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Soil Aeration:

Introduction and Characterization

Of Greenhouse Soils

Joe J. Hanan and R. W. Langhans
Department of Floriculture

Cornell University

With few exceptions, the root system of every plant in
a greenhouse bench has undergone one or more periods
of insufficient oxygen supply. However, these periods are
usually too short to cause a measurable crop response.
Deficient aeration may be due to any combination of long
or short periods of oxygen deficiency, and the dividing
line between what constitutes deficient and sufficient aera

tion is obscure.

It is essential that we understand what factors influence
oxygen supply in soil and learn what we can do to manip
ulate them in our cultural practices. Crop response must
be the deciding criterion, since a well-aerated root med
ium does not mean that its use will invariably result in a
satisfactory product.

Basis for research—The uptake of oxygen by roots is a
continuous process (5), hence measurement of oxygen
concentration in a soil is not enough (4). In addition, the
rate of flow of oxygen to the root must be determined.
This rate is directly regulated by the thickness of the
water film which surrounds the root and across which
oxygen molecules must diffuse (6, 8). Where the soil is
waterlogged or possesses a very low porosity (less than
ten per cent), the rate of supply may not always be con
trolled by film thickness (1, 8, 11). More often, oxygen
concentration and supply is a function of moisture con
tent and is related to the physical attributes of the soil
(e.g. porosity, aggregation, pore-size distribution, etc.),
its depth, the method of irrigation, amount of water ap
plied, the plant, temperature and light intensity (6, 10,
12,18,20).

An inter-relationship exists between aeration and avail
able moisture, both of which influence growth of the
plant. There is little use in reducing moisture content to
a point where wilting occurs for the purpose of improving
aeration. Variations in moisture and oxygen supply either
alone or in conjunction may drastically influence plant re
sponse. In the final analysis, the only definitive method
by which a soil may be truly characterized is by growing
a plant in it.

Main lines of research—The present investigation is
long range and is purposely oriented toward an integrated
approach to soil moisture and its effect on aeration as
typified by crop response. The main divisions might be
listed as: 1) characterization of greenhouse soils, 2)
water requirements of floricultural crops and 3), experi-
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Facts About Easter Lilies
Derek R. Smith and R. W. Langhans

Department of Floriculture
Cornell University

The Easter Lily Progress Report presented in Bulletin
179 outlined the major problems (controlling flowering
time, height, and flower number) when forcing this crop,
provided some of the answers, and posed several addi
tional questions for further investigation. During 1960-61
we have tried to answer some of these questions. This re
port will describe some of the work that has been done.

Temperature Treatments
It was previously pointed out that forcing temperature,

particularly at night, had a profound effect upon speed of
growth and development, and the flower number. We ob
tained our highest bud count when a night temperature of
60°and a day temperature of 70° were used throughout
the forcing period. Temperatures lower and, more espe
cially, higher than 60N-70D reduced the bud count. Forc
ing time at 60N-70D was intermediate. Lower tempera
ture (50°) delayed, whereas higher temperature (80°)
hastened flowering. We asked the question, "At what stage

(continued on page 2)

Your Business Analysis
Dana C. Goodrich

Department of Agricultural Economics
Cornell University

"Cost Accounting—What It Can Mean To You," ap
peared in one of last year's bulletins and promised a fol
low-up article on preparing an analysis of your business.
Such an analysis is no more valuable than the figures that
go to make it up. It is to your benefit, therefore, to ac
cumulate and enter conscientiously and on a regular basis
the needed statistics describing your business. Postpone
ment of this chore can lead to the neglect of the job en
tirely. The following comments can be helpful only if the
preliminary task of record-keeping has been followed
faithfully.

One of the first problems facing flower growers stems
from the fact that most are involved with the production
of more than one crop. Total income and total expense
figures are perfectly satisfactory for filing income tax re
turns but do not tell a sufficiently complete story for bus
iness analysis purposes. With two or more crops, each
undoubtedly contributes differently to the success or fail
ure of the business.

The aim then is to divide the total cost of the operation
so that portions of it can be allocated to individual crops.
This is not difficult for the so-called direct or variable cost
items such as seeds, cuttings or pots. Charges simply are
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of growth does temperature have its greatest effect, and
will different temperatures during various slages affect
the bud count?"

To answer this the forcing life of the lily was divided
into four stages. Ace and Croft lilies were grown at a base
temperature of 60N-70D, and groups of 10 plants were re
moved during each of these stages and placed in green
houses with automatic controls set to maintain constant

night and day temperatures of 50°, 65° and 80°F. The
growth responses of these plants were compared with
those of control plants grown all the time at 60N-70D.
Our choice of slages was not sufficiently detailed for a
very precise answer to be given yet. but il was obvious
with both varieties that the greatest accelerating effect of
high temperature, and the greatest retarding effect of low
temperature on the speed of development was obtained
between the time the plants were about 6 inches tall and
the first flower stage. These effects were particularly pro
nounced during the 2 weeks before, and the 2 weeks after.
the flower buds first became visible. It is fortuate that the

use of high temperature during this period does not in
volve the risk of reduced bud count that would be caused

by its use during the early forcing stages, as was pointed
out in our earlier report.

Photoperiodic Treatments
In Bulletin 179 it was shown that Croft lilies grown un

der an 18-hour photoperiod were about twice as tall as
those under a 9-hour photoperiod at all temperatures. As
with temperature, we asked ourselves when photoperiod
had its greatest effect on plant height, and whether differ
ent photoperiods during growth stages would affect the
bud count. As before, the forcing life of both Ace and
Croft lilies was divided into 4 stages, and groups of 10
plants Iotherwise grown under a natural photoperiod)
were placed under photoperiods of 9, 15, and 24 hours.
All were grown at a constant day and night temperature
of 65°F. As with temperature, it was shown that in almost
every case the effect of photoperiod was greatest during
the latter stages of forcing. In the case of stem elongation
under the longer photoperiods particularly, this effect was
most pronounced during the H weeks before, and the 2
weeks after the visible bud stage. It is interesting to note
that supplementary light may best be used at a lime when
the grower is able to form an opinion as to whether his
plants are going to be tall or short at marketing lime and.
as we shall point out next, where there is little risk of bud
abortion caused by long photoperiods.

Using Croft lilies, the treatments were extended to in
clude photoperiods of 9. 12. 15. 18 and 24 hours, used
throughout the forcing period. The plants were grown at
a constant day and night temperature of 65°F. The results
are shown in Table 1 and Figure 1. It can be seen that
(lowering height increased progressively with photoper
iod, accompanied by a progressive decrease in flowering
time and flower number. The reduced number under the

longer photoperiods was caused by corresponding in
creases in the number of aborted buds during the early
stages of forcing. Taking all these factors into considera
tion it appears that 15- and 18-hour photoperiods gave
the best results.

At the suggestion of Mr. Charles Beckman of Long Is-

TABLE 1: The effect of photoperiod on the growth and
flowering of Croft Easter lilies grown at a tempera-
alure of 65°F. Treatments were started December I i.

I960.

Photoperiod
(lirs.)

Forcing
Time

(days)
No.

Flowers

No.

Aborted
Buds

Flowering
Height
(ins.)

<) 99 1.0 0.1 12.8

12 97 3.5 0.5 19.2

15 93 3.0 0.4 23.2

18 91 3.2 1.0 25.6

24 87 2.5 1.9 26.4

Natural 100 3.3 0.3 13.2

Figure 1: The effect of different photoperiods on the growth of
Croft lilies. The treatments were (from L. to R.): control
(natural daylength), 9-hr., 12-hr., 18-hr. and 24-hr. photo
periods. Plants were grown ai a constant temperature ol
65" I'.

land, the effect of flashing light was compared with that ol
continuous light, this time using the Georgia lily. It was
felt that, if successful, this would provide a more econom
ical use of electricity, and would also remove the argu
ment that possible temperature increases under the black
cloth with continuous light wen; the major cause of in
creased flowering height. The bulbs were planted on
March 31, 1961. and given the treatments listed in Table
2. They were 7- to 9-inch grade, and grown at a tempera
ture of 60N-70D throughout. The duration and intensity
of natural daylight was such at this season of the year
that there was little height increase with the treated over
thai of the control plants. What is important to note is
that black cloth was pulled over all but the control plants
at 5 pin. and removed at 8 am. allowing the plants
only 9 hours of natural daylight. Whereas the short-day
19 hour) plants without supplementary illumination grew
only 19.2 inches tall, those with supplementary light grew
25.2 to 26.0 inches tall, and the effeel of light for only 5
seconds per minute from l<> pm to 2 am produced ef
fects equal to thai for 10, 15 and •"><> seconds per minute.
In addition, all these periods of intermittent illumination
produced height effects almost identical with the same
period of continuous light. Figure 2 shows representative
plants from each treatment.

Thus il can be seen that the stretching period of sup-
[ continued on page 3)
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TABLE 2: A comparison of the effect of continuous and
and intermittent supplementary illumiation on the
growth and flowering of Georgia Easter lilies grown
at a temperature of 60N-70D. Treatments were
started March 31, 1961.

Forcing No. Flower-
Time No. Aborted Ing Ht.

Treatment (days) Flowers Buds fins.)

9-hr. photoperiod 85 5.0 0 19.2
15-hr. photoperiod 79 3.9 0.7 28.8
24-hr. photoperiod 76 3.5 0.2 28.0
Continuous light—10 pm to 2 am 83 4.8 0.3 25.2
Light, 5 sec/mm.—10 pm to 2 am 83 4.8 0 26.0
Light, lOsec./min.—10 pm to 2 am 84 4.4 0.1 24.4
Light, 15 sec/min.—10 pm to 2 am 84 4.6 0.3 25.6
Light, 30 sec./min.—10 pm to 2 am 83 4.5 0.3 25.6
Natural photoperiod 89 5.4 0.2 24.8

Figure 2: The effect of continuous and intermittent supplemen
tary light on the growth of Georgia lilies. The treatments were
(from I., to R.) : control (natural daylength), 9-hr., 15-hr.
and 24-hr, photoperiods, continuous light 10 pm-2 am, light
for 5 sees., 10 sees., 15 sees, and 30 sees, per min. 10 pm-
2 am. Plants were grown under a 60N-70D temperature
regime.

plementary light is related to the period during the 24-
hour cycle when the light is applied, not to the actual dur
ation of continuous light. We have seen that light flashed
for approximately 8% of the normal duration a 4-hour
period produced an effect equal to that of continuous light
during the same period. This points the way to a consid
erable economy in the use of electricity, although stem
elongation is not accompanied by the reduction in flower
ing time obtained by the use of continuous light for ex
tended periods and clue, most probably, to a slight build
up in temperature under the black cloth.

Causes of Bud Blast

In our previous report we staled that, under our condi
tions, bud blasting was not directly related to temperature
changes. Extensive efforts to reproduce bud blast with dif
ferent moisture levels during forcing have not made the
picture very much clearer. No more blasting was seen on
plants grown continuously in soil at a high moisture ten
sion (restricted moisture level) than was seen on plants
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grown continuously in soil at a low moisture tension
(ample moisture). There was no blasting in either case.
With groups of plants completely deprived of water for
15-day periods successively through the forcing season,
the only blasting of any commercial importance at all oc
curred on those lilies which remained unwatered for the
15 days beginning 8 days before average visible bud date
(0.6 blasted buds per plant), and those which remained
unwatered for the 15 days beginning 2 days after average
visible bud date (0.9 blasted buds per plant). Contrary to
findings elsewhere, plants placed under 2 thicknesses of
cheesecloth at the visible bud stage produced almost no
blasted buds at all. It would seem unwise to conclude
much from these preliminary results, but it appears that
the Easter lily is most sensitive to water deficiency, and
most liable to produce blasted buds as a result of it, dur
ing a period extending from 1 to 2 weeks before, and
from 1 to 2 weeks after, the flower buds first become vis
ible. The plant appears to be more sensitive to a sudden
moisture deficit than to a continuous moisture deficit im
posed from planting onwards.

Cold Storage

In a preliminary investigation to re-examine and com
pare different cold storage techniques, Ace (6-1//>-7"
grade) and Croft (6y2-7" and 7-8" grade) bulbs were
used. Groups of 10 of each were:
(a) stored in peat-lined polyethylene bags in a refriger

ator at 35°F,
(b) stored in peat-lined polyethylene bags in a refriger

ator at 45°F. and

(c) first potted, and then placed in a cold-frame with a
minimum temperature of 45°F.

These treatments were applied for 2, 4, 6, 8, 10 and 12
weeks, after which the lilies were grown in a greenhouse
maintained at 60N-70D. Unstored bulbs were grown as
controls. Our results were generally consistent with those
of other workers in this field. With few exceptions (in the
2-week treatments), any form of cold treatment, for any
period of time, reduced the potential flower number pro
duced by the unstored bulbs. Bud count, node number,
and the time necessary for forcing were all progressively
reduced with increased length of all 3 types of cold
storage.

Table 3 summarizes some of the data gathered from the
treatments. It can be seen that the least reduction in bud
count occurred with plants given the cold-frame treat
ment, i.e. the mildest form of cold treatment. But this was
at the expense of a slightly longer forcing time in the
greenhouse. Unless it was necessary to refrigerate bulbs
for, say, a late Easter would it seem not advisable to store
them for periods longer than 4 to 6 weeks, on account of
the reduction in bud count. In this event, though, our re
sults indicate that it would be preferable to pot the bulbs
and grow them for the necessary time in a cold frame, as
is often done on the West Coast.

Summary
The work of the past two years has given us the

answers to many of the lily forcers' problems, but there
are yet more to be solved. We know that forcing time can
be controlled by storage treatments and growing tempera
tures, and that height can be controlled by photoperiod.
One of the big questions still unanswered is how to in-

(con/inued on page 4)
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TABLE 3: The effect of 3 types of cold storage treatment on the growth and flowering of Ace and Croft Easter lilies
grown at a temperature of 60N-70D. Treatments were started November 2, 1960.

Treatment Forcing Total No. Flowering Height
Time Time Time No. A borted No.

Variety Treatment (clays) (days) (days) Flowers Buds (ins.) Nodes

14 176 190 7.1 0.2 12.4 92

35°F 28 123 151 5.1 0 9.6 56

42 113 155 4.5 0 10.0 55

Ace
6'/2-7"

14 163 177 7.6 0.4 11,8 111

45°F 28 142 170 5.5 0.1 13.6 82

42 125 167 5.4 0 13.6 72

14 162 176 8.2 0.2 14.8 128

Cold Frame 28 138 166 6.9 0 12.4 85

42 124 166 6.3 0.1 11.2 73

Control
—

209 209 7.5 0.6 19.2 204

14 111 155 5.5 0.1 12,1 101

35 °F 28 121 152 4,6 0.2 14.8 77

42 III 153 3.9 0 16.4 75

Croft
7-8"

14 110 154 5.9 0 13.6 111

45°F 28 121 149 4.2 0.2 13.6 88

42 106 118 3.3 0 12.8 77

14 135 149 6.1 0 11.6 112

Cold Frame 28 124 152 4.7 0.3 10.8 92

42 114 156 4.0 0 12.0 82

Control
—

173 173 8.4 0.2 15.2 162

crease the flower number. Last spring some of our plants
produced a bud count that would be desirable (Figure 3),
but these plants were unacceptable because it required too
long a time for them to flower, and the forcing time was
too variable. We hope to find out more about this prob
lem of flower number this year.

Figure 3: The appearance of (L.) Croft and (R.) Ace lilies
which had not received cold storage. Bulbs were planted De
cember 14, 1960, grown at 60N-701), and photographed on
May 8, 1961.

Easter 1962
April 22, 1962, is an unusually late Easter, and could

cause many difficulties. Not only will there be a long
period between planting and marketing, but April can be
quite warm in many areas, making cool holding tempera-
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lures difficult to maintain.

Unfortunately, we are not in a position to give precise
cultural details based on our work to bring in your crop
"on lime." There are, however, some factors which should
be considered.

Cold storage is used by the jobber to hold bulbs and,
at the same time, hasten flowering and insure uniformity
of flowering time. But prolonged cold storage will drasti
cally reduce the bud count, and this means that bulbs
should be planted no later than just after Christmas.

Low starting temperatures during forcing are not de
sirable, the ideal starting night temperature being 60°F.
Night temperatures cooler than this will reduce the bud
count slightly and. what is even more important, will not
allow a satisfactory start to root growth. It would be best
to start the bulbs at 60° during the night, and at 65 to 70°
during the day. and to maintain these temperatures until
mid-February. At this time the flower buds will have de
veloped sufficiently for the temperature to be reduced. It
is important to remember that day, as well as night, tem
perature plays a part in affecting the speed of develop
ment. We suggest a night temperature of 50 to 55°, and a
day temperature of 55 to 60°. If the season is normal it
will be difficult to maintain days as cool as this during
April, and the plants may develop too rapidly. A light
shade on the greenhouse would be a help at this time, and
would be an ideal opportunity for those growers with pad
and fan cooling to take advantage of it to reduce natural
temperatures.

If the plants still progress too rapidly in spite of these
measures they can be stored at 31°F. They should be
placed at this temperature when the earliest flower bud is
swollen, but before it has opened. Flowers which have
opened are very susceptible to Botrytis. The pots should
be kept moist while the plants are in store, but the soil

(continued on page 12)
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TABLE 3: The effect of 3 types of cold storage treatment on the growth and flowering of Ace and Croft Easter lilies
grown at a temperature of 60N-70D. Treatments were started November 2, 1960.

Treatment Forcing Total No. Flowering Height
Time Time Time No. A borted No.

Variety Treatment (clays) (days) (days) Flowers Buds (ins.) Nodes
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35°F 28 123 151 5.1 0 9.6 56

42 113 155 4.5 0 10.0 55
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14 163 177 7.6 0.4 11,8 111

45°F 28 142 170 5.5 0.1 13.6 82

42 125 167 5.4 0 13.6 72

14 162 176 8.2 0.2 14.8 128

Cold Frame 28 138 166 6.9 0 12.4 85

42 124 166 6.3 0.1 11.2 73

Control
—

209 209 7.5 0.6 19.2 204

14 111 155 5.5 0.1 12,1 101

35 °F 28 121 152 4,6 0.2 14.8 77

42 III 153 3.9 0 16.4 75

Croft
7-8"

14 110 154 5.9 0 13.6 111

45°F 28 121 149 4.2 0.2 13.6 88

42 106 118 3.3 0 12.8 77

14 135 149 6.1 0 11.6 112

Cold Frame 28 124 152 4.7 0.3 10.8 92

42 114 156 4.0 0 12.0 82

Control
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173 173 8.4 0.2 15.2 162
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