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in the first article we discussed the factors affecting the
Easter lily crop before the bulbs reach the East Coast;
field culture, bulb maturation-field vernalization-bulb har
vest, and shed storage and transportation. In this article
we want to consider the problems of the bulb jobbers and
plant growers—bulb storage and forcing.

BULB STORAGE

Often when bulb storage is mentioned temperature
and/or time in storage immediately come to mind, how
ever, much more is involved than just these two factors.
Moisture content of the packing medium, moisture
changes in the packing medium (and, therefore, the
bulbs) during storage, and the gas content of the atmos
phere (e.g. oxygen, carbon dioxide, and nitrogen) are ex
tremely important. Research has demonstrated the influ
ence of these factors, however, more studies must be made.

Vernalization Temperatures
Much of our work has involved temperature and length

of storage. We found 70°F was a non-vernalizing temper
ature, i.e., 'Ace' lilies would not flower in a 70° green
house unless vernalization was applied before or during
growth (figure 1).

(continued on page 2)

FIGURE 1. 'Ace' plants from unstored bulbs grown in a 60°F minimum
temperature greenhouse (right) or a 70° minimum temperature
greenhouse (left). Sixty degrees was a vernalizing temperature.
The plants grown at 70° did not flower.

* Part 3, the last of this article, will be presented in a future bul
letin.
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The recommendations for a seed germinating medium
have been standard for a long period of time. It has been
suggested that it be rather fine and uniform; free of in
sects, fungi, bacteria and weed seeds; well aerated and
loose; capable of holding and moving moisture by capil
larity; and low in nutrient content. All of these are good
points; however, the last one could lead to some trouble
particularly where the peat-lite mixes may be used.

To illustrate the problem that may arise where no
nutrients are added we had the Floriculture students set

up a small experiment. The objective was to observe the
effect of the presence or absence of calcium, phosphorus
and nitrogen on the germination and subsequent growth
of petunias and salvia.

The germination media for treatments 1 through 5 was
made up of 50% by volume sphagnum peat moss and
50% by volume #4 particle size horticultural vermiculite.
In Table 1 we've listed the fertilizer materials added to

each treatment. Treatment #6 was 50% peat moss and
50% #2 vermiculite. Treatment #7 used 50% peat moss
and 50$ perlite as the medium.

Table 1. Fertilizer added to peat-lite germination media.
Amounts are given in both pounds per cubic yard
and grams per bushel.

Treatment Amendment lbs cu yd gms/bushel

1 Nothing _ _

2 Calcium limestone 5 103.0
3 20% superphosphate 2 41.2
4 Calcium limestone 5 103.0

20% superphosphate 2 41.2

5 Calcium limestone 5 103.0
20% superphosphate 2 41.2
Ammonium nitrate ] 20.6

6 (Peat and No. 2 Verm)
Calcium limestone 5 103.0

20% superphosphate 2 41.2

7 (Peat and perlite)
Calcium limestone 5 103.0
20% superphosphate 2 41.2

The limestone and superphosphate were added as dry
materials. The ammonium nitrate was dissolved in water

and added as a solution. Each medium was thoroughly
mixed to ensure uniform distribution of the fertilizer in

gredients.

Plum purple petunia seed and Dwarf red pillar salvia
(continued on page 4)



Seed Germination
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seed were sown February 14, 1968. The seeded con
tainers were placed in a 65° night temperature greenhouse
with 70° bottom heat. Low pressure intermittent mist was
applied 12 seconds every 20 minutes from 8:00 am to
5:00 pm daily. After germination had occurred the seed
trays were then moved to a 60° night temperature, a 70°
day temperature greenhouse.

At the time of sowing the seed a sample of each mixture
was taken for soil testing purposes. Table 2 gives the an
alyses of the seven mixes as determined by the Spurway
method of soil testing used by the Floriculture Depart
ment.

Table 2. Nutrient content of seven mixes used for germi
nating petunia and salvia seed. Sampled at seeding
time.

Treatment Nitrates Phos. Potash Calcium pH TSSAa

ppm in •xtract sol ution

1 tr tr 20 100 4.2 13

2 tr tr 20 too 5.8 16

3 1 10 25 100 4.0 60

4 5 15 40 100 5.4 61

5 110 18 45 125 5.3 110

6 •1 20 25 100 5.2 64

i
2 20 10 100 5.1 74

aTSS—Total soluble salts, 1:2 soil-water ratio.

These analyses show the effect on the nutrient content
of the various mixes. The limestone addition increased
the mixture pH as would be expected. Superphosphate,
when added alone, had a slight depressing effect on pH.
The ammonium nitrate addition resulted in a substantial

increase in nitrates and it also caused a greater availabil
ity of potassium from the vermiculite. Part of the vari
ability in the levels of the other nutrients may be attrib
uted to sampling procedures. Unequal distribution of
limestone and superphosphate in a relatively dry mixture
would account for some of this variability.

Figures 1 and 2 show the amount of growth that had
obtained one month after sowing seed. It is obvious
from these illustrations that the addition of nutrients is an

important factor to the success of the peat-lite mixes. It is
also obvious that nitrogen additions will substantially re
duce the time from sowing to transplanting stages of
growth over just the addition of either limestone or super
phosphate. The petunias in treatment 5 were at the ideal
stage for transplanting three weeks after sowing. The sal
via were ready for transplanting two weeks after sowing.

The petunia plants in treatments 1 and 2 are obviously
a long time away from being ready for transplanting. Un
less given some liquid feed they will remain a long time
away from transplanting.

Although the recommendations for a seed germinating
medium state that it should be low in nutrients this dem
onstration points out the fact that as soon as the seed has
germinated and exhausted its stored food reserves there
must be some nutrients externally supplied for the plant to

FIGURE 1. Plum purple petunia seed germinated in seven mixes. Sown
2-14, photo 3-13-68. Container three was sown with three rows
of seed.

FIGURE 2. Dwarf, red pillar salvia germinated in seven mixes. Sown
2-14, photo 3-13-68.

continue making unchecked growth. This is particularly
true when the peat-lite mixes are used since they contain
very little available nutrients except for potassium from
the vermiculite. Even soil mixes may be deficient in the
necessary nutrients added. If they were present when the
seed was sown, application of water may result in sub
stantial losses by leaching.

In Table 3 are listed the nutrient levels of the mixes at
the lime of transplanting on March 8, 1968, three weeks
after sowing. The reduction in nitrates from treatment 5
was substantial. Part of this was undoubtedly due to

Table 3. Nutrient content of seven mixes used for germi
nating petunias and salvia seed. Sampled at trans
planting time, three weeks after sowing seed.

Treatment Nitrates P ios Potash Calcium ,,H TSSA«

ppm in extract solution

1 tr 2 15 100~ 4.6 11

2 tr tr 15 100~ 5.7 17

3 tr 6 15 ioo~ 4.3 48

4 tr 5 20 100 6.0 27

5 tr tr 12 100 6.6 10

6 tr 4 12 100 6.1 29

7 1 1 5~ 125 6.4 10

aTSS—Total soluble salts, 1:2 soil-water ratio.

(continued on page 6)



Pollution
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variation between different varieties. Iris, grasses, white
pines and several fruit plants have also been reported as
being injured.

Ethylene gas under enclosed or restricted areas as
within a greenhouse or building has long been known to
cause plant injury. A bending or twisting of stems and
leaves similar to that associated with certain weed killers
will cause damage. It may also cause flowers as the carna
tion to become "sleepy" and leaves and petals of flowers to
drop. Outdoors, ethylene may never develop in concen
trations large enough to cause much damage, yet it is one
of the contaminates from vehicles and plants growing
where there is an accumulation of fumes from cars and
trucks as along heavily traveled streets and roads, or at
large intersections, may develop symptoms of injury.

There is in the atmosphere and in the presence of light,
a whole range of chemicals processes that occur. These
reactions that take place produce materials that become
injurious to plant growth. Some of the materials them
selves cause injury, as well as when they are combined
with others. Several organic acids and peroxyacetyl ni
trate are byproducts of the combustion in a motor and
these become the principle materials involved in a photo
chemical reactions. These photochemical reactions, com
bined with smoke and/or fog become increasingly dam
aging. As temperatures rise, the damage increases. Ozone,
another by-product of combustion, also becomes a part of
the photochemical reactions. For practical purposes, the
damage caused by ozone and that caused by these other
photochemical reactions is such that it becomes difficult
to tell them apart. There is a "silvering" of the leaf, so
that it appears glazed, a bronzing of the underside may
also develop. Irregular stipples or flecks may develop,
bleaching of the color takes place and necrotic or dead
spots occur. On some plants, leaf drop or stunting may
develop.

It is difficult to assess the damage to plants caused by
air pollutants. In many cases damage is slow to develop, it
may require frequent exposures to such materials before
the injury begins to show. Typically, all pollutants reduce
the vigor and quality of the plant. The damage may only
show on some of the leaves but internally the plant struc
ture may be changed or become abnormal in tissue devel
opment. Pollutants that leave a deposit on the foliage,
leaving an obvious discoloration, makes the plant unsight
ly and reduces its sales value. Rapidly growing plants
may show injury earlier than plants with more mature
foliage. With woody plants, the evergreens generally
show damage more readily than deciduous plants since
the evergreen plants have foliage the year round, while
the others are without foliage for about half of the year.

Florists, nurserymen and those concerned with the pro
duction, care, sale, and maintenance of plants must be
aware of the damage caused by air pollution and be care
ful that they are not contributing to it. At present, there
seems to be no immediate control for such pollution nor
are there materials that can be put onto plants to prevent
damage.

Easter Lilies
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SUMMARY

Perhaps we can conclude our remarks on the problems
of the bulb jobber (bulb storage) and the plant grower
(forcing) with the comment that while both the jobber
and forcer do everything possible to produce quality
Easter lilies, they, like the bulb grower, have difficulty
determining what is the best procedure for any particular
Easter. The question of when bulbs are vernalized suffi
ciently for rapid forcing and Low to maintain plant qual
ity will be answered by further research.

In the last article of this series we will comment on the
possible future results of research and the implications of
these results for commercial Easter lily production.

Seed Germination

(continued from page 4)
losses by leaching, but much also went into the plant tis
sue. Similar reductions were seen in the levels of phos
phorus and potassium. Notice also that the pH values
have risen to higher levels. This is a cumulative effect of
the addition of the fertilizer materials plus water, temper
ature and time affecting chemical reactions in the mixes.

In conclusion, the addition of limestone, superphosprate
and ammonium nitrate to the peat-lite mix resulted in
stronger, larger seedlings produced in a shorter period of
time than in unfertilized mixes. The commercially avail
able peat-lite mix already contains these nutrients so no
fertilizers need be added to them.

1968 Short Course
The Usual Time and Place

October 27, 28, 29, 1968
Ithaca, New York

YOUR EDUCATION AND CONFERENCE COM

MITTEES HAVE ALREADY STARTED PLANNING.

WHY NOT MARK YOUR CALENDAR TODAY!
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