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quirements. In other words, UST owners who are exempt
from complying with federal regulations are not necessarily
exempt from their state and local laws.

For instance, many states, especially in the Northeast,
regulate heating oil tanks, depending on the capacity. Stricter
regulations may also exist In states with high ground water
levels and more environmentally sensitive areas, such as FL,
ME and CA. And some areas within states may prohibit the in
stallation of an underground storage tank altogether. With this
in mind, the EPA advises UST owners and operators to
become aware of state and local regulations regarding this
issue by calling local regulatory authorities.

To find the number of your state UST Program Office, call
Ginny Ferrence at SAF headquarters (1/800/335-4743).

The above timelyInformation was provided by SAF, and publish
ed In "GrowerTalks," September 1989.

Peonies as a

Potential Forcing Crop
T.G. Byrne

University of California, Davis

The genus Paeonla (Family Paeoniacae) consists of over
30 species, most of which are of European or Asian origin.
There are two horticultural groups: the woody "tree" types,
and herbaceous peonies. The latter are derived principally
from P. lactlflora (Siberia) and P. officinalis (Europe), and con
sist of a large number of cultivars developed over many years
and grown mainly as garden plants in cold-winter climates.
These are very hardy, bushy perennials 2-4 ft. tall that die
back in the winter but develop new flowering stems each
spring from a tuberous crown. The blooms make excellent cut
flowers. They store well and exhibit much the same vase
characteristics as cut roses.

Interest in herbaceous peonies as a commercial crop in
this country apparently was abetted by the establishment of a
large variety garden at the University of Illinois in 1926; by
1935, some 2,000 acres of the plants are reported to have
been in production in the vicinity of Evansville, IN, and hor
ticulturists at Purdue University were investigating a number of
cultural and postharvest concerns of local growers. One of
their more important conclusions was that flowers harvested
when the buds first show color maintain their quality when
stored dry for 3-4 weeks at 34°F. Field-grown cut peonies
continue as a minor floricultural commodity in the midwest,
although today's total acreage is greatly reduced.

Locally, herbaceous peonies were grown as a cut-flower
field crop in the Mission San Jose district of the city of Fre
mont, CA, for many years, even though freezing temperatures
in that particular locale are rare. Although this planting has
been moved to a nearby coastal valley where it is exposed to
more extreme temperatures, it is still subject to production
problems related not to climate but to the timing of the harvest
period; it lasts only from late May until early June and misses
most of the prime spring market. A solution to this problem
may be to force the plants, since it has been reported that
peony clumps may be forced successfully after a period of
natural cooling.

Preliminary research at Davis indicates that herbaceous
peonies do indeed have potential as a late winter/early spring
low-energy greenhouse forcing crop. One obvious question
is: How much chilling is required to break dormancy? To
answer this, large dormant plants were dug from the field in
Sunol during the winter, divided at Davis into crown segments
of about 20 cm diameter, planted in a sand/peat/redwood
sawdust medium in 15.2 liter plastic containers and maintain
ed outdoors. Sufficient natural cooling was received by

'Festiva Maxima' the following fall and early winter to allow
flower forcing as early as mid-Dec, but increasing the duration
of the natural cold treatment before forcing resulted in longer
shoot growth and more flower buds per shoot (Table 1).

Experiments with artificial cooling at Davis indicate that
peony flower bud dormancy can be broken by storing dormant
plants for a minimum of 4 weeks at 6°C, or about the
temperature of a typical household refrigerator (Table 2).
However, increasing the storage time at this temperature to 6
weeks, or reducing the storage temperature to just above
freezing for 4 weeks, increased the total number of shoots
that grew during forcing (Table 3).

Peonies appear to initiate flower buds regardless of the
environment, so every shoot is potentially a harvestable
flower. Initiation probably occurs soon after the current
season's flower bloom; developing flower buds were observ
ed at Davis in the large basal buds of 'Sarah Bernhardt' in late
June. On the other hand, initiation in 'Festiva Maxima' has
been reported as occurring in late Aug. in Japan. Long days
do not appear to promote senescence and dormancy in her
baceous peony as they do in many other plants. The evidence
is unclear, however, because plants given 24 hrs. of light

Table 1. Growth characteristics of 'Festiva Maxima'peonies grown outdoors and forced at
differenttimes during the winter (Davis, 1983-84).
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Shoots/olant Date first

Data forced Total >10 cm Flowering harvest
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14.0 10.8
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SE 1.4 1.8 1.5

Table 2. Growth characteristics of 'Festiva Maxima'peonies after storage at 6'C for
0,2,4,6, or 8 weeks (Davis, 1983-84).
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(weeks) Total >10 cm Flowering (davsi
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Table 3. Growth of 'Festiva Maxima'peonies after 6 weeks of storage
ambient and fourcool-store temperatures (Davis, 1983-84).

at greenhouse

Storage temperature . Shoots/plant
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Greenhouse ambient
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(natural day plus supplemental incandescent light) at Davis
during the summer and fall were also subjected to declining
temperatures. Plants were observed to be dormant as early as
late Sept., regardless of photoperiod.

Days to 1st flower (48-52) in the greenhouse appears
also to be unaffected by photoperiod; temperature seems to
be the controlling factor in the development of peony flowers.
Dormant plants must receive a minimum amount of chilling to
break dormancy, but generally do not grow when dormancy
has been broken naturally because the winter temperature is
too low. Bud break and development occurs only when
temperatures warm up in the spring. The time of bud break
can be advanced by forcing, which takes about 8 weeks at
typical rose greenhouse temperatures (night minimum =
17°C).

Peony flower buds are highly susceptible to Botrytis infec
tion. The underlying cause appears to be bud atrophy (wither
ing), which could be due either to low shoot water potential
(unlikely, because plants were well irrigated), metabolite insuf
ficiency, competition between leaf and flower bud, or sen
sitivityof young flower buds to high temperature. The degree
of bud sensitivity appears to vary with cultivar, and single
flowers have not been affected at Davis.

It may be that simply lowering the forcing temperature will
result in less flower bud atrophy. This would certainly save on
fuel costs! However, this would also result in longer crop time
and perhaps infringe upon other seasonal crop space. A bet
ter approach might be to evaluate available cultivars and select
those that are adapted to forcing as well as being otherwise
suitable for commercial use. Using such selections, it may be
feasible to grow peonies in the field and to dig, divide and
force them in the greenhouse for earlier markets. A possible
shorter-term alternative might be simply to grow them in the
ground and force them in place under cold plastic.

Reference: Byrne, T.G. & A.H. Halevy. 1986. Forcing her
baceous peonies. J. Amer. Soc. Hort. Scl. 111:379-383.

Source of the above article, which explores some possibilities of
the Peony as a forced greenhouse crop, Is "Perennial Plants," Vol.
XVII, Winter 1989, the quarterly newsletter of the Perennial Plant
Association.

Computer Eye Sees Plant
Cells, Detects Disease

Larry Bernard
Ul Life Sciences Editor

A camera-computer eye designed by Ul plant scientists is
providing objective new information about individual plants'
cells—as well as a new lead for the FBI in a bank robbery.

Designed by Dr. L. Art Spomer and Dr. Mary Ann Smith,
professors of horticulture, the system operates as a
mechanical super-eye. A video camera lens looks at an object
and sends a digital signal to an IBM computer, which
reassembles the image on a video screen.

"We're taking visual information and putting it into con
crete form, with many times the resolution of the human eye,"
said Smith, who is studying plants at the microscopic level in
the Ul College of Agriculture's new Plant Sciences Lab. 'The
human eye can discern about 60 levels of gray. This analyzer
can discern 256 gray levels."

Improvements the scientists are developing will give the
ability to distinguish 17 million colors.

The system allows scientists to measure objectively the
true color, shape or any feature of a plant or food that is impor
tant or relevant to its study.

"Image analysis for biological research is a method of see
ing things in horticulture that previously was not available,"
Spomer said. "Observation is subjective. This is objective."

Previously, two people could look at the same leaf and
disagree on the degree of yellow in it, making it impossible to
quantify accurately the extent of disease. This system allows
accurate measurement of damage within 1 /30 of a second.
That can help farmers determine whether a crop disease is
bad enough to treat chemically.

The system can map cells of a leaf and show the amount
of chlorophyll in each cell. The more dense the chorophyll ina
crop plant, the better the yield.

Also, the system can show density in a wheat plant to help
determine quality. A color image depicts a range of density,
from light to heavy. Color also can show the difference in
chlorophyll distribution, or the balance of water in a leaf sam
ple.

Smith also uses the system for genetic studies, cellular
observations and measuring root growth.

"You can determine differences in the frequency of the
gene very accurately, without subjectivity," Smith said. "Then
you can map the gene and get a genetic map going."

The FBI even asked the scientists to enhance a photo of a
suspected bank robber taken by a bank security camera. The
Ul computer filtered the blurry photo so that a goatee was visi
ble on the man in the picture.

"There is really no end to the applications," Spomer said.

This feature article appeared In "IlllnlWeek," August 10, 1989.

Reducing Waste Water from
the Greenhouse

Richard J. McAvoy
Extension Floriculture Specialist

The University of Connecticut, Storrs

As plants are watered in the greenhouse, drainage out of
the containers carries fertilizer into the ground. The waste
water that is produced presents a special problem for
greenhouse growers and the environment because it occurs
continuously throughout the year and it occurs as a point
source of pollution (in the same location over time).

Management practices which reduce waste water both in
quantity and qualify must be adopted by the grower in order to
address this problem. Feed programs must also be modified,
along with reduced water usage, to insure quality crop pro
duction.

Ways to reduce the waste water drainage out of the
greenhouse include:

1. Using an ebb and flow irrigation system. It is
estimated that a grower can realize a 50% reduction in the
amount of water used over the life of a crop with this system.
At the end of a crop, the problem of disposing of waste water
still exists. However, the total quantity released into the en
vironment is reduced, and the continuous release of waste
water is eliminated. Some growers use the water to top water
containerized plants or to irrigate an adjacent field when the
water is no longer needed.

In Europe this water is never discharged into the environ
ment. The water is used continuously crop after crop. The pH
and conductivity are monitored continuously and adjustments
are made as they are needed. Water is sterilized between
crops and periodically during a crop using either heat,
ozonization, UV light or some other method usually in com
bination with ultrafiltration. The problems encountered in
Europe with water quality and the solutions being employed
are a preview of what American growers willface in the not-so-


