification treatment with elemental sulphur during soil preparation. Depending on sight of
a full soil analysis wit€@ECreading our provisional recommendation would be 150 g/m2 of
Brimstone 90 split into two applicationkalf on soil before deep ploughing and second half
rotorvated or harrowed in. This treatment should be applied in spring/summer 2016 and a cover
crop of clover sown. An acidifying fertilizer regime will be recommended.

Drip irrigation is advised for dught risk mitigation and for fertigation.

Natural drainage should be adequate.

The field has mains water supply but it may be possible to utilize the sizable stream below the field.
There will be a deer and rabbit problem in early years that will reqeineihg.

Other information. Neeslto make a soil preparation plan, planting plan, and business plan.
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Grower 9. Perth and Kinross
Visit date: 2% February 2016
Initial planting of 2,000 plant® beraised by Susie Walkéunro in leased glasshouses.

There several small plots around the house. The main area available is about 0.5 acre by the tennis
court however the land is very flat. It has been under lawn for about six years. A small additional
site is being used as a small football pitch.

The advatages and disadvantages of organic growing were discussed. Ronnie is not keen to use
protected agriculture and wants the minimum of disturbance to the land.

Aspect of chosen site is a less than 1 degree south facing slope but with a clear drop af 6 ft o
SE side down to a farm field. Elevation 85m.

Exposure. There is little protection from the prevailing westerly wind though windbreak plastic
could be attached to the tennis court fencing to the west. There is some slight protection to the
east. Rnnie is not keen tanstallprotection or anything that will spoil the view.

Soil pH is 6.0 (tested Jun 2015) and 6.1 (tested Feb 2016). This is slightly outside the ideal range of
4.5 to 5.5 and would benefit from acidification treatment with elemersialphur during soil

preparation. Depending on sight of a full soil analysis ®@#ECreading our provisional

recommendation would be 150 g/m2 of Brimstone 90 split into two applications, half on soil before
deep ploughing and second half rotorvated artowed in. This treatment should be applied in
spring/summer 2016 and a cover crop of clover sown. An acidifying fertilizer regime will be
recommended.

Drip irrigation is advised for drought risk mitigation and for fertigation.

Natural drainage shouldebsupplemented by ditching between every third hedge of tea, draining to
the field below.

The plot has mains water supply adjacent (pH not tested)
There will be a deer and rabbit problem in early years that will require fencing.

Other information. Neeslto make a soil preparation plan, planting plan, and business plan.

Grower 10. Angus

Visit date: 24 February 2016
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Initial planting of 5,648 plants to be raised by Suisikased glasshouses.

Site is a Victorian walled garden with @ Hegree slopgaspect is dusouth. Drainage should be
no problem though the bottom of the garden is damp due to springs draining down the hill above
the garden.

Wind exposure to East and West could be improved by tree planting. Backed to the North by a
steep slope wit mature trees. Bottom end of the garden tends to be a frost pocket.

Soil pH tested at pH 5.0 (July 201&arden las been cropped most recently with red clover (2015)
Drip irrigation advised.
Mains water at pH 5.4 adjacent as well as a spring.

No deer @ rabbit problem due to the high walls still intact, though animal proofing of the gate is
recommended.
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APPENDIX. Protected Agriculture

I oA 2 4 oA

t N2 G SOGSR ! 3NR Odzf niodifié&iondf thée naturkl 2nvilRiB1Ert i ScRievé & d
optimal growtré?3. Agriculture, and horticulture in particular, has always sought to accomplish this
improvementbut modern PA is aimed more at applying technology to address the vagaries of
climate volatility(risk reduction)or to challengeconventionalclimatic limitaions to optimal growth
(extending agriculture)and for the improving productive use of marginal lgpdmarily in poverty

alleviation)

Glasshousemeasuring an acre or even a hectare are commonpfeye CornerwaydNursery in
Norfolk has a single glassise of 18 hectares housing 250,000 tomato plahtg are cropped
from February to NovemberPA glasshouses can include computerici@date control, hot air
heating,fan cooling, automatic vent contrautomatic shadingCO2 boosting, and lighting bED;
often run at low cost using a biomass powered Combined HeaPameer (CHRystem plusroof
collected rain waterecyclingthrough drip irrigationor hydroponics These are the ultimate
examples of PA and allow, for example, around the year tontatcumber, pepper and lettuce

production in Holland and the UK.

Salad vegetable production by PA without any natural hgh&tsoeveris now being pioneered in
Japarg at 10,000 lettuces a ddpr example(Ref 6).

While a dedicated automated PA glasshotmeea growings a practical realitythe investment
required may be an initial deterrent until the concept has been better tested on a small, scale
the protected agriculture prospect®r tea must relyon less expensive innovations, mainly cross

fertilized from other crops.

Horticultural fleece and filmg provide warming of sodnd air around crops to provide season
extension. Spurbonded polythene fleeces, fine knitted netting and some plastics film muicies

also offer protection againstdverseweather includingain, hail and wind, along with eliminating

23 Jansen and Malter, 1995
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damage from insects, birds and rabbitselping improve both quality and yieldJsed in many
overwinteredfield cropsparticularly brassicas where the fleece is pegged in place directly over the
plants. May give similar protection to newly planted tea saplirfijeece choice must balance price
with degree of protection required and durability. A good review of holtiical fleece options is

given inhttp://www.hortweek.com/horticulturatfabrics/productskit/article/1362450

Cloches/small tunnelg also known as low tunnels. Téeeare plastic or fleece covered hooped
structures that straddle a row, normally intended to protect for a single season. They may be used

advantageously for the year after planting tea saplings ex nursery. See Ref.13.

Soil heating Manure heated hot b#s were the secret weapon of the Georgian gardeners and
allowed them to produce pineapples and winter cucumbers. Now electricity or geothégnaaind
sourced)heatingis more appropriate.Tea nurseries certainly can benefit from the technique and it

may have application in season extension.

Polytunnds. The classic polytunnel is a simple hooped structure with a single or double skin of clear
polyethylene film. There are many sizes and variations, most uslsllyaped hoops tamprove

working height ahouse edges, and side ventilating using roll up panels.

The effect on growing temperature of a simple polytunnel is demonstrated by Jiazhi Shen et al (Ref
8); seethe graph showrbelow. The bottom trace igpen-air minimum temperatureduring the

winter months the top isminimum air temperaturewithin the plastic polytunnel. Dotted lines are
smoothed curves fitting the data pointg blue for growing outside and red for growing within the
tunnel. The 10Cteadormancy threshold is slhn in red¢ temperature in the tunnel it remains

above above the dormancy threshold temperature longer than outsidé/gé cancalculatefrom
thesedatathat the typical time to reach dormancy break would be 18 days earlier in the tunnel

than outside, andhat dormancy onset would be delayed by 18 days within the tugreebeason

extensiontotalling six weeks (41 days).
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Good practical advice on the structure and management of suitable greenhouse and polytunnel

structures is contmed in Ref 13.

Supplemental lightg see Appendi%.

Treesleevesg conventionally used in mass landscaping of trees alo&#
motorways. They vary in opacity from thick plastic that merely
protects woody stems from rabbit predation to clear plastic types
(illustrated) that allow light to the plant but create a humid
microclimate and reduce wind damage. Some types also incorpor o
a water store to provide drip irrigation during early days after
transplanting. Choice of sleeve must take account of thelrfee

annual or twice annual formative pruning.

Mulchis a layer of material on the ground surface. Depending on the nohicken,it can reduce

weed growth, maintain soil moisture, warm the soil, reduce insect attack, improve soil structure,
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provide nutrition, or reflect light back into the canopy. It can be either organic biomassana
madeplastic. Organic mulch could be grass, bracken, pine needles, or tree bark. Manmade mulch
can be granulated car tyres, woven plastic mat or plddtic Mat is water permeable but film is

not. Film can be black, clear or silver. In small plantingsagive often plant through plastic weed

mat to control weed growth in young tea but build up an organic mulch on top of this.

Shadehousesare needel to protect young nursery planfsom intense sunlight. They are covered
with green or black plastic net with a light transmission degree chosen to match local conditions.
Generally unnecessary for seed derived tea but shading is necessary for ealy gftea cuttings

even in Scotland.

Windbrealks. It is often necessary to supplement natural tree windbreakstmiterbeltswith

temporary artificial windbreakt lessen wind damaggarticularly during early growth on new

land. As well as reducing pbkical damage and foliage desiccation they can slow down soil moisture
loss, minimise soil erosion, protect from snow, and create a habitat for insects and a wider range of
plants (biodiversity). Wind protection should be planted at right angles to theyaiing wind, with

actual design depending on the severity of the wind.

Ashelterbeltis created from a mix of shrubs and taller trees (over 4.5m/14.5ft) and is usually

planted n three or four staggered rows in a triangle pattern.
A windbreakstypicallya fence or hedgef a single or double row of tree.

To be effective, windbreaks need to filter-60% of wind to reduce its strengttBarriers that are
too imperviouscan cause more damage due to the creation of eddies of wind on either side.
Woven hudles of willow or hazel can be very effective windbreak will reduce wind on the
leeward side to a distance of 10x its heig@enerallyjn the UK prevailing winds arstrong and
wet from the southwestg these can be at any time of year, or bitiesld north and easterly winds
during winter months Hilly sites may need protection on several sides and wartbe funnelled

between lines of trees or buildinger along valleys.

Artificialwindbreaks:
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A) Posts mder 1.5min heightneed to be at leas® cm diameterand spacedt two x the height
of the screen. Screens ovér5 mneed15 mmposts spaced at intervals the same height as
the screen.

B) Plastic windbreak materialeeds to be fitted on the windward side and the screen needs to

be stretched tad.
Living windbreaks

Planting for hedgeshould beclose togetheiat spacing30-90 cmdepending on speciedlant
deciduous shrubs in the autumn or evergreens in spriBigckthorn Berberis Gorse, Wild Rose,

and evergreen shrubs are all suitable.

Forsheterbelts, larger trees should bat 2 - 4m spacingwith shrubs in between to slow the wind at
the base of the beltWhere deep shelter iseeded tall trees can be planted in the centre with
bushes front and backi-ield Maple, Hazel, Hawthorn, Alder, Mdain Ash, Lilac, Hornbeam,
American Lime, White Willow, Lombardy Poplar, Scots Pine, Rocky Mountain Juniper, Norway
Spruce, Dwarf Pine, Juniper, and Yew are all suitable. . Evergreens planted too densely they can
cause turbulence problems inshelterbeltso it is best to alternate between evergreens and

deciduous trees.

Trees should bguarded from rabbits, well mulchedand wateed to establishthem. Later on good

maintenance pruning will be needed.

In some areasand particularly where tea is plantedtwout the protection of a walled tea garden,
youngteaplants may need temporary protectidnrom windover the winter for their first few years
until bushes are mature Thiscould beusingsimple fleece tunnels, tall grasseslometre tallmini

plasticwind breaksplaced along alternate rownet a 45 degree angl® the ground
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APPENDIX 6Supplementary lighting

This is a very instructive guide to choosing horticultural lamps.
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APPENDIX ANVhat are they saying about specialty tea?

The mediahave recognised the growth of specialty teas for the last two decades.
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