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Abstract

We conducted a three-year study at the University of California Research and Extension Center
in Irvine, California on the effect of the plant growth regulator paclobutrazol on the growth of
seven species of common landscape shrubs. The shrubs were in 3.8 ¢ standard nursery
containers. We randomly arranged and planted four plants each of Bougainvillea ‘Raspberry
Ice’, Escallonia x exoniensis, Nerium oleander, Pittosporum tobira, and Rhaphiolepis indica and
two plants each of Buxus japonica and Photinia x fraseri in a row. We included six replicate
rows in the study. We placed the plants 2.1 meters apart in a row and spaced the six rows 3.7
meters apart. We randomly applied four treatments to the five species with four plants in each
of the six rows: a control (no treatment) and low, medium, and high amounts of diluted ready-
to-use (RTU) paclobutrazol (1 part Shortstop® 2SC concentrate to 11 parts water). We randomly
applied two treatments to the two species with only two plants in each of the six rows: a
control and medium amount of diluted RTU material. We determined the amount of diluted
RTU material to apply to each plant by each plant’s crown volume and whether it was a low,
medium, or high rate. Paclobutrazol tended to reduce growth across all seven shrub species at
any rate 4 and 13 months after treatment. At the end of the study, 23 months after treatment,
none of the treatments significantly reduced growth compared to the control. Paclobutrazol
significantly reduced plant appearance across all seven species at any rate at 4, 13, and 23
months after treatment. The reported effects of paclobutrazol, including reduced shoot
elongation, shorter internodes, more compact growth, and disease resistance tended to be
true in our study. However, other reported effects, such as normal sized and darker green
leaves, did not occur in most cases in our study; leaves tended to be smaller on treated plants
while only Buxus japonica had greener leaves on treated plants. Suspected phytotoxic
responses, mostly leaf discoloration, deformation, marginal chlorosis and necrosis, and
defoliation leading to canopy thinning, were present in over half the species.
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Introduction and Previous Work

Landscape shrubs and groundcovers generally need regular pruning to attain and maintain size,
form, function, and esthetic quality. However, such pruning is labor intensive, time- and
resource-consuming, and generates green waste material entering the waste stream going to
landfills. Indeed, many municipalities in more than half the states now discourage, limit, or ban
green waste material from entering the waste stream (Chen et al. 2012).

Various plant growth regulators (PGRs), which are organic, natural or synthetic hormones that
regulate plant growth (Desta and Amare 2021, Kumari et al. 2018), have been used as a full or
partial pruning substitute to reduce costs and production of green waste and enhance tolerance
to the harsh conditions in urban landscapes (Chen et al. 2012, Chaney 2005, Desta and Amare
2021).

Interest in PGRs for use in woody landscape plants began in the 1950s, primarily to help limit
growth of trees under overhead utility lines (Banko and Stefani 1988, Chaney 2005, Cregg 2019,
EPRI 2000, Mann et al. 1995). At the time, the electric utility industry provided funding for
chemical control of tree growth (Chaney 2005, EPRI 2000). Maleic hydrazide, a terminal bud
inhibitor widely used at the time, was effective in retarding growth but was frequently phytotoxic
and increased branching, which was not always desirable (Banko and Stefani 1988, Chaney 2005).
Another PGR, napthaleneacetic acid, was applied to pruning wounds to retard sprouting and
growth but the expenses and difficulty of painting wounds high up in the tree canopy limited its
use (Chaney 2005).

By the 1970s, a newer class of PGRs, called triazoles, was being developed that retarded growth
by inhibiting cell elongation. These compounds included paclobutrazol, uniconazole, and
flurprimidol, which inhibit the production of gibberellins, in turn reducing cell elongation and
subsequently shoot elongation (Banko and Stefani 1988, Chen et al. 2012, Chaney 2005, Cregg
2019, Desta and Amare 2021).

The triazoles also have other beneficial effects on woody landscape plants, including:

1. Reducing plant growth, especially sprout growth after pruning to extend trim cycles
and reduce green waste production (Banko and Stefani 1988, Cregg 2019, Davis et al.
1985, Early et al. 1988, Wang and Faust 1986, Watson 1996);

2. Reducing the amount of wounding from repeated pruning. It is estimated that the
average tree pruning produces 122 m? of cut surfaces, which is stress-inducing
because of the energy needed to cover over wounds, which serve as entry sites for
diseases and pests (Banko and Stefani 1988);
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3. Increasing stress resistance by reducing leaf surface area exposed to water loss and
decreasing energy used for excessive growth (Banko and Stefani 1988, Herms and
Mattson 1992, Percival and AlBalushi 2007, Ruter and Martin 1994, Swietlik and Miller
1983, Wample and Culver 1983, Warren et al. 1991, Zhu et al. 2004);

4. Allowing larger plants to be used in smaller spaces (Banko and Stefani 1988);

5. Improving plant appearance because of shorter internodes, more compact growth,
and darker green color (Banko and Stefani 1988, Desta and Amare 2021);

6. Increase the root-to-shoot ratio and production of fine roots (Watson 1996) and root
initiation (Davis et al., 1985, Wang and Faust 1986), branching (Ashokan et al. 1995,
Early et al. 1988), and thickening (Tagliavini et al. 1991);

7. Morphologically modifying leaves (producing smaller stomatal pores, thicker leaves,
and increasing the quantity and size of surface appendages like hairs) (Chaney 2005)
and physiologically by increasing antioxidant enzymes and molecules (Fletcher et al.
2000, Jaleel et al. 2007) to increase protection against numerous abiotic stresses, such
as heat, cold, flooding, and salinity, and biotic stresses like fungal and bacterial
diseases and pest infestations (Chaney 2005, Cregg 2019, Desta and Amare 2021,
Fletcher et al. 2000).

Triazoles are extremely active, a relatively small amount of the active ingredient is necessary for
growth control, typically without phytotoxicity, and they are long lasting, up to three years
(Banko and Stefani 1988, Cregg 2019) although 10 years has been reported in one instance (Burch
et al. 1996). They were initially applied through trunk injections. However, trunk injections
created problems, including cracks in the bark and cambium, weeping from injection holes,
internal wood discoloration from alcohol carriers, and the limited internal movement of some
products due to the recognized concept of compartmentalization of wounds, which blocks off
wounds to slow decay (Chaney 2005). Bark banding with these compounds, also with an alcohol
or petroleum distillate carrier, has been tried but damaged the bark.

Paclobutrazol is now the primary PGR used for growth retardation of woody landscape plants
(Chaney 2005, Cregg 2019), and is best applied to the soil around the trunk or stem (Rademacher
2015), either injected or as a drench. Its soil half-life is six to 12 months depending on the soil
type and environmental conditions (Norremark and Anderson 1990). Roots absorb the
compound and translocate it to the branch tips via the xylem (Coutere 1982, Syngenta 2003).
Photosynthesis is not reduced (Delong and Doyle 1984, Rieger and Scalabrelli 1990). Soil
drenches provide longer and more uniform height control (Franca et al. 2017, Rademacher 2015,
Sharma and Awasthi 2005), especially in woody ornamentals (Gent and McAvoy 2000).

Paclobutrazol works by blocking the terpenoid pathway for biosynthesis of the plant growth-
promoting hormone gibberellins by binding with and inhibiting enzymes that catalyze the
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metabolic reactions (Chaney 2005, Cregg 2019, Desta and Amare 2021, Rademacher 2000). Cells
still divide but elongation is reduced (Chaney 2005, Early and Martin 1988, Wang and Faust 1986),
resulting in shorter internodes but with the same quantity of leaves as untreated plants (Chaney
2005).

Paclobutrazol dramatically reduces plant growth for many species (Bai and Chaney 2005, Bai et
al. 2004, Davis et al. 1985, Desta and Amare 2021, Tanis and Cregg 2015, Watson 1996). Average
growth reduction is 40 to 60% while the range is 10 to 90% (Chaney 2005). Dosage depends on
the plant species being treated and the size of the plant (Chaney 2005, Cregg 2019, Desta and
Amare 2021).

Little previous work on the species in our study has been performed, and was mostly on
containerized plants. Karaglzel (1999) found that in Bougainvillea spectabilis, paclobutrazol
significantly reduced new shoot length, increased quantity of shoots per plant, and had longer
suppression as a soil drench. Karaglizel and Ortacesme (2002) showed that paclobutrazol
significantly reduced new branch length on B. glabra ‘Sanderiana’. Jain et al. (2016) found that
paclobutrazol significantly reduced increases in plant height, spread, internodes, and shoot
length of B. spectabilis ‘Shubra’. In contrast, Aldrich and Norcini (1995) found that paclobutrazol
had no effect on suppression of growth of B. ‘Barbara Karst’.

In Nerium oleander, Syros and Economou (2000) showed that paclobutrazol significantly reduced
new growth. Keever et al. (1990) and Owings and Newman (1993) had similar results with
paclobutrazol applied to Photinia x fraseri. Rizzitelli et al. (2000) found that that paclobutrazol
significantly reduced new growth on Pittosporum tobira.

Materials and Methods

We conducted this study at the University of California Research and Extension Center in Irvine,
California (7601 Irvine Blvd., Irvine, CA, 92618, 33.688836°, -117.720348°, 125 m elevation). The
site is classified as a maritime Mediterranean climate with cool, dry to moist winters and dry,
warm summers, and is in Sunset Garden Zone 23 (Williamson 1988). Typical daily summer and
winter maximum/minimum temperatures are 27/19 C and 19/9 C, respectively. Average annual
precipitation is 300 mm. The soil is a San Emigdio sandy loam with a pH of seven, organic matter
content of 0.84%, cation exchange capacity of 14.4 meq/100 g., and particle size distribution of
68% sand, 19% silt, and 13% clay.

On 1 November 2017, we planted seven species of common landscape shrubs out of 3.8 ¢
containers. We randomly arranged four plants each of Bougainvillea ‘Raspberry Ice’, Escallonia x
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1. We randomly set out the shrubs in six rows, University of California Research
and Extension Center, Irvine.

2. Center staff assisted with planting the shrubs.
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exoniensis, Nerium oleander, Pittosporum tobira, and Rhaphiolepis indica and two plants of each
Buxus japonica and Photinia x fraseri in a row, and had six replicate rows (Figs. 1-2). We placed
the plants 2.1 meters apart in a row and the six rows were 3.7 meters apart. No fertilizer was
added. Weeds were controlled by hand. Microsprayers provided water at about 80% of reference
evapotranspiration for the site (ET,) (Fig. 3); irrigations were scheduled when soil water loss
accumulated to 50% in the upper 30 cm of soil root zone.

About a year later, on 14 November 2018, we pruned each plant with the objective to remove
anomalous, rangy growth and to keep a tight, formal appearance for each species (Fig. 4). Then
we determined the length, width, and height of the pruned crown of each plant to obtain a
volumetric measurement.

On 3 December 2018, we applied the paclobutrazol treatments using the commercially available
form Shortstop® 2SC (Arborjet, Inc., Woburn, MA.) (Fig. 5). We had four treatments randomly
applied to five species with four plants in each of the six rows: a control and low, medium, and
high amounts of diluted ready-to-use (RTU) paclobutrazol (1 part Shortstop® 2SC concentrate to
11 parts water). We had two treatments randomly applied to the species with only two plants in
each of the six rows: a control and medium amount of diluted RTU material. The amount applied
to each plant was determined by crown volume of each plant and whether it was a low, medium,
or high rate.

Arborjet, Inc., the manufacturer of Shortstop® 2SC, created seven informal groupings of shrub
species, each with its own recommended volume of RTU paclobutrazol. Because only two of our
seven species (Buxus japonica and Photinia x fraseri) fell within these seven groupings, we
communicated with the Arborjet, Inc., and they suggested using the following rates (Table 1).

Depending on the crown size of each plant, the corresponding amount of RTU paclobutrazol was
applied as a soil drench to the root zone (Fig. 6).

On 30 April 2019, 29 January 2020, and 10 November 2020, we determined the length, width,
and height of the crown of each plant to obtain a volumetric measurement and performance
rated each plant on a scale of 1 to 5, where 1 is dead and 5 is optimal.

We compared the seven species and four treatments using two-way ANOVA and estimated mean
differences for species and treatments for growth and appearance ratings that were significant

(P<0.05). The model used included the fixed effects of block, treatment, and species.

Because for two species we had only two plants instead of four plants in each of the six rows and
the loss of some plants occurred prior to the treatments or shortly thereafter, the experiment
consisted of unbalanced data with some species not having all treatments. This development
limited the statistical analyses we could perform and, therefore, specific treatment by species




PALMARBOR ISSN 2690-3245 Hodel et al.: effect of paclobutrazol on landscape shrubs 2024-01:1-34

.
e =

4. About year after planting, we pruned each plant with theojective to remove
anomalous, rangy growth and to keep a somewhat tight, formal appearance.
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5. Co-author Marianne Waindle measures the amount of RTU material for
application to a plant.

W

6. Co-author Marianne Waindle applies the
Escallonia x exoniensis.

measured amount of RTU material to an
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Table 1. Amount of ready-to-use paclobutrazol (1 part Shortstop® 2SC to 11 parts water) per
m3 of crown volume applied at four rates of none (control), low, medium, and high to seven
species of common landscape shrubs. University of California South Coast Research and
Extension Center, Irvine, CA. 3 December 2018.

Crown Volume m3 Low (ml) Medium (ml) High (ml)
0.1 200 340 400
0.2 230 345 450
0.3 270 350 510
0.5 305 370 600
0.8 340 380 650
1.0 380 400 700
1.4 405 430 800
1.8 420 450 900
23 435 480 1000
2.8 455 510 1200
3.7 500 550 1300

results are not presented. Results presented are for species differences averaged over the four
treatments and treatment differences averaged over the seven species.

Results

Paclobutrazol tended to reduce growth across all seven shrub species at any rate four months
after treatment (Table 2). However, while the high rate reduced growth significantly compared

Table 2. Treatment level differences (control, low, medium, high) for mean growth and
appearance averaged over seven common landscape shrubs at 4, 13, and 23 months after
treatment with paclobutrazol (1 part Shortstop® 2SC to 11 parts water), 10 November 2020.

Months after Treatment

----------------- Plant Growth? Plant AppearanceY--------------
Treatment 4 13 23 4 13 23
Control 0.332 1.952 2.18! 4.622 4.00? 4.112
Low 0.1112 1.10! 1.41! 3.761 3.311 3.551
Medium 0.10%2 1.67¢ 1.93! 3.721 3.4312 3.57¢
High 0.07% 0.761 1.41! 3.871 3.37¢ 3.50?

ZPlant growth measured in m3.
YPlant appearance: 1 = dead, 5 = optimal.
Means in each column with different numerals are significantly different P<0.05
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8. Bougainvi/lea ’Raspberry Ice’, high raté, 13 months after treatment, January 2020.
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9. Buxus japonica, control,

10. Buxus japonica, medium rate, 13 months after treatment, January 2020. Note
the severe defoliation along sub-apical areas of shoots resulting in an open or
thinned out canopy, a possible phytotoxic response.
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13. Nerium oleander, control, 13 months after treatment, January 2020.
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14. Nerium oleander, high rate, 13 months after treatment, January 2020.
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15. Photinia x fraseri, control, 13 months after treatment, January 2020.
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17. Pittosorum tobira, control, 13 months after trea'tment, January 2020.
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to the control, the low and middle rates were intermediate and not significantly different from
the high rate or the control. At 13 months after treatment, though, paclobutrazol significantly
reduced plant growth across all seven species at any rate compared to the control (Figs. 7-20).
At the end of the study, 23 months after treatment, none of the treatments significantly reduced
growth compared to the control.

Paclobutrazol significantly reduced plant appearance across all seven species at any rate at 4, 13,
and 23 months after treatment; however, at 13 months after treatment, the medium rate was
intermediate and not significantly different compared to other treatments and the control.

Differences among species are in Table 3. At four months after treatment, Bougainvillea
‘Raspberry Ice’ had the least growth although it was not significantly different from Buxus
japonica, Nerium oleander, Pittosporum tobira, and Rhaphiolepis indica; these latter four species
were intermediate in their response, producing significantly less growth than Photiniax fraseri
but not significantly different from Bougainvillea ‘Raspberry Ice’. Escallonia x exoniensis was also
somewhat intermediate; it produced significantly more growth than Bougainvillea ‘Raspberry
Ice’ but not significantly different from Buxus japonica, Nerium oleander, Pittosporum tobira,
and Rhaphiolepis indica.

At 13 months after treatment, Buxus japonica, Escallonia x exoniensis, and Pittosporum tobira
produced significantly less growth than Bougainvillea ‘Raspberry Ice’ and Nerium oleander but
not significantly different from Photinia x fraseri and Rhaphiolepis indica. Nerium oleander had
made a remarkable recovery and produced significantly more growth than all other species.
Bougainvillea ‘Raspberry Ice’ also made a somewhat dramatic recovery.

At the end of the study, 23 months after treatment, Buxus japonica, Escallonia x exoniensis, and
Rhaphiolepis indica produced significantly less growth than Nerium oleander and Photinia x
fraseri while Bougainvillea ‘Raspberry Ice’ and Pittosporum tobira were somewhat intermediate.

At four months after treatment, Escallonia x exoniensis had the highest plant appearance rating
and Buxus japonica and Pittosporum tobira significantly had the lowest rating, while
Bougainvillea ‘Raspberry Ice’, Nerium oleander, Photinia x fraseri, and Rhaphiolepis indica were
somewhat intermediate.

At 13 months after treatment, Nerium oleander had the highest and Buxus japonica the lowest
plant appearance ratings. The other species were somewhat intermediate between the two.

At the end of the study, at 23 months after treatment, Nerium oleander (Fig. 21) and Photinia x
fraseri (Fig. 22) significantly had the highest plant appearance ratings and Buxus japonica (Fig.
23) and Escallonia x exoniensis (Fig. 24) significantly had the lowest ratings while the other
species were intermediate.
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22. Photinia xfrseri was one of two épecies with the highest appearance' }ating at
the end of the study, 23 months after treatment (medium rate).

5 A # >

18



PALMARBOR ISSN 2690-3245 Hodel et al.: effect of paclobutrazol on landscape shrubs 2024-01:1-34

23. Buxus japonica was one of two species with the lowest appeara nce rafing at the
end of the study, 23 months after treatment (medium rate).
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24. Escallonia x exoniensis was one of two species with the lowest appearance rating
at the end of the study, 23 months after treatment (high rate). Note the abundance
of dead leaves and limited green growth.
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Table 3. Species differences for mean growth and appearance of seven common landscape
shrubs averaged over four treatment levels (control, low, medium, high) of paclobutrazol (1
part Shortstop® 2SC to 11 parts water), at 4, 13, and 23 months after treatment, 10 November

2020.

Months after Treatment

Species 4 13 23 4 13 23

Bougainvillea ‘Raspberry Ice’ | -0.04! 1.282 1.25%2 | 4.062 3.753% | 3.962
Buxus japonica -0.02*2 | -0.41* |-0.03! |3.01! 2.041 2.10%
Escallonia x exoniensis 0.30%3 0.15% 0.30' | 4.603 3.6223 | 2.40%
Nerium oleander -0.01%2 6.423 6.563 | 4.5223 4.46% 4.753
Photinia x fraseri 0.623 0.21%? | 3.202 |4.31%3 4.35%% | 4.793
Pittosporum tobira 0.1912 0.05! 0.72%% | 3.401 2.9612 | 3.832
Rhaphiolepis indica 0.0312 0.12%? | 0.12' | 4.03%3 3.5323 | 3,942

ZPlant growth measured in m3. Negative values mean plants lost crown volume.
YPlant appearance: 1 = dead, 5 = optimal.
Means in each column with different numerals are significantly different P<0.05

General Observations of Each Shrub Species
Bougainvillea ‘Raspberry Ice’

At 4 months through 23 months after treatment at any of the three levels of paclobutrazol, a
conspicuous feature was the tendency for sub-apical lateral buds to form and break for up to 60
cm along shoots but these were unusually congested due to the short internodes and did not
elongate much if at all (Fig. 25). We did not observe a phytotoxic response.

Buxus japonica

At 4 months through 23 months after treatment, a conspicuous feature was the tendency for
sub-apical lateral buds to form and break for up to 30 cm along shoots but these were unusually
congested due to the short internodes and did not elongate at all. Terminal leaves were so
congested that they looked bud-like (Fig. 26). Chlorotic and orange-brown leaf margins were
possible phytotoxic responses but even the untreated controls tended to show similar symptomes.
These plants also tended to have numerous, unusually compact apical buds (Fig. 27).

At 13 through 23 months after treatment, sometimes severe defoliation along sub-apical areas
of shoots resulted in an open or thinned out canopy, a possible phytotoxic response (Fig. 10).
Remaining leaves were greener than the untreated control.

20



PALMARBOR ISSN 2690-3245 Hodel et al.: effect of paclobutrazol on landscape shrubs 2024-01:1-34

= X ; il i ) e
25. A conspicuous feature of Bougainvillea “Raspberry Ice’” was the tendency fo
treated plants to form sub-apical lateral buds and leaves along shoots but these
were unusually congested due to the short internodes and did not elongate much
(low rate).

6. Terminal Ieaves'bf treated Buxus japonica were so congested that they looked
bud-like (medium rate).
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27. Chlorotic and orange-brown leaf margins of treated Buxus japonica were
possible phytotoxic responses. These plants also tended to have numerous,

unusually compact apical buds (medium rate).
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28. Escallonia x exoniensis had the tendency for treated plants to form sub-apical
lateral buds and leaves along shoots but these were unusually congested due to the
short internodes and did not elongate much (low rate).
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29. Treated Escallonia x exoniensis had inflorescences that seemed tighter or more
congested than in the untreated control (high rate).

30. New shoot grbwth on treated Nerium oleander was initially “bunchy,” the result
of short internodes (medium rate).
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31. New leaves of treated Nerium oleander tended to be distorted and displayed a
suite of symptoms, including thickened, v-shaped, trough-like leaf blades (low rate).

32. New leaves of treated Nerium oleander tended to be distorted and often had
thickened, v-shaped, trough-like leaf blades (low rate).
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Escallonia x exoniensis

At 4 months through 13 months after treatment at any of the three levels of paclobutrazol, a
conspicuous feature was the tendency for sub-apical lateral buds to form and break for up to 50
cm along shoots but these were unusually congested due to the short internodes and did not
elongate much if at all (Fig. 28). Inflorescences seemed tighter or more congested than in the
untreated control (Fig. 29).

At 13 months after treatment, leaf margin chlorosis and necrosis appeared, possibly phytotoxic
responses.

At 23 months after treatment none of the plants looked good, including the untreated control.
They had an abundance of dead, persistent leaves and little or no new growth (Fig. 24).

Nerium oleander

At 4 months after treatment at any of the three levels of paclobutrazol, new shoot growth was
“bunchy,” the result of short internodes (Fig. 30). New leaves tended to be distorted and
displayed a suite of symptoms, including thickened, v-shaped, trough-like, spirally twisted blades
with thickened, lighter green, wavy margins, likely a phytotoxic response (Figs. 31-33).

At 13 months after treatment, leaf distortion was still present on plants treated with
paclobutrazol. Also, abundant, sub-apical lateral buds tended to form and break for up to 40 cm
along shoots but these were unusually congested due to the short internodes and did not
elongate much if at all (Fig 34).

At 23 months after treatment, little or no phytotoxic leaf deformation was present.
Photinia x fraseri

At 13 months after treatment, Entomosporium leaf spot and/or marginal leaf burn were present
on some untreated plants while treated plants were “clean.”

Pittosporum tobira

A conspicuous feature at 4 months after treatment at any of the three levels of paclobutrazol
was the sub-apical, short, densely placed, and compact inflorescences for up to 30 cm along
shoots (Fig. 35). A phytotoxic response on treated plants but not the untreated control might
have been the yellow-brown or enhanced gray color of some leaves while others on proximal
portions of shoots seemed to defoliate prematurely (Fig. 36).

At 23 months after treatment, some leaves on treated plants had apical chlorosis and necrosis,
likely a phytotoxic response.
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33. leaves of treated Nerium oleander were often spiraII twisted and had wavy
margins (high rate).
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34. Nerium oleander had the tend ny'for treated plants to form sub-apical lateral
buds and leaves along shoots but these were unusually congested due to the short
internodes and did not elongate much (high rate).
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36. Some treated MPitto‘sporun"i tobira had proximal portions of shoots defoliate
prematurely (medium rate).
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37. Treated plants of Rhapholepis indica had unusually compt inflorescences (low
rate).

R | e
38. Untreated (control) plants of Rhaphiolepis indica had more expansive
inflorescences than untreated plants.
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Rhaphiolepis indica

At 4 months through 23 months after treatment at any of the three levels of paclobutrazol
compared to the untreated control, a conspicuous feature was the tendency for sub-apical lateral
buds to form and break for up to 20 cm along shoots but these were unusually congested due to
the short internodes and did not elongate much if at all.

At four months after treatment with paclobutrazol, inflorescences were unusually compact and
more densely placed than on the untreated control (Figs. 37—-38).

Some leaf damage appeared at 23 months after medium and high treatments of paclobutrazol
but not on low treatments and the untreated control.

Discussion and Conclusions

Soil applications of paclobutrazol at low, medium, or high levels reduced shoot elongation across
all seven shrub species studied, generally for at least as long as nearly two years although with
some species, including Escallonia x exoniensis, Nerium oleander, Photinia x fraseri, and
Pittosporum tobira, the effects tended to wane somewhat by 23 months after treatment. The
waning effects of paclobutrazol on some species after 23 months is not too surprising because
most previous work noted that effects of soil-applied material typically last for up to three years
although this amount of time is likely an average and surely the effects did not suddenly and
dramatically stop at three years but started to fade a prior to that.

The reported effects of paclobutrazol, including reduced shoot elongation, shorter internodes,
more compact growth, and disease resistance tended to be true in our study. However, other
reported effects, such as normal sized and darker green leaves were not true in most cases in our
study; leaves tended to be smaller on treated plants while only Buxus japonica had greener leaves
on treated plants. We are unable to explain these phenomena.

Suspected phytotoxic responses, mostly leaf discoloration, deformation, marginal chlorosis and
necrosis, and defoliation leading to canopy thinning, were present in four of the seven species
(Buxus japonica, Escallonia x exoniensis, Nerium oleander, and Pittosporum tobira) at mostly all
levels of paclobutrazol, which is contrary to most literature reports that note phytotoxic
responses are rare with paclobutrazol. Only Bougainvillea ‘Raspberry Ice’, Photinia x fraseri, and
Rhaphiolepis indica showed no suspected phytotoxic response. We are unsure why over half the
species had suspected phytotoxic responses. Perhaps the dearth of information in the literature
about the effects of paclobutrazol on the shrub species in our study made it difficult to determine
the correct amount of material to apply without seeing a phytotoxic response. Or, perhaps we
are not seeing a phytotoxic response but an unknown or unrecognized horticultural problem.
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