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Plants transpire water primarily in proportion to
the light they receive. In the greenhouse, humidity
and air movement play a relatively minor role.
Therefore the same signal from a light operated
interval switch (LOIS—see Connecticut Greenhouse
Newsletters No. 65 and 66) which provides the finest
control for mist propagation systems, can be used
to program the watering frequency for pot plants.

The signal from LOIS is much too frequent and
short (ca 4-6 minutes apart for 6 seconds when
light is intense) to be used for pot watering. This
signal may be easily adjusted in two ways, by
frequency or by signal time accumulation.

To use the LOIS signal frequency, a stepping
switch counter is connected to the LOIS unit.

Assume that light is very bright. LOIS is calling
for mist every 6 minutes, or 10 times an hour.
Your pot mum crop can use an application of water
about every 5 hours of bright light. The counter is
then programmed to water about every 50 counts.
It activates a simple timer that in turn activates
your automatic watering system for the time
required to apply the desired amount of water.

Many types of counters are available that will
perform this function. In Figure 1, two inexpensive
rotary step counters are connected in series. These
are 12 position, 24 volt steppers that may be pur
chased for less than $10 each (115 v steppers may

t (

Cold hardiness of roots cannot significantly be
increased for prolonged periods of time above their
normal hardiness by either fertilizers or growth
regulators (Gouin, 1974). Plants that suffer losses
of roots are generally late in initiating spring growth
and produce less total top growth than plants that
have not suffered any root damage. Keeping up the
fertilizer rates through the summer into the fall has
not caused the plants to be less hardy than withhold
ing fertilizer in the fall (Havis, 1972). According to
Havis (1972) and his work with Pieris japonica, no
decrease in hardiness resulted from withholding
nitrogen in the summer and giving heavy applications
in either August or September. However, plants
given a heavy application in mid-October had severe
winter kill, but not from late growth.

Tests conducted with rhododendrons showed that

the late growth produced from ammonium-nitrogen
was frost tender, whereas the same amount of late
growth from nitrate-nitrogen was hardy (Havis,
1972). The remainder of the plants other than the
late flush, appeared to be equally hardy. Healthy
vigorous plants are produced by keeping all nutrients
in balance and this appears to be the condition
favorable for hardiness.

Winter Injury in Storage—Desiccation

Desiccation is caused by the foliage becoming so
dehydrated that the leaf tissue dies. If the soil
around the roots becomes dry and conditions are
favorable for evaporation, the leafy plants will dry
out in storage just the same as they do in the summer
(Havis, 1972). Desiccation in storage usually occurs
while the soil is frozen. It doesn't matter how moist
the soil is. If it is frozen, the plant cannot use it.
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cost $25 each). Looking at the terminal connections,
one may think of a clock's face. The first stepper
rotates to a new contact each time it receives a

signal from LOIS (through a 24 volt transformer).
When it reaches 1 o'clock, the signal is passed to
the second stepper. This means that the second
stepper moves one position every 12th signal from
LOIS.

Now, connect the contacts at 1, 5 and 9 o'clock
together so that this signal will be 4 x 12 = 48 sig
nals from LOIS. Next, connect the contacts at 2
and 8 o'clock. This signal will be6xl2 = 72
counts. A final connection to 3 o'clock provides a
144 count signal. (A connection to 2:00 on stepper
1 also provides a 12 count signal.) Choices from
this wiring will be 48, 72 and 144 counts from LOIS.
A selector switch may then be placed before the
automatic reset to provide simple selection. Or
these choices may be wired to a multiple outlet
box so that several automatic reset clocks can

direct water at selected intervals to independent
areas.

Another way of accumulating the LOIS signal is
to activite a program timer (similar to the one
described in Connecticut Greenhouse Newsletter

No. 66) directly. To accomplish this, use a 30
minute program timer with multiple cams. The
first cam controls the programmer motor. The
indent on cam #1 should require an activation time
equivalent to 50 of the 6-second signals from LOIS,
or 300 seconds. This 5-minute accumulative signal
from LOIS will initiate the programmer to complete
its cycle. While it is doing this, the other cams on
the programmer will activate solenoid valves in your
watering systems to provide the watering time
appropriate for your crop.

The second phase of hardening is the response to
actually being frozen. Without the first phase, freez
ing would kill the plant. After the first phase, freez
ing induces the cells to carry on certain changes that
result in its ultimate hardiness.

Root Hardiness

Field grown nursery stock left in the field over
winter presents little problem to root hardiness.
The surrounding soil provides protection so that
roots aren't exposed to extremes in temperature.
Container grown plants provide a different situation.
Variations in temperature are more extreme.

Root growth and hardiness appear to be completely
independent of top dormancy and hardiness (Havis,
1972). Roots do not seem to have a winter dormancy
as do the tops of many plants. It is certain that
throughout the fall and winter, the roots are the
most cold-sensitive part of the plant and winter
protection must be based on the tolerance of the
roots,not the tops (Havis, 1972).

In winter storage of container grown or balled
plants, the conditions chosen for storage are some
times based on the cold tolerance of the tops of the
plants. This can be a mixtake because roots of most
plants will be killed at a much higher temperature
than that required to damage the tops (Havis, 1972).
Consideration of minimum storage temperature should
be based on root hardiness. Table 1 lists data on

small plants comparable to the size of first year
container plants that have been studied for safe root
storage temperature and killing temperature. These
killing temperatures are based on the roots found
along the outer edge of the container (Havis, 1974).
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OVERWINTERING STRUCTURES IN CONNECTICUT FOR
NURSERY STOCK

Part I: The Plant Response
Carl A. Salsedo

Extension Agent—Horticulture

Winter damage from cold temperatures is the
most important limiting factor in the culture of some
nursery stock in New England, especially container
grown nursery stock. Plants in containers are more
vulnerable to cold weather damage than plants in the
field because the roots in containers are above ground.

The objective of these papers is to first consider
the environmental factors affecting plant response to
winter injury and then to survey some of the past and
current methods of overwintering plants.

Plant Hardiness

GeneraUy container plants are placed in protective
storage as late in the fall as is considered safe,
allowing the plant to develop cold hardiness under
natural conditions. Plant growth must stop before
it can develop. The termination of growth does not
in itself result in cold hardiness.

Recent research has shown that many plants pass
through two distinct phases (Havis, 1972). The first
phase is the result of exposure to long nights andhas
two interesting features.. First the "stimulus" is very
much like a plant hormone in that it can be translo
cated in the plant and, second, the response produces
a relatively small degree of hardiness compared to
the ultimate hardiness that the plant is capable of
developing (Havis, 1972).
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The stepping switch counter provides multiple
choices for watering frequency. On the other hand,
the program timer provides choices of duration with
one frequency. To double the signal duration, a
latching on/off stepper (less than $10) may be wired
into the program timer circuit so that every other
signal is interrupted and water is applied only half
as often. If set as above, signals of 50 and 100 calls
could be chosen to activate the watering system. If
another programmer is similarly set for 70, a
sequence of 50-70-100-140 is obtained.

With the stepping switch system, changes in fre
quency setting on the LOIS will change the frequency
of watering. With the program timer system, LOIS
changes of either frequency or duration will change
water application frequency. This is not considered
to be a serious consideration since, once LOIS is set
for optimum mist control in the propagation area,
adjustments are seldom necessary.

It should be noted that, even with this advanced
stage of development of the art of watering, the
human element is ever present and someone must
make the decision to shift a crop from one frequency
to another.

These programmers are designed for use with
"spaghetti tube" watering systems with a tube in each
pot. Many growers are installing capillary watering
systems where a mat is laid on the bench and the
water enters the pot from the bottom by capillarity.
If a bench is already fitted with tube watering, the
tubes may be used to water the pad. In our trials,
the solenoid controlling the water system was
activated directly by the LOIS signal. This provided
uniform watering with a minimum of drop. Water
usage was estimated to be less than half of that
applied with a hose to control pots.


