
Appearance of Salvia spiendens 
'Red Hot Sally' after 3 weeks of storage 
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Appearance of Salvia splendens 
'Red Hot Sally' after 6 weeks of storage 
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Salvia Plugs Stored in Darkness 
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Production 

How To Store Salvia 
And Ageratum Plugs 

by ROYAL HEINS and 
NATHAN LANGE 

L
AST year, we presented the re-
sults from low temperature stor-
age experiments on pansy, 

petunia, geranium, and impatiens 
plugs (see GREENHOUSE 
GROWER, January and February 
1991, pages 22 and 18). 

We have continued that research 
on four crops: salvia, ageratum, be-
gonia, and marigold. Results from 
the first two crops will be presented 
this month; begonias and marigolds 
will be examined next month. 

How We Did It 
We obtained 406 plug trays of 

`Red Hot Sally' salvia and 'Blue 
Danube' ageratum from a commer-
cial grower when the plugs reached  

Figure 1: Appearance of salvia plugs im-
mediately following 3 weeks of storage 
at 0-25 footcandles and 0°-12.5° (32°-
54°F). 

Figure 2: Appearance of salvia plugs im-
mediately following 6 weeks of storage 
at 0-25 footcandles and 0°-12.5°C (32°-
54.5°F). 

Figure 3: Days to flower from transplanting of salvia after 	Figure 4: Days to flower from transplanting of salvia after 
0-6 weeks of dark storage at 0°-12.5°C (32°-54.5°F). 	 0-6 weeks of light storage at 0°-12.5°C (32°-54.5°F). 
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Appearance of Ageratum houstonlanum 
'Blue Danube' after 3 weeks of storage 
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Appearance of Ageratum houstonlanum 
'Blue Danube' after 6 weeks of storage 
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Figures 8 and 9: Appear-
ance of ageratum plugs 
inunediately following 3 
weeks (figure 8) and 6 
weeks (figure 9) of stor-
age at 0-25 footcandles 
and 0°-12.5°C (32°-
54.5°F). 

Figure 5: Percent plant death of salvia after 0-6 weeks of dark 	Figure 6: Percent plant death of salvia after 0-6 weeks of light 
storage at 0°-12.5°C (32°-54.5°F). 	 storage at 0°-12.5°C (32°-54.5°F). 

a transplantable size. They were held 
in a glass greenhouse at 68°F for 1 
week prior to the start of storage 
treatments to eliminate any possible 
shipping effects. Three plug trays 
were stored at each of the following 
temperatures: 32°, 36.5°, 41°, 45.5°, 
50°, and 54.5°F. 

Three different light levels were 
used: 0 (or total darkness), 5, and 25 
footcandles. We achieved darkness 
by storing the plugs in a closed, card-
board shipping box. Plants lit with 5 
or 25 footcandles were illuminated by 
cool white fluorescent bulbs 24 hours 
a day. 

All plants were subirrigated with 
clear water as needed during storage. 
The frequency of irrigation varied 
from 3 to 20 days, depending on the 
temperature and humidity of each 
cooler. To avoid possible fungal in-
fection, we kept the contact between 
the foliage and water to a minimum. 

Ten representative plants were re-
moved from each temperature/light 
treatment after 1, 2, 3, 4, 5, and 6 
weeks and a typical plant from each 
treatment was photographed. All the 
plants were then potted in 4-inch pots 
and forced into flower in a glass 
greenhouse with a minimum temper-
ature of 68°F. 

We recorded the date of first flower 
and determined the average number 
of days from the start of forcing until 
first flower for each plant that sur-
vived storage. The percentage of 
plant survival for each treatment was 
also determined. 

Storage treatments were rated as 
satisfactory or unsatisfactory. Treat-
ments were regarded as satisfactory 
when no more than 1 out of 10 plants 
died following storage and trans-
planting, and plants did not show a 
delay in flowering of more than 5 
days compared to control plants,  

which were potted directly without 
any storage. 

Salvia Results 
Temperatures of 32° and 36.5°F 

caused chilling injury and plant death 
in salvia (Figures 1 and 2). Delayed 
flowering was the first evidence of 
chilling injury at 32° and 36.5°F (Fig-
ures 3 and 4). As storage continued, 
plants died (Figures 5 and 6). These 
results indicated salvia plugs should 
not be stored at temperatures less 
than 41°F. 

Salvia tolerated storage in the dark 
at temperatures from 41° to 55°F for 
up to 4 weeks when judged by time 
to flower and percentage of plants 
surviving (Figure 7). However, 
plants elongated and leaves abscised 
during storage as temperature in-
creased from 41° to 55°F (Figures 1 
and 2). 

The duration of acceptable storage 
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Ageratum Plugs Stored in Light 
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Figure 10: Days to flower from transplanting of ageratum after 	Figure 11: Days to flower from transplanting of ageratum after 
0-6 weeks of dark storage at 0°-12.5°C (32°-54.5°F). 	0-6 weeks of light storage at 0°-12.5°C (32°-54.5°F). 

Figure 
days 
storage. 
ing 

7: Storage durations where salvia flowering was not delayed more than 
after storage compared to plugs transplanted to the greenhouse without 

Shaded areas represent storage conditions and durations where flower- 
delay was not observed. 
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Temperature Light Weeks of Storage 

°F footcandles 1 2 3 4 5 6 

32 
0 
5 
25 

36.5 
0 
5 
25 

41 
0 
5 
25 

45.5 
0 
5 
25 

50 
0 
5 
25 

54.5 
0 
5 
25 

increased to 6 weeks in the 41°-55°F 
temperature range when as little as 5 
footcandles of light was added to the 
plants (Figure 7). Light also reduced 
seedling elongation during storage at 
all temperatures (Figures 1 and 2). 

Ageratum Results 
Temperatures of 32° and 36.5°F 

caused chilling injury and plant death 
in ageratum (Figures 8 and 9). De-
layed flowering was the first sign of 
chilling injury at 32° and 36.5°F (Fig-
ures 10 and 11). As storage contin-
ued, plants died (Figures 12 and 13). 

While ageratum seedlings were 
sensitive to chilling injury, the stor-
age time necessary to cause injury 
was longer than that of salvia. For 
example, salvia did not tolerate even 
1 week at 32° or 36.5°F. Ageratum, 
on the other hand, tolerated 1 week 
at 32°F and 2 weeks at 36.5°F. How-
ever, as a rule, ageratum plugs should 
be stored at temperatures less than 
41°F only when necessary, and then, 
only for short durations. 

Ageratum seedlings were much 
less tolerant of dark storage than sal-
via seedlings. Plants first elongated, 
then became chlorotic, and finally 
died when stored for progressively 
longer time periods at 50° and 54°F 
(Figures 8, 9, and 12). The only tem-
perature where ageratum success-
fully stored for 6 weeks in the dark 
was 45°F (Figure 12). 

The addition of light dramatically 
improved the ability to store agera- 

tum seedling plugs at temperatures 
from 41° to 54.5°F (Figures 8, 9, 12, 
13, and 14). The difference was sig-
nificant — death of all plants after 6 
weeks of storage in the dark at 50°  

and 54.5°F (Figure 12) versus sur-
vival of all plants after 6 weeks stor-
age in the light at the same 
temperatures (Figure 13). There was 
no significant difference in plant per- 
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formance with 5 versus 25 footcan-
dles of light during storage. 

Summary 
• The optimum dark storage tem-

perature for both crops is 45°F. 
• The acceptable storage temper-

ature range increases when the stor-
age duration is short and when light 
is added during storage. 

• The optimum long-term, light-
storage temperature range for both 
salvia and ageratum is between 45° 
and 54.5°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 
injury. 

Benefits Of Light 
While the results showed salvia 

and ageratum could be stored in the 
dark for up to 6 weeks at 45°F, low 
levels of light are extremely impor-
tant to plant quality. Exposing plugs 
to as little as 5 footcandles of light 
during storage increased the range of 
storage times at several temperatures 
and, more importantly, improved the 
quality of the plants once they were 
removed from storage. 

Figure 
than 
without 
flowering 

14: Storage durations where ageratum flowering was not delayed more 
5 days after storage compared to plugs transplanted to the greenhouse 

storage. Shaded areas represent storage conditions and durations where 
delay was not observed. 

Temperature Light Weeks of Storage 

°F footcandles 1 2 3 4 5 6 
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Word Of Caution 
Although plug storage is a poten-

tially valuable tool, we still recom-
mend experimenting with only a few 
plug sheets before committing sig-
nificant quantities of plugs to storage. 
Developing a working system is es-
sential to avoid significant economic 
loss. 

Remember: There are differences 
in acceptable storage temperatures 
among species. Environmental con-
ditions before and after storage may 
have an effect on plug growth fol- 
lowing storage. 	 GG 
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Figure 12: Percent plant death of ageratum after 0-6 weeks of Figure 13: Percent plant death of ageratum after 0-6 weeks of 
dark storage at 0°-12.5°C (32°-54.5°F). 	 light storage at 0°-12.5°C (32°-54.5°F). 
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