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Abstract

Plant response to photoselective plastic films with varying spectral distribution properties was tested using three kper&opiaks:
golden shrimp plantRachystachys lutgaPersian shieldStrobilanthes dyerianjisand cat whisker€Jrthosiphon staminejsFilms
were designated YXE-10 [far-red (FR) light-absorbing film] and SXE-4 [red (R) light absorbing film]. Light transmitted tfikigh
10 films reduced plant height (stem length) of golden shrimp plant and cat whiskers by 10 and 20%, respectively. Ligtedrapsmit
through SXE-4 films increased plant height by 9% for golden shrimp plant but did not significantly increase stem lengtmof [Pers
shield and cat whiskespecies. Chlorophyll, leaf area, and mean days to flower generally were not affected by photoselective films,

SXE-4 or control films. As compared to the control film, light transmitted through YXE-10 films reduced leaf dry weight b%22+-3
and stem dry weight by 19-28%, depending on the plant species. Root dry weight was not affected by spectral films.

Index words: spectral filters, greenhouse covers, photomorphogenesis, height control, light quality, far-red light.

Species used in this studygolden shrimp plantRachystachys lutellees.), Persian shie{(&trobilanthes dyerianusl.T. Mast.), cat
whiskers(Orthosiphon staminedis

Significance to the Nursery Industry chemicals on landscape and foliage crops has increased the

Photoselective greenhouse films offer a non-chemical al- "€€d for non-chemical alternatives to regulate growth of
ternative to regulate plant growth. Commercial availability gree_nho_use crops. As an alternative to using chemicals, I|_ght
and utilization of photoselective films can potentially reduce quality in the greenhouse can be manlpulat_ed by using
costs for growth regulating chemicals, reduce employee photoselective greenhoyse covers to Contr(_)l height of green-
health risks, and reduce chemical exposure to non-target eco10US€ crops non-chemically. Mitsui Chemicals, Inc. of Ja-
systems. Although photoselective films effectively alter plant P2n has produced experimental photoselective films using
growth, concerns exist relating to their spectral stability, re- Pigments that absorb red (R) or far-red (FR) wavelengths
duction of light transmission, and variable effects across many from the natural spec.trum. Red light-intercepting films were
species. In this study, experimental films that absorb red (R) désigned to lower R:FR ratios (elongation stimulating-tall
wavelengths (stimulate elongation) or far-red (FR) wave- type), an_d FRlight at_)sorblngf_llms were designed to increase
lengths (reduce elongation) were used to regulate height of R:FR ratios (elongation reducing-dwarf type). Longer stems
several sub-tropical perennial species including golden Produced under R light absorbing films may prove benefi-
shrimp plant, Persian shield, and cat whiskers. Far-red light ¢ia! t0 the cut flower industry while shorter stems produced
absorbing films produced compact plants with as high as a unde_r FR Ilght_absorblng films may be advantageous to the
20% height reduction (cat whiskers). Red light absorbing bedding plant 'ndUStry' . L
films increased height of golden shrimp plant by 9% but did Redand FR !|ght-absorb|ng photose!ectlve films have been
not significantly increase plant height of Persian shield or Shown to manipulate growth in a variety of vegetable and
cat whiskers. These results indicate that photoselective green-0namental plant species (8). The response depends on the

house films can effectively regulate plant growth of several SPECies and the cultivar (8). The potential commercial appli-
perennial species. cations of photoselective films have driven several interna-

tional plastic manufacturers to develop plastics with various
spectral properties (5, 7, 10). However, the effects of
) i photoselective films on sub-tropical, perennial plants grown
Chemical growth regulators are commonly used in the jn Central-South Florida (USDA hardiness zone 9b, AHS
horticulture industry to reduce plant height, obtain more con- heat zone 9) have not been investigated. The objective of
sistent plant size, and facilitate shipping (6). However, due thjs work was to determine the effects of photoselective green-
to perceived risks to humans and the environment, the use ofoyse films on plant growth of three sub-tropical perennials:
some chemical growth regulators has been severely restrictedyo|den shrimp plantRachystachys luteflees.), Persian

for landscape and foliage plant use and completely bannedghie|d (Strobilanthes dyerianubl.T. Mast.), and cat whis-
for use on food crops. Restricted use of growth regulating kers(Orthosiphon stamineiis

Introduction

Materials and Methods

‘Received for publication August 24, 2000; in revised form February 22, Uniform plugs of golden shrimp plarpiersian shieldand
2001. Florida Agricultural Experiment Station, Journal Series No. R-07740. cat whiskers (approximately 5, 7, and 13 cm (2.0, 2.8, and

Authors would like to thank Laurie Krumfolz for her technical assistance. 51 I vel Robrick N H h =1
2Corresponding author: Assistant Professor of Environmental Horticulture. ~* In) tall, respective y)( obnc ursery, Hawthorne, )

Email: <sbwilson@gnv.ifas.ufl.edu>. were planted into 3.8 liter (1 gal) pots filled with a soilless
3Professor, Clemson University, Department of Horticulture, Clemson, sc medium (Fafard Mix #2, Fafard, Inc., Apopka, FL). Plants
29364. were transferred to chambers (90 x 60 x 104 cm) (36 x 24 x
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with the exception that cat whisker plants grown under YXE-10 films had reduced leaf area when compared to plants grown under
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Fig. 1.
polyethylene film without dye.

41 in) framed with PVC pipe and covered with experimen-
tal, photoselective, polyethylene films. Films were identi-
fied by code names YXE-10 (FR light-absorbing film), SXE-
4 (R light-absorbing film), and control (clear film). Two fans

Spectral transmission properties of YXE-10 (far-red light absorbing) and SXE-4 (red light absorbing) photoselective figmControl film is a

insecticide, Imidacloprid (Marathon™) at a standard rate of
0.37 glliter (0.02 oz/gal) (Olympic Horticultural Products,
Bradenton, FL). Plants were inspected daily and hand wa-
tered as needed. Temperatures inside and outside of experi-

were placed in opposite sides of each chamber to ensuremental chambers were recorded continually with a Ryan

proper airflow and prevent heat build-up. Spectral distribu-
tion of light transmitted through films was measured at the
beginning and end of the experiment (Fig. 1) using a LI-
1800 Spectroradiometer (Li-COR Inc., Lincoln, NE) and it
was confirmed that the spectral integrity of the films was
unaltered during the experiment. The R:FR ratio of transmit-

Universal K temperature recorder (Ryan Instruments,
Redmond, WA). Average minimum and maximum tempera-
tures in the greenhouse were 24 and 35C (75 and 95F) for
trial 1 and 22 and 35C (72 and 95F) for trial 2. Average mini-
mum and maximum temperatures inside the chambers were
24 and 37C (75 and 99F) for trial 1 and 21 and 33C (70 and

ted light was calculated as the photon flux ratio between 600 91F) for trial 2. Plant height (height from potting medium

and 700 nm (R) and 700 and 800 nm (FR) (Table 1). Phyto- surface to apex of central stem), number of fully expanded
chrome photoequilibrium was calculated (9) using the leaves, total leaf area, leaf greenness, and dry weight of leaves,
spectroradiometer data between 350 and 850 nm (Table 1).stems, roots, and flowers were recorded after 6 weeks. For
The photosynthetic photon flux (PPF) inside each chamber Persian shield, plant height was recorded by averaging the
was measured mid-day at bench level with a LI-COR quan- stem length of the two primary branches. Average internode
tum meter and adjusted to 515 + 68 umatsniusing cheese- length (plant height divided by number of leaves on two main
cloth placed on top of the chambers. All plants were fertil- stems) was measured at 0, 2, 4, and 6 weeks (data shown for
ized (top-dressed) at a standard rate of 15 g/pot (0.53 0z) of6 weeks only). For dry weight measurements, tissue was
15N-3.9P-10K (15-9-12, Osmocote Plus® (The Scotts Co., oven-dried at 49C (120F) for 1 week. Flowering time was
Marysville, OH) and treated with a 1% granular systemic recorded when the first white flower protruded from the yel-
low bract (golden shrimp plant), and when the first purple
flower opened (cat whiskers). Average leaf greenness was
measured from leaves on th& &" and & node from the

Tablel. R:FR r_atios and estimated photoequili_brium (Pfr/E) of light apex of each p|ant using a Spad-502 meter (Spectrum Tech-
transmitted through YXE-10 (far-red light absorbing) and nologies Inc., Plainfield, IL). Due to the dark purple foliage,
SXE-4 (red light absorbing) photoselective films. Control film . . :
is a polyethylene film without dye. lack of flowers, and fibrous root system of Persian sh|gld,
leaf greenness, mean days to flower, and root dry weight
Treatment R:FR? Photoequilibrium (Pfr/P)¥ were not determined for this species.
YXE-10 151 0.77 Due to space limitations, the experiment was conducted
SXE-4 0.65 0.66 using golden shrimp plant and Persian shielttial 1 and
Control 0.96 0.70 cat whiskers in trial 2. Experimental chambers were randomly

placed in the greenhouse. Treatments were replicated twice
with four plants (golden shrimp plant), five plants (Persian
shield), or six plants (cat whiskers) randomly placed in each

R = 600-700 nm red light; FR = 700—-800 nm far-red light
YEstimated as described by Sager et al. (9)
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replicate. Data were analyzed using analysis of variance pro-
cedure and differences among treatment means were teste
by Duncan’s multiple range testRt= 0.05.

Results and Discussion

Golden shrimp plantLight transmitted through YXE-10
films reduced plant height by 10.2% but did not affect chlo-
rophyll, total leaf area or flowering time as compared to the
control treatment (Fig. 2, Table 2). This correlated with de- )
creased dry matter accumulation in leaf and stem tissue of ' l
plants grown under the YXE-10 film and a low shoot:root = 5 e
ratio (Table 3). The low shoot:root ratio suggests that less
photosynthates were used for developing shoots than roots
when plants were grown under film with a high R:FR ratio
(1.51). Similarly, other researchers have shown that FR light-
absorbing photoselective films reduced height of chrysan-
themum Dendranthemax grandiflorum Ramat.) and bell
pepper Capsicum annuur.) (3). Light transmitted through
SXE-4 films increased plant height but did not affect chloro-
phyll, leaf area, flowering time, or dry weight as compared
to the control treatment (Tables 2 and 3). Previously, R light-
absorbing photoselective films (low R:FR ratios) were shown
to increase plant height in other ornamentals such as snap
dragon AntirrhinumL.) and petuniaKetuniaVilm.-Andr.) ;
as well as a variety of vegetables (8). Similarly, Murakami et : v g i
al. (5) showed, 10 days after planting, the stem length of | o s ;
sunflowers Helianthus annuuk.) had decreased by 39% in
the FR-intercepting treatment and increased by 21% in the
R-intercepting treatment compared with the control treatment.
Growth responses of golden shrimp plant to spectral films
were detected as early as 4 weeks and were more pronounce|
at 6 weeks (Data not presented).

g oo

Persian shieldLight transmitted through YXE-10 films
did not significantly affect plant height, average internode
length, or total leaf area of plants when compared to the con-
trol film (Table 2, Fig. 2). However, plants grown under Y XE-
10 films had lower leaf and stem dry weights when com-
pared to plants grown under SXE-4 or control films (Table

3). This indicates that the YXE-10 treatment affected dry i b N
matter partitioning into leaves and stems. This is consistent YXE-10

with research by Cerny et al. (1) who showed that shoot dry

weight of bell peppers decreased when grown under FR ab- 1. i |,

sorbing films with a similar R:FR ratio. Likewise, Li et al. ; =

(3) showed that as the R:FR ratio of photoselective films

increased, the percentage dry matter accumulation in chry-rig. 2. Effects of YXE-10 (far-red light absorbing) and SXE-4 (red

santhemums decreased in stems from 34 to 24%. light absorbing) photoselective films on plant growth and ap-
Light transmitted through SXE-4 films increased average pearance of golden shrimp plant (A), Persian shield (B), and

internode length by 16.4% but did not significantly affect cat whiskers (C) at 6 weeks.

plant height, total leaf area, and leaf or stem dry weight when

compared to the control film (Tables 2 and 3). Differences in

stem length of plants grown under SXE-4 or YXE-10 films fecting flowering time. Khattak et al. (2) reported that a R-

increased as time in the spectral chambers increased from 2absorbing spectral filter developed by van Haeringen et al.

to 6 weeks (Data not presented). (10) delayed flowering time of chrysanthemum by only 2

days. Khattak et al. (2) also reported that plants treated with

Cat whiskers Light transmitted through YXE-10 films  low N levels (0.316 mM) (19.16 ppm KNPand low

reduced plant height, average internode length, and total leafphotoequilibrium (Pfr/P = 0.62) developed the larger leaf area

area but did not significantly affect chlorophyll or mean days while those grown under high photoequilibrium (Pfr/P =0.77)

to flower (Table 2, Fig. 2). The reduction in plant height was developed a smaller leaf area.

apparent as early as 2 weeks after plants were placed in spec- YXE-10 treated cat whisker plants had 31% and 28% lower

tral chambers (Data not presented). McMahon (4) showed leaf and stem dry weight, respectively, as compared to plants

that normal production techniques for chrysanthemum may grown under control films (Table 3). Similarly, Oyaert et al.

be used in conjunction with FR-absorbing filters without af- (7) reported a decreased dry weight in stem and leaf tissue

J. Environ. Hort. 19(2):65-68. June 2001 67
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Table 2.  Growth characteristics of golden shrimp plant, persian shieldand cat whiskersgrown for 6 weeks under greenhouse photoselective films
with varying R:FR ratios.

Treatment? Leaf greenness Plant height Avg internode Total leaf Days to
(Spad units) (cm) length (cm) area (crf) flower
gelden shrimp plant
YXE-10 58.21a 27.00c 3.93a 1980a 37.63a
SXE-4 60.65a 32.78a 4.31a 2265a 38.00a
Control 59.54a 30.08b 4.34a 2195a 38.13a
Significance NS .0040 NS NS NS
Persian shield
YXE-10 — 30.21b 3.24b 2303a —
SXE-4 — 38.90a 3.97a 2718a —
Control — 34.17ab 3.41b 2971a —
Significance — .0093 .0065 NS —
catwhiskers
YXE-10 50.667a 46.814b 2.928b 1495b 34.3ab
SXE-4 49.492a 58.869a 3.413a 1757a 31.0b
Control 49.583a 58.653a 3.269a 1908a 36.5a
Significance NS .0001 .0165 .0089 .0750

2XE-10 = far-red light absorbing film, SXE-4 = red light absorbing film.
YMeans followed by different letter are significantly different.

when chrysanthemum plants were grown under polyethyl- than the control plants while plants produced under red light
ene spectral filters with different pigment concentrations and absorbing film (SXE-4) had similar (Persian shield and cat
a translocation of carbon from stems to leaf tissue. The root whiskers) or increased (golden shrimp plant) height com-
dry weight and shoot:root ratio of plants grown under YXE- pared to the control plants. Further investigations are under-
10 were lower but not significantly different from other treat- way to identify the species that are responsive to light ma-
ments. There was no significant difference between plants nipulation and develop industry guidelines to take advan-
grown under control films or SXE-4 films, with the excep- tage of new technology.
tion that plants grown under SXE-4 films had lower leaf dry
weight than plants grown under control films and flowered .
in fewer days. Literature Cited

The re$UIts mdlcate that plant height can be manipulated 1. Cerny, T.A,, N.C. Rajapakse, and R. Oi. 1999. Recent developments
by selective reduction of red or far-red wavelengths from in photoselective greenhouse covers. Proc. Natl. Agric. Plastics Congress.
sunlight. However, the magnitude of height control varied 28:75-80.
with each species. Golden shrimp and cat whiskers produced 2. khattak, A.M., S. Pearson, and C.B. Johnson. 1999. The effect of

under far-red light absorbing film (YXE-10) were shorter spectral filters and nitrogen dose on the growth of chrysanthemum
(Chrysanthemum morifoliurRamat., cv. Snowdon). J. Hort. Sci. &
Biotechnol. 74:206-212.

) ) 3. Li, S., N.C. Rajapakse, R.E. Young, and R. Oi. 2000. Growth responses
Table 3.  Dry weight (DW) measurements of golden shrimp plant of chrysanthemum and bell pepper transplants to photoselective plastic films.
persian shield and cat whiskers grown for 6 weeks under Scientia Hort. 84:215-225.
greenhouse photoselective films with varying R:FR ratios. .
4. McMahon, M. 1999. Development of chrysanthemum meristems

Treatment? DW leaves DW stem DWroot  Shoot:rroot grown under far-red absorbing filters and long or short photoperiods. J. Amer.
() (@) (@ ratio Soc. Hort. Sci. 124:483-487.
- 5. Murakami, K., H. Cui, M. Kiyota, and I. Aiga. 1995. The design of
golden shrimp plant —— special covering materials for greenhouses to control plant elongation by
YXE-10 5.768 2.50b 1.65 5.01b changing spectral distribution of daylight. Acta Hortic. 399:135-142.
SXE-4 6.76a 3.09a 1.55 6.37a -
Control 7.05a 3.09a 1.39 7.32a 6. Norcini, J.G., W.G. Hudson, M.P. Garber, R.K. Jones, A.R. Chase,
Significance 0137 0162 ns 0119 and K. Bondari. 1996. Pest management in the U.S. greenhouse and nursery
industry: Ill. Plant growth regulation. HortTechnology 6:207-210.
- Persianshield—— 7. Oyaert, E., E. Volckaert, and P.C. Debergh. 1999. Growth of
YXE-10 6.63b 3.14b — — chrysanthemum under coloured plastic films with different light qualities
SXE-4 8.46a 4.34a — — and quantities. Scientia Hortic. 79:195-205.
gi(z:]?:i:‘%ance 8'%?84 4'%?1%3 - - 8. Rajapakse, N.C, R.E. Young, M.J. McMahon, and R. Oi. 1999. Plant

height control by photoselective filters: Current status and future prospects.
cat whiskers HortTechnology 9:618-624.

YXE-10 3.82c 2.77b 1.21 5.512 9. Sager, J.C., W.O. Smith, J.L. Edwards, and K.L. Cyr. 1988.

SXE-4 4.86b 3.82a 1.31 6.518 Photosynthetic efficiency and phytochrome photoequilibria determination
Control 5.54a 3.83a 1.50 6.573 using spectral data. Transactions of ASAE. 31:1882-1889.
Significance .0001 .0001 ns ns

10. Van Haeringen, C.J., J.S. West, F.J. Davis, A. Gilbert, P. Hadley, S.
] o ] o Pearson, A.E. Wheldon, and R.G.C. Henbest. 1998. The development of
*YXE-10 = far-red light absorbing film, SXE-4 = red light absorbing film.  solid spectral filters for the regulation of plant growth. Photochem. Photobiol.
YMeans followed by different letter are significantly different. 67:407-413.
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