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COLD STORAGE OF PLUG SEEDLINGS 

Consider cold storage of plugs as an alternative to other means of growth 
regulation. Mal<e better use of your greenhouse space, and time crops 

more efficiently by holding plugs in cold storage for short periods 
of time when they're ready to transplant too early. 
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by ROYAL HEINS, NATHAN 
LANGE, THOMAS F. WALIACEJR., 

and WILL CARLSON 

MOST bedding plant seedlings 
are produced as plugs. Ideal
ly, plants are transplanted 

when they reach the correct size, but 
plugs are often ready before growers 
can transplant them. Growth must 
therefore be slowed or delayed. 

Traditional methods of slowing plug 
growth include using water and nutri
ent stress and chemical growth regu
lators. All of these methods can stress 
plants and potentially delay growth 
after transplanting. If plugs are held in 
a greenhouse, bench space is unavail
able for other crops, decreasing total 
production and profits. 

An alternate growth regulator is 
low temperature, which can be used 
in the plug production area; but other 
plants' growth will also be retarded. It 
is best to isolate plugs in another 
greenhouse, a walkway, the head
house, or a cooler, all of which will 
probably have quite different light 
and temperature conditions than does 
the plug production area. 

Storing plugs in coolers facilitates 
scheduling management because they 
can be held for several days or even 

PLUG STORAGE 

TO 

Holding bedding plant plugs in cold storage until transplant 
can help you schedule greenhouse time and spacing better. 

weeks before transplanting. Storage 
refers to short- and long-term holding 
at low temperature. 

The grower must understand how 
holding plugs under variable light 
and temperature conditions will affect 
seedling growth after transplanting. 

There is an ideal combination of 
temperature and light for each bed
ding plant species, and there are neg
ative consequences when plugs are 
stored under suboptimal conditions. 

Growers may want to store species 
with different storage requirements in 
the same cooling facility, so a com
promise will have to be made. If only 
short-term storage is necessary, a tem-

perature warmer than the optimum 
may be more economical. 

We conducted our research to de
termine how long plugs could be 
stored under various light and tem
perature combinations without ad
versely affecting growth and forcing 
time after transplanting. 

This booklet discusses the optimum 
light and temperature conditions for 
plug storage of the major bedding 
plant crops. While the majority of the 
information has already been present
ed in GREENHOUSE GROWER maga
zine, six other crops have been added 
for this booklet Ctomato, dahlia, celosia, 
lobelia, portulaca, and verbena). 

RESEARCH METHODS 
Table I . Optimal plug storage temperatures and maximum storage durations for selected bedding plant species 
stored in the dark or under a minimum of 5 footcandles of light. 

Twenty-five plug sheets of each 
crop were obtained from a com
mercial grower when plugs were 
at a transplantable stage Cfor a list 
of cultivars that were tested, see 
Table 5, page 19). These plants 
were held in a glass greenhouse at 
68°F for 1 week prior to the start 
of the storage treatments to re
move possible side effects from 
shipping. 

Species Optimal storage 
temperature (OF) 

Geranlum 
Pa~y 30· 
Petunia 36° 

n 
Begonia, tuberous 
Dahlia 41' 
L0belfa 41 ° 
Marigold, French 41 • 
Salvia 41 • 
Ageratum 45' 
Impatiens 45· 
Portulaca 45° 
Tomato 45° 

45° 

50° 
5 
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Maximum weeks 
storage in the dark 

(, 

6 

3' 
2. 
6 
3 
6 
6 
6 
5 
3 

5 

Maximum weeks 
storage in the light 

{; 

6 

6 
5 
6 
6 
6 
6 
6 
5 
3 

---'_l~~,!~N~'-"f1" ~~- ~ 

One plug sheet was placed 
under each of either 18 or 24 dif
ferent temperature and light-level 
combinations. Temperatures were 
32°, 36°, 41°, 45°, 50°, and 55°F COo, 
2,SD, 5°, 7,SD, 10°, and 12.5°e). Light 
levels for some species were 0, 5, 
25, and 50 footcandles; for others 0, 
5, and 25 footcandles. 

Light levels were provided by 
cool-white fluorescent bulbs 24 
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hours per day. Darkness (0 footcan
dIes) was provided by placing a plug 
sheet in a closed cardboard plug 
shipping box. 

All plugs were sub irrigated with 
clear water as needed during storage 
because the plants' nutritional needs 
are minimal under low temperatures. 

The frequency of irrigations varied 
from 2 to 10 days, depending on the 
temperature treatment and relative 
humidity of each cooler. Contact be
tween the foliage and water was min
imized to avoid fungal infection. 

Ten representative plants were re
moved from each plug sheet of each 
temperature/irradiance treatment after 
1, 2, 3, 4, 5, and 6 weeks. A represen
tative plant from each treatment was 
used for a photograph, and all plants 
were then potted in 4-inch pots using 
a commercial soilless mix. The plants 
were forced into flower in a glass 
greenhouse with a minimum temper
ature of 6s°F. 

We recorded the date of first flower 
for each plant surviving storage. We 
also determined the average number 
of days from the start of forcing until 
first flower and the percentage of 
plant survival for each treatment. 

RATING THE TREATMENTS 
We rated the storage treatments as 

satisfactOlY or unsatisfactOly. In satis
factOlY storage treatments, no more 
than one out of 10 plants died after 
storage, and plants did not exhibit a 
delay in flowering of more than 5 
days compared to that of control 
plants, which were potted without 
any storage. 

MAI{ING THE MOVE 

To WARMER CONDITIONS 
Moving the plugs from a cool stor

age environment to a warm, high
light greenhouse was not a problem 
for us as long as the plugs were 
moist. 

In one trial set up to simulate ex
treme conditions, we placed pansy 
seedlings that had been stored for 3 
weeks at 36°p directly into a sunny 
glass greenhouse set at lOO°F. There 
was some leaf damage on the 
seedlings at the edge of the plug 
sheet; they were dry and wilted 
rapidly. Seedlings in moist plugs did 
not wilt and showed no damage. 

4 

We suggest warming the plugs for A MAJOR PROBLEM: BOTRYTIS 
a few hours in a low-light, moderate Botrytis is a major problem during 
temperature (60 0 -70 0 P) environment. storage of some crops at cool temper-
Irrigate if plugs are to be placed into atures. Damage can be minimized by 
an especially bright, hot environment. maintaining a low relative humidity 

Table 2. Maximum storage durations, In weeks, for 19 species stored in the dark. 

O"C 2.SoC S"C 7.S"C 10·C 12.SoC 
Species 132°FI 136°FI 141 °FI 14soFI ISO°F) 155°F) 

Agerarum I I 5 Q 3 3 

~urn S 4 4- 2 , I 
Begonia !norous) 0 4 6 5 S 0 

~~J 3 3 3 4- 3 3 
Cel0sia 0 I I I 2 2 

~ 6 6 6 5 S 4-
Dahlia I 2 2 2 2 2 

~hMit 4 4- 4- 4 4 2 
Impaliens 0 2 3 6 5 4 

/.oJi!tIIa 0 5 6 5 4 0 
0 I 3 3 2 2 

0 0 0 0 0 
6 6 6 6 6 6 

6 6 5 5 4-
I 3 5 5 6 

0 0 6 6 4 
2 3 

I I 
Vinca 0 2 3 4 5 5 

Table 3. Maximum storage durations, In weeks, for 19 'species stored under 
5 footcanc;lle.s of light. 

O· C 2.SoC SOC 7 .SoC 10°C 12.SoC 
Species 132°F) 136°P) 141 °F) /45°F) 1500 1") 15S"F) 

i 6 6 6 6 
6 6 6 3 3 
i 6 6 6 4 

6 4 4 

I 3 3 
6 6 6 
6 6 5 

4 <t 4 4 4 4 
2 6 6 6 

0 ~ 6 5 4 4 

'F.refii:t.i 0 3 6 6 5 3' 
Imp,Hiens Q 0 0 0 0 3 

6 6 6 6 6 6 
6 6 6 6 
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during storage. However, low humidi
ty causes plugs to dry out quickly. 
Maintaining a high relative humidity 
in a cooler decreases the frequency of 
watering but favors the rapid spread 
of Botrytis (Figure A). 

Be aware of this dilemma before 
you implement a plug storage pro
gram in a cooler - especially if irri
gation may be difficult. 

Susceptibility to Botrytis is also in
fluenced by crop "lushness." In one 

experiment, we irrigated petunia 
plugs with 0, 200, or 400 ppm nitro
gen and potassium from ammonium 
and potassium nitrate for 1 week 
prior to storage. The amount of dis
ease increased as the amount of ap-

Figure A (above, left): Example of Botrytis infection on petunia plugs stored under condi
tions of high humidity. 

Figure B (above, right): Difference in disease incidence on petunia plugs stored for 2 
weeks at 7.5°C (45°F) in the dark under high humidity. Top row of plants was sprayed 
with water weekly, while foliage was dry on bottom row of plants. Plants were pretreated 
for 1 week with 0, 200, or 400 ppm Nand K from ammonium and potassium nitrate. 

GROWTH OF SALVIA FOLLOWING DARK 
STORAGE OF PLUQS AT SC 

WEEKS OF STORAQE 
0 · 1 2 3 4 5 6 

.--:'.~. 

(:.~~/~ , r . '"'-\ ! ....... . -. 
t .< . . ,', " 

10 9 8 7 6 5 
WEEKS OF FORel NQ 

Figures C and D (top): Ageratum 'Blue Danube' (top left) and salvia 'Red Hot Sally' (top 
right) plants after 6 weeks of storage at 5°C (41°F) and 6 weeks of forcing. plants on the 
right in each figure, labeled "Greenhouse," were held in a 20°C (68°F) greenhouse in the 
plug sheet during the time the left and center plants were in the cooler. 

Figures E and F (bottom): Ageratum 'Blue Danube' (bottom left) plants and salvia 'Red Hot 
Sally' (bottom right) plants following 4-10 weeks of forcing after 0-6 weeks of storage at 
5°C (4JOF). 
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plied fertilizer increased (Figure 
B). Very soft, lush crops will not 
store as well as those that are 
more toned. 

We do not have sufficient expe
rience with different fungicides 
under storage conditions to know 
if they will adequately control 
Botrytis under high humidity dur
ing extended storage. Therefore, 
we are currently recommending 
that crops be stored under low hu
midity. We still suggest applying a 
fungicide before storage to help 
ensure that Botrytis does not be
come a problem. 

OPTIMAL STORAGE TEMPERATURES 

All species can be stored at a 
range of temperatures. However, 
one temperature is optimal: The 
lowest temperature at which 
plants can be held without experi
encing chilling or freezing injury. 

As temperature deviates from the 
optimum, chilling injury occurs as 
temperature is lowered and metab
olism increases as temperature is 
raised. Both can decrease plant 
quality. 

Table 1 lists the optimal storage 
temperature of the species stud
ied. In general, plants of each list
ed species should not be stored at 
temperatures less than those 
shown in the table unless the du
ration of storage is equal to or less 
than that listed for the species and 
temperature in Table 2 (dark stor
age) and Table 3 (light storage). 

Alyssum, cyclamen, geranium, 
pansy, and petunia can tolerate 
temperatures as low as 32°F with
out damage. There is little advan
tage to using temperatures below 
36°F for these species, however, 
since cooling costs will increase 
and plants may be severely dam
aged if temperatures drop below 
freezing. Storing at cooler than op
timum temperatures increases the 
chance of chilling injury. 

All plants can be satisfactorily 
stored at warmer than optimal 
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temperatures if light is supplied dur
ing storage. Light does not protect 
plants from the chilling injury just de
scribed, but it greatly improves plant 
quality and regrowth (Figures C and 
D) as storage duration is extended at 
the optimal temperature and as tem
perature rises above the optimum. 

As little as 5 footcandles of light 
will reduce chlorosis and etiolation, 
which occur during dark storage at 
temperatures above the optimum. 
The greater the temperature deviation 
above the optimum, the greater the 
amount of light that will be necessary 
to maintain plant quality. 

The easiest way to add light is to 
mount fluorescent fixtures vertically 
on the walls of the cooler. Light then 
shines between the shelves. If shelves 
are very tightly spaced, or if many 
racks of plants are placed in the cool
er, lights may need to be mounted in 
the middle of the cooler as well. 

The time to flower was not affected 
by storage unless plants experienced 
chilling injury when stored at too low 

AGERATUM 
The optimum dark-storage tempera

ture is 45°F. 
The optimum long-term, light-stor

age temperature range is between 45° 
and 55°F. 

Although ageratum could be held 
successfully for 1 week at 32°F, we do 
not recommend storing the crop at 
temperatures less than 41°F because 
of the potential for chilling injmy. 

Temperatures of 32° and 36°F 
caused chilling injury and plant death 
in ageratum. Delayed flowering was 
the first sign of chilling injury at 32° 

Figure 1 (left): Ageratum plugs immediately 
after 3 weeks' storage at 0-25 footcandles 
and OO-12.5°C (32°-55°F). 

Figure 2 (right): Ageratum plugs immediate
ly after 6 weeks' storage at 0-25 footcandles 
and OO-12.5°C (32°-55°F). 
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a temperature or deteriorated when 
stored at too warm a temperature. 

When stored at or near optimal 
temperatures, plants transplanted 1 
week apart throughout the experi
ment developed and flowered 1 week 
apart (Figures E and F). 

COOL 'EM BEFORE SHIPPING 

Our results show that cooling plugs 
prior to shipping will improve their 
postharvest condition when they 
reach their final destination. 

We have heard of pansy plugs 
shipped from northern states to south
ern states arriving with elongated peti
oles. Based on our observations of 
the length of time pansies can be held 
under low temperatures with no peti
ole elongation, plants arriving with 
elongated petioles must have been 
shipped at temperatures above 50°F. 

Removing field heat by cooling is a 
common practice after harvest in fmit 
and vegetable crops to prevent loss of 
quality during shipping. Likewise, 
cooling tl1e plug soil and seedlings to 

and 36°F. As storage continued, plants 
died. 

Ageratum seedlings were much less 
tolerant of dark storage than other 
crops. Plants first elongated, then be
came chlorotic, and finally died when 
stored for progressively longer peri-

Appearance 01 A~f8lUm hous'onlJJnum 
'Blue Danube' alter 3 weeks 01 atorage 
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remove greenhouse heat will help 
prevent loss of bedding plant plug 
quality during shipping. 

A FEW WORDS OF WARNING 

The impact of storage on plugs may 
vary depending on the specific stor
age conditions, age, species, cultivar, 
and physiological state of the plugs. 
There is also evidence that the envi
ronmental conditions before and after 
storage may have an influence on the 
growth of the plugs following storage. 

We believe storage of plugs is a vi
able management tool. However, as 
with anything new, experiment with 
plug storage before you commit large 
quantities into storage. 

Keep in mind there are differences 
in acceptable temperatures among 
different plant species. Remember, for 
instance, that pansies, geraniums, and 
petunias can tolerate lower tempera
tures than impatiens. 

Environmental conditions before 
and after storage may have an effect 
on plug growth following storage. 

ods at 50° and 55°F. The only temper
ature at which ageratum successfully 
stored for 6 weeks in the dark was 
45°F. 

The addition of light dramatically 
improved the ability to store ageratum 
seedling plugs at temperatures from 

Appoanlllco 01 Ag.mwm houMon/anum 
'SlulI Dsnubo" an., Ii w.olu! 01.101110. 

Tempolllture ('C) 
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Figures 3 and 4: 
Percent plant 
death of agera
tum after 0-6 
weeks of dark 
storage (left) 
and light stor
age (right) at 
OO-12.5°C 
(32°-55°F). 

41° to 55°F. The difference was signif
icant - death of all plants after 6 
weeks of storage in the dark at 50° 
and 55°F versus survival of all plants 
after 6 weeks storage in the light at 
the same temperatures. 

There was no significant difference 
in plant performance with 5 versus 25 
footcandles of light during storage . 

• ALYSSUM 
Alyssum plugs stored best in light 

under low temperatures (41°F or 
lower). The optimal storage tempera
ture is 36°F. Store them in light when 
storage exceeds 2 weeks; they do not 
tolerate dark storage well. 

At warmer temperatures (45°F or 
higher), acceptable storage duration 
significantly increased when a small 
amount of light (5 footcandles) was 
added. Etiolation, elongation , and 
plant mOltality were all reduced. 

There was no chilling injury at any 
temperature. Plants tolerated 1 week 
of storage under any of the tempera
tures in either light or dark, but as 
dark-storage duration increased, 
plants first elongated 
and etiolated, then died. 

All plants stored for 
more than 3 weeks in 
the dark at 45°F or high
er died. 

Plants stored in light 
did not elongate and eti
olate, and compared to 
plants stored in dark
ness, the percentage of 
plants that died was 
lower at temperatures 
between 45°F and 55°F. 

Regrowth potential 
after storage was deter-

Greenhouse Grower 11994 

mined by calculating the time it took 
a transplant to reach a 3-inch diame
ter. 

No significant growth trend was ob
served in plants stored in light; how
ever, time to achieve a 3-inch diame
ter increased for surviving plants as 

dark-storage temperature and dura
tion increased. 

Plants stored for 1 and 5 weeks 
looked similar after 6 weeks of forc
ing, although plugs held in the green
house for 5 weeks were smaller than 
those held in cold storage. 

Figures 5 and 6: Alyssum plugs immediately after 3 weeks' (above, left) and 
5 weeks' (above, right) storage at 0-25 footcandles and OO-12.5°C 
(32°-55°F). 

Figures 7 and 8: Percent plant death of alyssum after 0-6 weeks of dark 
storage (below, left) and light storage (below, right) at OO-12.5°C (32°-55°F). 
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• FIBROUS BEGONIA 
The optimum temperature range for 

begonia plug storage was 41 °-45 oF. 
The acceptable range widened to 
36°-50°F when the storage duration 
was 4 weeks or less and when light 
was added during storage. 

Leaf spotting was evident within a 
few days on plugs stored at 32°P and 
to a lesser extent on plugs stored at 
36°F. Long-term effects of chilling in
jury were first manifested by delayed 
flowering and, as storage continued, 
plant death. 

Flowering delay was more pro
nounced at 32°F. The percentage of 
dead plants increased when plugs 
were stored in the light rather than 
the dark. 

Figures 13 and 14: Tuberous begonia 
'Nonstop Scarlet' plugs immediately 
after 1 week (left) and 5 weeks (right) of 
storage at 0-25 footcandles of light and 
OO-12SC (32°-55°F). 
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While the effects were not as se
vere at 36°p, flowering delay and the 
percentage of dead plants became 
progressively greater as plugs were 
stored for longer time periods. 

Begonia seedlings elongated when 
held at 500 and 55°F, Elongation was 
more pronounced on plugs held in 
the dark and was not entirely pre
vented by storage in the light. Flower
ing was Significantly delayed on 
plants stored in the dark at 55°F for 
any duration. 

Begonias tolerated storage in the 
dark for 4 weeks at 36°F, 6 weeks at 
41 °P, and 5 weeks at 45°-50°F when 

Figures 9 and 10 (far left): Be
gonia plugs immediately after 
3 weeks' (top) and 6 weeks' 
(bottom) storage at 0-25 foot
candles of light and OO-12.5°C 
(32°-55°F). 

Figures 11 and 12 (near left): 
Percent plant death of begonia 
after 0-6 weeks of dark storage 
(top) and light storage (bot
tom) at OO-12.5°C (32°-55°F). 

judged by time to flower 
and percentage of plants 
surviving. Temperatures of 
32° and 55°P were unac
ceptable for dark storage. 

The duration of accept
able storage was 6 weeks at 
36°-50°F when as little as 5 
footcandles of light was 
added to the plants during 
storage. Even with the addi
tion of 5 and 25 footcandles 
of light, however, the ac
ceptable storage duration 
was limited to 4 and 5 

weeks, respectively, at 55°F. 

• TUBEROUS BEGONIA 
The optimum storage temperature 

range for tuberous begonias is 
41°-45°F, but plants tolerate 32°-55°F 
for up to 3 weeks. plants are suscepti
ble to chilling injury at 36°p or lower 
and do not tolerate dark storage for 
more than 4 weeks at any tempera
ture. 

Plants tolerated light or dark stor
age at all temperatures for 3 weeks. 
After that time, chilling injury became 
evident at 32°F in both dark and light, 
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and percent mortality increased as 
dark-storage duration and tempera
ture increased. 

Time to flower after transplanting was 
unaffected by light storage but increased 
as temperature increased and dark
storage duration surpassed 3 weeks. 

Stem height did not increase signif
icantly during storage at any tempera
ture or in the dark. However, leaf 
petioles elongated at warmer storage 
temperatures, especially in the light. 
Plant size and height at first flower 
were unaffected by light-storage treat
ment, but the size of dark-stored 

Figure 15 (top): Percent plant death 
of 'Nonstop Scarlet' tuberous bego
nias after 0--6 weeks of dark storage 
at OO-12.5°C (32°-55°F). 

Figure 16 (bottom): Percent plant 
death of 'Nonstop Scarlet' tuberous 
begonias after 0-6 weeks of light 
storage at OO-12.5°C (32°-55°F). 

plants increased as storage dura
tion and temperature increased. 

Appearance after 6 weeks of 
forcing was similar for plants 
stored 1 week in the cooler or 
held in the greenhouse. Howev
er, development of plants stored 
for 5 weeks in the dark or held 
in the greenhouse was delayed 
compared to that of plants stored 
at 41°F in the light. 

• CELOSIA 
Optimal storage temperature was 

50°F. Celosia stored poorly in both 
dark and light. All plants died after 2 
weeks' storage at 32°F. 

During storage there was severe 
disease pressure from Botrytis and 
bacterial infection. Because flowering 
was difficult to quantify, celosia 
were rated by survival of the 
shoot tip. 

Although celosia survived dark 
storage at all temperatures and 
light storage at 36°F or warmer 
for 1 week, they did not tolerate 

Figures 17 and 18 (below): Celosia plugs after 3 weeks' (below, left) 
and 6 weeks' (below, right) storage at 0-25 footcandles and 
OO-12SC (32°-55°F). 

Figures 19 and 20 (right): Percent plant death of celosia after 0--6 
weeks' dark storage (top) and light storage (bottom) at OO-12.5°C 
(32°-55°F). 
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longer storage weI!. As storage dura
tion increased, percent mortality in
creased. Some plants died in all treat
ments after 5 weeks' storage in the 
light and 4 in the dark. 

Some plants survived storage treat
ments, but their shoot tips aborted, 
especially at lower temperatures. All 
shoot tips abOlted on plants stored at 
32°F whether in light or darkness. 
The shoot tip aborted on most plants 
stored from 36° to 45°F in darkness or 
under 5 footcandles, and some abort
ed at 50°F in the dark. Plants stored at 
45°F under 25 footcandles survived 
but did not look good after storage. 
Following storage, the healthiest look
ing plants were those that were held 
at 50o-55°P in light. 

• CYCLAMEN 
The optimum storage temperature 

range for cyclamen is 36°F-41°P. The 
results show cyclamen plugs can be 
stored in this range for up to 6 weeks, 
although some floweling delay (5-7 
days) may occur if plugs are stored in 
the dark. 

There was no Significant petiole 
elongation in either 'Sylvia' or 'Giselle' 
when plants were stored in darkness 
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Figure 21 (left); Cyclamen 'Giselle' plugs immedIately following 5 weeks of 
storage at 0--50 footcandles and OO-12.5°C (32°-55°F). 

Figure 22 (right): Cyclamen 'Sylvia' plugs immediately following 5 weeks of 
storage at 0--50 footcandles and OO-12.5°C (32°-55°F). 

or light at 36°F or 41°F. Elongation 
became more pronounced over time 
as storage temperature increased to 
55°F. 

Compared to temperature, light 
had much less effect on elongation, 
although petioles tended to elongate 
less at warmer temperatures as light 
levels increased. 

Average time to flower was similar 
for both cultivars, varying little for 
plants stored up to 4 weeks. After that 
time, flowering was faster, especially 
for 'Sylvia ' - plants stored for 6 
weeks flowered an average of 11 

10 

days faster than those stored for 1 
week. 

The trend toward decreased time 
to flower with increased storage dura
tion was probably a result of the 
higher greenhouse light levels and 
temperatures following the later plant
ings. 

Storage temperature had no 
marked, consistent effect on time to 
flower. Plants held at 36°F flowered 
earliest. At 50°F and 55°F, plants 
stored for 4 weeks or more were 
slower to flower than those 
stored at lower temperatures. 

Light levels had little effect 
on time to flower, particularly 
in 'Sylvia.' 'Giselle' plugs stored 
in the dark exhibited 5-7 days' 
flowering delay compared to 
those held in light. 

Neither the presence nor 
absence of light affected the 
flowering time of 'Sylvia' stored 
for less than 4 weeks, but at 5 
and 6 weeks, some delay was 
evident on plants stored in the 
dark compared to those stored 
in the light. The results suggest 
that, as with other species we 

Figures 23 and 24 (left); Dahlia 
plugs after 3 weeks (top) and 6 
weeks (bottom) of storage at 
0-25 footcandles of light and 
OO-12.5°C (32°-55°F). 

Figures 25 and 26 (right); Per
cent plant death of dahlia after 
0--6 weeks of dark storage (top) 
and light storage (bottom) at 
OO-12.5°C (32°-55°F). 

have observed, the longer cyclamen 
plugs are stored, the more precise the 
conditions must be. 

The optimum storage temperature 
range for 4 to 6 weeks was 36°F to 
41°F. Adding light at lower tempera
tures yielded no significant benefits, 
but the opposite was true as the tem
perature increased. Plants stored in 5 
footcandles of light always looked bet
ter at the end of 4 to 6 weeks' storage 
than those stored in darkness. 

• DAHLIA 
Dahlias stored poorly in the dark. 

Botrytis and bacterial infections killed 
most of the plants, and those that sur
vived were elongated. Plants stored in 
the dark at 50° and 55°F became ex
tremely elongated and brittle as stor
age duration increased, and all died 
when stored for 4 weeks or longer. 

At least 70% of the plants stored at 
32°F for more than 1 week died 
whether held in darkness or light. 
Most plants survived light storage at 
36°F or higher. 

With increasing storage duration, 
plants looked better after storage 
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Figure 27 (left): Geranium plugs after storage for 3 weeks at OO-12.5°C 
(32°-55°F) and 0-50 footcandles. 

Figure 28 (right): Geranium plugs after storage for 6 weeks at OO-12.5°C 
(32°-55°F) and 0-50 footcandles. 

when held under 25 footcandles of 
light compared to 5, but all were still 
elongated at 50 0 p and especially at 
55°p. Overall the best storage range 
was 41°-50o P in the light and 
41°-45°P in the dark. 

Time to flower increased as stor
age temperature increased for surviv
ing plants held in darkness. With the 
exception of the few plants that sur
vived 2 weeks' storage at 32°P, time to 
flower was unaffected by storage 
temperature or duration for plants 
stored in light. 

Height of plants at flower was 
not significantly affected by storage. 

Since plants do not tolerate 
dark storage well, use at least 5 
footcandles of light if storage is ex
pected to exceed 1 week. 

• GERANIUM 
While geranium plugs stored sat

isfactorily for at least 4 weeks in 
the dark over a temperature range 
of 32°-50oP, we believe the opti
mum temperature for longest stor
age is near 36°F. 
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storage. A greenhouse cultural prob
lem prevented flowering data from 
being collected on plants stored for 5 
and 6 weeks. 

With this limitation, geranium 
plugs stored satisfactorily for 4 weeks 
at temperatures from 41°P to 500 p in 
the dark. The addition of 5 footcan
dles of light increased the satisfactory 
temperature for 4 weeks of storage to 
55°F. 
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Botrytis was a major problem on 
geraniums. We recommend storage 
under low-humidity conditions to pre
vent it. Irrigation will likely be neces
sary if plugs are stored longer than 1 
week under low-humidity conditions. 

IMPATIENS 
Impatiens plugs could be stored for 

up to 6 weeks without delay in flow
ering if they were exposed to as little 
as 5 footcandles of light during storage. 

The optimum temperature for im
patiens was 45°F. Storing impatiens 
plugs at 32°P for even 1 week killed 
all the plants. 

Storing impatiens at 36°p for more 
than 2 weeks or 41°P for more than 3 
weeks resulted in severe chilling in
jury and subsequent plant death re
gardless of irradiance. 

Chilling injury is defined as dam
age to plants by low temperatures 
above freezing. Interestingly, impa
tiens satisfactorily tolerated 3 w eeks 
of storage at 36°p in the dark and at 5 
footcandles, but not at the higher irra
diances of 25 and 50 footcandles. 

The coldest temperature that impa
tiens plugs could tolerate beyond 3 
weeks without chilling injury was 
45°F. Impatiens satisfactorily tolerated 
6 weeks' storage at 45°P at all light 
levels, including darkness. 

The longest satisfactory duration 
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Geraniums tolerated freezing 
temperatures (32°P) and deterio
rated in warmer temperatures. 

Figure 29 (left): Impatiens plugs immediately after storage for 3 weeks at OO-12.5°C 
(32°-55°F) and 0-50 footcandles. 

Plowering data were collected 
on geraniums through 4 weeks of 
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Figure 30 (right): Impatiens plugs immediately after storage for 6 weeks at OO-12.5°C 
(32°-55°F) and 0-50 footcandles. 
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Figures 31 and 32: Lo
belia plugs after 3 
weeks' (near right) and 
6 weeks' (far right) 
storage at 0-25 foot
candles and OO-12.5°C 
(32°-55°F). 

for which impatiens plugs could be 
stored in the dark at 500 P and 55°P 
was 5 and 4 weeks, respectively. Stor
age at 55°P for more than 4 weeks in 
the dark delayed flowering. 

• LOBELIA 
Lobelia survived dark but not light 

storage at 32°P; however, dark-stored 
plants became more chlorotic and 
percent plant mortality increased as 
storage duration and temperature in
creased. The optimum temperature 
for storage of lobelia was 41°F. 

Plants stored in light did not be
come chlorotic, and percent mortality 
increased to a lesser extent as storage 
duration and temperature increased. 

12 

Marigolds were very suscep
tible to chilling injUly at 32°F, a 
temperature at which flowering 
was delayed after only 1 week 
of storage. Chilling injury was 
less noticeable at 36°F, but all 
plants were dead after 4 weeks 
of storage. Most plants sur
vived at 41°F, but flowering 
was delayed when the storage 
duration exceeded 3 weeks. 

Marigolds did not store well 
in the dark as temperatures in-

Figure 33 Oeft, top): Percent plant death 
of lobelia after 0-6 weeks of dark storage 
at OO-12.5°C (32°-55°F). 

creased from 45° to 55°F. Maxi
mum storage duration was 2 
weeks at 50 o-55°P and 3 
weeks at 45°F. 

The combination of chilling 
injury at low temperatures 
C32°-36°p) and delayed flower
ing and death at warmer tem-

Figure 34 (left, bottom): Percent plant 
death of lobelia after 0-6 weeks of light 
storage at OO-12.5°C (32°-55°F). peratures (45°-55°P) resulted in 

a short acceptable dark-storage 
time (maximum of 3 weeks). 

However, as storage duration 
increased, plants held at 50° 
and 55°P in the light became 
slightly elongated, some devel
oped dried foliage, and all 
were weak rooted. 

The lobelia that looked best at 
the end of 6 weeks' storage 
were those stored at 41°-45°P 
under 25 footcandles. 

Time to flower was not de
layed by increasing storage du
ration in either light or dark
ness. 

Lobelia, therefore, stored ac
ceptably from 36° to 55°P with 
light and from 36° to 50°F in 
the dark, with an optimum at 

41°F. If storing longer than 4 weeks, 
keep plants at 41 °P and at least 5 
footcandles. 

• FRENCH MARIGOLD 
The optimum temperature for 

marigold storage was 41°F. However, 
even at that temperature, marigolds 
stored poorly in the dark. The maxi
mum length of time they can be 
stored in total darkness is 3 weeks. 

Temperatures of 32° and 36°p 
caused injury and death in marigold. 
As was typical for salvia, ageratum, 
and begonia, delayed flowering was 
the first sign of chilling injury. As stor
age continued, plants died. 

The addition of light dramati
cally improved the quality of stored 
marigold plugs at temperatures of 
41°-45°p. All plants died after 6 
weeks' storage in the dark at 50 0 p 
and 55°P, while 100% of the plants 
survived after 6 weeks' storage in the 
light at the same temperatures. 

However, even though plants sur
vived storage in the light at 500 p and 
55°F, there was variable flowering 
delay at these temperatures. We do 
not suggest storing marigolds beyond 
5 weeks at 500 p and 3 weeks at 55°F. 

• NEW GUINEA IMPATIENS 
Two experiments were conducted 

on New Guinea impatiens. The first 
experiment was conducted as with all 
other species. A second experiment 
was conducted because a storage test 
by Tom Smith and Tom MCKeegan at 
Pour Star Greenhouses in Carleton, 
MI, was only partially successful. 

They observed that 'Celerio,' the 
cultivar used in our 1992 experiment, 
performed as expected. However, 
many other cultivars died under stor
age conditions in which 'Celerio' sur
vived. The results suggested the tem
peratures that caused chilling injury 
varied among cultivars. 

To test this hypothesis, we ob
tained rooted cuttings of 23 cultivars 
in 84-cell plug sheets. 'Celerio' sur-
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vived 3 weeks of dark storage at 45°F 
or warmer in the 1992 experiment. 
Therefore, plants were exposed to 
45 0

, 500
, 55°, and 59°F for 3 weeks. 

Plants in plug sheets were stored 
in a shipping box, a large plastic bag, 
or uncovered under 5 footcandles 
cool-white fluorescent light. Seven 
plants of each cultivar were stored in 
the box and under light, while 14 
were stored in the plastiC bag. All 
were drenched with Ornalin and 
Dithane prior to storage. 

The data presented here reflect the 
number of surviving plants 2 weeks 
after storage ended. 

EXPERIMENT ONE RESULTS 

Chilling injury of 'Celerio' occurred 
at 41°F or lower. Plants showed dam
age in the form of a water-soaked ap-

Figures 39 and 40 (Experiment One): 
New Guinea impatiens plugs immedi
ately after 3 weeks (left) and 5 weeks 
(right) of storage at ~25 footcandles 
and OO-12.5°C (32°-55°F). 

Greenhouse Grower 11994 

Figure 35 (far left): Marigold plugs immediately 
after 3 weeks of storage at ~25 footcandles and 
OO-12.5°C (32°-55°F). 

Figure 36 (near left): Marigold plugs immediately 
after 6 weeks of storage at ~25 footcandles and 
OO-12.5°C (32°-55°F). 

Figure 37 (below, left): Percent plant death of 
marigold after 0-6 weeks of dark storage at 
OO-12SC (32°-55°F). 

Figure 38 (below, right): Percent plant death of 
marigold after 0-6 weeks of light storage at 
OO-12.5°C (32°-55°F). 

pearance after 1 week of storage at 
32°F in either dark or light, and all 
transplants died. 

The temperature at which we saw 
chilling injury increased as storage 
duration increased. Neither light nor 
dark affected performance except 
after 5 weeks of storage; then the 
presence of light reduced it at 45°F or 
higher. After 6 weeks of storage, the 

plants that looked best were those 
held at 55°F under 25 footcandles of 
light. 

For plants undamaged by chilling 
injury, the time to flower after trans
planting was unaffected by storage 
treatment. 

Plant height did not increase sig
nificantly during storage at any tem
perature, even in the dark. For plants 
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Figures 41 (above) and 42 (below): 
Appearance 2 weeks after termina
tion of storage of New Guinea im.pa
tiens cultivars held at 7.5°C (45°F) 
for 3 weeks. There are two rows of 
each cultivar per flat. Numbers rep
resent cultivar names (see Table 4). 

STORED AT 7.SoC fOR 3 WEEKS 
20' 0 ro~ 2 WEEKS 
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Figures 43 (above) and 44 (below): 
Appearance 2 weeks after termina
tion of storage of New Guinea im.pa
tiens cultivars held at 10°C (50°F) 
for 3 weeks. There are two rows of 
each cultivar per flat. Numbers rep
resent cultivar names (see Table 4). 

Table 4. New Guinea Impatiens 
Cultivars Tested in Experiment 2 

Number 
I 

3 
4 
5 
6 
7 

17 

19 

21 

23 

Paradise Maui 

Paradise Samoa 
raJ' 

Paradise Tobago 
I g . 

Paradise Trinidad 

stored 1 week, size and appearance 
after 6 weeks' forcing were similar to 
those of unstored plants. Plants held 
in plug sheets for 5 weeks in the 
greenhouse continued to increase in 
size prior to transplanting; therefore, 
these plants were larger after 6 
weeks' forcing than those stored 
under low temperatures. Plant size 
and height at first flower were unaf
fected by storage treatment. 

EXPERIMENT Two RESULTS 

We observed major differences in 
tolerance to low-temperature storage 
among cultivars. 

Eighty-six percent of 'Celerio' 
plants sUlvived dark storage at 45°P; a 
lower percentage of all other cultivars 
survived the same storage conditions. 
No plants from 11 of the cultivars sur
vived 45°P dark storage for 3 weeks. 

Increasing storage air settings to 
50 0 p substantially increased the per
centage of plants that survived dark 
storage for 3 weeks. 

However, Significant differences in 
tolerance to storage at 500 p still exist-

Figure 45 (top): Percent survival of 
New Guinea im.patiens cultivars after 3 
weeks of storage at 7.5°C (45°F). 

Figure 46 (middle): Percent survival 
after 3 weeks at 10°C (50°F). 

Figure 47 (bottom): Percent survival 
after 3 weeks at 10-15°C (50°-59°F). 

ed among cultivars; there was less 
than 60% survival for six of the culti
vars. These differences were even 
more evident when average survival 
in the treatments at 50°, 55°, and 59°P 
was plotted against cultivar. 

Plug sheets held in the dark were 
exposed to disease pressure from 
Botrytis. The mortality rate of celtain 
cultivars stored above 50 0 p may be 
related to their susceptibility to Botry
tis, not merely to cold temperatures. 

These results show that most New 
Guinea impatiens cultivars are sensi
tive to chilling injUly below 500 p and 
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Figure 48 (far left): Appear
ance of pansy plugs inunedi
ately after storage for 4 weeks 
at 0-50 footcandles of light 
and OO-12.5°C (32°-55°F). 

Figure 49 (left): Appearance 
of pansy plugs immediately 
after storage for 8 weeks at 
0-50 footcandles of light and 
OO-12.5°C (32°-55°F). 

Figure 50 (below, left): Ap
pearance of pansy plugs im
mediately after storage for 16 
weeks at 0-50 footcandles 
and OO-12.5°C (32°-55°F). 

0 
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some cultivars store poorly when kept 
below 59°P for eA'tended periods. 

Quality ratings were given to all 
the plants that survived. In general, 
the greater the sUlvival rate, the high
er the quality. 
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WHEN MIXING CULTIVARS 

If mixed cultivars of New 
Guinea impatiens must be held 
or stored, plants should not be 
held below 55°F. Most cultivars 
will store very well for up to 3 
weeks at 55°P when exposed to 
light. However, be aware that 
some cultivars may not store 
well under these conditions. 

• PANSY 
Pansies were satisfactorily 

stored 16 weeks without flow
ering delay with light levels of 5 
footcandles at 41°P and 45°P 
and 25 footcandles at 50°F. 

Pansy plugs satisfactorily tolerated 
16 weeks' storage at 32°P and 36°p at 
all light levels, including darkness. 

Chilling injury was not observed on 
any of the pansy plugs. Satisfactory 

storage time in the dark decreased to 
14, 10, and 6 weeks as the tempera
tures increased to 41°, 45°, and 500 p, 
respectively, 

• PETUNIA 
While petunia plugs stored satisfac

torily for at least 4 weeks in the dark 
over a temperature range of 32°-50oP, 
we believe that the optimum temper
ature for the longest storage is near 
36°F. 

Petunias tolerated freeZing temper
atures (32°P) and deteriorated at 
warmer temperatures, 

Petunia plugs stored satisfactorily 
for 6 weeks at temperatures ranging 
from 32°P to 41°P in the darkness. 
The addition of 5 footcandles of light 
increased the satisfactory temperature 
for 6 weeks of storage to 55°F. 

Botrytis was a major problem. We 
recommend storage under low-hu
midity conditions to prevent the dis
ease. Irrigation will likely be neces
sary if plugs are stored longer than 1 
week under low-humidity conditions. 

Figure 51 (far left): Appearance of petunia plugs im
mediately after storage for 3 weeks at 0-50 footcan
dles of light and OO-12,soC (32°-55°F). 

Figure 52 (left): Appearance of petunia plugs inunedi
ately after storage for 6 weeks at 0-50 footcandles of 
light and OO-12,soC (32°-55°F). 
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PORTUlACA 
plants stored acceptably at or above 

32°P for 1 week, 36°p for 3 weeks, 
41°P for 5 weeks, and 500-55°P for 6 
weeks. The optimum storage temper
ature range was 41°-45°F. 

Plants died when stored for more 
than 1 week at 32°F. Although plants 
looked healthy when they came out 
of dark storage at 32°P, they died after 
transplanting. 

Plants dropped leaves after both 
light and dark storage at 36° and 41°F. 
All plants stored in the dark were 
slightly chlorotic. Percent mortality in
creased as storage duration at less 
than 41 °P in-
creased. 

Light was 
less critical for 
portulaca than 
for many other 
species tested. 
Time to flower 
was unaffected 
by storage treat
ment. 

• SALVIA 

Appearance 01 Portulaca grandillora 
'Fuchsia' aller 3 weeks 01 storage 
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Figure 53 (above, left): Portulaca plugs immediately after storage for 
3 weeks at 0-25 footcandles and OO-12.5°C (32°-55°F). 

Figure 54 (above, right): Portulaca plugs immediately after storage 
for 6 weeks at 0-25 footcandles and OO-12.5°C (32°-55°F). 

The optimum 
temperature for 
dark storage is 
45°F. The opti
mum tempera
ture range for 

Figures 55 and 56 (above): Percent plant death of portulaca plugs after 0--6 weeks of dark storage (left) and 
light storage (right) at OO-12.5°C (32°-55°F). 

long-term, light storage is between 
45° and 55°F. 

Temperatures of 32° and 36°p 
caused chilling injury and plant death 
in salvia. Delayed flowering was the 
first evidence of chilling injury at 32° 
and 36°p. As storage continued, plants 
died. These results indicate salvia 
plugs should not be stored at temper
atures less than 41°F. 

Salvia tolerated dark storage at 
temperatures of 41 0-55°P for up to 4 
weeks when judged by time to flower 
and percentage of plants surviving. 
However, plants elongated and leaves 
abscised during storage as tempera
ture increased from 41 0 to 55°F. 

The duration of acceptable storage in
creased to 6 weeks in the 41°-55°P tem
perature range when as little as 5 foot
candles of light was added to the plants. 
Light also reduced seedling elongation 
during storage at all temperatures. 
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Figure 57 (left): Salvia plugs immediately after storage for 3 weeks at 0-25 
footcandles and OO-12.5°C (32°-55°F). 

Figure 58 (right): Salvia plugs immediately after storage for 6 weeks at 0-25 
footcandles and OO-12.5°C (32°-55°F). 
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Figure 59 (left): Percent plant death of salvia plugs after 0--6 weeks of dark storage at OO-12.5°C (32°-55°F). 
Figure 60 (right): Percent plant death of salvia plugs after 0--6 weeks of light storage at OO-12.5°C (32°-55°F). 

TOMATO 
Optimum storage temperature is 

near 45°P, but tomato plants do not 
tolerate storage well at any tempera
ture when duration exceeds 3 weeks. 

Figures 61 (above) and 62 (below): 
Tomato plugs immediately after 
storage for 3 and 6 weeks, respec· 
tively, at 0-25 footcandles and 
OO-12.5°C (32°-55°F). 
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While tomato plants sUlvived all stor
age temperature treatments for 1 
week, their tolerance of longer stor
age was very poor. plants were sus
ceptible to chilling injury at 41°P or 
less. As time and storage duration in
creased, percent mortality increased 
whether plants were in darkness or 
light. Maximum dark-storage length 
was 3 weeks in a narrow temperature 
band of 45°-500 P. The addition of 
light decreased percent mortality at 
temperatures above 45°P but did not 
eliminate it. 

No carry-over storage effects were 
observed. Days to flower, flower-bud 
number per inflorescence, and node 
number to first inflorescence were un
affected by storage treatment. 

VERBENA 
Verbena stored acceptably over the 

entire temperature range tested, but 
for no longer than 3-4 weeks. Best 
storage settings were 45°-55°F. 

Verbena did not tolerate dark stor
age well. Plants stored in the darkness 
were infected by Botrytis and bacteria 
at all temperatures. As duration of 
dark storage increased at 50° and 
55°P, plants elongated. At all light lev
els and temperatures, lower leaves 
dried as storage duration increased, 
particularly at 50° and 55°F. 

Percent mortality of plants stored 
in darkness was consistently higher 
than that of verbena stored in light. As 
storage duration increased, percent 
plant mortality increased in both light 
and dark conditions. 

There was a slight increase in days 

to flower for plants stored in the dark 
at 32°P compared to those kept in 
light, but required time until flower 
was similar at all other temperatures. 

Size at flower was similar for plants 
stored in light or darkness except after 
6 weeks' storage, when those held in 
light were bigger at flower. 

Appearance of Verbena x hybrida 
'Romance Mix' atter 3 weeks 01 slorage 
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Figures 63 (above) and 64 
(below): Verbena plugs immedi
ately after storage for 3 weeks 
and 6 weeks, respectively, at 
0--25 footcandles and OO-12.5°C 
(32°-55°F). 
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• VINCA 
The best storage temperature range 

for vinca plugs is 45°-55°F, with a 
50°F optimum. Plants are susceptible 
to chilling injury at 41°F or lower. 

As temperature and storage dura
tion increased, percent mortality of 
plants stored in darkness increased. 
No plants survived dark storage for 6 
weeks because of Botrytis infection. 
Adding light eliminated plant death at 
45°F and above. 

Flowering of plants surviving tem
peratures that caused chilling injury 
(32°-41°F) was slightly delayed com
pared to flowering of plants stored at 
warmer temperatures. No flowering 
delay was observed on plants stored 
at temperatures above 41°F. 

Plant size at flower was not consis
tent; however, plants surviving chilling 
injury were smaller at flower than 
those exposed to temperatures above 
41 OF. In addition, plants stored above 
41 OF were slightly smaller 6 weeks 
after the start of forcing than those 
held in the greenhouse in a plug sheet 
for 1 week. Nevertheless, there was no 
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difference in plant size after 5 weeks of 
storage. 

At warmer temperatures (45°F or 
higher), acceptable storage duration 

Figures 65 (far 
left) and 66 
(left): Percent 
plant death of 
verbena plugs 
after 0-6 weeks 
of dark storage 
and light stor
age, respective
ly, at OO-12.5°C 
(32°-55°F). 

significantly increased when a small 
amount of light (5 footcandles) was 
added. Etiolation, elongation, and 
percent death were all reduced. 
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Figures 67 (above, left) and 68 (above, right): Vinca plugs immediately after 
storage for 3 and 5 weeks, respectively, at 0-25 footcandles and OO-12.5°C 
(32°-55°F). 

Figures 69 (below, left) and 70 (below, right): Percent plant death of vinca 
after 0-6 weeks of dark and light storage, respectively, at OO-12.5°C 
(32°-55°F). 
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Table S. Bedding Plant Species And Cultivars Used In Testing 

Ageratum Lobelia New Guinea Impatiens 
'Blue DanutJe' 'Slue Moon' (cont.) 

'Paradise Tobago' 
Alyssum French Marigold 'Paradise Tonga' 

'New Carpet of Snow' 'Hero Yellow' 'Paradise Trinidad' 

Fibrous Begonia New Guinea Impatiens pan~ 
Vodka' 'Kientzler Agua' , ajestrc Yellow' 

'Kientzler Maea' 
Tuberous Begonia 'Kienrzler ~GlIon' Petunia 

'NonstGp Scarlet' 'Kienrzler elerio' 'Ultra Red' 
'Kienrzler Celsia' 

Celosia 'Kientzler Eurema' Portulaca 
'Cherry Red' 'KJentzler Marpesia' 'Fuchsia' 

'Kientzler Melissa' 
Cyclamen 'Kienrzler Octavia' Salvia 

'Giselle' 'Kientzler Saturnia' 'Red Hot Sally' 
'Sylvia' 'Rientzler Sesia' 

'Paradise Antigua' Tomato 
Dahlia 'Paradise ArUDa' 'Rutgers' 

'Amore/Figaro' 'Paradise Barbados' 
'Paradise Bora-Bora' Verbena 

Geranium 'Paradise Lanai' 'Romance Mix' 
'Pinto Red' 'Paradise Maui' 

'Paradise Papete' Vinca 
Impatiens 'Paradise Samoa' 'Peppermint Cooler 

:Accent Orange' 'Paradise Tahiti' 
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For more information about degree or certificate programs, 
contact: Dr. Barbara Fails, Michigan State University, 
Department of Horticulture, East Lansing, Michigan 48824 
(517) 355-5180 
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