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Flowering 
Annuals and 

Perennials When 
You Want!

John Erwin
Department of Plant Science
and Landscape Architecture

University of Maryland
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Bedding and perennial growers need to have a better 
understanding of flowering than any other agricultural sector.  
You have to schedule flowering of over 100 species/varieties 

from all over the world during a 1-2 month period under 
changing environmental conditions.
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Blooming annuals 
and perennials 
during the peak 

marketing period 
(spring) can 

greatly increase 
sales of plants 
that naturally 
flower later.

3

Scheduling 
Flowering

• General Concepts: 
Flowering and 
Development Rate

• Seed Propagated 
Flowering Plants

• Asexually Propagated 
Plants (Cuttings, 
Division, Tissue 
Culture)
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Daylength

VernalizationMaturity

Irradiance 
(light 

intensity)
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Juvenility versus Maturity
• Plants are ‘immature’, or 

juvenile, after germination.  
Juvenile plants are 
incapable of flowering.
• As a plant ages (unfolds 

leaves), the shoot tip 
transitions to mature 
phase.  Mature plants can 
be induced to flower.
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Juvenile Period Lengths – Woody Plants

Crop Time
Rose 20-30 days
Grape 1 year
Orchid spp. 1-7 years
Apple 4-8 years
Orange 5-8 years
English Ivy 5-10 years
Redwood 5 – 15 years
Sycamore 15-20 years
English Oak 25-30 years
European Beech 30-40 years
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Juvenile Period Lengths – Herbaceous Plants

Crop Node Number
Aquilegia ‘McKana’s Giant’ 12 nodes

Aquilegia ‘Fairyland’ 15 nodes

Calceolaria herbeohybrida 5 nodes

Callistephus chinensis 4 nodes

Coreopsis grandiflora ‘Sunray’ 8 nodes

Gaillardia x grandiflora ‘Goblin’ 16 nodes

Heuchera sanguinea ‘Bressingham’ 19 nodes

Lavandula angustifolia ‘Munstead’ 18 nodes

Rudbeckia fulgida ‘Goldstrum’ 10 nodes

Petunia hybrida ‘Purple Wave’ 4 nodes

Viola x wittrockiana ‘Delta Pure White’ 3-4 nodes
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Daylength

VernalizationMaturity

Irradiance
(light 

intensity)
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The juvenile period 
length can be 
shortened by 

increasing light 
intensity (irradiance) 

with many, but not all, 
bedding plants.

11 12
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Irradiance Response Groups

• Facultative Irradiance Plants: 
Leaf number below the first 
flower decreases as light 
intensity increases.

• Irradiance Indifferent Plants: No 
impact of increasing light 
intensity on leaf number below 
the first flower.
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Hibiscus cisplatinus flowers earlier as total daily light increases
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15

Increasing DLI increased H. radiatus Flower Bud Number

DLI greater than 14 mol 
m-2 d-1 show little benefit
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Daylength

VernalizationMaturity

Irradiance
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Synchronized 
flowering to 

enable successful 
flowering and 

seed production 
before the onset 

of inclement 
conditions.

Synchronize flowering to 
allow cross pollination 

between adjacent 
populations in different 

locations.

18
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flowering 
locus T (FT)

Evidence strongly 
suggests that the 

protein FT is behaving 
as a plant growth 

regulator and is the 
long sought ‘florigen’.
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Obligate Short Day Plant

Plants only flower when grown under short days.

20

Facultative Short Day Plant
Plants flower earlier and and with fewer nodes 
below the first flower when grown SD than LD.

21 22
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Obligate Long Day Plant

Plants only flower when grown under long days.

25 26
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Facultative Long Day Plant

Plants bloom earlier with fewer nodes below the first flower 
when grown under LD compared to SD.

28

29

Mathiola longipetala

Day Neutral Plants
Plants flower at the same time developmentally under SD or 

LD.

30
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9         10       11        12        13        14      15

Photoperiod (hrs)

K. glaucescens

K. manginii

K. uniflora

32

Ways To Manipulate Photoperiod
• Providing Long-days (short nights)

– Night interruption (10 pm – 2 am; 2 umol m-2 s-1 -
10 footcandles)

– Incandescent, ‘Flowering LEDs (must have Far red 
light for LDP!), High pressure sodium lights.

– When night temperatures drop below 63 oF, NI 
lighting duration and/or intensity needs to be 
increased.

• Providing Short-days (long nights)
– Pull black cloth; generally from 6-8 pm until 8 am.
– If night temperatures at 12 am are above 74oF, you 

need to increase night length – usually to 15 hrs.

33 34

Pharbitis     Kalanchoe        Glycine           Lolium

1-3 days      >12 days         >7 days         >8 days

35

K. glaucescens

K. manginii

K. uniflora

0        1         2        3        4        5        6       7      8     

Weeks of Short Days
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Petunia ‘Purple Wave’ Leaf Number Below First 
Flower

27.7
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per day increase. When does
increasing light no longer result in
earlier flowering? Our research,
which is reinforced by growers’
experiences, suggests that growers
will see a benefit with most bed-
ding plants as total light per day
increases from 2 to 12-14 moles. A
few crops, such as nicotiana, bene-
fit from an even higher DLI, but
most benefit from up to 12-14
moles of light per day.

Scheduling
Scheduling flowering in bed-

ding plants has been difficult in
the past. Flowering times can vary
from year to year and from green-
house to greenhouse. We are intro-
ducing three new terms that, if
used by the industry, will help
growers schedule crops. In addi-
tion, we advocate that supply com-
panies and researchers use these
terms when developing crop
schedules so there is consistency
across the industry. The three new
concepts we are proposing for bed-
ding plant scheduling are:
response groups, grow times and
re-bloom time. Each of these is
defined below.

Response groups. We are
introducing the concept of
“response groups” for bedding
plant production. The industry is
familiar with the concept of
response groups for potted plants,
such as poinsettia or chrysanthe-
mum. The response group of a pot-
ted poinsettia or chrysanthemum is
the time from the beginning of
inductive conditions (short days
with poinsettias and mums) until
the time of open flowering when
grown at 68/65° F day/night temp-
eratures. The response group
varies among species and cultivars.

We define response group of a
bedding plant as the time from the
start of inductive conditions on
mature plants until flowering
when grown at 68° F day and
night. This is slightly different than
response groups developed for
potted plants in that both the day
and night temperatures are 68° F.
The rationale for this is there are a
number of bedding plants (New
Guinea impatiens, melampodium,
cleome, vinca, etc.) that can dev-
elop very slowly at temperatures
less than 68° F. In addition, using a
68/65° F day/night temperature
standard may not be the best stan-
dard temperature regime because
day length varies during a year

and in different parts of the coun-
try and, therefore, the flowering
time will vary because the average
daily temperature varies. Using a
constant 68° F temperature stan-
dard eliminates this problem.

By using the response group
concept, growers can identify
exactly how long it will take from
the start of an inductive treat-
ment (such as long days for
obligate long-day plants) until
first flowering. This would greatly
simplify scheduling! In time, we
hope to develop tables where
growers can have the response
groups at different temperatures,
but for now, we suggest an
industry standard of reporting
response times at the standard
constant 68° F temperature. 

Grow time. Some growers may
not want to monitor when plants
are transitioning from immature to
mature plants or the information
may simply not exist. How can we
more easily schedule flowering in
these crops? We need to resurrect
the term “grow times,” but in a
new way. Production times or grow
times of some bedding plant crops
have been reported in the past but
are hard to compare because many
are determined using different (and
sometimes unmonitored) tempera-
tures and photoperiods. 

Therefore, we are resurrecting the
term and defining it with standard-
ized conditions. We are defining the
grow time of a seed crop as the
time it takes from germination
until flowering under inductive
conditions (juvenile period +
response group) when grown at a
constant 68° F. Such information
would be very helpful for growers
to schedule crops as well as enable
comparisons of new varieties to
existing bedding plant crops.

With time, such information
should be provided to growers from
university researchers and seed com-
panies at a variety of temperatures.
Currently, we are determining grow
times for more than 50 bedding
plants this winter and spring at the
University of Minnesota in associa-
tion with Wagner’s Greenhouses,
Minneapolis and Hugo, Minn.
Researchers at Michigan State
University are determining grow
times for approximately 20 seed-
propagated annuals at varying tem-
peratures (including constant 68° F).
Eventually, there will likely be grow
times for a variety of crops at differ-
ent temperatures.

5 2 GPN M a r c h  2 0 0 7

crop cultivation

Figure 3. This shows the effect of growing different bedding plant species under either short days
(natural daylight, 8 hours) or long days (natural daylight + night interruption (NI) lighting (NI;
10 foot-candles from 10 p.m. to 2 a.m.)) on days to flower (germination until first open flower).

Bedding Plant Response Groups
Plant Type Cultivar Response Group

Impatien ‘Super Elfin Lipstick’ 8 weeks

Petunia ‘Avalanche Pink’ 7 weeks

‘Dreams Rose’ 7 weeks

‘Purple Wave’ 8 weeks

Pansy ‘Colossus Yellow Blotch’ 9 weeks

‘Delta Pure White’ 9 weeks

‘Crystal Bowl Supreme Yellow’ 7 weeks

Viola ‘Sorbet Blackberry Cream’ 7 week

Figure 4. These are response groups of different bedding plants. Developed from data collected in
experiments conducted at the University of Minnesota (Erwin, personal observation).

Blue salvia ‘Strata’ shoot tips taken from plants grown with a 68° F day temperature and a 61° F
night temperature under short days (8 hours) or long days (night interruption (NI) or with extended
days (+25, +50, +100)). Plants were grown under natural daylight (St. Paul, Minn.) with no
supplemental lighting or supplemental 50, 100 or 150 umol m-2 s-1 (+250, 500 or 750 foot-candles).

Day Length Effects

*50_Erwin.qxd  3/14/07  2:26 PM  Page 52

‘Response 
Group’ is the 
length of time 

from the 
beginning of 

flower induction 
until flowering 

with an average 
daily 

temperature of 
65-68 oF. 

40

Daylength

VernalizationMaturity

Irradiance
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Vernalization

Once mature some plants, like many perennials 
and Marth Washington geraniums and many 
Osteospermum – require an extended  cold 

period to induce flowering.  Cool temperature 
induction of flowering is called ‘vernalization’.  

Vernalization occurs in the shoot tip.

42
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High light 
intensity can 
decrease the 
time required 

for 
vernalization.

44

45

No 
Cooling

Short Day Long Day 
(Night 

Interruption)

Long Day 
(0800-

0200HR; 75 
umol m-2 s-

1

Influence of Photoperiod and Supplemental 

Lighting on Rebutia narvaecense flowering

DNP, II

46

What determines how fast a plant grows (unfolds leaves)?

47

45oF      52oF      63oF     73oF        84oF       95oF

48
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Angelonia ‘Serena Purple’
Days to flower at: °F

Average DLI: 
10 mol·m-2·d-
1

41 45 50 59 68 77

Dead 62 36 27Dead No 
flower

86

27

Matthew Blanchard, Michigan State Univ.
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Plant Delay when average daily temperature 
is reduced 1oF

Angelonia ‘Angelface White’ 2.4 days

Blue Salvia ‘Strata’ 3.1 days

Calibracoa ‘Superbells Pink’ 1.5 days

Diascia ‘Flying Colors Coral’ 1.2 days

Gazania ‘Daybreak Red Stripe’ 1.5 days

Nemesia ‘Sunsatia Peach’ 0.8 days

Pansy ‘Delta Pure White’ 1.0 days/1.6 days

Petunia ‘Avalanche Pink’ 2.5 days

Petunia ‘Purple Wave’ 3.3 days

Impatiens ‘Super Elfin Lipstick’ 1.8 days

Snapdragon ‘Liberty Bronze’ 1.6 days

Viola ‘Sorbet Blackberry Cream’ 1.1 days

50

Effect of Increasing Temperature on MandeVino ‘Mezzo Red’ 
grown under Short Days (8 hr) and 300 umol m-2 s-1

50F.      59F     68F      76F      86F

51

Plants for a high temperature house (68-78oF) –
based on DTF

• Angelonia
• Blue Salvia
• Purple Wave Petunia
• Mercardonia
• Scaveola
• Browallia
• Cleome
• Canna
• Tomato
• Coleus

• Pentas
• Zinnia
• Vinca
• Melampodium
• Gomphrena
• Cosmos
• Celosia
• Pepper
• Basil
• Many grasses

52

Plants for a moderate temperature house (63-
72oF) – based on DTF

• Calibracoa
• Gazania
• Impatiens
• Snapdragon
• Petunia ‘Supertunia 

Bordeaux’
• Verbena ‘Superbena 

Burgundy’

• Cosmos
• African Marigold
• Ageratum
• Some petunias
• Portulaca
• Red Salvia
• Cosmos
• Sunflowers

53

Plants for a low temperature house (55-65oF) –
based on DTF

• Argyranthemum
• Osteospermum
• Pansy
• Viola
• Diascia
• Nemesia

• Dahlia
• Some lobelia
• French marigold
• Some petunias
• Some snapdragons
• Dianthus
• Alyssum

54
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Scheduling 
Flowering

• General Concepts: 
Flowering and 
Development Rate

• Seed Propagated 
Flowering Plants

• Asexually Propagated 
Plants (Cuttings, 
Division, Tissue 
Culture)

55

In general,
• Most plants should be induced to flower as soon as 

it germinates.
• Plants with a short juvenile period (less than 2-3 

leaves) should be initially (first 2-3 weeks) be grown 
under conditions that do not induce flowering  
especially if finished in a >4” or larger container.

• Plants require 3 weeks to completely induce 
flowering.

• During March–May, plants will generally flower 5-6 
weeks after beginning flower induction.

56

Early in spring, it is very common for a number of 
short-day/facultative short-day plants such as Cosmos, 
Celosia and Zinnia to bloom too early resulting in an 

unsaleable plant.

57

PURDUE EXTENSIONHO-249-W      Flower Induction of Annuals

3
earlier in the fall (early-season 
chrysanthemums) than others 
(late-season chrysanthemums). 
Early-season chrysanthemums 
have longer CDLs, which is why 
they flower earlier in the summer 
than their late-season counter-
parts. 
One way to create SD photoperi-
ods is to truncate the day length 
by pulling blackcloth over plants 
in the late afternoon or evening 
and retracting it in the morning to 
create the desired photoperiod.
A way to create LD photoperiods 
is to use day-extension (DE) or night-interruption 
(NI) lighting. With DE lighting, you turn on a light 
source (such as high-pressure sodium (HPS) or 
incandescent lamps) before the sun sets, and keep 
them on until you achieve the desired day length. 
With NI lighting, you use some type of light to 
“interrupt” the dark period in the middle of the night — 
traditionally by using incandescent lamps to provide  
~2 µmol·m-2·s-1 (10 foot-candles) from 10 p.m. to 2 
a.m. By interrupting the dark period, plants perceive a 
short night length and, therefore, an LD photoperiod.

Inductive Cycle Number
When you are inducing plants to flower, each 24-hour 
period is referred to as an inductive cycle. Plants 
must be exposed to a minimum number of inductive 
cycles to induce a flowering response. The critical 
cycle number (CCN) is the minimum number of 
inductive cycles a plant must experience to ensure 
flowering will occur even if plants are placed under 
noninductive photoperiods (Figure 3).
You can regulate plant height by limiting how much 
exposure LD annuals have to inductive photoperiods 
by using a technique called limited inductive photo-
period treatment (LIP). To do this, expose plants to 
LD photoperiods for the CCN, and then expose them 
to SD photoperiods. The result is plants that are in 
flower, but have limited stem elongation.
However, using LIP is not ideal for every crop. For 
example, ‘Classic Liberty Bronze’ snapdragons 
(Antirrhinum majus) grown under continuous LD 
flowered quicker than plants exposed to less than  
30 LDs. 
To maximize your success with photoperiodic an-
nuals, it is best to try and familiarize yourself with 

the photoperiodic response group, CDL, and CCN 
requirements for the annuals you are producing.

Light Intensity
The total amount of photosynthetic light a plant 
receives throughout the day — called the daily light 
integral (DLI) — can affect plant attributes, including 
crop timing and quality.

DLI and Growth
The time to flower decreases under light limiting 
conditions when DLI is limiting (< 12 mol·m-2·d-1), as 
the DLI increases overall plant mass and number 
of flowers and branches increase, and in certain 
crops. The increased crop quality is due to increased 
plant photosynthesis in response to the increased 
DLI. It may also be due to changes in plant habit. A 
plant receiving high light may develop more lateral 
branches and thus have more leaves to capture 
light. Additionally, crop time is usually reduced when 
supplemental lights such as HPS lamps are used. 
This is because the energy from the lamps increases 
plant temperature, thus increasing plant develop-
mental rates. 
More information about DLI is available in 
Commercial Greenhouse and Nursery Production: 
Measuring Daily Light Integral in a Greenhouse 
(Purdue Extension publication HO-238-W), available 
from the Purdue Extension Education Store,   
www.the-education-store.com.

Irradiance Response
DLI affects overall crop quality and production 
time, but it has other effects, too. As DLI increases, 
the amount of time a plant needs to flower may 
be reduced. That’s because the number of leaves 

Figure 3. The cosmos shown here received 0, 5, 10, 15, 20, 25, or 30 
inductive short days before being placed under noninductive long days. 
Photo provided by Ryan Warner, Michigan State University.

58

Conclusion:
Cosmos are induced to 
set bud in as little 3 
short-days.  For this 

reason, cosmos should 
always be placed under 

night interruption 
lighting when first 

received and unloaded 
from a truck . . . .  

Often material is not 
planted for 3-4 days 
after unloading. . . . 

This is long enough to 
cause premature 

flowering in early spring 
(earlier than March 21).

59

Plants that require LD for 2-3 weeks 
after germ to bulk:

• Cosmos
• Zinnia
• Gomphrena
• African Marigold
• Celosia

• Mina Vine
• Morning Glory

60
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Early in spring (before March 21) some crops must 
receive long-days (NI-lighting) to keep plants actively 
growing - short-days will promote tuber formation.

62

Plants that require LD after germ to 
bulk and inhibit tubers/storage roots:

• Dahlias
• Tuberous Begonias
• Ipomea
• Asparagus Fern
• Some Salvia (Salvia patens)
• Asclepias

63

From March 1 until October 1, a number of LD crops, 
require short days (8-10 hours) in order to bulk 

plants.

64

Plants that may require SD after germ 
to bulk and inhibit flowering:

• Fuchsia
• Rudbeckia
• Lobelia
• Dill
• Oregano
• Thyme
• Snapdragons
• Dianthus
• Pansy

65

Examples
• Cosmos (assume 4 week 

plug and 6 week finish in a 
quart. . . . 

• First 4 weeks, then 6 weeks 
short days.

• Blue Lobelia (assume 6 
week plug and 4 week 
finish in a 1206 pack). . . . 

• 5 weeks short days, then 5 
long days

66
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Remember to Unfold Enough Leaves on Seed 
Propagated Perennials Before Induction!

Plant Species Minimum Leaf Number
Aquilegia ‘McKana’s Giant’ 12 nodes

Aquilegia ‘Fairyland’ 15 nodes

Coreopsis grandiflora ‘Sunray’ 8 nodes

Gaillardia x grandiflora ‘Goblin’ 16 nodes

Heuchera sanguinea ‘Bressingham’ 19 nodes

Lavandula angustifolia ‘Munstead’ 18 nodes

Rudbeckia fulgida ‘Goldstrum’ 10 nodes

67

Scheduling 
Flowering

• General Concepts: 
Flowering and 
Development Rate

• Seed Propagated 
Flowering Plants

• Asexually Propagated 
Plants (Cuttings, 
Division, Tissue 
Culture)
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Vegetative Annuals and Perennials

Vegetative Annuals
• Cuttings often arrive 

flowering and can be 
difficult to stop from 
flowering.

• Therefore, we inhibit 
flowering of vegetative 
annuals by applying 
regular (2-4 week) 
applications of low rate 
Florel (200-250 ppm).

Vegetative Perennials
• Generally, we inhibit 

flowering on perennials by 
growing plants under non-
inductive conditions (>63 
oF and/or SD).

69 70

(86 F/ 45% 
RH)

Marigold

(59 F/ 85% 
RH)

0 ppm 600 ppm

Fast-drying

Slow-
drying

71

Example
• Fuchsia basket (5 cuttings 

in a 10” basket).

72
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Florel vs Configure

Florel
• Aborts flowers- delays 

flowering 5 weeks.
• Increases branch number
• Reduces leaf size
• Reduces elongation
• 48 hr REI
• Produces ethylene
• Efficacy increases with 

drying time

Configure
• Increases branch number
• Reduces elongation
• Reduces rooting
• Delays flowering 2-4 days
• 12 hr REI
• Is a cytokinin (benzyl-

adenine)
• Efficacy increases with 

drying time

73

Configure can be added to the production schedule to 
reduce labor and/or crop timing.

No Florel – Configure 
x 2 (200 ppm) Previous:  Florel x 2 (500 ppm)

Now:  Florel (500 ppm) then 
Configure (200 ppm) = 2-3 week 

reduction in crop timing

74

Petuni
a

Florel Configure Cycocel B-9 Bonzi A-Rest Control

Florel

Configure

Cycocel

B-9

Bonzi

A-Rest

Control

75

Perennials

76

LD  Lang days are an obligate requirement for 
flowering. In some cases, some flowering 
may occur under short days but such 
plants would not be expected to be of 
acceptable horticultural quality. This 
requirement can always be met by provid-
ing 16-hour photoperiods or a 4-hour 
night interruption from 10 pm to 2 am. 

LD-SD  These are short day plants that typically 
bloom in the fall. They grow vegetatively 
under long days but require short days for 
flower induction. Fall mums are in this group. 

- Flowers from plug in 8 weeks or less 
- Day-neutral and long day plants 

SEED  VEGETATIVE 

LD  Achillea hybrids 
'Moonshine,"Anthea' 

LD  Achillea millefolium - 
Tireland,"Terra Cotta,' 
'Paprika; 'Red Velvet' 

LD  Agastache rugosa 
'Honey Bee Blue; 
'Blue Fortune' 

LD  Ceratostigma 
plumbaginoides 

LD  Coreopsis rosea 
LD  Coreopsis verticillata 

'Moonbeam,' Zagreb' 
LD  Gaura lindheimeri 

all selections tested 
DN  Geranium 

'Rozanne' 
DN  Lamium 

all selections tested 
LD  Lysimachia punctata 

'Alexander' 
LD  Nepeta x faassenii 

'Blue Wonder,' Walker's 
Low; 'Snowflake' 

LD  Polemonium 
many cultivars including 
'Brice D'Anjou' 

DN  Salvia nemorosa 
'Caradonna,"May Night' 

DN  Scabiosa columbaria 
'Butterfly Blue' and others 

DN  Tiarella 
several species and 
cultivars 

LD 
LD 

DN 
LD 

LD+ 

LD+ 
LD+ 

Asclepias tuberosa 
Campanula carpatica 
'Blue Clips,' White Clips,' 
and all other tested 
Coreopsis auriculata nana 
Coreopsis grandiflora 
'Early Sunrise' 
Delphinium grandiflorum 
all cultivars tested 
Penstemon 'Violet Dusk' 
Salvia x superba 'Blue Queen' 

Abbreviations used in summary tables 
The following are descriptions of abbreviations used 
in the summary tables and throughout the final article. 

Abbreviation  Description 

DN  Day-neural; photopenod has no apparent 
effect on flowering once all other flower 
induction requirements are met. 
However, short days can cause even 
some day-neutral perennials to go dor-
mant after flowering is completed. 

LD+  Long days are beneficial and are often but 
are not always required for good horticul-
ture quality. For plants in this category, 
long days usually reduce time to flower 
and increase final flower number. 
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- No Cold Required 

PERENNIALS 

SERIES 

als. These are perennials that readily 
bloom without vemali7ation and in less 
than eight weeks at an average daily 
temperature of 68°F from a well-grown 
128-cell plug. Larger starting material 
will always result in a larger plant, but a 
small plug should result in 100% flower-
ing of decent quality. They include a mix 
of long-day and day-neutral plants. 

Campanula carpatica, coreopsis 'Early 
Sunrise' and Delphinium grandiflorum 
cultivars are all excellent seed-propa-
gated perennials that fall in this cate-
gory. Asclepias is a beautiful but diffi-
cult plant for growers that requires rel-
atively high production temperatures, 
does not tolerate overwatering, and 
goes dormant under short days. 

Many great vegetative perennials 
fall in Category I including achillea, 
agastache, gaura, and salvia 'May 
Night.' Both the quality and availabili-
ty of cutting material has greatly im-
proved the past several years (see arti-
cle on propagation) and this has en-
hanced efforts to identify even more 

For Details Circle No. 46 on Postcard or at www.greenhousegrower.com  
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PERENNIALS 
SERIES 

- Flowers from plug in 8 weeks or more 
- Day-neutral and long day plants 
SEED VEGETATIVE 

LD Echinacea purpurea DN Delphinium 
'Magnus,' 'Bravado,' etc. 'Volkerfrieden' 

LD Helenium autumnale LD Hosta plantaginea 
'Bruno' and others 'Royal Standard' 

LD Hibiscus moscheutos 
'Disco Belles' and others 

LD Mondara didyma 
all cultivars tested 

DN Platycodon grandiflorus DN Perovskia atriplicifolia 
'Sentimental Blue' 'Filigran,"Little Spire' 

LD Rudbeckia fuigida 
'Goldsturm' 

LD Phlox paniculata 
all cultivars tested 

LD+ Sidalcea LD Sedum 
'Party Girls' 'Morchen."Autumn Joy: 

and other late flowering 
selections 

www.FirstStepGreenhousesicom 
CCA9 

Quality Plugs Online Availability 
Direct Sales Excellent Customer Service 

IRST 
STEP 'PLUS 

909-302-3890, Temecula, CA 

Q "How does a grower decide what to add to his production schedule 
i from the hundreds of new varieties introduced each year?" 

Horticultural Resources 
• EHR's personal representatives visit grower trials 

and hundreds of key growers each year. 

• EHR provides a "HOT PICKS" list of the best 
varieties for you, the grower, to utilize. 

• EHR recommends the best varieties for your 
specific climate and growing conditions. 

• EHR offers the best quality plants at competitive 
prices when you need them. 

From start to finish, your complete horticultural solution. 
Eason Horticultural Resources, Inc. 

350 Thomas More Parkway. Suite 190 Crestview Hills, KY 41017 
(859) 578-3535 • (800) 214-2221 • Fax (859) 578-2266 

www.ehmet.com  • e-mail: info@ehrnet.com  
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- No Cold Required 

perennials in this category. Perennials 
in Category I can be rooted and 
bulked in plug trays for three to five 
weeks depending on the plant prior to 
forcing and, from this point, time to 
flower should be less than eight weeks 
at an average 68°F. 

From a botanical point of view, it is 
interesting that at least some of these 
Category I perennials, such as achillea 
'Moonshine,' do not flower continuous-
ly in the garden. Still, a rooted cutting 
from a vegetative achillea readily flow-
ers after rooting, suggesting that the 
plant itself somehow inhibits flowering 
in the garden. Others in this category  

continue flowering after deadheading. 

Category II 
These are the slow-crop perennials. 

Although none have an obligate cold 
requirement, all take at least eight  

weeks to flower at an average 68°F. 
These are the perennials that bloom in 
mid- or even late-summer in the gar-
den. Some, such as echinacea, heleni-
um, and rudbeckia, take 12 to 14 
weeks to flower at 68°F — definitely 
slow and perhaps better suited for late 
spring and summer programs. Larger 
starting material may accelerate flow-
ering but is not necessary for plants in 
this category. With a few exceptions, 
most of the perennials in this category 
are long-day plants, require plenty of 
light, and are probably best suited for 
outdoor production when possible. 
Still, this category includes some great 
selections and top-rated perennials, 
showy in mid-summer and well-
known by gardeners. Delphinium 
'Volkerfrieden' is an impressive day-
neutral plant in this category that 
prefers cooler growing conditions. It 
also makes a great cut flower. 

Category III 
These are even slower-crop perenni-

als. Perennials in this category are fall-
blooming and are all long-day-short-
day (LD-SD) perennials — perhaps not 
always in the strict botanical sense, 
but at least in a horticultural context. 
They can all be treated like garden 
mums or even poinsettias. None have 
a cold requirement. Propagate and 
grow to size under long days and shift 
to short days only when they have 
reached an appropriate size. By and 
large, these are all slow perennials to 
bloom in a container. Except for aster, 
all take about three months and more 
at an average 68°F. Aster 'Purple 
Dome' is the fastest in this group and 
can be flowered in about eight weeks. 
It might seem that sedum 'Autumn 
Joy' should fall into this category. 
However, 'Autumn Joy' actually forms 
flowers in May, they are just very slow 
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- No Cold Required 
- Flowers from plug 
- Short day plants 

in 8 weeks or more 

SEED VEGETATIVE 

LD-SD Solidago canadensis LD-SD Aster dumosus 
'Purple Dome' 

LD-SD Eupatorium rugosum 
'Chocolate' 

LD-SD Helianthus 
'Low Down' 
and others 

LD-SD Solidago 
'Golden Fleece' 
and others 

PERENNIALS 

SERIES 

to develop. This is true for some other 
late flowering perennials, as well. 

Category IV 
This is an interesting and potentially 

important group of perennials. All re-
quire cold but will produce a nice 
plant even when cooled directly in a 
plug tray and transplanted after cool-
ing. We have written articles on pro-
duction techniques for several mem-
bers of this group, including veronica 
'Red Fox' and campanula 'Birch 
Hybrid.' Digitalis and lobelia are two 
excellent, seed-propagated perennials 
in this category. With a few exceptions, 
most of the perennials in this group 
will flower in four to eight weeks at 
68°F after the end of the cold period. 

In the garden, most Category IV 
perennials produce large numbers of 
flowers in June in Michigan. For in-
stance, plants of leucanthemum 'Snow 
Cap' and Oertothera fruticosa are smoth-
ered in flowers that come nearly in uni- 

son in the garden in late June. The ma-
jority of perennials in this group are 
sun-loving plants that will benefit from 
supplemental light when produced in 
doudier regions of the country. 

The key to this great group of plants 
is that they can be cooled in the plug 
tray and will still produce a quality 
plant. Thus, they take up only a frac-
tion of the space of a container and 
can be cooled far more efficiently. For 
instance, campanula 'Birch Hybrid' 
cuttings were rooted for two weeks; 
plugs were then grown for three 
weeks at 68°F and next cooled for 12  

weeks at 45°F in the plug tray. When 
forced in five-inch containers at 68°F 
under 16-hour photoperiods, plants 
bloomed in four weeks and produced 
more than 700 flower buds each. 

In most cases, LD photoperiods are 
beneficial but not an absolute require-
ment after cold for Category IV plants. 
For instance, leucanthemum 'Snow 
Cap' will produce a few flowers under 
short days after cold, compared to nu-
merous flowers under long days. 
Consequently, holding plants under 
short days after cold to stagger flower-
ing is not the best option for this 

S 

an Association  o f Floriculture Professionals 

"OFA is the key to continuing 

education within this industry, 

and we are feaclingtbe way in 
reaching floriculture professionals 

nationwide. The sky's the limit for 
businesses who are part of OFA." 

Kathy Benken — OFA President 
H.J. Beaten Inc. 

Cincinnati, Ohio 

We're updating our name to better reflect our purpose. 

It's anew look, but the same commitment to quality 

education for all areas of the floriculture industry. 

(previously known as Ohio Florists' Association) 

2.13o stelfa court • ootumbus, obio • 45 z I 5-1035 
614-487-1117 • Fax: 614-487-1216 
ofa@ofa.org  • www.ofa.org  
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Many perennials benefit from a cold 
treatment.

Suppliers have been working to breed 
‘non-cold requiring’ perennials. . . 

78



11/1/22

14

Generally, percent flowering 
plants, flower number and 

lateral branch number 
increases as cooling duration 
increases from 4 to 8 weeks.

79

Vegetative Reproductive 

Reproductive Vegetative 

Figure 6a. 

Phlox paniculata 'Lilac Time' 

Figure 6. Phlox paniculata cultivars differ in their 
critical photoperiod for flowering. 'Lilac Time' (a) 
grows vegetatively when photoperiods are 13 hours or 
less while 'David' (b) flowers when photoperiods are 
13 hours or greater. Therefore, for vegetative growth, 
the daylength should be maintained between 12 and 
13 hours if several cultivars are grown together. 

Figure 7. A well-rooted 
vegetative Phlox 
paniculata 'Mt. Fuji' plug. 

Figure 8. Phlox paniculata can flower prematurely in 
the plug tray if the photoperiod during propagation is 
sufficiently long to induce flowering. 
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five-inch pot, three weeks of bulking 
at 68°F (20°C) is adequate. Plants 
should be pinched at the start of bulk-
ing to promote branching. 

Vernalization 
Gaura does not require a cold treat-

ment to flower, but plug flats can be 
held in the cooler for later plantings 
if needed. 

Forcing To Flowering 
At 68°F (20°C), both gaura 

'Whirling Butterflies' and 'Siskyou 
Pink' take six weeks from the start of 
forcing to flowering. For forcing dur-
ing September to March, the photope-
riod should be 12 hours or greater, or 
plants should be exposed to a four-
hour night interruption with at least 
10 footcandles. 

During low light periods, supple-
mental lighting should be provided to 
improve plant quality. For forcing 
after March, natural light 
levels and photoperiods 
are sufficient (Figure 5). 
Total crop time from the 
start of propagation to 
first flowering for a five-
inch pot is around 12 
weeks (Table 1). 

Phlox paniculata 
Stock Plant 
Management 

Photoperiod require-
ments for stock manage-
ment, of Phlox paniculata 
require more precise control than for 
gaura and achillea. For both gaura 
and achillea, plants will produce vege-
tative cuttings if the photoperiod is 
shorter than some critical length. 

But Phlox paniculata goes dormant 
if exposed to relatively short 
daylengths. Thus, the photoperiod 
must be sufficiently short to prevent 
flower induction, and sufficiently 
long to prevent the plant (and cut-
tings) from going dormant. To 
achieve this, the photoperiod needs 
to be shortened during the long days 
of summer, and lengthened during 
the short days of winter. 

Further, the optimal photoperiod 
differs among cultivars. For example, 
'Lilac Time' will remain vegetative  

under a 13-hour day while 
'David' will flower (Figure 
6). As a compromise to 
avoid both dormancy and 
reproductive development 
across cultivars, a 12- or 
13-hour photoperiod 
should be used. 

If stock plants are ex-
posed to several weeks of 
photoperiods less than 12 
hours, or if they lose 
vigor, plants should be ex-
posed to six weeks of low 
temperature (41°F). This 
cooling period reinvigo-
rates plants, and if placed 
under a proper daylength, 
promotes vegetative 
growth of Phlox panicula-
ta plants. 

To manage the photope-
riod, a successful strategy 
is to light plants from 7 
a.m. until sunrise and 
from sunset until 8 p.m. 
during the October 1 to March 1 time 
period. From April 1 to mid-September, 

black doth should be 
pulled so that plants re-
ceive at least 11 hours of 
darkness each night (e.g., 
from 8 p.m. to 7 a.m.). The 
start and stop times can 
vary as long as the plants 
receive 11 hours of dark-
ness each night. 

The suggested pho-
toperiod regimen above 
exposes plants to 13 
hours of light and 11 
hours of darkness. If 
one or more of the culti-

vars becomes repro-
ductive under this 
photoperiod, then re-
duce the light period 
(such as to 12 hours) to 
better promote vegeta-
tive growth. 

Phlox paniculata stock 
plants should be 
grown at moderate 
temperatures, 64°F to 
68°F (18°C to 20°C) 
with high light intensi-
ties. Cuttings should 
be harvested every 
four to five weeks to 
ensure continued 
branching and cutting 
production. 

Propagation 
Tip cuttings should be propagated 

in plug flats containing well-drained 
media, such as a 50% peat, 50% perlite 
mixture. Rooting hormone, such as a 
1,500-ppm liquid IBA dip, accelerates 
rooting and improves rooting unifor-
mity. Phlox paniculata should be propa-
gated under a 12- or 13-hour photope-
riod, depending on cultivar, to main-
tain vegetative plugs using the pho-
toperiod control described previously 
(Figure 7). 

Flowering can occur if cuttings are 
rooted under an inductive photoperi-
od (Figure 8). During propagation, the 
root zone temperature should be 73°F 
to 77°F (23°C to 25°C), and the relative 

46  March 2002 • Greenhouse Grower 

ACHILLE A 'MOONSHINE' 
EKS COLD 5°C 
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PERCW FIERING 
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Just One Gallon of 
Off-Shoot-0 Can Save Florist 

Azalea Growers $750. 
Pinching 5,000 azaleas takes the 
average worker 125 hours at an 
estimated wage of $7 an hour. An 
Off-Shoot-0 treatment takes just 
one gallon and 2.5 hours for the 
same coverage. You're saving over 
$750 (or about 15 cents per plant) 
for every gallon of Off-Shoot-0 
that you need. 

Compared to hand-pinching, 
Off-Shoot-0 can cut your 
labor costs by 98%. And 
it produces excellent 
results—possibly better than 
with hand-pinching. 

Off-Shoot-0 kills only the 
growing tip, removing less 
total plant growth than 
manual pinching. On 
azaleas, it can 
help either 
shorten your 

growing cycle or produce large 
grade sizes in the normal growing 
time. And because the application 
is so fast and easy, you can choose 
the optimum time for your pinch. 

Top azalea growers have been 
using Off-Shoot-0 successfully for 
25 years—it's time you did, too. 
Ask your distributor or contact us 
for more information. 

The Cochran Corporation 
P.O.Box 140606 
Memphis, TN 38114 
901-452-2107 
www.cochrancorp.com  

,P1  E-mail: 
info@cochrancorp.com  
® Off-Shoot-0 is a registered 
trademark of the Cochran 
Corporation. 
CO The Cochran Corporation 

Chemical Pinching Agent for Ornamentals 
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ment for flowering and in our experience, cooling plugs pro-
vides no subsequent benefit for flowering (Figure 3). However, 
plug flats can be held at low temperatures in a greenhouse or 
in the cooler at 41°F (5°C) for later plantings if needed. 

Forcing To Flowering 
Achillea 'Moonshine' requires photoperiods of 14 hours 

or greater to flower, which occurs naturally from late April 
to mid-August in most of the United States. During the rest 

Figure 3. Achillea WInnnchinP' will flower under long days without 
a cold treatment. Photo shows plants forced under long days for 
six to 11 weeks following five to 10 weeks of cold. The plant on the 
far left of the photo had been in flower for five weeks. 

of the year, we suggest a four-hour 
night interruption from 10 p.m. to 2 
a.m., with a minimum of 10 footcandles 
from any electrical light source. For 
forcing during low light periods of the 
year, supplemental lighting should be 

Figure 4. Difference in stock plant 
habit of gaura grown under a 10-
hour photoperiod (a) versus a 12-
hour photoperiod (b). Plants grown 
under a 10-hour photoperiod 
develop fewer flowers and the 
growth is more prostrate. 

provided to improve plant quality. 
From the start of long days, achillea 

'Moonshine' takes six weeks to first 
flowering at 68°F (20°C). Total crop 
time from the start of propagation to 
first flower for a five-inch pot is 12 
weeks (Table 1). 

Gaura lindheimeri 'Whirling 
Butterflies' and 'Siskyou Pink' 
Stock Plant Management 

Gaura is a quantitative long-day 
plant that is difficult to keep vegetative 
except under very short days (Figure 4). 

For Details Circle No. 15 on Postcard or at www.greenhousegrower.com  
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Species 

Achi/lea 
'Moonshine' 

Gaura 
lindheimeri 

Phlox 
paniculala 

Stage Of Production 

Stock Plants Propagation Bulking Cooling Forcing Total 
64-68  73-77 65-70 35-41 68 -- 
--  3  3  0  6  12 
513  513  513  513  LD  -- 

3 3 0 6 
9 9 9 >_12 
3 3 0-5 10-11 

12-13 12-13 513 LD 

Temp. (°F) 
Weeks 
Daylength 
Weeks 
Daylength 
Weeks 
Daylength 

9 
-- 

12-13 

12 
-- 

16-22 
-- 

LD = Long days, > le hours or Night Interruption  ND = Natural days 

Table 1. Recommended temperatures and photoperiods and minimum 
production durations (in weeks) for five-inch flowering pot plant production. 
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Classic Glass 

j \ 
MEMO ha CHALTEN6117 
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INOVITRY 

Figure 5. Gaura `Whirling Butterflies' 
(a) and `Siskyou Pink' (b) in full flower. 

Therefore, gaura stock plants should 
be grown under a nine-hour photope-
riod (15 hours of darkness). This 
means stock requires black cloth 
throughout the year in most of the 
United States, for example from 5 p.m. 
to 8 a.m. 

But if maintaining a nine-hour pho-
toperiod is not feasible, gaura cuttings 
will root even if reproductive. Stock 
plants should be grown at moderate 
temperatures around 64°F to 68°F 
(18°C to 20°C), and cuttings should be 
harvested every four to five weeks to 
ensure continued branching and cut-
ting production. 

Propagation 
Tip cuttings should be propagated in 

plug flats containing well-drained 
media, such as a 50% peat, 50% perlite 
mixture. Like stock plants, to maintain 
vegetative plugs, gaura should be 
propagated under a nine-hour pho-
toperiod. During propagation, 
the root zone temperature should be 
73°F to 77°F (23°C to 25°C), and the rel-
ative humidity maintained around 
90%. With these conditions, plug flats 
can be removed from propagation after 
two to three weeks. 

Bulking 
Gaura should also be bulked under 

a noninductive photoperiod (nine 
hours) using photoperiod control. The 
duration of bulking is dependent on 
the size of the finish container. For a 

United Greenhouse Systems, Inc. 

1-800-433-6834 
708 Washington St. • Edgerton, WI 53534 

mail : infogunitedgreenhouse.com  
Visit our Website - www.unitedgreenhouse.com  
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- Obligate cold requirement 
- Can provide cold directly in 72-cell plug tray 

SEED  VEGETATIVE 

LD Corydalis lutea LD Brunnera macrophylla 
LD Digitalis purpurea 'Jack Frost' 

'Foxy' DN Campanula portenschlagiana 
LD+ Lobelia x speciosa LD+ Campanula poscharskyana 

'Compliment Scarlet DN Campanula 
LD Tanacetum niveum 'Birch Hybrid 

'Jackpot' LD+ Corydalis 
'Blackberry Wine' 

DN Delasperma cooperi 
LD+ Erigeron 

'Prosperity' 
LD+ Laurentia axillaris 
LD+ Leucanthemum Hsuperhum 

'Snow Cap' 
LD+ Lychnis flos-cuculi 

'Jenny' 
LD+ Oenothera fruticosa 

DN Veronica 
'Sunny Border Blue' 

DN Veronica longifolia 
Icicle' 

DN Veronica spicata 
'Red Fox."Goodness Grows' 

Westel Greenhouse, LLC 
49 Mathlc La.  Rockwood, TN 3 7854 
86.5-'554-2571 1-800-221-  5797  1'irm8 65-354-83 47 

www.westelgreenhouse.com  

• Family Business Since 1976 
• 288 plug tray, guarantee 250 plants 
• 4" fern liners 
• Some cutting material 
• 10% discount for orders placed 12 weeks in advance; 

3% discount for orders of 200 or more plug trays 
• Ship U.P.S. or customer pick-up 
• call or visit our web site for more information 

Quality 
GROWING 
MEDIUMS 

HECO starts with the highest quality brick-cut and brick harvested 
Canadian sphagnum peat moss. 

The pH is adjusted. Nutrients, minor elements and special long lasting 
wetting agents are added in the proper proportions for optimum 
growth. Uniformity is guaranteed by batch mixing, only 3 bales at one 
time. HECO can be used straight from the bag. No sterilizing is 
necessary. Available with or without perlite, HECO saves time in 
propagation and growing on, actually cuts labor and energy costs. 
Faster crop turnover and higher quality result in more profit per sq. ft. of 
greenhouse. 

HECO has been on the market since 1969, with a proven record of 
quality. 

J-M TRADING CORP. 
16W241 S. Frontage Rd. 

Suite 47 
Burr Ridge, IL 60521 

For More Information 
Call Us TOLL FREE 
1-800-323-7638 
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group of plants. We have conducted 
only limited studies to determine how 
long the cold "signal" will remain vi-
able for plants in this category. 

Category V 
The perennials in this category have 

an obligate cold requirement but have 
not performed as well when cooled di-
rectly in the plug tray. Many perenni-
als in this category bloom rapidly after 
cold; they are the so-called spring 
ephemerals. These simply do not have 
time to gain enough size before flow-
ering when cooled in a plug tray and 
transplanted immediately after the 

cold period. It may be possible to cool 
in a 32-cell or larger plug tray but in 
general, we have had more success 
cooling plants in at least a four-inch 
container for the smaller perennials. 

Seed-propagated perennials in this 
category include aquilegia, alchemilla, 
and Euphorbia epithymoides. These can 
all be a struggle to flower when cooled 
in the plug tray, probably in part due 
to juvenility, although there may be 
other factors involved. Whatever the 
case, these are best transplanted and 
grown for four to eight weeks before 
the beginning of the cold period. 
These three bloom quickly once the 
cold has ended. 

Some perennials in this category are 
slower to flower after cold and re-
spond to long day photoperiods but 
still benefit from early establishment 
in a container before the obligate cold 
period. In some cases, breeders have 
selected closely related plants that 
have reduced or perhaps no cold re-
quirement. For instance, coreopsis 
'Sunray' has an obligate cold require-
ment, while the related 'Early Sunrise' 
has none (and is in Category I). 

Most Category V perennials bloom 
for a limited time in the garden and 
few rebloom if sold and planted in 
flower. Most are day-neutral, at least 
after cold. However, exceptions to this 
rule include leucanthemum 'Becky,' 
the Perennial Plant Association's 2003 
Perennial Plant of the Year, which has 
a short cold requirement and is a regu-
lar repeat bloomer in the garden. Also, 

Continued on page 56 
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- Obligate cold requirement 
- Day-neutral and long day plants 
- Bulk transplants for 4 to 8 weeks prior to cold 
SEED  VEGETATIVEll 

DN Alchemilla morns DN Ajuga reptans 
DN Aquilegia all cultivars tested 

'Origami Blue and White' DN Almeria maritima 
DN Aquilegia fiabellata all larger cultivars 

'Cameo; 'Mini Star' DN Astilbe 
DN Aquilegia x hybrida all cultivars 

'Crimson Star.' Musik & LD+ Astilbe chinensis pumila 
Songbird series LD Campanula hybrids 

LD Coreopsis grandiflora e.g. 'Cherry Bells' 
'Baby Sun' and 'Sunray' DN Dianthus deftoides 

DN Euphorbia epithymoides 'Zing Rose' and others 

LD+ Gaillardia x grandiflora DN Dianthus gratianopolitanus 
'Goblin,' Baby Cole' 'Bath's Pink,"Firewitch' 

DN lberis sempervirens DN Dicentra 
'Snowflake' and others 'Luxuriant' and related 

LD+ Lavandula angustifolia DN Euphorbia amygdaloides 
'Hidcote,' 'Munstead etc 'Purpurea.  

DN Lychnis coronarius 
'Angel Blush' 

DN 
DN 

Geranium dalmaticum 
Geranium sanguineum 
'New Hampshire Purple' 

DN Geum 
'Mrs. Bradshaw 

DN Heuchera cvs. 
DN Heucherella cvs. 

LD+ Leucanthemum x superbum 
e.g. 'Becky' - larger cvs 

DN Phlox divaricata 
'Laphammi' 

DN Phlox subulata 
all cultivars 

LD Physostegia virginiana 
*Rosea,"Alba; and others 

DN Potentilla atrosanguinea 
'Mrs Willmott' 

DN 

DN 

Pulmonaria 
all cultivars 
Saxifraga  404 
most species and cultivars 

LD Stokesia laevis 
'Klaus Jellito,"Purple Parasols.' and many others 

101111161111:351(11ES if 
MAY'S 1111161110111 
1300511 

TM4 

24 foot, 36 foot and 42 foot Clear Spans 

open-roof system 
United Greenhouse Systems, Inc. 

1-800-433-6834 
PO Box 249 • Edgerton, WI 53534 

a mail : info@unitadgraanhouse.com  
Visit our Websita - www.unitadgreanhouse.com  

the Industry' 
Leader for 
VALUE • 
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dianthus 'Firewitch' repeat blooms 
while dianthus 'Bath's Pink' does not. 

Category VI 
Perennials in this category are often 

large and known to take months or even 
years to mature in the garden. Peony 
would easily fit in this category, as 
would shrubs and trees. In general, we 
have avoided plants in this category, be-
lieving that they will be difficult as 
greenhouse crops. However, because 
hostas and daylilies are still two of the 
most popular perennials in the markets 
today, we have not entirely ignored this 
category The majority of hostas and 
daylilies are best produced from sub-
stantial divisions started in early fall for 
subsequent spring sales. Certainly, grow-
ers can cut corners but the typical results 
will be poor growth and flowering. 
Although flowering is not such a great 
issue with hostas, it is still important to 
understand dormancy mechanisms and 
induction of vegetative growth. 

For Details Circle No. 91 on Postcard or at www.greenhousegrower.com  
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DIP'N GROW, INC. 
Clackamas, Oregon 97015-1888 

Toll Free: 866-347-6476 • FAX 503-445-0101 
email: sales@dipngrow.com  

www.dipngrow.com  

Available in 4 convenient sizes for the professional nurseryman 
and the home gardener at leading nursery supply outlets. 

LIQUID ROOTING HORMONE 
• Choice of professional plant propagators 
• Roots everything from hardwoods to succulents 
• As low as 1 cent per 100 cuttings 
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round. Campanula 'Birch Hybrid' stock plants should be 
grown at 64°F to 68°F (18°C to 20°C). Cuttings should be 
harvested every four to five weeks to ensure continued 
branching and cutting production. It is important that stock 
plants be harvested/thinned regularly so shoots develop 
with thick stems (Figure 8). Without regular harvesting, 
stock plants develop many shoots that become spindly. 
Thin, spindly cuttings root poorly. 

Propagation 
Compared to many species, campanula 'Birch Hybrid' 

cuttings root poorly unless the propagation media is highly 
aerated and well-drained. Tip cuttings should be propagat-
ed in well-drained media containing at least 50% perlite. We 
have had more success in rooting when plug flats are 
propped up on the mist bench to ensure good drainage. 
Rooting hormone, such as a 1,500-ppm liquid IBA dip, ac-
celerates rooting and improves rooting uniformity. 

Like stock plants, campanula 'Birch Hybrid' cuttings 
can be propagated under natural days. During propaga-
tion, root zone temperature should be 73°F to 77°F (23°C 
to 25°C). The relative humidity should be maintained 
around 90%. Using these strategies, plug flats can general-
ly be removed from propagation after two to three weeks 
(Figure 9). 

Figure 7. Veronica 'Red Fox' will flower completely after five 
weeks at 41°F (5°C). Plants were forced under long days for 
14 to nine weeks following zero to five weeks of cold (left to 
right). The plant on the far right had been in flower for three 
weeks when the photo was taken. 

Bulking 
Campanula 'Birch Hybrid' plugs should be bulked under 

natural days. The duration of bulking is dependent on the 
size of the finish pot. For example, for a five-inch pot, three 
weeks of bulking at 68°F (20°C) is adequate. 

Vernalization 
Campanula 'Birch Hybrid' requires at least a six-week 

cold treatment at 41°F (5°C) to flower. Longer durations are 
not harmful, but shorter durations will result in sparse or 
no flowering (Figure 10). Lateral shoots should not be 
pinched following cold. 
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Stage Of Production 

Species 
Temp. ('F) 

Stock Plants Propagation Bulking Cooling Forcing 
64-68  73-77  65-70  35-41  68 

Total 

Leucanthemum Weeks 3 3 5 7 18 
'Snowcap' Daylength <13 <13 <13 <13 LD -- 

Veronica Weeks 3 3 5 6 17 
'Red Fox' Daylength ND ND ND ND ND -- 

Campanula Weeks 3 3 6 10 22 
'Birch Hybrid' Daylength ND ND ND ND ND -- 

LD = Long days, >7  14 hours or Night Interruption  ND = Natural days 

Growing Trays 
Available in many 
sizes and styles to 
match a wide variety 
of needs. 

Travelling Irrigator 
Custom- built to fit your greenhouse or crop shel-
ter from the highest quality component parts. 

Monorail Trolley System 
Provides a quick, efficient 
way to move flats, pots, 
and supplies throughout 
your greenhouse range. 

Vandana Tubeless Seeder 
*Sows entire tray at one drop 
*Templates easy to change 
*Will handle any tray size 

Growing Systems, Inc. 
2950 N. Weil St. Milwaukee, WI 53212 
(414) 263-3131 Fax (414) 263-2454 

Plug Dislodger 
Designed to accom-
modate several sizes 
of plug trays, using a 
common frame. 

PERENNIALS 
SERIES 

duration of bulking is dependent on 
the size of the finish pot. For example, 
for a five-inch pot, three weeks of 
bulking at 68°F (20°C) is adequate. Table 1. Recommended temperatures and photoperiods and minimum pro-

duction durations (in weeks) for five-inch flowering pot plant production. 

Figure 2. 
Example of a 
well-rooted 
vegetative 
Leucanthemum 
x superbum 
`Snowcap' plug. 

Vernalization 
Leucanthemum 'Snowcap' will 

flower without a cold treatment if long 
photoperiods are provided. However, a 
five-week cold treatment improves the 
uniformity of crop flowering and re-
duces time to flower from start of long 
day forcing. Without cold, a crop flow-
ers over a period of four weeks taking 
on average nine weeks to reach first  

flower. Following five weeks at 41°F 
(5°C), plants flower uniformly within 
one week of each other after only seven 
weeks of long days (Figure 3). 

Forcing To Flowering 
Following a cold treatment, leucan- 

themum 'Snowcap' is a quantitative 
long-day plant. This means flowering 
occurs faster as daylength increases. 

The most rapid flowering occurs 
when photoperiods are 16 hours or 
greater or plants receive a four-hour 
night interruption. We suggest using 
a four-hour night interruption from 
10 p.m. to 2 a.m., with a minimum of 
10 footcandles from any electrical 
light source when plants are forced 
from mid-August to mid-April. Days 
are long enough from mid-April to  

mid-August that lighting is not neces-
sary. For forcing during low light peri-
ods of the year, supplemental lighting 
will improve plant quality. Total crop 

Figure 3. If photoperiods have been 
maintained correctly, following five 
weeks at 41°F (5°C) Leucanthemum 
`Snowcap' will begin to flower about 
seven weeks after the start of forcing at 
68°F (20°C). 

4' 
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83

Columbine tables - cultivars we have studied in our research program. 
Columbine species hybridize freely. The last several years, breeders have emphasized uniformity, compact size, and shorter 
cold requirements. Cold treatment listed is the duration we have observed necessary for mature plants to rapidly and 
uniformly flower after the cold treatment. 

Tabl 

Height Leaf # 
before cold 

Weeks of 
cold (41°F) 

3-5" 9 

6-8" 7-9 

13-16" 12-16 3 

14-18" .?_12 6 

14-20" 7-9 5 

20-24" 12-14 

12-16" 12-14 3 

11-13" 9-12 10 

12-16" 12 

15-20" >12 ?..12 

Special considerations 
for flowering 

Flowers readily. even without cold --
though cold hastened flowering and in 
creased flower#. Very tiny if not bulked. 

Required cold for complete flowering -
can cool as plug, but performance im-
proved when cooled in final container. 

Best to transplant and bulk 4-6 weeks 
prior to cold treatment - when bulked, 
Even 3 weeks at 41°F induced 
1000/a flowering. 

Performance improved when 
cooled in final container. 

Short cold requirement - though it can 
flower w/o cold. Probably safest to bulk 
and then give 5 weeks cold. Very uniform. 

Performance improved when cooled 
in final container. 

Performance improved when cooled 
in final container. 

Required bulking and 10 weeks cold to 
reach 1000/0 flowering. Performance im-
proved when cooled in final container. 

Requires long periods of bulking and cold. 
Cold treatment < 12 weeks may be 
adequate, but we have not tested this yet. 

Requires long periods of hulking and cold. 

Very compact - 
performs great in a 4-5" container. 

Very compact, cute in 4-5" container. 

Colorful and reliable bloomer -
they forced readily as long as 
starting material was beyond 
juvenile stage. 

Reliable old favorite with striking 
large red and white flowers. 

Large lavender-blue and white 
flowers; very floriferous and showy. 

Large dramatic flowers on 
tall plants; very striking. 

Many clear sunny yellow 
flowers. moderately tall. 

Lots of charming double flowers 
with short spurs. Compact sturdy 
plants, very uniform. 

Lovely pure white flowers on 
moderately tall plants. 

Classic favorite variety, 
a mix of colors. 

Aquilegia flabellata 
'Cameo Blue & White' 

Aquilegia flabellata 
'Mini Star' 

Aquilegia x hybrida 
'Bluebird' 

Aquilegia x hybrids 
'Crimson Star' 

Aquilegia x hybrids 
'Origami Blue & White' 

Aquilegia x hybrida 
'Swan Burgundy & White' 

Aquilegia x hybrids 
'Swan Yellow' 

Aquilegia x hybrids 
Winky Double Red & White' 

Aquilegia x hybrids 
'Musik White' 

Aquilegia x hybrida 
'McKane Giants' 

IZ Columbine tables - species we have studied in our research program. 

Species Description Height Special considerations for flowering 

Aquilegia alpina Beautiful cool-blue flowers 
with hooked spurs - heat tolerant 

18-24" Flowered irregularly - apparently a long juvenility requirement. 
Great garden plant in Michigan, but slow and difficult to force. 

Aquilegia caerulea State flower of Colorado 
- great blue and white flowers. 

12-24" Flowered irregularly - apparently a long juvenility requirement. 
Slow and difficult to force. 

Aquilegia canadensis Native to the eastern U.S. 
- a great red and yellow flower. 

15-20" Flowered irregularly -- increasing cold durations increased flowering 
percentage and greatly decreased time to flower. Transplant into larger 
containers before cold treatment. 

Aquilegia chrysantha A wonderful yellow flower with long spurs. 15-20" Flowered irregularly - increasing cold durations increased flowering 
percentage and greatly decreased time to flower. Transplant into 
larger containers before cold treatment 

PERENNIALS 
AQUILEGIA TABLES 

These tables were accidentally left out of the "Herbaceous Perennials: Aquilegia" article in the 
October issue of Greenhouse Grower (page 80). Because they are so important to the content of the 
article, we have added them here. The GG editors apologize to the MSU researchers for the omission 
of these important tables. These tables will also be included in the final volume of Firing Up 
Perennials, due for publishing in 2004. 
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Special Consideration

• Creeping Phlox – generally plants September 1 –
October 1.  Planting earlier in warm climates can 
result in weak establishment.

• Iberis – generally plant September 15 – October 15.  
Planting earlier in warmer climates can result in 
weak growth.

• Hosta – generally plant 2-3 eye plants September 1 
– October 1 to establish and increase eyes (shoots) 
to 4-5.
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Other 
Work
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CRISPR
Double Haploid Disease Resistance

Tissue Culture and 
Mutagenesis

Transformation, CRISPR and 
Mutagenesis Center

Focusing on ornamentals and 
vegetable

Yiping Qi VJ Tiwari

Nidhi Rawat

Gary Coleman
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(Hickey et al., Nature 
Biotechnology 2019)

Speed Breeding

b
(AtALS) A (AtFT) +BE (AtALS)

T1 T1

C B E -C as9n C B E -C as9n-A c t3 .0

(Pan  e t a l., Nature  P lan ts

2022)

a

(AtPYL1) A (AtFT) + GE(AtPYL1)  

C as9-A c t3 .0C as9

T1

T1

FT can be permanently 
‘turned on’ to have early 
and continuous flowering.

Does this have any 
application in floriculture?  
Are continuously flowering 

photoperiodic plants 
desirable?
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Engelen-Eigles, G., and Erwin, J.E.  1997.  A new model plant for vernalization 
studies.  Scient. Hort., 70:197-202.
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entire presentation can be found here 
under ‘Recent Presentations’ button

jerwin@umd.edu
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