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1.0. Introduction

There is increasing scope for sales of quality héetbaceous plants, through garden centres
and opportunity niche markets (e.g. multiples). isThequires attention to detail in the
production of batches of quality plants, usuallyflower, at target maturity dates, with scope
to extend marketing season by manipulation of flimge Much is known about the
manipulation of growth and flowering of protectech@amental plants. Growers of pot,
bedding and cut flowers can influence the rate lahtpgrowth and development, and the
initiation and expression of flowers, by manipuigtenvironmental factors such as daylength,
light intensity, temperature and carbon dioxide aamiration. Currently, these factors are
being utilised to schedule some perennial plantsptainly in the sectors that are producing
high volumes of fast growing plants from seed, sastCampanula. In contrast, hardy
herbaceous producers grow a greater range of plantén smaller numbers, mainly from
cuttings.

A wide range of facilities are also used for thedurction of hardy herbaceous perennials,
from specialised near state of the art glass, s éxpensive protection where precise control
of the environment could prove more difficult tchéeve. As a consequence of this, a move
towards exerting greater influence over growth &ieavering of herbaceous crops could
require some capital investment.

Considerable interest has been expressed in thentmdt for manipulating growth and
flowering of hardy herbaceous crops. At presem¢ matural flowering season of hardy
herbaceous subjects is well known but little usedmg made of techniques to manipulate
flowering, thus extending the season of sale.

However, the production of growing ‘blueprints’ sehedule species of hardy herbaceous
plants could lead to over production and loss ahpetitive advantage. By developing a
screening protocol for use by growers on their awirseries with their own range of crops,
this conflict of interest is avoided.

The objectives of this study were to collect cutiyeravailable information on crop

manipulation techniques, assess which were of ipedaise for hardy herbaceous production,
and develop a screening protocol, for use in osaemyrtrialling and/or further R&D.
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2.0. What controls flowering in herbaceous perennials?

This chapter covers the basics of plant physiolaggerlying the processes that lead to
flowering in herbaceous perennial species. Howewarall herbaceous species behave in the
same manner and exceptions are present to masit(dll) rules. This study is not intended
to supply information on the cultural requiremenfsflowering for individual herbaceous
species/cultivars, but to outline the factors tbah be manipulated by growers to adjust
flowering time, and to discuss and propose a sangegprotocol that will establish for most
species the threshold/required parameters to miaép(force) plants to flower.

A number of perennial species havel@mant period, most commonly during the winter.
Dormancy is a complex topic (as complex as flongriwith different species responses.
Some species need a period of high temperaturendio dermancy, others require low
temperatures. Photoperiod can also have an effecwever, this review is focussing on
influencing flowering in actively growing plant neatal.

Essentially, the time taken for a plant to flowsrthe result of environmental conditions
during two relatively distinct phaseffower initiation andflower expression At its most
simple, a period of induction ‘switches on’ iisitiates flowers, whereas during the period of
expression, the rate at which buds, and then flowers develap be influenced by
environmental conditions.  These two phases cammbaipulated independently. An
understanding of the physiology of flowering allothe development of a targeted screening
system to establish which factors: a) control flaong in certain species and; b) can be
manipulated by growers to schedule bud and flowedyction.

2.1. What influences the initiation of flowers?

A number of environmental factors may be involvedhe control of floral initiation:
* Temperature

» Daylength

* lrradiance

However, inseed raised plants, a significant number of species have to attaioedgain
size/age before they will respond to environmestiahuli that promote flowering. This non-
responsive phase during which flowers cannot b&ated is termedjuvenility. Any
inductive treatments applied whilst the plant ssgjnile will have limited effects on flowering,
and are ‘wasted effort’. No juvenile phase isontgd in the literature for either cutting or
division-raised material. However, current MAFféed work on Lavender (HH1525SHN)
has indicated that with micropropagated plant nigtétere may be a non-responsive phase at
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an early stage of development. Additionally, inody tree species, delayed flowering has
been observed in micropropagated material when aomipto seedling raised material. As
yet, this has not been explored further. Plarg s&n also have an effect on initiation. Larger
plants tend to initiate flowers more rapidly thamadler plants (of the same species), probably
due to the greater area of ‘receptive’ plant tissidéis response is sometimes described as
Maturity .

Flowering is essential for the survival of plairsthe wild and the evolutionary success of
these flowering plants has depended largely ormr Higlity to seed. The synchronisation of

flowering of plants of the same species has enatiless-pollination to occur with the least

‘wastage’ of plant resources i.e. greatest pollamsuccess. Species have evolved differing
requirements for the main environmental cues (teatpee, daylength and irradiance) that
promote flowering. However, the seasonal fluctuadi in these cues change with
geographical location. The further from the equatbe greater the seasonal variation in
daylength and the colder the winters. Plants arepted to the environmental cues

experienced at the geographical location where #heytved. Knowing the geographical

location in which a plant evolved, one can ofteedit the effects of photoperiod and

temperature on flowering. For example, a tempesptries may require a period of cold
followed by long days to ensure flowers are produdaring the summer. In contrast, an
equatorial plant may flower in short days (~ 121saday length) without any requirement for

a cold period.

One word of caution to this general rule: the drggsf ornamental plants by man to produce

new cultivars and species means that a large eleofewariation now occurs andhany
exceptions exist.

2.1.1. Temperature

As described above, many plants (thougbt all) require a period of cold for flower
initiation. This is sometimes termed vernalisatjbatin derived word meaning ‘belonging to
the spring’). However, academic definitions varyaageriod of cold can have two effects on
flowering. It can:

1. make meristems susceptible to conditions that gnemote flower initiation

2. directly initiate flowers

Nevertheless, the end result of each mechanistowsfing, and for those species in which
this response is found, without a period of cdiolwering may be absent or delayed.
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Some plants have an absolute requirement (obligatd)some benefit from (facultative) a
period of cold. The cold requirements of plants floral initiation can be classified as
follows:

» Cold isessential- plants will only initiate flowers after a criitperiod of cold (obligate).

* Cold is beneficial — plants will initiate flowers without cold, bublfowing a period of
cold do so more quickly and/or initiate more floweand/or initiate flowers more
uniformly (facultative).

» Cold isunnecessary- little or no benefit is gained from a periodcofd.

Plants differ in their requirement (temperature dadation) for cold. It may be thought that
the lower the temperature the shorter the perioccadl needed to promote flowering.
However, the duration of cold (and effectivenesscold treatment) depends on the plants
optimum temperature requirement. Many species will reqaiggeater duration of cold at
temperaturebigher or lower than the optimum. In general, temperatures dioseeezing (<
2°C) are less effective than slightly higher tempered (2-8C), and yet higher temperatures
will have a reduced effect. As with all plant nea#t, exceptions exist and many species do
not experience ‘classical’ vernalisation, but eti#éi flowers at relatively high temperatures
(i.e. not requiring a cold store facility).

As well as differing in optimum temperature, spseaifer in the duration of cold required.
Some species require a period of a few weeks (@seospermum) and others require
prolonged periods of time (e.gavandula). In general, after a critical period of cold leeen
supplied, prolonged duration of cold will increabe number of flowers produced up to a
maximum. For example, withavandula angustifolia ‘Hidcote’, 5 weeks cold (&) is
sufficient to initiate flowers, whereas 9 weeksdcwill give the maximum number of flowers.
Further cold has no effect, and will only delay thevelopment of flowers. Ensuring that
plants have enough cold to satisfy their requiremdor flower initiation is important in
practical terms also. Plants that have initiatesvérs normally express (develop) flowers
faster in warm temperatures. However, where thatplhave not received the critical period
of cold, flower initiation will be delayed in theasmer temperatures.

2.1.2. Photoperiod

Although plants actually measure the length of dasgs, we commonly talk of daylength
requirement (photoperiod). As with temperature nexuents, plants can be classified on the
basis of their response to daylength. Some hawabsaolute requirement (obligate) and some
benefit from (facultative) specific periods of daygth.
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* long day (LD) plants are plants that only initiate flowers (obtig) —or initiate flowers
more readily (facultative)- when the length of thaily light periodexceeds a critical
value.

» short day (SD)plants will only initiate flowers (obligate) —oritiate flowers more readily
(facultative)- when the length of the daily lighdrpd isless than a criticalvalue.

» day neutral plants initiate flowers readily iany daylength

The requirement may differ between species (antivaus) for the critical daylength as well
as the duration of that daylength. The role ofleglagth is complex. Daylength and
temperature often interact; daylength can redude @xuirement or even substitute for it
entirely and cold can alter the photoperiod regquéeet e.g. change from obligate to
facultative response. For example we have shownauandula angustifolia ‘Hidcote’, 5
weeks of constant lighting is sufficient to inieaflowers, without any cold period. However,
not all plants respond in this manner and in soraate 24 hour daylength can lead to
chlorophyll degradation and a loss of plant quality

The plants of greatest interest are the LD plaras naturally flower in spring/summer in UK
garden conditions, since it is easier to lengthertexr days through lighting, than to shorten
summer days (for SD plants) through blackout procesl

2.1.3. Irradiance

Photosynthesis is the process by which carbon digoii the air and water combine to form
simple sugars, which are the base units of strattamd food materials. This process is
driven by light and, when no other factor is limgi the rates of plant growth and
development are related to the amount of light iveck (rradiance). Essentially, at low
irradiances the supply of photosynthates (food buitding blocks) is reduced to a level
where growth rate may be limited, and this may yétawer initiation. In some species there
is a requirement for a critical level of light idiance, below which flowering is delayed, but
this appears to be unrelated to photosynthesis.

2.2. What affects flower expression?

Once flowers are initiated the meristem rarely resvs&® vegetative growth, except in extreme
conditions. The meristem then develops into a éotwd and then a flower. The conditions
that favour the development of the flowers (floveapression) can be the same or different
from those required for initiation. Again, plartan be categorised by their responses to the
following conditions:
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* Temperature
» Daylength
* Irradiance

2.2.1. Temperature

Whereas cold temperatures are often the ideal tondior initiating flowers, generally
speaking, warm temperatures increase the ratewefl development. However, these higher
temperatures can also reduce the number of floareisncrease stem length, and at very high
temperatures the loss of quality may be sufficiefthd as to render plants unsaleable.
Consequently, a compromise occurs between speiaadring and number (and quality) of
flowers.

2.2.2. Photoperiod

The same criteria apply for flower expression adlter initiation:

Some plants have an absolute requirement (obligatd) some benefit from (facultative)
specific periods of daylength for the expressiofiaiers. Again plants can be classified as:

* long day (LD) plants are plants that only develop flowers (oltéyja-or develop flowers
more readily (facultative)- when the length of gdight periodexceeds a criticalvalue.

» short day (SD) plants will only develop flowers (obligate) —or a@dep flowers more
readily (facultative)- when the length of dailyHigperiod idess than a criticalvalue.

» day neutral plants develop flowers readily any daylength

In general, the nearer flowers get to being fulpew, the less the importance of photoperiod
becomes. The photoperiod requirement for initratimay be independent of that for flower
expression e.g. plants that require SD for flowstidtion do not necessarily require SD for
flower expression. Furthermore, some plants havdual photoperiod requirement for
completion of flowering needing a periodlmith SD and LD.

2.2.3. Irradiance

The physiology underlying the effect of irradianoe flower expression is identical to that
influencing flower initiation. Where ambient liglgvels are low e.g. winter, the rate at which
the plant develops flowers may be increased atehitgvels of irradiance. Additionally, low
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light levels may lead to reduced quality in plamésng ‘forced’ out of season: higher levels of
irradiance may improve quality.

3.0. How can growers manipulate flowering?

3.1. Temperature

Growers can influence plant growth and floweringotlgh temperature: cold can influence
flower initiation; increased temperatures can hadi@ver expression. Growers are familiar
with raising temperatures and encouraging planvtravith glass and plastic structures. The
use of cold stores to initiate flowers is perhapessa familiar approach to many growers in the
UK.

3.1.1. Facilities for cold treating plants

Not all herbaceous perennial species benefit frgparaod of cold. Nevertheless, a number of
research organisations, notably Michigan State &msity (MSU), have been studying the
benefits of cold treating plants to hasten flowgriReading University and HRI are amongst
the UK research organisations that have also dutties topic. Much of this work uses
controlled environment chambers designed for rebepurposes to impose fairly accurate
cold treatments. Whilst ideal for research, tHasdities are very expensive to purchase and
maintain, and are not ideal for practical use awgrs holdings.

The currently available data refers to cold storfng holding purposes, not for flower
initiation (although this may be achieved inadvetfiein storing conditions). Information on
current cold store use in the ornamentals sectoainly for holding (often dormant) material
prior to marketing, or for batch potting (e.g. R®)seindicates that growers are using a range
of facilities designed originally for storing andfivansporting fresh produce. Nevertheless,
the work carried out at HRI-Efford over the lastfgears has successfully utilised a cut
flower cold store for cold treatingianthus andLavandula.

Technical information on the best design and sedfus facility for cold treating herbaceous
perennials specifically is lacking; indeed thisusdias not been considered to date. As such,
this review outlines theriteria that need to be accounted for in the purchase and/or design of
a facility for cold treating herbaceous perenni@shasten flowering suitable for use on
growers holdings.

The first criterion is theemperature range over which the facility will operate. In their
screening program MSU run the cold temperaturé@t &nd have had marked success at this
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temperature with a number of plants. Howevernésrination on optimum temperatures for
flower initiation of a range of species is gatheneabre effective temperatures, either higher
or lower, may be found. A facility that can runlato 10C +/- 1°C should be ideal. As a
minimum the facility must be capable of holdingtat5’C +/- 1°C.

The second criterion igghting in the facility. When storing dormant materiaghting is not

an important issue, and material such as bareroset can be successfully stored in the dark
for long periods of time. Experience with seedhadisation and holding bedding plants such
as cyclamen, has shown that low levels of lighting often sufficient to prevent chlorophyll
loss. However, plantactively growing at inadequate light levels become etiolated and
rapidly lose quality. This is particularly markedgth alpine plants in cold stores since they
are adapted to grow on at low temperatures. Egpeei at Efford showed that wibianthus
alpinus, although a period of cold {€) was beneficial for the flowering of some cultiva
the plants maintained growth in the cold store andpw light levels, stretched and lost
quality.

No studies have been undertaken in the UK on optinighting (irradiance or duration)

during cold treatment of herbaceous plants. Beglgiants growers holding plants find that
cool white fluorescent lights at 200 lux (~0.5 Wjnare sufficient for maintaining plant

guality in most cases, whereas at MSU the coldifiasi are illuminated with cool white

fluorescent lights at 750 lux (~2.0 Wim Higher irradiances than 2.0 W/may be needed,

and further study is necessary to establish idglt tonditions in cold facilities to maintain
quality. Additionally, the heat load of lights mimeconsidering. Heat build up from lights is
minimised by:

a) using low temperature lights such as fluorescdmgu
b) installing the light gearing/ballast outside ofddhcilities
c) mounting lights externally and shining through iased glass

Information on the best daylength for lighting ol facilities is again limited. Experience at
HRI-Efford has shown that daylength whilst coldatirg plants can have an influence on the
number of flower buds that later develop. Whetties is a response to photoperiod or
increased light energy has not been establishedMSU the cold facilities are lit for 9 hours
per day. However, chlorophyll breakdown may ocdudaylengths less than 12 hours, and
plants can become pale, losing quality. A daylerdth2 hours would be prevent this paling,
although plants usually recover leaf colour wheswgr on in ideal conditions.

Whether holding plants or initiating flowers thesiee a number of potential plant health
problems that need to be minimised:
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Humidity can be a problem: either too low or too high. Wygéicket-type stores(where the
cold air circulates in the wall cavities — the jatkthe air in the store cools and as a
consequence relative humidity increases. Thiketinwith limited air movement may lead to
increased incidence of diseases sucBasytis. The application of fungicides prior to cold
treatment may help reduce disease incidence.

In forced-air stores (where recirculating air is cooled by a condensethe store) the
problem can be one oehydration. Covering plants with fleece can help reduceetfiiects

of dessication, where this is a problem. Dessicatiill be greatest where the condenser is
having to remove too much heat from the systems.svorking too hard’. It may be that the
condenser unit is working at a temperature thdielow its optimum and in this case the
cooling area of the coil may need increasing. rkévely, too much heat may be entering
the system and it is important to ensure that tak imsulation remains dry and any heat input
from lights is minimal. A number of ingenious stduns to the problems of dehydration in
forced air refrigeration (such as ice bank refrgien or zero coolers) are also used in the
fresh produce sector. These may be of use in the teeating of herbaceous perennials
depending on the extent of the problem of desionati The most cost effective units for
growers holdings could depend on what is availahl¢he second hand market!

Prolonged exposure to cold temperatures near tezifrg can lead tahilling injury ,
especially with plant tissues in contact with waltsflooring. However, it is anticipated that
with hardy herbaceous material, optimum temperature for ffomiiation should be above
that capable of damaging plants.

A number of growers are currently using second haffrigerated lorry units/containers.
These are relatively cheap to purchase, can béebcpiickly (and temporarily if necessary).
The installation of lighting is necessary, and &leity would need supplying, but the units
are capable of cold treating plants very effecyivel

The optimum requirements for cold treating herbasguerennial plants are not known but it
appears that a wide range of facilities can be gsedessfully. Only further work on, and
experience of, these factors will supply the infation for growers.

3.1.2. Protected structures

Many HNS growers are now growing plant material emprotection for some or all of the
production cycle, with an estimated 400 ha of prieteé HNS cropping in the UK. The
initiation of flowers may or may not require a mefiof cold. Nevertheless, increased
temperatures under protection will have a significeffect on plant quality and the speed of
flower development in the majority of species.
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This review cannot discuss all available protectgdctures available to growers and their
relative merits. However, a brief overview of sowfethe differences between glass and
plastic structures follows.

It is anticipated that the greatest benefit of grmwplants under protection will be gained
during the colder winter period, as a means of dipgeplant development and flower
expression for early sales of perennials in budiio

Polytunnels are relatively cheap structures to erect, buait be more difficult to control the
growing environment especially in terms of air mmeat, than glass. In the cold damp
months of winter this can lead to increased inaigeof disease associated with high relative
humidity, such as botrytis. Another limitation wigolytunnels is the often low roof height,
making it difficult to install lighting (especialhjheat generating lights such as SON/T).
However, high-sided, single and multispan plagtiectures are now available in the UK with
novel venting systems and raised guttering thatamree these problems.

Glasshousesan offer good facilities for growers of herbace@erennials. The improved
environmental control can benefit plant growth, (ieg the atmosphere drier and reducing
the incidence of disease. In contrast to polytisymglass structures often lend themselves
better to the installation of lighting.

Even without additional heating, glass and plastiactures will raise the temperature of the
growing environment. At HRI-Efford during the gvimg season of 1998-99 the growing
environment was on averagéClwarmer in a well vented poly-tunnel, and°“€5varmer in
an unheated glasshouse than outside. The useatihdpewill, of course, increase these
differences. The individual plant response to terafure is not within the remit of this
review, but experimental work has established tbedring time at set temperatures for a
number of species. However, there is a trade dfffi warm temperatures. Plants may
develop flowers faster at higher temperatures laut stretch and lose quality with high
temperatures and low ambient light levels. Exmpemewill establish the best temperatures
environments to aim for.

An interesting area currently being studied in icafture research organisations is the use of
spectral filters. In time these may be used more widely for cdliigp plant growth habit
(especially stem length) and these may be idealpferenting stretching when ‘forcing’
plants to flower. Plant growth regulators (PGRglymalso be of benefit in controlling plant
height and HDC have funded studies on this topge (@bliography).
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3.2. Light

Before discussing the options open to growers fanipulating flowering through adjusting
daylength and irradiance, a brief explanation efuhderlying responses to light is necessary.
Light can supply plants with either energy (throughotosynthesi3 or information
(photoperiodism) or both. The properties of light measured/reegiby the plants differ in
these two responses.

Photosynthesisrelies on light absorbed by the chlorophyll pignsemm plants. These
pigments absorb light across a broad spectrum, avtilgher absorption of red and blue light
compared to green light, which is reflected (ittiss phenomenon that leads to plants
appearing green). Additionally, as light used hofosynthesis is the energy input into the
system, the amount of light energy (irradiancel$® important and relatively high irradiance
is needed by plants for active growth. It is wantting here that the measurement of light
energy is a confusing area! Human vision is messsive to a narrow range of wavelengths
compared to those wavelengths plants utilise irgdymthesis. Lamp performances are often
calculated for the wavelengths humans can seeranth@st sensitive to (e.g. Lux). However,
Lux is an inappropriate unit for measuring light fse by plants as it is the amount of light
energy that can be utilised in photosynthesis (@erphotosynthetically active radiation —
PAR) that is of importance. This is usually measwasdV/nf or pmol/mé/sec.

In contrast to the chlorophyll pigments, the piginesponsible fophotoperiodic responses
(calledphytochrome) absorbs a narrower range of the light spectrunmignat the red/far-red
end of the spectrum, and plants show photoperi@diponses at lower irradiances than those
required for photosynthesis. The phytochrome pignuecurs in two forms dependent on
light conditions. In daylight the pigment occussan active form. During a period of dark,
this pigment degrades to the inactive form. Whanieresting about this reaction is that light
activates the pigment almost instantaneously, kark deads to a much slower rate of
deactivation. It is this slower rate of deactigatthat is measured by plants and, although we
talk about daylength requirement, plants actuagasure théength of the continuous dark
period rather than the light period.

In summary, plants utilise laroad spectrum of light of high irradiance for photosynthesis
whereas plants monit@hotoperiod using anarrow spectrum of light, andlow irradiance is
adequate.

3.3. Controlling daylength

Plant developmental phase often changes in respgonskanges in photoperiod, especially
the change from vegetative to floral growth, anel ittiation of flower buds. Compared to
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the meagre amount of information on the practicaeats of cold treatment of plants, a
wealth of information is available on the lightinfplants and their responses. In this review,
the plants of greatest interest are the LD plams naturally flower in spring/summer in UK
garden conditions. This requires artificial leregtmng of the daypr shortening of the night.

3.3.1. Day lengthening

The most obvious way of extending day length iswjtching on photoperiod lighting either
before dawn, or at dusk as the natural daylightilshes. This can be very effective.
However, as the natural day shortens in the wirker,start times for the lights need to be
regularly adjusted. The duration of lighting negde extend daylength depends on the
irradiance of light received by the plants and,degerdampenergy output (wattage) height
over the crop andistribution .

3.3.2. Night Interruption / Night Break Lighting

As outlined above, plants measure the period dt.d&onsequently, lighting plants in the
middle of the night is an extremely effective methof giving long day lighting. This
lighting is termedhight break or night interruption lighting (often shortened to NB or NI
lighting). Night break lighting has a number ohbéts over day lengthening: lighting can be
utilised during the cheap night rate electricityripg; and one fixed time can be used
throughout the period of natural short days, avmjdionstant adjustments to a time clock.
Additionally, shorter duration of lighting is reged than for day extension. For example, to
maintain a night length <8 hours in mid winter (mat night length = 14 hours) would require
~ 6 hours day extension or ~ 2 hours night intdromp(splitting the night into two dark
periods of 6 hours). As with daylength extensidre turation of lighting needed for NB
lighting depends on the irradiance of light recdis®y the plants and, hence, larapergy
output (wattage)height over the crop andistribution.

3.3.3. Cyclic lighting

As described previously, light (of the correct wiavgth i.e.red rather tharfar-red) activates
the phytochrome pigment almost instantaneously, thedslower rate of deactivation, that
occurs during the dark period, is measured by thatg This means that regular cycles of
light and darknessyclic lighting) can have the same effect as continuous lightiFigis can
happen as a small amount of pigment deactivationazzur in a period of dark, with no
photoperiodic effect, before the pigment is fulgactivated by another burst of light. An
example of cyclic lighting is a cycle of 15 minutes’ followed by 15 ‘off’ repeated for the
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duration of lighting, starting and ending with am* period. This system works for both day
lengthening and night break lighting. A great barad this system is that lights can be lit in
sequence reducing the number of lights on at aeytiome and hence reducing the cost.

3.3.4. Novel systems

With an understanding of the interaction betweegting and plant development, novel
approaches to lighting that are more cost efficieay be possible.

For example, by using one lamp of high irradiarkich emitted sufficient light at the red
end of the spectrum, it could be possible to achieyclic night break lighting over a
relatively large area. The lamp could be instatbedoverhead rails and pulled up and down
the length of a greenhouse at a slow rate by amaitc pulley system. Alternatively, for a
smaller area, a slowly rotating lamp could be ntedrabove the plants to be treated, The
lamp would need to be angled so that, as it rotfadatficient light was shining onto the
plants. These approaches are theoretical (althanghdotal reports of their use have come
from the USA) and would need some development bacommendations could be made.

3.4. Increasing photosynthesis

Where plants are being ‘forced’ to flower in natlyrdow winter light levels (through raised
temperatures and/or photoperiod lighting) they rhagome stretched or lose overall quality.
In these cases higher irradiance may be necessamptove flower (and plant) quality. To
achieve this, natural daylight can be supplement&l light suitable for photosynthesis
(supplementary lighting). Different properties are required from the lamor
photosynthesis compared to photoperiod control.sefsally, lamps must produce light
across a broader range of the spectrum. Efficieficynning is an important consideration, as
higher irradiance output is required for photosesth lighting.

In contrast to photoperiod lighting, cyclic lightinis of no benefit with supplementary
lighting.

3.5. Types of lights

The placing of lamps is very important to ensatdficient light is delivered. The ideal

height above plants and spacing between lampgdglifietween lamp types and lamp wattage.
This information can be found in the technicalrbtere of light manufacturers and other
technical reports (see bibliography). A range ahps are available and this is not an
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exhaustive review of all possible lamp types. Nthadess, the more common lamp types are
summarised here.

* Incandescent (tungsten filament or GLS)

These lamps are easy to install and maintain, emdteeap to run. They can be suspended in
a line (festoon) very simply, and festoons are labée with waterproof fittings at set
spacings. As the output is very rich in red ligheéy are ideal for photoperiod lighting.
However, under incandescent lamps plants can Btdete to the high far-red output. These
lamps are not suitable for photosynthesis lightasgirradiance is too low for them to be
effective.

*  Fluorescent (MCF)

Tubular fluorescent lamps have a large ‘light pdg’ area, are efficient and have a low
temperature output. The spectral quality of #rags is adequate for photosynthesis but due
to their relatively low irradiance and large sismgeding natural sunlight) are not suited to
photosynthesis lighting in greenhouses. Nevertiselea few growers use ‘compact’
fluorescent lamps for photoperiodic lighting in gnbouses. Additionally, the low
temperature output (which allows location in clpseximity to the plants) makes them ideal
for use incold stores — both for photoperiod and photosynthesis lightifige lamps take 5-10
minutes before they have ‘warmed up’ and are priodusufficient light. For this reason
these lamps are not suited to cyclic lighting.

e SON-T (high pressure sodium)

Probably the most common lamp in horticulture as @apable of both photosynthesis and (to
a lesser extent) photoperiod lighting, has a haghant efficiency and a long life. However, it
requires lamp gear i.e. ballast and ignitor and alseflector. These are commonly combined
together in a single unit called a luminaire. SONamps produce heat, and in a plastic
structure cannot be too close to cladding. Thes@s are expensive to purchase and it is not
recommended that they are installed to provide g@®iod lighting alone — incandescent
lamps are much cheaper. Nevertheless, if alreadyahle they are capable of photoperiod
lighting. As with fluorescent lamps, SON/T lamp&daime to warm up before producing
sufficient light and are not suited to cyclic ligig.

» Metal Halide (MBI)

These lamps have a very high light energy output laawve excellent spectral quality for
photosynthesis lighting. However, these lamps @amently much more expensive than
SON/T lamps, require a luminaire and their lifersggmgenerally shorter than SON/T lamps.
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4.0. Screening Protocols

A large number of questions can be answered thraugtulti-factorial screening protocol.
However, the more factors included in the prototta, larger and, hence, more expensive the
protocol will become. Research style facilitiee aeeded to establish the optimal light and
temperature settings for cold stores and growingmvironments. Nevertheless, important
information, essential for the manipulation of flens, can be ascertained from a relatively
simple screening protocol.

By following the approaches outlined in this revigwould be possible to produce growing
‘blueprints’ for the scheduled production of spead hardy herbaceous plants. However, the
widespread dissemination of this information coleldd to over production of these species
and a loss of competitive advantage for individuaiseries. With this in mind the following
screening protocols have been designed to be ysgblwers on their own nurserieswith
their own chosen range of species. This shoutivatlevelopment of scheduled production
whilst maintaining confidentiality for the produaeir specialist species. Nevertheless, there is
still merit in a demonstration of the protocol gndher research for the establishment of the
responses of some ‘indicator’ species, and thssiggiested in the further work section.

It is anticipated that initially these protocolslivwbhe undertaken in th&inter months to
produce material irbud or flower in early - late spring, before the ‘natural’ flowering
season of spring or summer. This is because rielaively simple to impose long days
against a background of short days. The same goist@ould supply information for the
extended production of flowers into late summedeaut (for those species that cease
flowering earlier in the year). However, plant eval that has beeoverwintered in an
unheated structure, or outside, prior to the beginning oy aummer screening protocol may
already have naturallinitiated flowers. Delaying the appearance of these flowers could
require either short days (requiring blackouts)iregiaa background of long days or else start
material maintained in an uninitiated state ovartei (e.g. in a heated greenhouse) which can
be difficult.

The start point for the protocols is a cold stokHowever, not all herbaceous perennials that
flower in long days require a period of cold foitistion of flowers (see section 2.1.1) — and
this can be established through the protocols. thase that do, allowing plants to accumulate
cold naturally for a proportion of the winter petionay satisfy the cold requirement before
they are placed under protection early in the nearywith or without LD lights). This
approach may be sufficient and cheaper but willdss reliable between yearslue to the
variability in the weather. Alternatively, onceetltold requirement is known, it may be
possible to allow plants to accumulate cold natyrfalr a period of time, and then place them
in cold store for a short period of time (1-2 wéet ensure cold requirement is satisfied
prior to growing on to flower.
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Where growers wish to apply the necessary conditiand environments on herbaceous
perennial species, the requirements first need eoestablished using robust repeatable
methodology. This is the role of a screening proto

Realistically, the following questions need answegiffor individual species:

A. Flower initiation

* Do the plants require cold for initiation?

» What is the duration of cold required?

» Do plants initiate faster/more flowers under lomayslor short days?
* What level of irradiance is necessary in the ctide®

B. Flower expression

» Does temperature influence speed of flowering?

* Is heating necessary for commercial production?

* Do plants develop flowers faster/more flowers uridag days or short days?
* Is supplementary lighting necessary to maintaintpdgality ?

These questions vary in their importance in a l@st@roduction system. As more factors
are included the level of both complication andtaesl increase and the work required to
answer all of the above questions would be prakéito most nurseries and expensive. It is
more likely that a limited screening protocol woudigntify species worthy of further study
and their ‘rough’ requirements; ‘fine’ details cduhen be established through small scale,
detailed work.

As it is likely that the screening may only be pbkson nurseries for one period of time each
year (winter-spring), one large screening progranmmagy provide the same amount of
information as two smaller programmes, but in oearyrather than two. Consequently, two
protocols are presented here: Protocol | and Il

* Protocol |
This is the ‘bare bones’ protocol to quickly eststlthe groupings of a wide range of species
that may benefit from a cold period and/or adjustaglength for flower manipulation.

* Protocol 11

This addresses the same questions as Protocdld/dauidentifies whether additional heating
and/or lighting benefiterop quality. In essence, Protocol Il allows growers to ‘pakd
choose’ the additional options for studying depegdn the facilities available to them.
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4.1. Questions and Answers

A number of questions will need answering befoeeplotocols can be undertaken — these are
included here along with answers!

What species should | study?

It is suggested that herbaceous perennial spdweglower in spring/summer would be best
suited to scheduling. Compact species that bearcttte flowers would be well suited to the
market that will most benefit from scheduling.

How many factors should | include in the protocol?

In general the factors highlighted in the reviewrdkiencing flowering fall into two groups:
those controlling the presence, or not, of flow@tswer initiation) and those controlling
flower development which also have an impact oregamlant quality and hence saleability.

The factors that supply information as to wheflh@wvers can be producedare theessential
ones. These are:

» Do the plants require cold for initiation?
» What is the duration of cold required?
» Do plants develop flowers faster/more flowers urildag days or short days?

The factors that supply information as to whetbaleable plantscan be produced are the
supplementary ones. These are:

» Does temperature influence speed of flowering?
» (if so) Is heating necessary for commercial prodnét
* Is supplementary lighting necessary to maintaintpigality ?

There are also a numberfafe tuning factors better suited to a ‘trial and error’ apgmb (due
to the wide range of treatments that need testiritpd the optimum), such as:

» Do plants initiate faster/more flowers under lomyslor short days?
* What is the optimum daylength for initiation?

* What is the optimum daylength for flower expres8ion

* What are the optimal temperature regimes?

» What are the optimal lighting regimes?
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It is suggested that the essential factorsahmays studied, along with those supplementary
factors suited to the production capability of thesery. Fine tuning factors are of benefit
when the main responses have been establishedeadchot be included initially.

Do | need a cold store?

It is possible to allow plants to accumulate coltunally rather than using a cold store.
However, it will be difficult to establish plant icbrequirement without using a cold store. A
basic approach without a cold store would be taisetjally move batches of plants under
protection (with and without lights) in Decembeandary and February. This could give
valid information for a commercial system but wolddk precision.

When should | start cold treatments?

The ideal start date for using the screening patmcestablisiplant requirements would be
October/November. As plants will have accumulditt® natural cold prior to this date.
This would also allow the 12 week cold treatmentdme out into similar conditions as the
other treatments. In practice, if aiming for metikg plants in March/April, the start date for
cold treatment for commercial production may bed&eber/January.

What age of material should | use?

It is important to consider the *history’ of theapl prior to starting the screening protocol. As
plants need to meet quality specifications on agavell as flowers, it may be necessary to
manipulate plant growtlprior to initiation to ensure plants are of an adequare at
flowering. Essentially, the age of material toused should be guided by plant size. There is
little commercial benefit in establishing how tat flowers on an unbranched cutting!.

What size of pot is best?

There is no reason why large pots (and plantshoame studied as long as the plants satisfy
the criteria in the previous answer. A lot willpgad on the product specification for the
market place. One extra consideration is the &itimhs of space; under lights or in the cold
store.

What P&D regime should | follow?
It is recommended that a preventative botrytis ssaapplied to plants prior to moving into
the cold store. White fly can be a problem unther lights when growing plants on and at

low temperatures, biological control may be limjted a routine pest spray may be necessary.
All other P&D regimes should be as normal for conuia production.
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4.2. Protocol | (cold and day length requirements)

This is the ‘bare bones’ protocol to quickly eststlthe groupings of a wide range of species
that may benefit from a cold period and/or adjustadength for flower manipulation.

The following questions are addressed:

* Do the plants require cold for initiation?
» What is the duration of cold required?
* Do plants develop flowers faster/more flowers urldag days or short days?

Facilitiesrequired

» Cold storeat 4-5C lit with fluorescent tubes for 8 hours a day
» Glasshouse or polytunnelith two areaswith the following conditions

no lighting (assuming ambient daylength is SD)
photoperiod lighting (tungsten filaments) with 2un® night break lighting (LD)

One way to impose lighting treatments on a limiggda in a glasshouse or polytunnel is to
separate off the area illuminated by the lightshwat thick opaque plastic sheet/curtain
suspended such that no light falls on adjacenttiglafhis method has been shown to be very
effective at HRI-Efford when separating small comwpents for just this purpose.
Alternatively, two similar structures could be usede with lights, one without lights

Treatments (See Figure 1a)

Cold storefor

4 weeks, OR

* 8 weeks, OR

« 12 weeks, OR

* No cold treatment.

AND

Under protection with

* long day, night interruption lighting, OR
* no additional light. i.e. unlit, short days

4 x 2 = 8 treatments in total. It is suggested fitaplants are the minimum needed for each
treatment = 80 plants.
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Method (See Figure 1a and 1b)

Initially , 80 plants from the same batch should be colletigdther. Ideally, the plants
should be of similar size and age. Plants shoelsiit into four equal batches of 20 plants:
Place 60 plants in theold store (4-5°C lit with fluorescent tubes for 8 hours a day)heT
remaining 20 plants will receive no cold and sholbéd placedunder protection: 10 under
photoperiod lighting (tungsten filaments with 2 mouight break lighting), and 10 without
additional lighting.

4 weeks, 8 weeks and 12 weeks after the stamke 20 plants from theold store, and place
10 in the area with photoperiod lighting (tungstiésaments with 2 hours night break lighting,
and 10 in the area without additional lighting.

It is suggested that plants are labelled eithéhatstart of treatments or as they are moved
from the cold store into the growing on conditiorBlants should be observed and recorded
frequently, at least weekly, and the day the ted and flower are observed should be noted.
General descriptions should also be recorded. ofsiple recording temperatures under
protection can be useful when interpreting results.

© 2000 Horticultural Development Council 20



Figure la. Experimental treatments

Treatment
label Week number
Start + 4 weeks + 8 weeks + 12 weeks
1 SD SD SD SD
2 LD LD LD LD
3 SD SD SD
4 LD LD LD
5 SD SD
6 LD LD
7 SD
8 LD
Figure 1b. Number of plants at each location
Facilities Start + 4 weeks + 8 weeks + 12 weeks
60 40 20 0
SD 10 20 30 40
LD 10 20 30 40
Total 80 80 80 80
Key
= Cold store at 4% lit with fluorescent tubes for 8 hours a day
sp = Glasshpuse or polytunnel with no lighting (asswnambient
daylength is SD)
LD = Glasshouse or polytunnel with photoperiod lighti (tungsten

filaments) with 2 hours night break lighting (LD)
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4.3. Protocol Il. (cold and day length requirements, and benefit of additional
heating and photoperiod lighting)

This addresses the same questions as Protocdld)dauidentifies whether additional heating
and/or lighting benefiterop quality. In essence, Protocol Il allows growers to ‘pakd
choose’ the additional options for studying depegdin the facilities available to them.

Heating can alloviiner prediction of flowering time. Heating and lighting may alsave a
marked effect on plant quality and hence salegbilit

The following questions are addressed:

* Do the plants require cold for initiation?

» What is the duration of cold required?

* Do plants develop flowers faster/more flowers urldag days or short days?
» Does temperature influence speed of flowering8o

* Is heating necessary for commercial production?

* Is supplementary lighting necessary to maintaintpigality ?

Facilitiesrequired

» Cold storeat 4-5C lit with fluorescent tubes for 8 hours a day
* Unheated glasshouser polytunnel witifour areaswith the following conditions

no lighting (assuming ambient daylength is SD)
8 hours supplementary (photosynthesis) lighting)(SD
photoperiod lighting (tungsten filaments) with 2un® night break lighting (LD)

@ ® 6 ®

8 hours supplementary lighting and 2 hours nigaakiighting (LD)
* Heated glasshouser polytunnel withfour areaswith the following conditions

no lighting (assuming ambient daylength is SD)
8 hours supplementary (photosynthesis) lighting)(SD
photoperiod lighting (tungsten filaments) with 2un® night break lighting (LD)

@ ® D

8 hours supplementary lighting and 2 hours nigaakdighting (LD)

One way to impose lighting treatments on a limiggda in a glasshouse or polytunnel is to
separate off the area illuminated by the lightshwat thick opaque plastic sheet/curtain
suspended such that no light falls on adjacenttiglafhis method has been shown to be very
effective at HRI-Efford when separating small comwpments for just this purpose.
Alternatively, two similar structures could be usede with lights, one without lights
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Treatments (See Figure 2a)

Cold store for

* 4 weeks, OR

* 8 weeks, OR

* 12 weeks, OR

* No cold treatment.

AND

Under protection with

* Long days, night interruption lighting, OR
* Short days, unlit

AND

» Heating, OR

* No heating

AND

* With supplementary lighting, OR
» Without supplementary lighting

4 x 2 x 2x2=32treatments in total. It is sesigd that 10 plants are the minimum needed
for each treatment = 320 plants.

Method (See Figure 2a and 2b)

Initially , 320 plants from the same batch should be cotletigether. Ideally, the plants
should be of similar size and age. Plants shoelgtit into four equal batches of 80 plants:
Place 240 plants in theold store (4-5°C lit with fluorescent tubes for 8 hours a day)heT
remaining 80 plants will receive no cold and shduddplaced under protection: a total of 40
plants should go into thdweated structure; 10 without additional lighting, 10 under
photoperiod lighting (tungsten filaments with 2 mounight break lighting), 10 under
supplementary lighting (8 hours SON/T lamps), a@didder supplementary lighting (8 hours
SON/T lamps) with additional 2 hours night breaghting (SON/T lamps). The remaining 40
plants should go into the same conditions imatreated structure.

4 weeks, 8 weeks and 12 weeks after the stamke 80 plants from the cold store, and place
under protection: a total of 40 plants should gto ithe heated structure; 10 without
additional lighting, 10 under photoperiod lightirfungsten filaments with 2 hours night
break lighting), 10 under supplementary lighting {8urs SON/T lamps), and 10 under
supplementary lighting (8 hours SON/T lamps) witldidonal 2 hours night break lighting
(SON/T lamps). The remaining 40 plants should go the same conditions in amheated
structure.
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It is suggested that plants are labelled eitheéhatstart of treatments or as they are moved
from the cold store into the growing on conditiorBlants should be observed and recorded
frequently, at least weekly, and the day the fixgdl and flower are observed should be noted.
General descriptions should also be recorded. ofsible recording temperatures under
protection can be useful when interpreting results.
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Figure 2a. Experimental treatments

Treatment
label Week number

Start + 4 weeks + 8 weeks + 12 weeks
1 SD SD SD SD
2 SD & Supp SD & Supp SD & Supp SD & Supy
3 LD LD LD LD
4 LD & Suprg LD & Suprg LD & Supr LD & Supr
5 SD SD SD SD
6 SD & Supy SD & Supy SD & Supy SD & Supy
7 LD LD LD LD
8 LD & Supp LD & Supp LD & Supp LD & Supp
9 CS SD SD SD
10 CS SD & Supp SD & Supp SD & Supp
11 CS LD LD LD
12 CS LD & Suprg LD & Supr LD & Supr
13 €S SD SD SD
14 CE SD & Supy SD & Supy SD & Supy
15 CS LD LD LD
16 CS LD & Supp LD & Supp LD & Supp
17 CS CS SD SD
18 CS CS SD & Supp SD & Supp
19 CS CS LD LD
2C CE Cs LD & Supg LD & Supg
21 €S Cs SD SD
22 CE Cs SD & Supy SD & Supy
23 CS CS LD LD
24 CS CS LD & Supp LD & Supp
25 CS CS CS SD
26 CS CS CS SD & Supp
27 CS CS CS LD
28 e CSs Cs LD & Supr
29 €S Cs Cs SD
3C Cs Cs Cs SD & Supy
31 CS CS CS LD
32 CS CS CS LD & Supp

(Key presented overleaf)
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Figure 2b. Number of plants at each location

Facilities Week number
Start + 4 weeks + 8 weeks + 12 weeks
CS 240 160 80 0
SD 10 20 30 40
SD & Supp 10 20 30 40
LD 10 20 3C 40
LD & Supr 10 20 3C 40
SD 10 20 3C 40
SD & Supp 10 20 30 40
LD 10 20 30 40
LD & Supp 10 20 30 40
Total 320 320 320 320
Key
= Cold store at 4% lit with fluorescent tubes for 8 hours a day
= Heated glasshouse or polytunnel with no ligh
SD (assuming ambient daylength is SD)
SD & Supp = Heated glasshouse or polytunnel with supplemmgtighting
(8 hours SON/T lamps)
LD = Heated glasshouse or polytunnel with photopdigitting
(tungsten filaments) with 2 hours night break liggt(LD)
= Heated glasshouse or polytunnel with supplemeiiginting (8 hours
LD & Supp | SON/T lamps) with additional 2 hours night breaghting (SON/T
lamps)
SD = Unheated glasshouse or polytunnel with no ligiti
(assuming ambient daylength is SD)
SD & Supp = Unheated glasshouse or polytunnel with suppleamgrighting
(8 hours SON/T lamps)
LD = Unheated glasshouse or polytunnel with photopdrghting
(tungsten filaments) with 2 hours night break light(LD)
= Unheated glasshouse or polytunnel with suppleamgniighting (8
LD & Supp | hours SON/T lamps) with additional 2 hours nighedk lighting

(SON/T lamps)
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5.0. Concluding statement

Scheduling of plants in flower or bud has the pbé&trio open up anew market for
traditional HNS growers. The information that can be gained from the tssoff the
protocols will allow growers to establish the eowmental ‘cues’ for flowering. This
understanding will enable the grouping of herbaseperennial species by their responses;
e.g. require cold and long days etc. Plants frobesé groups can then be manipulated to
produce flowers over an extended season.

The screening protocols described here areiderby growerson their nurseries with their
own range of crops. Through this approach it Wwél possible for growers to establish the
environmental requirements for flowering of thgesialist species without the widespread
dissemination of growing ‘blueprints’ and the pdieh over production and loss of
competitive advantage that could be associatedthih

The use of a cold store, a protected structurephiotoperiod lighting should be sufficient to
manipulate flowering in a large number of herbaseperennial species. It is envisaged that,
initially, the best approach will be to concentrate LD plants and encourage flowering in
early spring, before their natural flowering periodowever, further R&D work is needed to
‘fine tune’ the protocols and also develop the ficat application of scheduling techniques to
herbaceous perennials. Plants need to meet qapkiifications on size and form as well as
flowers and it will be necessary to manipulate pignowth prior to initiation to ensure plants
are of an adequate size at flowering.

One issue not covered in this review is tust benefit of scheduling The use of a cold
store, lighting and heating is expensive. Unléss increased cost can be recovered (plus
more) scheduling will not be a viable system. Trweased return can come through:

a) selling products into the market place before cbeapports arrive in the UK, and/or

b) better use of growing areas, by clearing spaceeeanl the year allowing an extra crop
through.

An important factor in scheduling will be the endnket for the products. Again, scheduling

is only really viable if customers want to buy tearlier flowering plants. These issues are
outside the remit of this review, but must be cdes:d.
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6.0. Recommendations for further work

1. The mostimmediate recommendation is for th&esting of the screening protocol
proposed here. This should include up to 10 spegaielected by a sub-committee of hardy
herbaceous perennial growers) which are representait a range of expected requirements.
This would allow:

a) ‘fine tuning’ of the protocaol,

b) practical demonstration to the industry (technology transfer);
c) an initialcost benefit analysiof production costs, and;

d) thepublication of the findings as a ‘base line’ database.

2. The approach taken here for hardy herbaceous palemould also have application to
flowering shrubs. However, woody species can have complicated Iflordiation over
relatively long periods of time i.e. with plant®wering on old wood, initiation may occur 6
months before flowers develop. Nevertheless, theyeld be merit in trying talevelop a
screening protocolfor establishing the environmental requirementsfitawver initiation and
development in flowering shrubs

3. Whilst compiling the review it was clear that thare a number of areas in which there is
limited or no information to guide growers. Thissuaost notable in the area of cold store
facilities. Further development work is therefore needed to establish suitable
recommendations for:

a) Cold store type- what is the most suitable system for cold swptants at 1-1TC
for up to 3 months?

b) Lighting in cold stores — what is the most cost-effective system for liggptplants,
and what is the light level needed to sustain pdaiality whilst cold treating plants?

4. Immediate improvements could be suggested for sdimed techniques through the
further study of the control of plant form througie use ofPGRs and Spectral Filters.
HDC funded work has already demonstrated improvesn@nplant form through the use of
PGRs in HNS (HNS 39, 39a & b). Spectral filters a topic for the future with promising
results already emerging for pot plants, cut flavand HNS. The potential for the use of
Spectral Filters lies not only on the manipulatainplant growth, but also in the control of
pests and diseases.
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There are a number of topics aftrategic researchthat would benefit the development of
scheduling in herbaceous and woody perennials:

5. Research is needed into the development and pioduct pre-determined plugsthat
are already partially, or fully induced to floweefbre delivery to the nurseryman. This
would remove the need for cold store facilities iodividual nurseries, and could have
potential for export markets also. This requiregkninto theinfluence and persistence of
partial induction of flowers.

6. Itis clear thastock plant managementas a major effect on the development of flowers
in cuttings. Methods for maintaining un-initiatexittings would aid consistent flower
scheduling between seasons, and also through #nelpgeremoving variability.

7. Basic scientific researchis still needed into thelant physiology of floral initiation.
Although a reasonable amount is known about thig i@ deeper understanding of the plant
processes may allow the development of new appesatchfloral initiation e.g. development
of a molecular assay for cold requirement.
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