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REENHOUSE GROWER
and Michigan State
University researchers
have teamed up to compile all three
Forcing Perennials series into one
bookdet, In Firing Up

Nty 1
> Perennials: The 2000 Series,
we’ve included all 35
Forcing Perennials arti-

cles that have appeared in
GREENHOUSE GROWER
since March 1996. As a
bonus, we’ve included an ad-
ditional article on producing
the tender perennial
Pennisetum setaceum, or pur-
ple fountain grass, and an intro-
ductory article summarizing
MSU’s perennial research efforts.

Firing Up Perennials: The 2000
Series has been reorganized for your
convenience. We've made this booklet
easy for you to use, grouping together
topical articles and alphabetizing
perennials by species name.

We hope this booklet will be a valu-
able tool for your greenhouse opera-
tion. Good Juck and great growing!

-GG staff and MSU researchers

For information on ordering additional copies, contact:

GG Plus

37733 Euclid Ave.

Willoughby, OH 44094
tel: 440-942-2000

fax: 440-942-0662
e-mail: gg_circ@meisternet.com

PERENNIALS - THE 2000 EDITION

TABLE OF CONTENTS

Forcing Perennials For Flowering Potted Crops ........ 3
Forcing Perennials 101 .........ccooiiiiiiininonnn. 5
Forcing Perenifigls 102" .vcveoas vvvansss swesmsas s us 7
Forcing Perennials: Cold Requirements ............... 9
Forcing Perennials: Root Zone Management ........ 13
Forcing Perennials: Perennial Height Control ........ 17
Forcing Perennials: Temperature ................... 21
Forcing Perennials: Marketing ..................... 25
Forcing Perennials: Florel ................ccoooonhn. 28
AChillea spp. .. ..vvvuii i 31
ANEmone NUpehensls . v vviwisw vismaem svvesis 36
ASUIDE SPP. .+« o v e i e e e e 40
Campanula carpatica ‘Blue Clips’ ................... (A
Campanula ‘Birch Hybrid" . .. ..... ... ... 48
Coreopsis grandiflong .. .-« vu vavis v s e 52
Coreopsis verticillata ‘Moonbeam’™ .................. 56
Delphinium grandiflorum ‘Blue Mirror' . .............. 60
Echinacea purpurea ‘Bravado’ ...................... 64
Gaillardia x grandiflora ‘Goblin™ ..................... 68
Gaura lindheimeri ‘Whirling Butterflies .............. 72
Geranium dalmaticum . ............................ 76
Hibiscus moscheutos ‘Disco Belle Mixed' ............ 80
FIGSETRID. oons mrrinsis 1500050 frmmmmmer s A 84
LavandilaranGustifola ... oo cossmmws somsamasis 88
Leucanthemum x superbum ‘Snowcap’ .............. 92
Lobelia x speciosa ‘Compliment Scarlet’ ............. 96
Oenothera fruticosa ‘Youngii-lapsley’ .............. 100
Pennisetum setaceum . .......................... 104
Penstemon digitalis ‘Husker Red’ .................. 106
Physostegia virginiana . . . .. ....................... 111

Platycodon grandiflorus ‘Sentimental Blue’' ......... 115
Rudbeckia fulgida ‘Goldsturm’ .................... 118
Saxifragaxarendsii . ...................c.ccu..... 123
Sedum spectabile x telephium ‘Autumn Joy' ........ 127
Stokesia laevis ‘Klaus Jelitto’ ..................... 131

Veronica longifolia ‘Sunny Border Blue' ............ 136
Summaryarticle .............o i, 139



INTRODUCTION

FORCING PERENNIALS

by ERIK S. RUNKLE,
BRIDGET BEHE,
ART CAMERON, WILL
CARLSON, and
ROYAL D. HEINS

ERBACEOUS

perennials comprise

a vast array of

species and culti-
vars that flower naturally from
early spring to late autumn.
Commercial U.S. growers have
traditionally produced nonflower-
ing perennials. Interest in produc-
ing flowering perennials has in-
creased in recent years because
flowering plants outsell nonflower-
ing ones in most instances. But
there’s relatively little information
available on how to flower peren-
nials, making uniform and timely
crop flowering difficult.

Since 1993, one of the major re-
search objectives of the floriculture
program at Michigan State
University (MSU) is to identify
flowering requirements for a broad
range of cold-hardy (to about
—20°F) herbaceous perennials so
that crops in flower and of a certain
height are ready for sale on a pre-
determined date. Because some
spectacular plants are not cold
hardy, we’ve also included a few
tender perennials like purple foun-
tain grass, or Pennisetum setaceum,
in our research program.

The perennial group at MSU is
led by Drs. Royal Heins, Art Cameron,
and Will Carlson. More recently, Dr.
Bridget Behe joined the group with a
specific interest in marketing and gar-
den performance. Dr. John Biernbaum
has studied some nutritional require-
ments for perennial production. In the
last seven years, 18 graduate students,
five technicians and research associ-
ates, four post-doctoral scientists, two
visiting scholars, and dozens of under-
graduate students have made valuable
contributions to the program.

Our primary goal is to understand
the entire growth and developmental
processes of herbaceous perennials
from propagation to flower, not only to
assist growers but also to impart new
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Figure 1. Heuchera sanguinea ‘Bressingham
Hybrids’ has a juvenile phase. Top tier: Without
cold, plants from small plugs and large plugs re-
main vegetative under both long and short days.
Bottom tier: After 10 weeks of cold treatment,
only large plugs flower.

knowledge on plant growth and flow-
ering responses. Our research program
exists because of the strong financial
support and exchange of ideas from a
network of companies involved in all
aspects of perennial production and
sales. Their valuable contributions
have been investments in their vision
of successfully producing flowering
herbaceous perennials.

Ripe For Research

We've selected perennials for this
study based on several considerations,
including species and cultivar populari-
ty, suitability for container production,
and industry recommendations. After
initial trials, we studied promising

plants more intensely to de-

termine how environmental

factors influence growth, de-
velopment, and flowering,.

As with any crop, produc-
ing high quality plants re-
quires a combination of ap-
propriate genetics, cultural
procedures, and environ-
mental conditions. The pri-
mary mechanisms that con-
trol flower initiation of
herbaceous perennials are
starting plant age (or size), vernal-
ization (cold temperature treat-
ments), and photoperiod
(daylength). Once all other envi-
ronmental requirements are met,
time to flower is primarily a func-
tion of temperature. Finally, height
control strategies are required to
keep tall-growing plants in propor-
tion to their container. With de-
tailed, species-specific knowledge
and successful implementation,
growers can schedule the produc-
tion of attractive, flowering herba-
ceous perennials in containers for
one or more market windows
(Figure 1).

Juvenility. Herbaceous peren-
nials are propagated by virtually
all available techniques: seed,
stem and root cuttings, tissue cul-
ture, and division. Many species
have a short juvenile phase, caus-
ing plants to perceive flowering
signals early in their develop-
ment. Some plants, especially
those grown from seed, must reach a
certain age or size before they can
sense inductive conditions and sub-
sequently flower.

One consistent method of estimat-
ing a plant’s maturity is by counting
its leaves or nodes. A plant’s actual
age doesn't offer enough information
because it doesn’t take into account
the growing temperatures the plant
encountered. For example, Heuchera
sanguinea ‘Bressingham Hybrids’ has
an extended juvenile period, and its
actual age isn’t an adequate measure
of its readiness to flower. After a 10-
week cold treatment only the larger
plug-grown Heuchera seedling flow-
ered, whereas the smaller plugs didn’t



flower (Figure 1). Small seedlings were produced in 128-
cell plug trays and averaged seven leaves per plant, while
large seedlings produced in 50-cell plug trays averaged 14
leaves per plant. Once a species’ juvenility is quantified,
you can grow plants to maturity and then expose them to
inductive conditions for flowering.

Vernalization, Or Cold Treatment. Vernalization is a pe-
riod of cold treatment that induces a plant to flower after
being exposed to warmer temperatures. We've defined
four general response categories that describe the effects of
a cooling period on herbaceous perennials. For a few
species, a cold period actually has detrimental effects on
subsequent growth and flowering, and isn’t recommend-
ed. For some, a cold treatment has no effect on flowering.
The majority of herbaceous perennials either benefit from,
or require, a cold treatment to flower. In these cases, plants
not cooled may eventually flower, but flowering is general-
ly poor, delayed, and nonuniform.

Vernalization length and effective temperature range varies
by species. In general, optimum chilling temperatures for
perennials are from 35°F to 44°F (2°C to 7°C). Many either
benefit from or require six to 10 weeks of cold, but some
species respond to as few as three weeks. Except for plants
that have a juvenile period, it’s easiest to provide plugs with
cold temperatures before transplanting to the containers.

Photoperiod, Or Day Length. In temperate regions, the
natural daylength, or photoperiod, changes dramatically
during the year. Many plants have mechanisms that inter-
pret seasonal changes by measuring daylength, and will
then flower at a time of year that is favorable for pollina-
tion and seed dispersal.

Photoperiods that differ from natural ones can be created
in the greenhouse, an already common practice with pho-
toperiodic crops such as poinsettias and chrysanthemums.
When natural photoperiods are short, an effective method
of providing long days is to supply light for four hours dur-
ing the middle of the night (for example, from 10 p.m. to 2
a.m.), known as night interruption (NI) lighting. You can
use most lamp types to create long days as long as the light
intensity is at least 10 footcandles.

Most northern herbaceous perennials can be grouped into
three categories based on photoperiodic effects on flower-
ing: 1) long days are not required; 2) long days are benefi-
cial; and 3) long days are required. Plants benefiting from
long days will eventually flower under short days, but will
flower more quickly and uniformly under long days. Plants
requiring long days simply will not flower when grown
under short days. One such plant is Rudbeckia fulgida
‘Goldsturm.” Regardless of cold treatment, ‘Goldsturm’ re-
mains vegetative under daylengths of 12 hours or less, and
blooms only when photoperiods are at least 13 hours or
with a four-hour NI (Figure 2).

Temperature. The timing and scheduling of flowering
herbaceous perennials varies among species, but we've
made some generalizations. Plants grown at cooler temper-
atures take longer to flower, but may be more robust, have
thicker stems, and have larger and greater numbers of flow-
ers. With some exceptions, plants grown at constant warm
temperatures (greater than 80°F (27°C)) have poor quality
with few flowers. Forcing temperature’s effect on flower size
is readily apparent in Campanula ‘Birch Hybrid’ (Figure 3).

To flower several different types of herbaceous perennials
at one time requires grower flexibility. You may need to use

RUDBECKIA FULEIDA "GOLDSTURM’
16 WEEKS OF 5C
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PHOTORERIOD: HOURS
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Figure 2. Rudbeckia fulgida ‘Goldsturm’ plants remain vegeta-
tive under photoperiods of 12 hours or less, and flower when
photoperiods are at least 13 hours or with a four-hour night
interruption (NI).

Figure 3

Figure 3. Flower size of Campanula ‘Birch Hybrid’ decreases
as forcing temperature increases.

several temperature regimens with staggered planting dates
to bring a range of perennials into flower on one predeter-
mined date.

Height Control. You may need to control height for pot-
ted flowering perennials. We've studied several techniques
to control plant height, including photoperiod manipula-
tion, spectral filters, temperature, nutrition and water stress,
and growth retardants. Although growth retardants can be
effective in slowing stem extension, these chemicals are con-
sidered by some as environmentally unfriendly, and some
are not available in certain countries. Recently, we've start-
ed evaluating plastic spectral filters which selectively re-
duce transmission of far-red light, the waveband that pro-
motes stem extension. This and similar filters show great
promise for the future.

Present And Future

We have studied more than 200 cultivars and species to
learn the best methods of producing flowering perennials
and optimize growth and propagation. Thousands of plants
are classified as herbaceous perennials, and the number of
species we've studied is just a small portion. With all the
species left untouched and more information needed on
those we’ve already studied, our research program will cer-
tainly be active for years to come. GG

About the authors: Erik S. Runkle is a graduate research assistant
and Drs. Bridget Behe, Art Cameron, Will Carlson, and Royal D.
Heins are professors,Department of Horticulture, Michigan State
University, East Lansing, MI 48824.



FORCING PERENNIALS

Editor’s note: In this exclusive series, Michigan State University researchers tell
growers how to give the public what they want: perennials in flower.
Here we start with the basic science behind forcing techniques.

Table 1 Response of herbaceous perennials
. to long days (LD)

LD required (obligate LD plant)

Achillea filipendulina ‘Cloth of Gold'
Asclepias tuberosa

Campanula carpatica ‘Blue Clips’
Chrysanthemum coccineum ‘James Kelway’
Coreopsis grandiflora ‘Early Sunrise’
Coreopsis verticillata ‘Moonbeam’
Gypsophila paniculata ‘Double Snowflake’
Hibiscus x hybrida ‘Disco Belle Mixed'
Lavandula angustifolia ‘Hidcote Blue’
Oenothera missouriensis

Physostegia virginiana ‘Alba’

Rudbeckia fulgida ‘Goldsturm’

LD beneficial (quantitative LD plant)
LD horticulturally required
Coreopsis grandiflora ‘Sunray’
Echinacea purpurea ‘Bravado’
Gaillardia grandiflora ‘Goblin’
Leucanthemum x superbum ‘Snowlady’ and other seedlings
Lobelia x speciosa ‘Compliment Scarlet’
Salvia superba ‘Blue Queen’
LD beneficial horticulturally
Astilbe arendsii (LD increase flower number)
Lavandula angustifolia ‘Munstead Dwarf’ (after cold, shorter plants under
short days)
Platycodon grandiflorus ‘Sentimental Blue’ (LD slightly hasten flowering)

LD not required (day-neutral plants)
Aquilegia x hybrida (all cultivars)
Armeria x hybrida ‘Dwarf Ornament Mix’
Armeria latifolia
Aster alpinus 'Goliath’
Delphinium elatum ‘Blue Mirror’
Dianthus deltoides ‘Zing Rose’
Heuchera sanguinea ‘Bressingham Hybrids'
Iberis sempervirens ‘Snowflake’
Leucanthemum x superbum ‘Snowcap' (presumably a day-neutral clone)
Lewisia cotyledon
Linum perenne ‘Sapphire’
Primula veris ‘Pacific Giants’
Scabiosa caucasica ‘Butterfly Blue’
Veronica longifolia ‘Sunny Border Blue'’
Veronica spicaia ‘Blue’

by ART CAMERON, ROYAL HEINS, and
WILL CARLSON
IHERE'S no denying that perennials are
hot! This increased demand for perenni-
| als by the gardening public has retailers

I working to increase the number and di-
versity offered for sale.

This new demand has put an added burden on
growers, many of whom are unfamiliar with a
diverse and somewhat complex group of plants.
How could anyone possibly be expected to learn

CAMPANULA CARPATICA
10 WEEKS OF 5C

8 WEEKS IN GREENHOUSE

LE PLUE ¢y

LD

RUDBECKIA FULGIDA
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Dramatic effect of photoperiod: Plants labeled
‘SD’ were grown under 9-hour photoperiods.
Plants labeled ‘LD’ were grown under 9-hour
photoperiods with a 4-hour night interruption
of 20 footcandles of light.
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what's needed to bring every perennial to flower? Or, to
make it even more difficult, how can a grower be expected
to have them all in flower at a specified date and height.

Many popular herbaceous perennials have proved diffi-
cult to force for early sales but the exact reason was un-
known. Again, the sheer number and diversity of perennials
make the problem more difficult. But when taken individu-
ally, herbaceous perennials are no more complex to grow
and bring to flower than growers’ multitude of other crops.

Bringing a range of herbaceous perennials to flower on
given dates to given specifications has been the objective of
our research program in the Department of Horticulture at
Michigan State University for the past 3 years. Only with a
thorough understanding of flower induction mechanisms
can we hope to bring plants to flower on specific dates.

Back To The Basics

Forcing perennial plants into bloom out of season is cer-
tainly nothing new. Based on past flowering research, we
would expect photoperiod, vernalization, and juvenility to
be the primary factors related to flower induction. Here’s
what we’ve learned about each.

Photoperiod

Because poinsettia and chrysanthemum are such impor-
tant floricultural crops, the influence of short days (SD) on
flower induction is well understood. Growers rarely have
used long days (LD) to induce flowering. However, even
during our first year’s research, it was readily apparent that
many herbaceous perennials species tested flowered in re-
sponse to LD treatment. Horticultural researchers generally
have divided plant response to LD into three major cate-
gories. It's convenient to subdivide one of the categories for
application forcing,.

O LD required (obligate LD plant). Plants in this group
simply will not bloom under SD. In all cases, 4 hours of
low-intensity, night-interruption lighting (10 footcandles)
given from 10 p.m. to 2 a.m. can be used to induce flower-
ing (Table 1).

@ LD beneficial (quantitative LD plant). Traditionally, this
category includes plants in which LD either increase the num-
ber of flowers or hasten the rate of flowering. We've subdivided
this category into two parts:

® LD horticulturally required. These plants may bloom
under SD, but the rate of flowering may be so slow or the
number of flowers so greatly reduced that SD would not be
very useful in practice (Table 1).

* LD beneficial horticulturally. For these plants, the bene-
ficial effect of LD is marginal, even though it is real (Table 2).

* LD not required (day-neutral plants). These plants
bloom under LD or SD (Table 1).

We have not yet investigated SD herbaceous perennials,
but these include chrysanthemums, asters, and fall-bloom-
ing grasses such as Miscanthus sinensis.

Vernalization And Juvenility
Many, but not all, herbaceous perennials have a cold - or

L2 Herbaceous perennials. . .

... that do not require a cold treatment
for flowering
From seed
Aquilegia x hybrida (Songbird series only)
Asclepias tuberosa (if not first exposed to SD)
Campanula carpatica ‘Blue Clips’
Coreopsis grandiflora ‘Early Sunrise’
Hibiscus x hybrida ‘Disco Belle Mixed'
(nondormant plants easily cold-injured)
Primula veris ‘Pacific Giants’
From cuttings
Coreopsis verticillata ‘Moonbeam’

Perovskia atriplicifolia
...whose flowering is hastened or improved by cold
From seed
Armeria x hybrida ‘Dwarf Ornament Mix’
Armeria latifolia
Asclepias tuberosa (if dormant following exposure to SD)
Delphinium elatum ‘Blue Mirror’
Dianthus deltoides 'Zing Rose’
Echinacea purpurea ‘Bravado’
Gypsophila paniculata ‘Double Snowflake’
Lobelia x speciosa ‘Compliment Scarlet'
Oenothera missouriensis
Physostegia virginiana ‘Alba’
Platycodon grandiflorus ‘Sentimental Blue'
Rudbeckia fulgida ‘Goldsturm’ (immature plants flower
much slower)
Veronica spicata ‘Blue'
From cuttings
Scabiosa caucasica ‘Butterfly Blue’ (vegetatively propagated)

vernalization — requirement before they are capable of flow-
ering. When grown from seed, plants of certain species also
must reach a certain age or size before they are “mature”
enough to perceive the cold treatment.

The age of a plant probably is estimated best by the number
of leaves or nodes that it has developed before the beginning of
a cold treatment. The age of the plant is not always adequate in-
formation because it does not take into account the temperature
or photoperiod under which the plant was grown. There are
three primary categories for the cold response of herbaceous
perennials:

No cold required. Plants in this group can be forced direct-
ly to flower from 128- or 50-cell plugs. Smaller seedlings likely
will take longer to force. Cold treatment of the plugs will not
necessarily reduce subsequent forcing time (Table 2).

Cold will hasten or improve flowering. Plants in this
group benefit from cold exposure. Juvenility is not a direct
issue, although immature plants take longer to bloom re-
gardless of when the cold treatment is delivered.

Cold required for flowering. Plants in this group must
have a cold treatment or they will not flower. In all cases,
seedlings must be mature before the beginning of the cold
treatment. This will be the subject of our article next month.

We can’t use this information right away, though, since
we also must know the rate of flowering in response to
starting material, temperature, plant growth retardants, etc.
even when plants are grown under inductive conditions.
But it's an important first step in developing forcing tech-
niques for herbaceous perennials in general. GG

About the authors:  Dr. Art Cameron is professor, Dr. Royal Heins Is professor, and Dr. Wil
Carlsen is professor, Department of Horticulture, Michigan State University, East Lansing, M
48824. They would like to thank generous industry supporters and dedicated graduate studenls
Beth Engle, Cathy Whitman, Cheryl Hamaker, Mei Yuan, Erik Runkle, and Paul Koreman — as well
as Tom Wallace and Cara Wallace.
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Here’s a look at cold requirements of certain
herbaceous perennials.

by ART CAMERON, ROYAL HEINS, and
WILL CARLSON

ERBACEOUS perennials are
an interesting and diverse
group of plants whose sales
have grown tremendously
over the past decade. Retailers agree
that flowering plants outsell nonflow-
ering ones. Thus, our primary objective
has been to understand environmental
control of flower induction: particular-
ly, to force plants to flower on specific
dates and to precise specifications.

Flowering of seed-grown herba-
ceous perennials depends on
seedling age or maturity, cold (ver-
nalization), and photoperiod. Cold
affects flowering of most seed-grown
herbaceous perennials. We have
found that even some vegetatively
propagated species, such as ‘Sunny
Border Blue’ veronica, require cold
before flowering. We grouped herba-
ceous perennials into three categories
based on their cold requirement for
flowering:

1. Cold does not affect timing or
flowering percentage.

2. Cold hastens or improves flowering.

3. Cold is required for flowering;
plants will not flower from seed with-
out cold.

See our previous article for specific
examples from the first two categories
(March ‘96 GREENHOUSE GROWER,
page 19). '

Herbaceous Perennials
That Require Cold To Flower

Certain herbaceous perennials will

not flower unless they receive a cold
treatment (obligate cold requirement).
Usually, perennials with an obligate
cold requirement must also attain
some minimum age before the cold
period begins. A plant’s age can be es-
timated by leaf or node number.
‘Bressingham Hybrid’ coral bells
(Heuchera sanguinea) is an example of a
plant with an obligate cold and maturity
requirement for flowering (Figure. 1).

Figure 11| , HEUCHERA SANGUINEA

| “BRESSINGHAM HYBRIDS'
10 WEEKS AT SC
8 WEEKS AT:20C

‘Bressingham Hybrid’ coral bells (Heuchera
sanguinea) is a perennial that will not flower
unless it receives a cold treatment after
reaching a minimum age.

Note that ‘small” seedlings (from 128-cell
trays) had about eight leaves; ‘large’
seedlings (from 50-cell trays), about 16.
In a subsequent experiment, 50% of
seedlings with eight leaves flowered,
while those with eight to 14 leaves be-
fore cold had an increasing flowering
percentage. Only seedlings with 16
leaves or more consistently flowered
100% of the time. Thus, a given coral
bell seedling may be mature when it
has five to 16 leaves, but all members
of the seedling population are not ma-
ture unless the leaf count is at least 16.

7

These requirements apply specifical-
ly to seed-propagated ‘Bressing-ham
Hybrid" and, presumably, specific seed
sources. Other cultivars may have dif-
ferent juvenility or cold requirements.
Since there is marked seedling vari-
ability in maturation rates, plant
breeders should be able to develop
lines that bloom and mature with
fewer leaves.

Plants with an absolute cold re-
quirement are listed in Table 1. We
define, based on our research, the
minimum age before cold for consis-
tent flowering. These recommenda-
tions may not be valid for related
species or closely related cultivars.
When in doubt, we have erred on the
side of leaf-count overestimation,
since older seedlings should have im-
proved flowering percentage.

Delivery Of The
Cold Treatment
How cold? An excellent tempera-

ture for floral induction is 41°F

(Easter lily, bleeding heart, and win-
ter wheat), which also overcomes dor-
mancy of many plants, including
tulips and azaleas. Temperatures be-
tween 32°F and 45°F should work
well. Temperatures just below freezing
(=28°F) can fulfill the chilling require-
ment for many species, even during
bare-root storage.

Cold delivery. Seedlings in plug
sheets can be cold-treated as is if they
have the minimum leaf count. Other-
wise, they can be transplanted and
grown before cold treatment. Larger
plants will more likely be mature and re-
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spond faster to treatments during forcing,
but require more space during cooling,

We generally provide cold treatment
in controlled-temperature facilities
(41°F). Plants are given a small
amount of light (=25-50 footcandles),
permitting photosynthesis during
chilling. Under these conditions, most
perennials exhibit little vegetative
growth. However, Scabiosa caucasia
‘Butterfly Blue’ unfolded five leaves in
15 weeks at constant 41°F.

Growers who deliver cold treat-
ments in hoop houses or other mini-
mally heated structures need to ensure
that root/crown temperatures do not
fall below 28°F and that heat does not
build up on warm, sunny days. We are
not certain how chilling units are accu-
mulated under high day /low night
temperature variations. Regardless, in-
adequate temperature control could
affect timing of the subsequent forcing
profoundly. Temperature swings also
create a large positive DIF (mathemati-
cal DIF-ference between day and night
temperatures) that can excessively
elongate some species.

How long? Ten weeks at 41°F is an
effective cold period for most perenni-
als that we have tested. Experiments on
chilling duration often are confounded
by increasing light levels and tempera-
tures in spring. For instance, a plant
cooled for 2 weeks and grown during
winter when light levels and tempera-
tures are lower will develop flowers
more slowly than a plant chilled for 10
weeks and grown 2 months later in a
warmer, brighter greenhouse.

In this case, the difference in devel-
opmental rate is not due solely to
chilling. With similar lighting and
temperatures, we found that Campan-
ula carpatica flowers at the same time
with or without cold treatment.

There also can be extensive seedling
variation. For instance, Coreopsis
‘Early Sunrise’ was selected by plant
breeders as a seedling that flowered
under long days without a cold treat-
ment from a species that otherwise re-
quires cold. However, short days can
sometimes substitute for some or all of
the cold treatment.

Herbaceous perennials that will not flower unless they first receive
a cold treatment. Plants in this group must have reached a minimum age
before the cold treatment begins. We recommend 10 weeks of cold (41°F) before
forcing. After cold treatment, flower induction is completed under long days (LD)
or natural days (ND). A 4-hour night interruption with 10 footcandles
of light has proven effective for LD perennials.

Minimum leaf numbers Photoperiod
before beginning of for flower
Herbaceous Perennial cold treatment induction
Achillea filipendulina Unknown, but plants LD
‘Cloth of Gold' with 13 leaves at the
beginning of the cold
period did not flower.
Aquiligia x hybrida >16 |eaves, although the ND
— most cultivars number varies depending
on species/cultivars.
Aster alpinus >15 leaves; plants with LD
‘Goliath’ fewer leaves will not
flower.!
Astilbe arendsii Unknown, but few plants LD
flowered with only 5-6
leaves.
Chrysanthemum coccineum >15 leaves to ensure LD
‘James Kelway' flowering.
Coreopsis grandiflora >16 leaves to ensure LD
‘Sunray’ 100% flowering.
Euphorbia epithymoides Unknown, but seedlings ND
with 17 leaves did not
flower.
Gaillardia grandifiora >12 |eaves to ensure LD
‘Goblin’ 100% flowering. Note that
50% of seedlings with 6
leaves flowered.
Heuchera sanguinea >16 leaves to ensure ND
‘Bressingham Hybrids’ 100% flowering. Note that
50% of seedlings with 6
leaves flowered.
[beris sempervirens Probably >40 leaves. ND
‘Snowflake’ Trim plants after cold to
increase branching. Blooms
quickly.
Lavandula angustifolia >50 leaves to ensure ND
‘Munstead Dwarf’ flowering. Younger plants
bloom inconsistently.
Lewisia cotyledon Unknown. Bloomed ND
j inconsistently from plugs.
Linum perenne Unknown, but immature ND
‘Sapphire’ plants (<70 leaves) flowered
inconsistently.
Salvia superba All plants with >10 leaves LD
‘Blue Queen’ flowered.

Veronica longifolia
‘Sunny Border Blue’

It now appears that ‘Early Sunrise’
will only flower if given a period of
short days during the seedling phase
and prior to long days. ‘Early Sunrise’
seedlings germinated and grown en-
tirely under long days did not flower.

In some cases, it is possible to avoid
a cold treatment by growing seedlings
(Asclepias tuberosa or Hibiscus x hybrida,
for example) continuously under long

Vegetatively propagated. No  ND
minimum size noted.

days and avoiding the onset of dor-
mancy induced by short days.

We anticipate several advances in
the commercial application of cold
treatments for flower induction of
herbaceous perennials.

About the authors: Drs. Art Cameron, Royal Heins,

and Will Carlson are professors, Depar-ment of Horticulture,
Michigan State University, East Lansing, MI 48824,

They thank generous industry supporters and dedicated gradu-
ate students Beth Engle, Cathy Whitman, Cheryl Hamaker,
Mei Yuan, Erik Runkle, and Paul Koreman — as well as

Tom Wallace and Cara Wallace.
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Cold can enhance many aspects
of herbaceous perennial growth and development.

VERONICA LONGIFOLIA
SUNNY BORDER BLUE
0 WEEKS COLD 5C

SWEEKS FORCING 20C
16HR PHOTOPERIOD
VISIBLEBUD 0 %

Figure 1a.
|

Figure 1a. Veronica longifolia ‘Sunny
Border Blue’ grown without a cold
treatment for 9 weeks in a 68°F (20°C)
greenhouse under 16-hour day-
extension lighting with high-pressure
sodium lamps. Photos courtesy of Leslie
Finical.

by EMILY CLOUGH, LESLIE FINICAL,
ARTHUR CAMERON,
ROYAL D. HEINS, and WILL CARLSON

ERBACEOUS perennials are
plants with soft stems and
are represented by a vast
number of species, genera,
and families. Not surprisingly, herba-
ceous perennials overwinter in diverse
forms, depending on their relative
hardiness and the severity of a partic-
ular winter.
As part of our research program on

VERONICA LONGIFOLIA

SUNNY BORDER BLUE
6 WEEKS COLDSC
10 WEEKS FORCING 20C
16 HR PHOTOPERIOD
100%VISIBLE BUD

Figure 10,
|

Figure 1b. All Veronica longifolia ‘Sunny
Border Blue’ plants flowered after 6
weeks of cold treatment at 41°F (5°C)
and 10 weeks of forcing at 68°F (20°C).
When the experiment was repeated the
following year, only 60% of the plants
flowered after 6 weeks of cold.

growth and development of herba-
ceous perennials, we are studying the
effect of cold on plant performance.
Exposure to cold temperatures can
enhance many aspects of flowering,
plant height, lateral branching, over-
all crop quality, and uniformity.
Many herbaceous plants have
mechanisms to avoid growth and de-
velopment during the unfriendly
conditions of winter. Some become
dormant and require exposure to
cold, others require long days, and
still others require both cold and long

VERONICA LONGIFOLIA
'SUNNY BORDER BLUE
16 HR PHOTOPERIOD

1S WEEKS COLD 5C
9 WRIEKS OF FORCING 20C

Figure 1600

Figure 1c. Veronica longifolia ‘Sunny
Border Blue’ after 15 weeks of cold
treatment at 41°F (5°C) and 9 weeks
of forcing at 68°F (20°C).

days before they initiate growth and
move toward flowering.

In one experiment, Veronica longifolia
‘Sunny Border Blue’ remained vegeta-
tive until it was exposed to 6 weeks of
cold. Then 60%-100% of the plants
flowered in 80 days with an average of
five inflorescences. After 15 weeks of
cold, all plants flowered in about 63
days and had an average of 10 inflo-
rescences. All plants were grown at
68°F (Figures 1a, 1b, and 1c).

A cold treatment also can broaden the
span of effective photoperiods. Before



cold treatment, plants of Lavandula an-
gqustifolia ‘Munstead” flower only under
long days. After a 15-week cold treat-
ment at 41°F (5°C), ‘Munstead’ plants
are day-neutral and can be forced to
flower under any daylength.

What Constitutes Cold?

The range of cold temperatures that
influences flowering is broad: usually
28°-45°F with an optimum of 41°F
(5°C). Temperatures outside this
range are generally not as effective.
Temperatures lower than 28°F can be
damaging to many perennials, espe-
cially to their root systems.

Delivering Cold Treatment

In our experiments, cold is deliv-
ered in environmentally controlled
chambers set at 41°F (5°C). In the cool-
er, plants are provided with 9 hours of
light (25-50 footcandles) from fluores-
cent bulbs which create a small
amount of photosynthesis under
short-day conditions.

But be aware of frost accumulation
on the cooling chambers’ coils. It re-
duces cooling efficiency and poses two
problems: potential breakdown of
coolers and loss of temperature con-
trol, resulting in nonuniform cold
treatment. Appropriate defrost cycles
are required.

In most Northern commercial nurs-
eries, plants are given their cold treat-
ments in minimally heated greenhous-
es. We recommend keeping green-
houses at a minimum of 28°F.
Although crowns of many species can
tolerate much lower temperatures,
roots of many container-grown plants
can be damaged below 28°F.

There are several challenges that
growers face when cold is delivered in a
greenhouse. Maintaining cool tempera-
tures can be difficult on sunny days and
is limited by the amount of venting. We
have not studied whether frequent tem-
perature shifts between cold nights and
sunny, warm days might affect a plant’s
growth, development, or perception of
cold during forcing,

Insufficiently cooled plants can be
devernalized above 86°F (30°C).
Exposure to such high temperatures

can negate the beneficial
aspects of cold. Cold
treatments that are inter-
spersed with periods of
warm air temperatures
may be less effective, so
longer cold treatments
may be necessary to com-
pensate. But we have no
definitive data.

Cooling in greenhous-
es may be a problem in
warm Southern regions,
so some Southern grow-
ers are using coolers
with lights.

Cold
Treatment Care

Before they are trans-
fered to a cooler, plants are
given a fungicide and insecticide
drench to control disease and insect
problems. During cooling, plants are
watered about two times each week, as
needed. When plugs are cooled, special
attention is required so that they do not
get over- or underwatered.

Generally, plants do not exhibit
much growth during the cold treat-
ment. A number of species, like Phlox
paniculata ‘Eva Cullum,” become dor-
mant when kept at 41°F (5°C) and ex-
hibit dieback of the leaves and stems
(Figure 2). Those like astilbe maintain
a healthy, green appearance (Figure 3).

Some species grow noticeably. For
example, Scabiosa caucasia ‘Butterfly
Blue’ unfolded five leaves during a 15-
week cold treatment. Temperatures
lower than 41°F (5°C) are required to
prevent development of such species.

Plant material. For perennials un-
dergoing forcing, it is convenient to
cool the seedlings while they are in
plug trays, since they take the least
amount of space. But hardy, mature
plants can be cooled in containers of
any size or even while bare-rooted.

It is important to ensure that any ju-
venility requirements are met before
the treatment is given, or flowering
will be inhibited or eliminated. For
perennial plants, leaf or node number
can be used as an estimate of age.

For instance, when Heuchera san-
guinea ‘Bressingham Hybrid’
seedlings, with an average of eight
leaves, were given a cold treatment,
only 50% flowered. When seedlings
were older before cold treatment, all
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Figure 2. Phlox paniculata ‘Eva Cullum’ after 15
weeks of storage at 41°F (5°C). Plugs appear dead
but close inspection reveals buds that will begin
growing when transferred to forcing temperatures.
Photo courtesy of Erik Runkle.

Astilbe arendsii
8 Weeks of Storage

Figure 3.

Figure 3. Plugs of astilbe after 15 weeks
at 41°F (5°C). Photo courtesy of Beth
Engle.

of the crop flowered.

Allen Pyle of C. Raker and Sons,
Inc., Litchfield, MI, suggests that chill-
ing immature plants may be possible
if the cold treatment is given in green-
houses where some growth occurs. We
have not yet tested this suggestion,
but it could offer an efficient way to
fulfill two requirements with one step.

Duration of cold treatment. We
have conducted experiments to test
the effect of different lengths of cold
treatment on flowering of herbaceous
perennials. We divided plants into
three main categories based on plant
response to cold: cold required; cold
beneficial; and no cold recommended.
Plant growth and development can
change with increasing lengths of
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cold. We have attempted to identify an optimum length of cold for
perennials that respond to cold treatments (Table 1).

Cold required and cold beneficial. For most species in these categories,
increasing the cold treatment shortens the time to flower while increasing
flowering percentage and uniformity. For example, 60% of Physostegia vir-
giniana ‘Rosea,” a cold-requiring species, flowered after 3 weeks of cold in
an average of 105 days.

After 6 weeks of cold, 100% of Rosea flowered, requiring only 89 days
(Figure 4). For Geranium dalmaticum, a cold-beneficial species, 80% of the
plants started from 72-cell
plugs flowered without a cold
treatment in 80 days. After 3
weeks of cold, all plants flow-
ered in 63 days.

Longer cold durations gener-
ally increase the number of
flowers per plant. With 3 weeks
of cold, Campanula 'Birch
Hybrid" had an average of 40
flower buds when the first
flower opened. After 6 weeks
of cold, they had about 110
flower buds per plant (Figure
5a). More than 200 flower buds
were produced when the dura-
tion of cold was increased to 9
weeks (Figure 5b).

Some species increase in
height following increasing cold durations. The increase can be quite
dramatic. For example, Penstemon digitalis ‘Husker Red’ attained a height
at first flower of 24, 28, or 32 inches (60, 70, or 80 centimeters) following
9, 12, or 15 weeks of cold, respectively. But cold treatments do not affect
height for many perennials and even reduced height of Salvia nentorosa
‘May Night.!

No cold recommended. A few species do not require cold to improve
flowering but usually can be stored at low temperatures (Table 2). For
two species, we recommend avoiding cold treatment. Hibiscus moscheutos
‘Disco Belle Mixed’ are damaged between 32° and 41°F and are also very
sensitive to over- or underwatering during cooling.

Asclepias are also difficult to store at low temperatures because of ex-
treme sensitivity to overwatering. Both species can be flowered directly
from seed if kept under long days without exposure to cold.

F.orl_nula For chcess:

Future Directions

We look forward to increased efficiency in production because of crop
scheduling based on optimum conditions for flower induction, including
plant juvenility, cold duration, and photoperiod. Manipulating flowering
requirements could allow year-round production and open up new mar-
kets for consumers with different needs and desires. GG

About the authors: Emily Clough and Leslie Finical are graduate research assis-
tants, and Drs. Royal D. Heins, Will Carlson, and Arthur Cameron are professors,
Department of Horticulture, Michigan State University, East Lansing, MI 48824.
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Figure 4

Physostegia

Days to flower

15

Weeks at 41°F (5°C)

Figure 4. Influence of increasing lengths of cold
on flower timing and flowering percentage of
Physostegia virginiana ‘Rosea. The indicated cold
treatments were given in a cooler at 41°F (5°C).
Plants were grown in a 68°F (20°C) greenhouse
under 16-hour day-extension lighting with high-
pressure sodium lamps.

FIQUIE 588 cympaNULA BETULIFOLIA

“BIRCH HYBRID
{6 HR PHOTOPERIOD

WEEKS COLD-_S¢C
3
WEEKS OF FORCING 20C

15 e

Figure 5a. Influence of increasing cold durations
on number of flower buds of Campanula ‘Birch
Hybrid! Plants were given 0-, 3-, and 6-week cold
treatments at 41°F (5°C) and grown in a 68°F
(20°C) greenhouse under 16-hour day-extension
lighting and high-pressure sodium lamps. Photo

courtesy of Leslie Finical.
Campanula ‘Birch Hybrid’
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Weeks at 41°F (5°C)

Figure 5b. Influence of increasing cold
durations on flower timing and number of
flowers for Campanula ‘Birch Hybrid!



Learn the growing conditions to avoid or embrace.

by JOHN BIERNBAUM and
MARY-SLADE MORRISON

ROVIDING optimum envi-

ronmental conditions is

difficult when many

species are being grown
in one area. Fortunately, when it
comes to water, media, fertilizer, or
pH, rarely do we need to provide
for the best growth. Growers simply
need to know which conditions pro-
vide acceptable growth and which
conditions to avoid. Usually, plants
tolerate a wide range of root zone
conditions and only a few must be
avoided.

Michigan State University’s
(MSU) perennial forcing research
team has successfully grown a wide
range of crops in one area at one
time. All species were grown under
one general root zone management
program ~ one fertilizer solution
applied to one root medium to
maintain a desired pH and electri-
cal conductivity (EC).

Last year, we evaluated root zone
conditions outside the standard
range and observed plant response.
From October 1- June 1, 18 herba-
ceous perennials were forced in a
20°C greenhouse under 16-hour days
with HPS supplemental lighting and
no growth regulators. All crops were
grown in 5-inch square pots contain-
ing root media formulated at MSU.

Since flower initiation is regulat-
ed by temperature or photoperiod,
differences because of water or nu-
trient management were not ex-
pected. There were statistical differ-
ences in days to flower and flower
number, but no species varied in

days to flower by more than 5-7 days.
Actually, more flowers developed
under high moisture conditions, not

high fertilizer rates.

RUDBECKIA FULGIDA
"GOLDSTRUM'

Figure 1. As moisture level increased,

Rudbeckia fulgida ‘Goldsturm’ obtained
greater plant mass in a 5'/.-inch container.

ECHINACEA PURPUI%-
TMASNUS® ¢ ‘

\ll

Figure 2. Echinacea purpurea ‘Magnus’ plant

height increased when container moi

level was kept above 75% container capacity

at a constant liquid fertilizer rate of
125-12-125 ppm NPK.
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Water Availability

We used three watering levels: stan-

dard, dry, and wet. Using the standard
treatment, we added 8 fluid ounces

when 50% of container capacity was
lost. For the dry treatment, we main-
tained the medium at less than 60%
of container capacity. And for the
wet treatment, the medium was
kept at greater than 75% of contain-
er capacity, but not saturated, by
adding 4 fluid ounces of water
when the pot, medium, and plant
reached a predetermined weight.

Like bedding plants, responsive-
ness to water varied among herba-
ceous perennial species (see
Table 1). Several species increased in
plant size with each increase in
water. Some species increased in
plant size with only wet conditions,
and a few species decreased in size
when kept dry. The wet treatment
increased plant size but not the
height of several species (Figure 1)
because of larger leaves or lateral
branching. For echinacea only
(Figure 2), the wet treatment in-
creased internode length and final
height.

In a second set of treatments, we
compared the standard root medium
(70% peat/30% perlite) with a 100%
peat medium and a medium com-
prised of 50% composted bark, 30%
peat, and 20% perlite. There were no
differences among plants grown in
the three root media.

By managing water to prevent sat-
uration or excess drying, herbaceous
perennials can be grown in a wide
range of component blends. Using a
larger container size is helpful be-



Root Zone Management: K
Key Concerns For Herbaceous Perennials

FORCING PERENNIALS
Observations and Key Concerns

cause it provides adequate drainage Aslilbe chinesis Lea area, plant size increased with high moisture. Chfu_rusis with
and aeration. Plants that are grown basic nutrient solution (NS) and high medium pH. Avoid low H.0.
outside or in potentially saturating
conditions would benefit from a

porous root medium.

Campan/la carpatica ‘White Clips' Tolerates all conditions. Branching, buds increase with 260 ppm.

Coreopsis grandiflora‘Sunray’ Plant size increases with more water. Taller plants grown at

Fertilizer Concentration highest H0.

We applied three levels of Coreopsis verticillaia Plant size increases and faller plants grown at highest H,0.
macronutrient fertilizer to evaluate ‘Moonbeam' Chiorotic leaves with pH > 7.0. Sensitive to acidic drench. Low K.
plant response. The standard nutrient
solution contained 125 ppm nitrogen Delphinium grandiflorum Challenging plant, weak roots. Moisture, pH extremes.

(N), 12.5 phosphorus (P), 125 potassi-

um (K), 133 calcium (Ca), 30 magne- ‘Blue Mirror Avoid rushed production.
sium (Mg), 25-30 sulfur (S), and mi-
cronutrients. We altered nutrient
availability by changing the concen-
tration of N, P, and K while keeping a
constant level of micronutrients or by

Echinacea purpurea‘Magnus' Leaf area, plant size increase at highest H,0. Height, root
increase at low fertilizer. High H;0 increases plant height by
internode stretch.

Gaillardia x grandifiora Goblin®  Plant size increases with increasing H,0 without changing height.

eliminating the water soluble P from Low rate of constant liquid fertilizer (CLF) may decrease plant size.
the base nutrient solution.

At the experiment’s start, N and K Hemerocallis ‘Stella de Oro! Low H,0 increases days to flower and decreases plant height, size.
concentrations were 62, 125, or 250 Plant size decreases with basic NS. Sensitive to low H,0. Basic
ppm with P at 6, 12.5, or 25 ppm, re- NS leading to high pH. Leaf tissue elements are low.
spectively. Because there was no dif-
ference in soluble salt levels between Heuchera sanguinea 'Firefly " Leafarea, plant size increase at highest H.0, peat medium, and
tislowand medivo ipataanls. e lowest fertilizer. Avoid excessive fertilization,

reduced the low treatment to 31-3-31
ppm NPK 5 weeks into the study.
[rrigation was from the top of the pot,
and we kept water collection trays

under each pot to prevent leaching, Hosta'Undulata Variegata' Plant size increases at highest Ho0. Root mass increases at
low CLF. Avoid excessive ferilization. Leaf tissue elements are low.

Hibiscus moscheufos Plant size, height increase with increasing H;0. High CLF rate
‘Disco Belle Hybrids' decreases plant height. Avoid low Ca, low pH leading to Fe and
Mn in tissue. Avoid low temperatures and HPS lighting.

Lavandula angustifolia Leaf area, plant size increase at highest H,0, while plant height
‘Munstead' unaffected. Shorter plant grown under low H.0.Sensitive to high
pH, excessive fertilization. Watch roots.

Leucanthemum X superbum Plant size increases with more water. High K. Low rate of CLF
‘Snow Cap' may decrease plant size.

Perovskia atriplicifolia Plant size increases with more water, height differences at extremes.
Possible longer time to flower under dry conditions.

Rudbeckia fulgida‘Goldsturm®  Leaf area, plant size increase with more water. Shorter plant with
less water. Avoid pH and fertilizer extremes. Fe, Mn accumulation
atpH<5.5.

Salviax superba'Blue Queen’  Tolerated all conditions, except smaller plant with less water.
Low amounts of water decrease plant size.

125N 250 N Scabiosd caucasica Tolerated all conditions. Plant size increased with more water.
‘Butterfly Blug'

Figure 3. Echinacea purpurea ‘Nagnus’

height increased as constant liquid Sedum'Autumn Joy' Tolerated all conditions except smaller plants with less water.
Leaf tissue elements out of average range.

fertilizer rate decreased from
125 ppm N to 31 ppm N.




The low rate of constant liquid fer-
tilizer combined with preplant fertiliz-
er and no leaching produced accept-
able plants for most species. Some dif-
ferences at the low fertilizer rate were
decreased overall plant size, increased
plant height (Figure 3), or increased
overall plant size.

In a few cases, increased fertilizer
rate (250 ppm N and K) decreased
plant height or height and overall
plant size. In most cases, using high
fertilizer rates did not affect growth
enough to justify the increased risk of
high soluble salts or fertilizer runoff.

The root system’s size and the bal-
ance between shoot and root growth
has a significant impact on the quality
and performance of container-grown
plants. Lower fertilization rates favor
the development of a strong root sys-
tem. This was particularly evident for
hosta (Figure 4), hemerocallis, and
echinacea.

Contrary to some recommendations,
high P rates did not stimulate root
growth. The balance of root to shoot
growth is more sensitive to changes in
N than to P levels. We tried to estab-
lish P deficiency symptoms by using a
zero P nutrient solution, but all species
showed adequate levels.

Root Medium pH

We altered root medium pH in three
ways: by drenching the medium with
sulfuric acid; by using a basic drench
of K bicarbonate within 2 weeks of
planting; or by slowly applying a high
nitrate fertilizer with high alkalinity
water or a high ammonium fertilizer

with a low alkalinity water. The
rapid pH change using sulfuric
acid or K bicarbonate was phyto-
toxic to some species.

Most species tolerated a wide
range of media pH, but some
were sensitive to low pH, high
pH, or both (Figure 5). It was not
our intent to define a pH opti-
mum, only to indicate whether
high or low pH can result in prob-
lems (see Table 1).

Although the herbaceous peren-
nials tested tolerated a wide pH
range, our recommended strategy
is to maintain a pH of 5.8-6.5.
Below 5.8, some species accumu-
late excessive iron (Fe) or man-
ganese (Mn), which can alter nu-
trient balance. At this level, P is
more soluble and prone to leach-
ing, and nitrification is inhibited.

At pH levels greater than 6.5,
trace element deficiency and low P
are concerns. We detected high
levels of Fe and Mn in rudbeckia,
lavandula, and hibiscus in leaf tis-
sue samples in the standard and
acidic treatments.

The acidic nutrient solution
had low Ca and Mg, while the
basic nutrient solution had high
levels. We did not observe any
detrimental effects from either
low or high levels of Ca and Mg.
Since we adjusted pH with hy-
drated lime, there was minimal
residual lime. The less lime in the
media and the longer the crop
time, the greater the probability
of low Ca and Mg levels.

Figure 4. Hosta ‘Undulata Variegata’ increased
root mass with decreased constant liquid fertiliz-
er rate (31-3-31 ppm, 125-12-125 ppm, 250-26-
250 ppm NPK).

RUDBECKIA FULGIDA
“GOLDSTRUM"

Figure 5. Growth and development of Rudbeckia
fulgida ‘Goldsturm’ were stunted at pH
extremes.

Figure 6. Rudbeckia hirta ‘Goldsturm’ exhibited
purplish tissue dominating on the underside of
older leaves, which showed an accummulation
of Fe and Mn in tissue analysis at low pH.

Formula For Success: Root Zone Management

Establish a correct pH (5.8-6.5) and use a properly

limed root medium. Balance the irrigation water alka-
linity, nitragen form, and acids to provide a neutral reaction
nutrient solution. Select nitrogen form on the desired reac-

tion - acidic or basic - and not on the type of growth desired.

2 Herbaceous perennials can be grown with low rates
of fertilization. A constant, minimal leaching appli-
cation of 125-12-125-100-30-30 ppm N-P-K-Ca-Mg-S with
micronutrients is a good place to start.

The fertilization goals are to account for the water nu-
trient content when preparing the nutrient solution.
Maintain the root medium EC at 0.5-1.5 (SME) or 0.3-0.75
(1:2), and consider soil tests and plant appearance.
Lowering macronutrients, not micronutrients, will require

15

some adjustments in formulating water-soluble fertilizers.
Media moisture level controlled by irrigation
method and timing will have the biggest impact on
plant size and quality if media pH and nutrient levels are
properly maintained. Develop watering recommendations
for each crop based on the desired plant size.
4 Flower initiation is tightly regulated by temperature
or photoperiod, not water or nutrient management,
so follow recommendations for proper temperature and
photoperiod.
5 Leaf tissue analysis can be a useful prevention and
problem-solving tool. Ask for help from an experi-
enced professional to interpret results. Keep organized
records of any tissue analysis samples.
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Leaf Nutrient Analysis

When nutrient problems arise, the
most reliable analytical tool is often
leaf nutrient analysis. For many
plants, we can compare leaf nutrient
levels to a common standard accept-
able range and determine if a particu-
lar nutrient is deficient or toxic. For
herbaceous perennials forced in the
greenhouse in soilless mixes, few
standard values exist.

We collected leaf samples and ana-
lyzed six of the 12 treatments. Mature
leaves were gathered from the middle
of the plant at flowering. Usually, leaf
samples are collected before flower-
ing, but this was not feasible since we
had to collect flowering and plant size

Table 2. &

Minimum Critical
Desired Lower Range
Desired Upper Range
Maximum Critical

CGampanula carpatica
Coreopsis grandifiora
Coreopsis verticillata
Delphinium grandiflorum
Echinacea purpurea
Gaillardia x grandiffora
Hemerocallis

Heuchera sanguinea
Hibiscus moscheutos
Hosta

Lavandufa angustifolia
Leucanthemum x superbum
Perovskia atriplicifolia
Rudbeckia fulgida

Salvia x superba
Scabiosa caucasica
Sedum

0.4

0.5

0.5

Difference to Consider 0.1

Minimum Critical
nt

Maximum Critic
naximum critica

ected to be
“**8 has not been shown to accumulate to toxic levels.

0.9

0.3
0.8

0.9

data from the same plants.

The N content for all species under
the standard treatment only ranged
from 5.2%-5.6%, and the values were
similar at low, standard, and high N
fertilization rates. The K levels of leaf
tissue ranged from 1.8%-7.3%, but for
most species was within the expected
range of 2%-5% (see Table 2).

The range of Ca, Mg, Fe, and Mn val-
ues were large among species. Fe levels
are usually twice as high as Mn levels in
plant tissue, but in four species, Mn was
two or more times Fe levels with no
detrimental effect. Foliar symptoms as-
sociated with nutrient problems were
chlorosis in hibiscus and distortion in
rudbeckia. The root of these problems
was not clearly determined, but leaf
samples contained higher than average
Ca and Fe levels.

With rudbeckia, we think there is a
strong probability of Fe or Mn toxicity
at low to medium pH, levels similar to

3000
60007

142
185

5.0
3.5
1.8
6.0
4.6
6.0
3.0
2.1
2.4
4.2
3.9
7.3
5.3
3.3
4.4
5.2
43

0.5

11
258
291
530
216
106
123
132
149
216
230

115

0.2
(14
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.0

3.2
1.0
2.0
1.5
0.9
3.3
1.7
0.9
4.4

0.3

1.2
1.1
0.4
1.3
0.9
0.4
1.1

0.1

geraniums. Symptoms include a dark-
ening of the underside of older leaves
followed by tissue death (Figure 6).
Since rudbeckia is the perennial plant
of the year for 1999, many growers
will be producing this crop. Plan to
keep medium pH up like you would
with geraniums.

Eight species had abnormally high
Mg levels. Sampling technique, old
leaf age, or MSU’s water, which is
high in Mg, could be the culprits. Zinc
(Zn) levels in seven crops were higher
than the normally accepted upper
range. Hosta and hemerocallis, two
plant species which account for a large
percentage of all perennials sold, tend-
ed to have lower than average leaf K,
Ca, Mg, Fe, Mn, and Zn levels. GG

About the authors: John Biernbaum is a
professor and Mary-Slade Morrison is a
research assistant, Department of
Horticulture, Michigan State University,
East Lansing, MI 48824.

Leaf Tissue Analysis from Root Zone Management Experiment
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b without detrimental effects other then inducing
, but can |
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ficiencies of other elements such as Ca and Mg.
to induced deficiencies of other elements, particularly Fe and Mn if Mg is excessive.
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Follow these strategies to regulate perennial plant height.

Figure 1| SCABIOSA CAUCASICA "BUTTERFLY BLUE’

' 0 WEEKS OF 5°C
10 WEEKS FORCING AT 20°C

DAYLENGTH: HOURS®
14 A6

FLOWERING Pfﬂﬁal AGE

B0

by ROYAL D. HEINS, ERIK S. - £
RUNKLE ARTHUR CAMERON, Figure 1. In some species, stem elongation increases as

photoperiod increases. For example, scabiosa height

cultivars reduces or elimi-
nates the need for height

and WILL GARLSON increased as the photoperiod increased from 10 to 24 hours. control. But many tall-grow-
Photoperiods consisted of a 9-hour natural day extended with  ing species have no short
HEN you are incandescent lamps. NI represents a 4-hour night interruption.  cultivars, and demand for
producing these plants still exists.
flowering ECHINACEA PURPUREA 'MAGNUS' Therefore, other strategies
herbaceous perennials, Lo ;nsumEgs'n'?#?w.fnu'ﬁ”r'fnﬂu&u{fs > must be used to produce short

15 30 &0
FLOWERING PERCENTASE

you might find that the plants are
taller than what you expected. Some
perennials are naturally tall, but oth-
ers become too tall because of envi-
ronmental or cultural factors.

Since consumers are more attracted
to flowering plants than green, vege-
tative ones, controlling height is es-
sential.

o 40

i0 plants.

CONTROLLING
PHOTOPERIOD

Many herbaceous perennials
require long days for flower in-
duction. Light duration for
flowering varies from 12 hours

This requires understanding fac- Figure 3. Flowering echinacea’s height can be for some species fo almost 16
tors that contribute to stem exten- suppressed with short durations of night hours for others. Under naFural
sion. By using various strategies, imermptiqn (ND d_uring short days. NI treatments short daylengths, electrical light-
growers can successfully produce were pwovided duying the middle of 16-houe ok ing can deliver photoperiods that

periods with incandescent lamps. Plants given 15,6 sybstantially longer than

Figure 3.

perennials to meet desired height minutes of NI were less than half the height of hat i rod for fl :
specifications. those given >1 hour of NI, but flowering was whatis requurec 101 Jowering:
delayed by 1-2 weeks. In some species, stem elongation

GENETICS and plant height increases as pho-
Within a species, genetic variation toperiod increases (Figure 1).

exists so that some perennial cultivars flower) ‘Burgundy’ and ‘Goblin’ grow Limiting the photoperiod required

grow significantly taller than others. For much taller than ‘Baby Cole. for flower induction will help limit stem

example, Gaillardia xgrandiflora (Blanket Selecting naturally short-growing elongation.

17
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Controlling daylength is easier in early spring when nat-
ural days are short because growers can limit the electrical
lighting duration. Black cloth can be used during long sum-
mer days, but many growers do not have such a system.
Adversely, temperature can become too high under black
cloth in the summer.

Limited induction photoperiod can reduce elongation
during bolting. When black cloth is available during long
summer days or when plants are forced in the natural short
days of spring, placing perennials under short days after they
have been induced to flower can control the height of some
species, such as Coreopsis xgrandiflora or tickseed.

Bob Lyons at Virginia Polytechnic Institute called this tech-
nique limited induction photoperiod (LIP). Using LIF, plants
are exposed to long days for a period sufficient for flower in-
duction — generally 2-3 weeks. Then plants are shifted back to
short photoperiods - 9 or 10 hours of light. Flowers continue
developing to open bloom, but stem elongation is greatly re-
tarded.

Problems with LIP include delayed flowering and fewer
flowers. Also, LIP is not effective in all species (e.g.,
Asclepias tuberosa) because flowers will cease to develop or
even abscise under short days. Although 2-3 weeks of light-
ing using LIP is adequate to induce flowering in many
species, we suggest using long days until the first flower
buds are visible.

Plants should then be returned to natural photoperiods in
winter months or placed under shortened daylengths using
black cloth when photoperiods are naturally long (after
mid-March).

Short night breaks can reduce echinacea’s height.
Controlling echinacea height can be difficult. One method we
discovered is to provide short night-break lighting treatments
to plants growing under short days. Lighting for only 15-20
minutes at a low intensity (10 footcandles) in the middle of
the night is adequate to induce flowering under short days,
but plants are only half the height of those grown with the tra-
ditional 4-hour night break (Figure 3). Flowering can be de-
layed 1-2 weeks, compared to plants under longer durations
of night break. Unfortunately, most long-day perennial
species will not flower with such short night interruptions, so
this technique may have limited usefulness.

INCANDESCENT LIGHTS
PROMOTE STRETCH

Electrical lighting can simulate natural long days effectively
under natural short days. Incandescent lamps are most com-
monly used to create long days because they are inexpensive
and easy to install. Unfortunately, incandescent lamps are rich
in far-red light, the part of the spectrum that promotes stem
elongation.

Plants provided with long days by incandescent lamps will
often be taller than those lit by other lamps, such as cool-
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INFLUENCE OF LIGHT QUALITY ON LONG DAY
FLOWER INDUCTION
COREOPSIS LANCEOLATA "EARLY SUNRISE
§0 DAYS OF 1700 TO 2400 TREATMENT AT 20 C

MH

i

Figure 4. Incandescent (INC) lamps are rich in far-red
light and can promote stem elongation in a variety of
species, including coreopsis. Cool-white fluorescent
(CWF), high-pressure sodium (HPS), or metal halide
(MH) lamps can be used effectively to extend natural
daylengths with less stem extension. Photo courtesy
of Cathy Whitman.

Figure 5.

ELPHINIUM BRANDIFLDRUM

31N 125N 250N

Figure 5. Using low N nutrition does
not reduce plant height in many
herbaceous perennials. The
opposite occurs. Delphinium plant
height decreased as the rate of
constant liquid fertilizer increased
from 31 to 250 ppm N. Photo courtesy
of Mary-Slade Morrison.

white fluorescent, metal halide, or high-pressure sodium
(Figure 4).

We suggest using high-pressure sodium lamps for photope-
riod control. Although these lamps are expensive to install,
electrical costs will be lower and plants will be shorter than
those lit with incandescent lamps.

WATER STRESS HAS LIMITED
POTENTIAL

Using water stress for height control is common in bed-
ding plant production, especially during the dark, early
spring season when plants dry slowly. Small quantities of
water can be applied to keep plants alive, but they will still
be stressed.

Water stress will limit stem elongation in perennials. But
height control using water is more problematic.

Controlled application of water to pots is more difficult
than with flats. When many perennials are grown in late



spring and summer, the time between limited irrigations
must be short. If water is not applied when it is absolutely
required, severe foliar damage and even death can occur.

While water can be a powerful tool for regulating height,
there certainly is a high risk associated with it during bright,
dry, warm weather.

NUTRITION

Limiting nutrients, typically nitrogen and phosphorous,
has been used to control plant height.

Low nitrogen does not reduce height. Low nitrogen nutri-
tion often has been used to control bedding plant size and
height. We have not observed any height control response on
herbaceous perennials fertilized continually with nitrogen
rates from 62 to 250 ppm. In fact, quite the opposite occurs.
Plants fertilized at the lowest concentration (62 ppm) were
either the same height or taller than plants fertilized at high-
er concentrations
(Figure 5).

If anything, low
nitrogen nutrition
resulted in thin
growth of some

ECHINACEA PURPUREA
“MAGNUS
e

FLOWER 30
PCT

Figure 6. ;i

Figure 6. Phosphorus levels in a
fertilization program have little, if
any, effect on herbaceous perennial
height if the soil has a preplant P
charge. In echinacea, plants were
similar heights when they were
grown using a nutrient solution
deficient in P (left) or with moderate
P concentrations (right). Photo
courtesy of Mary-Slade Morrison.

DELPHINIUM GRANDIFLORUM 'BLUE MIRROR®

12 WS OF SC SH PHOTO
8 WEEKS OF FORCING UNDER NI
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COREOPSIS GRANDIFLORA 'EARLY-SUNRISE’
16-H: PHOTOPERIOD- WITH HPS
WEEKS AT 20.C UNDER FILTERS
NONE ] 0
NEUTRAL 8 0
FARRED 0 ]
0

Figure 7. Far-red filters can reduce the height of
some plants, including coreopsis. Plants were
grown under high light with a 16-hour photope-
riod for 0, 2, or 4 weeks, then were transferred
to either a neutral or far-red filter with a
16-hour photoperiod until flowering. Percentage
flowering indicates the proportion of plants in
flower after 8 weeks in the greenhouse.

Figure 8. Low temperatures do not result in shorter plants at flowering. Plants grown in
warmer temperatures may initially be taller because of faster development. (a) Delphinium
plants grew faster and were taller after 8 weeks of forcing. (b) But plant height at flower
was greater at lower forcing temperatures. Photos courtesy of Shi-Ying Wang.

plant species, creating unattractive plants compared to those
provided with more nitrogen. These results suggest that lim-
iting nitrogen fertilization will not control plant height for
many herbaceous perennials.

Ammonium-to-nitrate ratio does not affect plant height.
Most growers say increasing ammonium concentrations will
increase plant height significantly. But supporting evidence is
sparse and for perennials, it is nonexistent. Plants of 15 differ-
ent species were grown with ammonium-nitrogen percentages
ranging from 5% to 50%, and there were no differences in
plant height.

Phosphorus levels have little effect. One of the deficiency
symptoms of phosphorus is stunting. Plug and bedding plant
growers have traditionally used low phosphorus to help con-
trol height.

In our trials, herbaceous perennials were transplanted into
soil containing a typical preplanting phosphorus charge. The
presence or absence of phosphorus in the nutrient solution
did not influence plant height (Figure 6).

AVOID PLANT ELONGATION

Plant spacing. Herbaceous perennials’ ecological survival
strategy when confronted with competition from other
plants is to elongate. Plants spaced closely elongate, putting
them in more competitive po-
sitions to harvest light.

When sun-loving plants are
not crowded, but widely
spaced, they will elongate
2 2 slowly and branch out widely
0 = to maximize light intercep-
6w tion. Therefore, one of the
most powerful growth retar-
dants for herbaceous perenni-
als is wide spacing. Although
spacing is not consistent with
maximum productivity, it's
still a powerful height-control
strategy.

Far-red filters can reduce
plant height. Plants perceive
competition based on the ratio
of red and far-red light. When
plants are widely spaced,
leaves and stems are exposed
to equal amounts of red and
far-red light.

When they get closer, they
are exposed to more far-red
than red light. This far-red light
promotes stem elongation. If
far-red light is removed from
sunlight, then the red to far-red
ratio will not change dramati-
cally by increasing spacing,
and stem elongation will not be
promoted.

We have found that one ex-
perimental filter, developed
by the University of Reading
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and British Visqueen, effectively
reduced some species’ plant height
(Figure 7). Far-red filters are being
developed by several companies
worldwide.

TEMPERATURE

A common perception among many
growers is that warmer greenhouse
temperatures will make perennials
grow taller. This statement is only par-
tially true. Warmer temperatures will
hasten plant development, including
plant height (Figure 8a).

Final plant height at flower is not in-
creased by forcing at warmer tempera-
tures. We have grown dozens of peren-
nial species at temperatures from the
mid-50s to the mid-80s, from the start
of forcing to flowering. In every case,
plants grown at warm temperatures
were either the same height or shorter
at flower than those grown at cool tem-
peratures (Figure 8b).

Warm temperatures should never be

equated with causing tall plants, just
like using cool temperatures is not a
long-term method of height control.
DIF can reduce elongation. Many
flowering potted and bedding plants
respond to DIF, the relationship be-
tween day and night temperature.
Stem elongation increases as day tem-
peratures progressively become
warmer than night temperatures.
Campanula carpatica has responded
to DIF similar to many other species.
DIF should control stem elongation on
many herbaceous perennial species.
Cool nights and warm days (positive
DIF) will result in tall plants. Plants
grown under equal day and night tem-
peratures (zero DIF) or cooler days than
nights (negative DIF) will be shorter.

GROWTH RETARDANTS
REDUCE ELONGATION

For many herbaceous perennial
species, using growth retardants is
the only way to maintain plant height
at an acceptable level.

We have evaluated A-Rest, B-Nine,
Bonzi, Cycocel, and Sumagic on more
than 40 species. No one growth retar-
dant controls height on all species.

The two chemicals that show the
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most widespread efficacy are B-Nine
and Sumagic. Cycocel had the smallest
range of height control.

For several growers, Sumagic at 10-
15 ppm has been the most effective
and widely used growth retardant. A
second or third application often is re-
quired as the plant grows. The concen-
tration and number of applications
should be based on grower observa-
tions and decisions.

In addition, timing the application
of growth regulators with the period
of maximum plant elongation will be
key to suppressing plant height. We
have tested Florel on a number of
plant species, and further informa-
tion on its efficacy will soon be pub-
lished. GG

About the authors: Drs. Royal D. Heins,
Arthur C. Cameron, and Will Carlson are
professors, and Erik S. Runkle is a graduate
research assistant, Department of
Horticulture, Michigan State University,
East Lansing, MI 48824. Information in this
article originated with several current or
previous graduate students and research as-
sociates in MSU’s herbaceous perennial pro-
gram, including: Mary-Slade Morrison;
Cheryl Hamaker; Alison Frane; Paul
Koreman; Shi-Ying Wang; and Cathy
Whitman.
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Greenhouse temperatures affect the timing
and quality of herbaceous perennials.

0.5
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0.4 - E: Linear Range :
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(82F) (1P (B0F) (59°F) (68H (F7’H (86N (95F) (104F)

Temperature (°C)
Figure 1. Typical temperature response curve.
i
Figure 2. 4

4 CAMPANULA ‘BIRCH HYBRID'

12 WEEKS COLD AT 5C
PHOTOPERIOD: 16 HRS (HID)
6 WEEKS FORCING AT
20C 23C 26C
PERCENTAGE FLOWERING
100 100 100

Figure 2. Campanula ‘Birch Hybrid’ plants flower most rapidly from 68°F to 79°F
(20°C to 26°C). Photo courtesy of Alison Frane.
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by GENHUA NIU, ALISON FRANE,
ROYAL D. HEINS, ARTHUR CAMERON,
and WILL CARLSON

EMPERATURE is one of the

critical environmental factors

that influence herbaceous

perennials. Plant growth, devel-
opment rate, and quality, including leaf
morphology and flower size and number,
are affected by temperature.

Development Rate

The rate that leaves and flowers devel-
op depends primarily on temperature, or
more specifically, plant temperature.
Plant growth typically follows a similar
pattern in response to temperature
(Figure 1). Below the base temperature,
there is no growth. As temperature in-
creases, growth rate increases until the
optimum temperature is reached, at
which time growth rate is at a maximum.
Above the optimum temperature, growth
rate decreases.

For many perennial species, the devel-
opment rate increases linearly when the
temperature is between the base and op-
timum temperatures. Plants become in-
creasingly stressed as temperatures in-
crease above the optimum temperature.
It's useful to know the optimum temper-
ature if one wants to grow plants as
quickly as possible without stress.

Base and optimum temperatures vary
within and between species and are related
to climatic origin. For example, Campanula
‘Birch Hybrid’ plants flowered at 68°, 73°,
and 79°F (20°, 23°, and 26°C) after 6 weeks
of forcing, but only 10% had flowered at
63° or 84°F (17° or 29°C) (Figure 2).
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Time to flower decreased as temperature in-
creased from 63°F to 75°F (17°C to 24°C), then it
increased as the temperature increased from
75°F to 84°F (24°C to 29°C) (Figure 3). Growing
Campanula ‘Birch Hybrid’ above 75°F (24°C)
doesn’t hasten flower development, but does
delay flowering. Thus the optimum temperature
for most rapid production of this variety is
about 75°F.

Plant development is a function of the 24-hour
average daily temperature, if day and night tem-
peratures are always within the linear range. Day
and night temperatures are equally effective at pro-
moting development rate. For example, the leaf un-
folding rate for Easter lily ‘Nellie White increased
linearly as the average daily temperature increased
from 57°F to 86°F (14°C to 30°C), regardless of how
the temperature was delivered (Figure 4).

In another example, Campanula carpatica ‘Blue
Clips” was grown under nine different combina-
tions of day and night temperatures, which were
created by moving the plants twice a day among
three greenhouse sections set at 59°, 68°, and 77°F
(15°, 20°, and 25°C), respectively. The difference
between the actual day and night temperatures
ranged from —15°F to 22°F (-10°C to 12°C). Time to
flower decreased as the average daily temperature
increased from 59°F to 77°F, but was not influ-
enced by how the temperature was delivered dur-
ing the day and night.

When plants are exposed to day or night tempera-
tures outside the linear range (below the base tem-
perature or above the optimum temperature), de-
velopment is slower than when they are grown at
the same day and night temperatures. This is true
even though the average daily temperature is
same. Therefore, if a crop is behind schedule, you
can hasten its development by growing the plants
at a constant 24-hour temperature at or near the optimum
temperature for the developmental rate.

Flower Size

The flower size of herbaceous perennials generally de-
creases as the forcing temperature increases. In some cases,
the effect can be quite dramatic. The flower diameters of
Campanula ‘Birch Hybrid” and Coreopsis verticillata
‘Moonbeam’ decreased significantly as temperature in-
creased from 63°F to 84°F (17°C to 29°C) (Figures 5 and 6).

High temperatures also can cause flower abnormalities.
Some flowers on Campanula ‘Birch Hybrid’ developed ab-
normalities, such as doublings, at 84°F (29°C).

A temperature transfer experiment with Campanula
carpatica ‘Blue Clips” and Campanula ‘Birch Hybrid’

. L5 : i‘ 1. '
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Figure 3. Time to flower in Campanula ‘Birch Hybrid’ decreases as the
forcing temperature increases from 63°F to 73°F and it increases as
forcing temperature increases from 73°F to 84°F. The optimum
temperature is around 75°F for this species.

Figure 4:

Figure 4. Number of Lilium longiflorum ‘Nellie White’ leaves unfolded per
day with a higher day than night temperature, with a higher night than
day temperature, and with the same day and night temperatures.
Source: Karlsson et al., 1988. Quantifying temperature-controlled leaf
unfolding rates in ‘Nellie White’ Easter lily. J. Amer. Soc. Hort. Sci.
113(1): 70-74.

showed flowers were most sensitive to temperature after
the first visible bud (Figures 7 and 8). Plants of both
species were initially grown at a constant 68°F (20°C) and
then were transferred at visible bud to 57°, 63°, 68°, 73°, or
79°F (14°, 17°, 20°, 23°, or 26°C) until flowering. Other
plants were grown at a constant 57° or 79° F (14° or 26°C).

For ‘Blue Clips,” the flower diameter on plants grown at
a constant 57°F was similar to plants initially grown at
68°F until visible bud and then transferred to 57°F until
flowering. The flower diameter on plants grown at con-
stant 79°F was similar to plants grown at 68°F until visible
bud, and then transferred to 79°F until flowering.

For ‘Birch Hybrid,” the flower diameter on plants grown at
a constant 57°F was similar to plants grown at 68°F until visi-
ble bud and then transferred to 57°F until flowering. But the
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Figure 5. Flower size of Campanula ‘Birch Hybrid’ is
largest at 63°F (17°C) and decreases as temperature
increases from 63°F to 84°F (17°C to 29°C). Photo

courtesy of Alison Frane.

flower diameter on plants grown at a
constant 79°F was smaller than those
grown at 68°F until visible bud and

then transferred to 79°F until flowering.

This is most likely because 79°F is out
of the linear range (Figure 3).

Thus, within the linear range, the
temperature before visible bud has
little effect on flower size. In addi-
tion, the temperature above the opti-
mum before visible bud may reduce
flower size.

Number Of Flower Buds

Increasing the forcing temperature
not only reduces flower size but also
the number of flower buds. In
Rudbeckia fulgida ‘Goldsturm’ and
Coreopsis grandiflora ‘Sunray,’ the
number of flower buds decreased

Campanula ‘Birch Hybrid’
Forcing Temperature

26°C 29°C

17 18 19 20

Figure 6 wl Coreopsis verticillata ‘Moonbeam’
12 weeks cold at 5°C
photoperiod 16 hrs (HID)
forcing temperature:

10 11 12 13 14 15 16 17 18 19 20 21 22 23

Figure 6. Flower size of Coreopsis verticillata
‘Moonbeam’ is largest at 63°F (17°C) and decreases as
temperature increases from 63°F to 84°F (17°C to 29°C).

Photo courtesy of Alison Frane.

75% and 80%, respectively, as tem-
perature increased from 60°F to 79°F
(16°C to 26°C) (Figure 9). Often, the
measured number of flowers is a
consequence of enhanced lateral
branching when plants are grown at
cooler temperatures.

Plant Height

For many bedding and potted
plants, stem length and plant height
increase as the difference between
day and night temperatures (DIF) in-
creases. Herbaceous perennial plants
have similar responses to DIF. For ex-
ample, the plant height of Campanula
carpatica ‘Blue Clips’ increased linear-
ly as the DIF increased from —15°F to
22°F (Figure 10).

In addition to DIF, plant height is

influenced by average daily tempera-
ture. Increasing temperature hastens
plant development and increases
growth. But the increased tempera-
ture doesn’t increase final plant
height at flower. Quite the opposite,
plant height at flower is often higher
when they are forced at lower temper-
atures (Figure 11).

Leaf Morphology And
Characteristics

The diversity in shape, texture, and
coloration in leaves makes hostas at-
tractive and admired plants in the gar-
den. Temperature has a dramatic influ-
ence on morphology and coloration of
hosta leaves. For instance, increasing
the forcing temperature changes the
ratio of leaf length to leaf width (Figure
12). Leaves are wider and shorter, with

Figure 8. Effect of temperature transfer on the flower size of
Campanula ‘Birch Hybrid! Plants were grown initially at 68°F and
were then transferred at visible bud (VB) to 57°, 68°, or 79°F.
Other plants were grown at a constant 57° or 79°F.

Figure 7. Effect of temperature transfer on flower size of
Campanula carpatica ‘Blue Clips! Plants were grown initially at
68°F and then transferred at visible bud (VB) to 57°, 63°, 73°, or
79°F. Other plants were grown at a constant 57° or 79°F.
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served on a number of hosta cultivars. 2
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Temperature not only influences the

finishing time of a plant, but also in-
fluences the final appearance of the
plant. Understanding the temperature
response of a particular species is the
key to avoid growing that plant under
stressful temperatures. To schedule a
crop while maintaining high quality,
knowing the other temperature effects

«{ -~ Coreopsis
: = = f = = Rudbeckia
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Forcing temperatures (°F)

Figure 9. The number of flower buds in Coreopsis grandiflora ‘Sunray’ and
Rudbeckia fulgida ‘Goldsturm’ decreases as the forcing temperature increases
from 60°F to 79°F (16°C to 26°C). Source: Yuan et al., 1998. Effect of forcing
temperature on time to flower of Coreopsis grandiflora, Gaillardia xgrandiflora,
Leucanthemum xsuperbum, and Rudbeckia fulgida. HortScience 33(4): 663-667.

on plant quality, such as flower size,
flower bud number, and plant height,
is necessary.

It is interesting to speculate how
garden performance of perennials is
influenced by temperature. The
British have a well-deserved reputa-
tion for growing quality perennials in
their outdoor gardens. At least some
of this success is likely a result of the
cooler growing temperatures during
the summer months, which promote
tall plants with better branching and
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About the authors: Genhua Niu is a visit-
ing research associate, Alison Frane is a
graduate research assistant, and Drs. Royal
D. Heins, Arthur Cameron, and Will
Carlson are professors, Department of
Horticulture, Michigan State University,
East Lansing, MI 48824, ’
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ACHILLEAANTHEA'

12 WEEKS COLD AT SC
PHOTOPERIOD 18 HRS (HID)
11 WEEKS FORCING AT

23C 260
PERCENTAGE FLOWERING
50

Figure 11. Achillea ‘Anthea’ plants at flower are taller when
forced at low forcing temperatures compared to high
forcing temperatures. Photo courtesy of Alison Frane.
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Figure 10. Relationship between plant height of Campanula carpatica ‘Blue Clips’
and the difference between day and night temperature. Plants were grown at
three light conditions: without supplemental lighting or with supplemental
lighting at 145 or 250 pmol m?s™ provided by a high-pressure sodium lamp for
12 hours per day.

HOSTA
‘UNDULATA
C

14C 176G 20C 23 26C

Figure 12. Lower forcing temperature makes the leaves
wider and shorter and gives better coloration in Hosta
‘Undulata’ Photo courtesy of Beth Fausey.
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POST-HARVEST STUDY
3 DAYS SIMULATED SHIPPING

DAY 7 SIMULATED STORAGE
IMPACT SCALE

AVERAGE

POST-HARVEST STUDY
3 DAYS SIMULATED SHIPPING

DAY 7 SIMULATED STORAGE
IMPACT SCALE

AVERAGE

Figure 1. Perennial researchers are identifying potential plants that perform well
inside the home for a short time and then can be planted outdoors. At Michigan
State University, researchers placed forced plants of Leucanthemum 'Snow Caps’
(a) and Campanula ‘Blue Clips’ (b) in a simulated shipping environment for 3
days and then in a simulated retail display for an additional 7 days. Some species
performed better than others, but the experiment provided preliminary results for
plants that should receive further testing.
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by BRIDGET K. BEHE

ERENNIAL sales are grow-

ing by leaps and bounds in

some markets. People want

. to add the beauty of these

repeat bloomers to their homes and
gardens. Whether perennials are a new
product line for your business or an old
favorite, these tips may help you mar-
ket perennials more effectively to some
consumer groups.

1. Market Segmentation

One of the fundamental components
of a marketing strategy is market seg-
mentation. Market segmentation at-
tempts to identify all potential cus-
tomers of a product or service and
group them into definable categories.
This process allows marketers to select
particular groups or segments and con-
centrate marketing efforts on those
groups. Such marketing efforts could
include tailoring marketing strategies
to focus on an individual segment or
developing products and services that
specifically address a particular seg-
ment’s needs.

One of the more useful ways to seg-
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ment a market or group of consumers is to divide them up
by how much of a product they use, how much they know
about a product or hobby, or how much they enjoy it.

You may recall the 80/20 rule, which states that 80% of
your profits come from the sale of 20% of your products.
It's true for buying because 80% of your sales come from
20% of your customers. We sometimes call the 20% the
“heavy half.” These people are the heart of every business.
They enjoy your products more, spend more money on
them, and just buy them more often. Understanding this
group can bring insight into purchases that could eventu-
ally be made by other consumers.

Some consumers buy perennials because they are focused
on the plants themselves. Like us horticulture professionals,
they find joy in having something new or novel. While tout-
ing a new perennial to plant fanatics is effective, they likely
make up a small portion of all your customers.

Learn from them what plants do well in their gardens. By
asking questions, you can understand the problems or chal-
lenges other customers may face if they put a particular
plant in their gardens.

Recruit plant fanatics as allies in the marketing process.
They most likely have friends who are interested in garden-
ing. Their gardens can act as showcases for your product.
Encourage them to spread the word about what new peren-
nials work for them. Imagine the free publicity you could
get by giving them those plants. You can’t buy more credi-
ble, effective advertising than endorsements from successful
gardeners in the community, to whom others look to as
trend-setters.

Figure 2.
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Figure 2. Michigan State University’s trial area for forcing perennials at the time of planting (left) and at week 6 (right).

Formula For s_m:cess:

2. Market The Use

Not everyone is as passionate about their plants as master
gardeners. But they might get enthusiastic if we market to
them in a way that appeals to how they garden.

Perennials are great accents to annuals. One benefit of
perennials is that most gardeners won’t have to replant each
year to get that splash of color.

Position perennials as the spice of the garden. People who
focus on decorating with color in the landscape can relate to




this. The accent should be used in
smaller amounts to bring focus or at-
tention to a point or object.

Show novice gardeners exactly
how to use perennials in a demon-
stration garden. While we can put
plant combinations together easily, it
is a real challenge for less experi-
enced gardeners.

Department stores put outfits to-
gether on their mannequins to show
people how to coordinate clothes. We
can adapt the same principle to mar-
keting perennials. Show the less ex-
perienced gardener how to coordi-
nate perennials with annuals or flow-
ering shrubs.

Will everyone buy perennials?
Probably not. The National Gardening
Association’s annual survey of gar-
dening revealed that only 20% of the
105 million households bought peren-
nial plants last year (25% bought an-
nual plants). While not everyone buys
annuals or perennials, we still have a
long way to go before the market is
saturated.

3. For Inside And Outside

Michigan State University (MSU) re-
searchers have found some perennials
can be used as potted plants indoors.
Just think of the added value a peren-
nial has as a table decoration and a
garden plant.

Market research shows that most
consumers recognize traditional
perennials, such as rudbeckia and
salvia, as those that are found in gar-
dens. We also found that lesser-known

American

Floral
o Endowment

The American Floral Endowment
helps fund perennial research at
Michigan State University.

perennials, like campanula ‘Blue
Clips,” were perceived as more similar
to traditional potted indoor flowering
plants. Consumers accurately per-
ceived a chrysanthemum as a plant
that can be used indoors or outdoors.
The challenge to perennial re-
searchers now is to identify potential
plants that perform well inside the
home for a short time, and then can be
planted outdoors. At MSU, we placed
forced plants of leucanthemum ‘Snow
Caps’ (Figure 1a), campanula ‘Blue
Clips’(Figure 1b), echinacea ‘Bravado,’
and aquilegia ‘Cameo’ in a simulated
shipping environment for 3 days and
then in a simulated retail display for an
additional 7 days. Some species per-
formed better than others, but the ex-
periment gave us preliminary results
for plants that should be further tested.
Another concern arises when we
market these forced perennials. Some
professionals and avid gardeners are
suspect of what forcing will do to the
natural flowering pattern of the peren-
nials. While we have seen no detri-
mental effects for several years, fund-
ing from the American Floral
Endowment has enabled MSU re-
searchers to investigate this, as well.
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Plants from the experiment were
also planted outdoors in full-sun gar-
den beds on the MSU campus. After
only 1 year in the ground, we can see
they have performed quite well (see
Figure 2). Many of the plants that
were in flower at planting June 1 had
successive flowering periods. The real
test will come as we monitor flower-
ing next year. Yet, we have seen no ill
effects to date on garden performance.

Research on marketing forced
perennials indicates consumers know
these plants grow outside. Marketing
the added value of enjoying some of
these perennials indoors, before they
are planted outside, presents a real op-
portunity for growers. Will consumers
pay more for this added value?
Research in 2000 will give us some ad-
ditional insight.

For now, perennial marketers
should focus on building awareness of
perennials and their uses in and
around the home or business. We can
market perennials as the spice, or ac-
cent, added to a landscape rich in an-
nual color. We also can market peren-
nials as a substitute for annual color in
the landscape, perhaps combined with
interesting grasses, colorful flowering
shrubs, or against a backdrop of ever-
greens. Market the color, not the plant,
that comes from a well-tended garden
with perennials. GG

About the author: Bridget Behe is an associ-
ate professor, Department of Horticulture,
Michigan State University, East Lansing, MI
48824. Sources include the Index of Garden
Plants and Ball Pereninial Manual.
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Florel may be a useful tool in controlling
potted herbaceous perennial crop height.

~ Crop By Crop -

by TAKAHIRO HAYASHI, ROYAL D. HEINS,

ARTHUR C. CAMERON, and WILLIAM H. CARLSON Figure 1. Ac#ég'&'ﬁEﬁwh;I%mL%g%%UM

RESPONSE TO FLOREL
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500 _FPM 1000 PPM

ONTROLLING plant height and manipulating CONTROL
the flowering date can be difficult in the commer-
cial production of potted herbaceous perennials.
Height control is important because tall plants
can become top-heavy and floppy and therefore more ex-
pensive to ship. Manipulating the flowering date is also im-
portant to avoid overconcentration of flowering plants on a
single date and extend shipping and sales beyond the nat-
ural flowering period.

Ethephon, an ethylene-releasing compound sold under

the trade name of Florel, has been successfully used to re- Figure 1. Achillea millefolium ‘Weser River Sandstone’
tard stem elongation and manipulate the flowering date of showed ahr:nut 20% height reduction byf Florel treatment.
several plants such as geraniums and New Guinea impa- Number of inflorescences per pot was increased an

average of 20% by Florel.

tiens. Ethephon affects plant height following absorption
because it breaks down into ethylene, and one response to

ethylene in plants is the reduction of cell elongation. Figure 2. | ECHINA[.‘.B%&“EH,RFUREA
Ethephon through ethylene release can also inhibit I RESPONSE TO_FLOREL
h i : 7/5/3 WEEKS AFTER APPLICATION
flower initiation and cause abortion of young flowers of QTS STOPRN T, 1000 PeM =

many species.

Many herbaceous perennial species flower within a limited
period of time when forced in a greenhouse or outdoors, If
ethephon could be used to successfully delay flowering of
herbaceous perennials without completely eliminating flow-
ering, this might permit growers to schedule shipping past
normal flowering dates.

Methods

We applied Florel to eight plant species to determine if it ! Vi A :
might effectively regulate plant height and flowering. Figure 2. Echinacea purpurea ‘Bravado’ responded
Species treated were Achillea millefolium "Weser River dramatically to Florel. Florel reduced plant height about
Sandstone,” Coreopsis verticillata ‘Moonbeam,” Echinacen pur- 40% and delayed flowering up to six days.
purea ‘Bravado,” Leucanthemum x superbum ‘Thomas Killen,’
Liatris SPffﬂm “Kobold, {VI@H"" rda didyma ‘.Blu.e Stqcking,’ plied once, twice, or three times at two-week intervals by
Phlox paniculata "Mt. Fuji,” and Physostegia virginiana using a hand-held sprayer to uniformly wet plant foliage
‘Summer Snow.’ and stems.

Plants in eight-inch pots were forced in a fan-and-pad

cooled greenhouse starting in mid-June under natural light F|0wering Time And Plant Height
plus a four-hour night interruption by high-pressure sodi- The effects of Florel on plant height and flowering varied
um lamps. Sprays of Florel at 500 and 1,000 ppm were ap- among species. Florel reduced height at first flower of achil-
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lea (Figure 1), echinacea
(Figure 2), leucanthemum
(Figure 3), monarda (Figure
4), and physostegia (Figure
5). Plant height for these
species was reduced 23%,
42%, 46%, 40%, and 46%,
respectively, when Florel
was applied three times at
1,000 ppm.

Final plant height of liatris
(Figure 6) decreased up to
28%, but there was no sig-
nificant difference between
the mean value of treat-
ments and that of the con-
trol because some treated
plants responded only
slightly to Florel.

Overall, Florel had little ef-
fect on flower timing of the
tested herbaceous perenni-
als. Spraying Florel three
times at 1,000 ppm only de-
layed flowering of echinacea,
monarda, and physostegia
by six, seven, and nine days,
respectively. Although not
statistically significant, flow-
ering time was delayed up to
five and seven days in phlox
(Figure 7) and liatris, respec-
tively, on plants sprayed
three times at 1,000 ppm.

Generally, the magnitude
of Florel's effect on plant
height and flowering time
was in proportion to the ap-
plied dose. Height and flow-
ering were increasingly re-
duced and delayed as appli-
cation number and concen-
tration increased.

Flower Number

Florel has been used as a
branching agent for decades
because it promotes axillary
shoot development without
killing the apical meristem or growing
point. In this experiment, Florel pro-
moted or suppressed branching, de-
pending on the species. The number of
inflorescences per pot was increased by
Florel application in achillea, coreopsis,
and phlox, while it was decreased in
echinacea, leucanthemum, monarda,
and physostegia.

Achillea, coreopsis (Figure 8), and
leucanthemum had already initiated
inflorescences when first sprayed

o CONTROL

Figure 5.
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Figure 3. Final plant height of Leucanthemum x superbum
‘Thomas Killen’ was decreased up to 46% by Florel
treatment. See also Figure 9.

Figure 4. Florel was useful for regulating plant height and
flowering of Monarda didyma ‘Blue Stocking. Number of
inflorescences per pot was greatly decreased by Florel.

PHYSOSTEGIA VIRGINIANA
"SUMMER SNOW"

RESPONSE TO FLOREL
9/7/5 WEENS AFTER APPLICATION
S00 PPM 1000 PPM
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Figure 5. Plant height of Physostegia virginiana ‘Summer
Snow’ decreased linearly with increasing concentration
and the number of Florel applications. Flowering was

delayed up to 10 days in proportion to the number of Florel
applications, regardless of concentration.

with Florel at the experiment’s start.
In contrast to its effects on plants like
geranium and New Guinea impatiens,
Florel did not abort these flowers,
even when applied three times at
1,000 ppm.

Flower Size

Florel reduced the inflorescence size
in echinacea and leucanthemum
(Figure 9) in proportion to the amount
applied. Three applications of Florel at
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1,000 ppm resulted in poor-
looking leucanthemum plants
with small inflorescences.

Plant Uniformity

Liatris, echinacea, leucanthe-
mum, and physostegia had in-
dividual plants that did not re-
spond to Florel. We speculate
that the nonresponse was
caused by nonuniform genetics
among plants in these species.
It is possible that lack of genetic
uniformity may result in vari-
able responses to Florel among
plants of the same cultivar.

Plant Form
The amount of Florel a plant
absorbs from a spray treatment
is a function of surface area of
the plant body, that is, total leaf
area. Therefore, besides concen-
tration and the number of ap-
plications, plant form and ap-
plication method may be im-
portant. Plants with small
leaves like coreopsis
‘Moonbeam’ may absorb less
solution, which may partly
account for the small stem-
elongation response to Florel
application.

Phytotoxicity

Florel at 1,000 ppm caused
severe phytotoxicity on the
young foliage of monarda
(Figure 10); therefore we do
not recommend Florel appli-
cation to monarda.
Phytotoxicity was not ob-
served on other plant species.

Application rates and fre-
quency may be altered based
upon the differences in
species, desired time to flower,
and final plant height as well as cli-
mate and culturing methods. Our sug-
gested application dose and the fac-
tors or responsiveness to consider are
as follows:

Application concentration. If you
do test Florel on herbaceous perenni-
als under high-temperature summer
conditions similar to that of our ex-
periment, we suggest the application
rate initially be made at 1,000 ppm
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and then adjusted according to your
evaluation. Although not evaluated,
concentrations higher than 1,000 ppm
may be necessary to control the
height for achillea and phlox, while
lower concentrations may be suitable
to increase attractiveness for leucan-
themum and monarda.

Because these experiments were
conducted during summer, we do not
know the application’s effects during
winter and spring. Rates lower than
1,000 ppm should be tested during
these seasons.

Application Frequency. A two-
week interval between Florel applica-
tions was suitable as judged from our
observations on Florel’s effect on stem
elongation. We do not know if longer-
interval applications at a higher con-
centration or short-interval applica-
tions with a lower concentration will
work equally well.

Florel’s Fate

Qur initial goals were to determine
if Florel would delay flowering and
decrease stem elongation in herba-
ceous perennials. Even with three
1,000- ppm applications, flowering
was not delayed more than nine days
for any species. Therefore, we do not
believe Florel, at least at the rates and
frequency applied, will be a feasible
method of delaying flowering in these
herbaceous perennials as it is in crops
like zonal geraniums or New Guinea
impatiens.

Stem elongation in most species test-
ed was reduced by Florel applications.
Therefore, Florel could be used as an
alternative to other growth retardants
for height control. High dosages, how-
ever, must be avoided because flower
size can be adversely affected in some
species (Figure 9). GG

About the authors: Dr. Takahiro Hayashi is
an associate professor, Graduate School of
Agriculture, Kyoto University, Japan. Royal
Heins, Art Cameron, and William Carlson
are professors, Department of Horticulture,
Michigan State University, East Lansing,
MI. The authors acknowledge and appreci-
ate Dan Tschirhart’s technical assistance in
conducting this experiment.

LIATRIS SPICATA
*KOBOLD’
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Figure 6. Response of Liatris spicata ‘Kobold’ to Florel was highly vari-
able among plants. Time to flower tended to increase as Florel appli-
cation dosage increased. Although not statistically significant, final
plant height tended to decrease as Florel dose increased.

Foureall LEUCANTHEMUM X SUPERBUM
| “THOMAS KILLEN'

RESPONSE TO FLOREL
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500 PPM
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Figure 9. Florel reduced the inflorescence size in Leucanthemum in
proportion to the amount applied.

Figure 10. Florel at 1,000 ppm caused severe phytotoxicity on
the young foliage of Monarda.
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