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raditionally, plant growth regula-
tors have been used to control plant
growth. Because of increasing envi-
ronmental concerns, researchers
are investigating alternative meth-
> . . ods to produce compact plants,
controls and rising production e it et e
: greenhouse temperature control,
costs lead to alternative methods  water and nutrient management, mechanical
conditioning and greenhouse light manipula-
tion are some techniques that have been stud-
fo com‘roi piG nt gr OW?h . ied to produce uniform, compact plants.
These production methods are particularly
advantageous to the vegetable transplant
By Nihal C. Rajapakse industry because daminozide (Alar), which
and Sandra B. Wilson was the primary chemical used for controlling
vegetable transplant height, was banned in the
late 1980s. No chemical growth regulators have
since been labeled for vegetable production in
the United States.

Role of light !

Photoreceptors in plants function as light
sensors to provide information on subtle

Increased environmental concerns,

a need for more non-chemical
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changes in light composition in the growing
environment. These allow plants to make
physiological and morphological changes to
be competitive. This process is technically
known as photomorphogenesis.
Photomorphogenesis involves the activation
of several photoreceptors by specific wave-
lengths of light (e.g., blue is 400-500 nanome-
ters; red is 600-700 nm and far-red is 700-800
nm). Phytochrome is the photoreceptor that
controls photomorphogenesis in response to
changes in red (R) and far-red (FR) light. Phy-
tochrome " (P) exists in two interconvertible
forms: an active FR light absorbing form and an
inactive R light absorbing form, which have
peak absorption in the far-red region at 730 nm
and the red region at 660 nm. Phytochromeg
absorbs red light which is converted to phy-
tochromegp, (far-red absorbing form). When Py
absorbs far-red light it converts it back to P,

Effects of light quality
The effects of FR light are mostly the opposite
of R light. Red light enhances seed germination,

reduces seedling stem elongation and promotes
lateral shoot growth of many plant species.

In general, environments high in R light rel-
ative to FR light (high R:FR ratio) are favorable
for producing short, compact plants. In a
greenhouse, this can be achieved either with
supplemental lighting systems with relatively
high R and low FR light or by spectral filters
that can alter the R and FR balance of sunlight
entering a greenhouse. Incandescent lamps,
which have high FR light relative to R light
frequently lead to stem elongation while
fluorescent light sources, which are high in
R light relative to FR light, produce short,
compact plants. .

Light filtering research

During the 1970s and ’80s, liquid color fil-
ters were investigated for filtering out infrared
radiation (heat) ffom sunlight as a method to
cool greenhouses. The ability of various aque-
ous dye filters to selectively remove elonga-
tion-stimulating FR light from the natural light
spectrum and to reduce plant height was
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investigated during the late ’80s in
Norway and the United States.

Of the different filters tested, liq-
uid copper sulfate (CuSO,) filters
were effective in removing FR light
from sunlight and in reducing stem
elongation of a wide range of
dicotyledonous plants. Additional
information on this research can be
found at http://virtual.clemson.edu/
groups/hort/sctop/photomor/specf
ltr.htm.

Although liquid copper sulfate fil-
ters were found to produce compact
plants, liquid filters have limited
value to commerical growers
because of the difficulties handling
the liquid and the high costs.

Plastic greenhouse coverings or
shading material that can filter out
FR light would facilitate the com-
mercial applications of light-filter-
ing technology. Several greenhouse
film manufacturers and chemical
companies in Europe and Japan are
working to develop these materials.
In England, British Visqueen and
Reading University are working
together to develop photoselective
greenhouse covers for plant-growth
regulation. :

In the early 1990s, Clemson Uni-
versity researchers collaborated
with Klerk’s Plastic Products Manu-
facturing to evaluate its. KoolLite
greenhouse film that contains an
infrared light (heat) reflecting pig-
ment. The main goal of developing
these films was to reduce greenhuse
temperature by selectively filtering
infrared radiation. Films tested in
initial trials reduced the greenhouse
temperature by 10°F-14°E However,
photomorphogenic effects were
minimal,

In late 1990s, Clemson University
and Ohio State University researchers
collaborated with Mitsui Chemicals
to develop and test photoselective
greenhouse plastic films that can
remove FR light to use as a growth
regulator substitute. Universities and
research institutions around the
world tested these films in Japan,
Europe and Scandinavia.

Photoselective greenhouse films
Early research focused on identi-
fying FR light absorbing dyes that are




stable in plastic films and selecting

optimum dye concentrations- that | |
can be incorporated into films with- | {
out excessively reducing the trans- -

mission of photosynthetic light.
Based on initial findings, photose-
lective greenhouse films with red
light absorbing (Ag) and far red light

absorbing (Agg) dyes were produced | o

with a dye concentration that results

in a 75-80 percent light transmission.

Growth of vegetable transplants
and bedding plants was evaluated
inside growth chambers covered with
these experimental films. Plants
grown inside the photoselective film

chambers were compared with plants |

grown inside chambers covered with
conventional clear greenhouse films.
In all experiments, light intensity was
adjusted to be the same among
experimental chambers. -

Film effects

Height. Two of the three Ag films
were equally effective in producing
compact plants. Plants produced
under the Ag film were, in general,
shorter than the control plants.
Plants produced under the Ay film
had similar or increased height
compared to the controls. The mag-

nitude of height reduction varied |

with the species and cultivar.
Flowering. Flowering of miniature
roses was not affected. Flowering of
cosmos, zinnia and chrysanthemum
(short-day plants) was delayed by
one to two days under the Agg film.
Photoselective films had the

greatest influence on flowering of |
snapdragon and petunia (long-day |

plants). Flowering of these species
was delayed by seven to 13 days
under the Apy films during short
photoperiods. However, flowering of
these species was not delayed dur-
ing long photoperiods. Further
research indicated that during short
photoperiods, flower initiation of
long-day plants was delayed, but
flower development was not affect-
ed once initiation occurred.

Ag film did not affect the flower-
ing of the species tested in this
study, but accelerated flowering has
been reported else where. Currently,
Clemson University  researchers
are evaluating ways to improve
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Influence of plastic films on plant height and

flower development at Clemson University

<

respectively in Ay, control and Ay films.

Control is a clear polyethylene film. The R/FR :oﬁo of transmitted light was 0/8, 1/1 and 1/7,

Influence of plastic films on plant height and
flower development of ornamentals in Florida

,%

Conirol is a clear po

lyethylene fifm. Ti’re R/FR ratio of fransmitted light was 0/8,

1/7, respectively, in Ap, control and Agp film.
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1/1 and

flowering under Agy films during non-induc-
tive photoperiods.

Reduced plant height

The reduction in light transmission (25 per-
cent) by photoselective films could be a con-
cern for Northern growers, especially during
low-light seasons. However, in the South where
sunlight is abundant, the reduction in light
transmission may not be a concern.

Recently, researchers at the University of
Florida and Clemson University began collab-
orating to test photoselective films in Florida
(USDA Hardiness Zone 9b) to grow subtropical
perennials and bedding annuals. The results
were similar to those observed in Clemson
University trials.

Plants produced under Agg, film were short-
er (5-36 percent) than the control plants while
plants produced under A film had similar or
increased height (0-13 percent) compared to
the control plants. Flowering was not affected
for species tested, except for salvia. .

Similar experiments have been conducted
at Ohio State University and the Agricultural
University of Norway. Combined results indi-
cate that Agg films are effective in producing
short and compact plants regardless of the
geographic location. In extreme temperate
regions, light reduction can pose a problem for
crops grown in winter,

Greenhouse plants are naturally exposed to
a lower R:FR ratio during twilight hours due to
the increase in FR light. Exposure of plants to
ER light at the end of the day (EOD) increases
stem elongation resulting in tall plants. There-
fore, in areas where sunlight is limited, using
Agg films as an EOD curtain may help exclude
FR light while maximizing use of full light
during the daytime.

Clemson University researchers tested the
use of Agy film as an EOD curtain to block FR
light during the evening (5 p.m.-9 am.) from
October to November. EOD exposure to Agy
film was effective in height reduction of
cucumber seedlings: However, the height
reduction by EOD exposure to Ay film was not
as great as continuous exposure (44 vs. 25 per-
cent height reduction in continuous and EOD
exposure). Cucumbers are one of the most
responsive crops to photoselective films. Fur-
ther experiments with more crops are warrant-
ed to test the effectiveness of Agg film as an
EOD curtain.

Future prospects

Short film life was a limitation with the pho-
toselective films we tested. The dye began to
degrade within a year after installation on the
experimental chambers. A film that lasts for at
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least two to three years would be
needed as frequent film replace-
ment is difficult and costly.

The Agg film that was ineffective as
a photomorphogenic film in previous
trials contained a dye that absorbed
both far-red and infra-red wave-
lengths. The FR light absorption by
this film was not as great as the two
effective films. As a result, light trans-
mitted through this film had a R/FR
ratio of 1/4 as compared to 1/7 for the
other two films tested. However, the
dye was more stable in this film than

. the dyes in other films tested.

Although ineffective as a photos-
elective film, Mitsui Chemicals pro-
duced this Aggfilm for commercial
testing in southern Japan as a heat-
blocking greenhouse film. Mitsui
reported the film was effective in
reducing greenhouse temperature.

“Conlrol is clear plastic film (R/FR ratio
is 1/1). Chroma-Grow is the a red light
absorbing [Ag) film with more stable
farred light absorbing (Ag) dye (R/FR
ratio is 2/0). YXE-10 is the former less
stable far-red light absorbing film (R:FR
ratio is 1/7). Seedlings wére grown
inside experimental film chambers for
three weeks before pictures were taken.
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Southern Japan growers successfully
produced crops such as spinach in
summer. 3 '

By changing the composition of
this stable dye, Mitsui has developed
a new film with a sharper FR light
absorption that has a R/FR ratio of
2/0. This film has been produced for
commercial testing in Japan under
the trade name of Chroma-Grow.

Clemson University researchers

have evaluated the response of |

selected crops under Chroma-Grow.
Results indicate that Chroma-Grow
is as effective as the previous Agy
films in reducing stem elongation of
cucumber, tomato, bell pepper and
zinnia seedlings. The researchers are
evaluating other crops and the effec-
tive life of these films under nursery
conditions.

Since the discovery that ultra violet
(UV) light causes some fungal species
to sporulate and induces the spread
of certain viral diseases, researchers
have been investigating the insect
and disease occurrence under UV-
blocking greenhouse covers. Green-

house covers with UV-blocking ability |
have been shown to reduce diseases |

and insect populations.

Researchers at Israel’s Agricultur-

al Research Organization showed
that polyethylene films that blocked
FR and UV light reduce infection of
fungal diseases in certain green-
house crops. UV-light-absorbing
films have also reduced the spread
of viral diseaes due to a reduction in
insect (whitefly) populations.

Mitsui Chemicals has developed
a more stable dye. The company is
interested in exploring the possibili-
ties of collaborating with glazing
manufacturers in North America to
further develop photoselective films
for multiple tasks.

% For more; Mitsui Chemicals America Inc, |

2500 Westchester Ave., Suvite 110, Purchase NY
10577; (914} 253-0777; fax (914) 253-0790;
www. mitsuichemicals.com.

Nihal C, Rajapakse is professor, Clemson
University, Department of Horticulture,

Clemson, SC 29634; (864) 656-4970; fax (864) |

656-4960; nrjpks@clemson.edi. Sandra B.
Wilson is assistant professor, University of
Florida, Department of Environmental
Horticulture, Indian River Research and
Education Center, 2199 South Rock Road,
Fort Pierce, FL 34945; (561) 468-3922; fax (561)
468-5668; sbwilson@mail.ifas.ufledu. M

arow Smarter.

Growers all across the nation are
discovering the smart way to
improve the quality of their
greenhouse growing environ-
ment by using DeWitt Shade
Cloth and DeWitt Ground Cover.

DeWitt Shade Cloth is UV stabi-
lized to hold up under the most
extreme solar conditions. DeWitt's
sewing department can custom
design shade cloth with grom-
mets to meet your shade needs.

‘DeWitt Ground Cover fabric pro-
vides moisture and weed control
In greenhouses,outdoor areas
and uncovered plants. it is UV
stabilized polypropylene that is
permeable to air and water.
DeWitt Ground Cover is available
in bulk rolls and 3-3.2 oz. weights.

Call 1-800-888-9669 today for
your free samples of these and
other fine DeWitt products.
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and 49. Photo by Todd Davis. a4y Gree,nhouse d?SIgn

Inset photo: NGMA president requires planning

Reb'Nhe“""Q o A design involves more than

_greenhouse construction issues.
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