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Abstract. Effect of cutting age (weeks after budbreak) and K-IBA concentration on
percent rooting of Mexican redbud [Cercis canadensis var. mexicana (Rose) M. Hop-
kins], larchleaf goldenweed [Ericameria laricifolia (Gray) Shinners], littleleaf ash (Frax-
inus greggii Gray), and evergreen sumac (Rhus virens Gray) were investigated. For
cuttings treated with K-IBA, maximum predicted percent rooting from regression analysis
was 88% for cuttings of Mexican redbud taken 4 weeks after budbreak and treated
with 21 g·liter-1, 99% for larchleaf goldenweed taken 6 weeks after budbreak and
treated with 16 g·liter-1, 86%, for littleleaf ash taken 16 weeks after budbreak and
treated with 17 g·liter-1, and 24% for cuttings of evergreen sumac taken 16 weeks
after budbreak and treated With 5 g·liter-1. Chemical names used: potassium salt of
1H-indole-3-butanoic acid (K-IBA).
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Mexican redbud, larchleaf goldenweed,
littleleaf ash, and evergreen sumac are
southwestern shrubs with potential as adapted
ornamental for the area (Duffield and Jones,
1981; Miller, 1978; Nokes, 1986). Germ-
plasm collections of all four species exhibit
variability in floral color (Mexican redbud)
or growth habit (larchleaf goldenweed, lit-
tleleaf ash, evergreen sumac) that could be
exploited through vegetative propagation to
provide superior plants. I found no reports
regarding rooting of stem cuttings of these
species, but studies on related species indi-
cate timing and IBA concentration are crit-
ical. Despite an early report that nontreated
stem cuttings of eastern redbud (Cercis can-
adensis L.) taken in June and July rooted
75% to 90% in 4 weeks (Thomas, 1936),
other authors report little success in rooting
softwood or semi-hardwood cuttings (Dirr and
Heuser, 1987; Hartmann and Kester, 1975;
Nokes, 1986). Ashes (Fraxinus spp.) are
considered very difficult to propagate from
stem cuttings (Dirr and Heuser, 1987). One
percent of softwood cuttings of fragrant ash
(Fraxinus cuspidata Torrey) treated with an
auxin–tale preparation of 0.8g IBA/g rooted
(B.J. Simpson, personal communication).
Softwood and semi-hardwood cuttings of
fragrant sumac (Rhus aromatica Ait.), a de-
ciduous species, rooted after treatment with
IBA at 1 g·liter-1 (Tracz, 1983). According
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to Nokes (1986), semi-hardwood cuttings of
evergreen sumac treated with an auxin-tale
preparation of IBA at 0.8 g·g-1 have rooted.
It appears that no attempts to root cuttings
of larchleaf goldenweed have been pub-
lished.

This study was conducted to determine the
effect of timing and K-IBA (potassium salt)
concentration on the rooting of stem cuttings
of the four species. To avoid ambiguity in
softwood and semi-hardwood terminology,
leafy terminal stem cuttings 10 to 15 cm long
were taken from single cultivated plants 4,
8, 12, and 16 weeks after budbreak for each
plant. Test plants were selected based on de-
sirable characteristics—a dark flower color
for Mexican redbud and an apparent rapid
growth rate for the remaining species. Ex-
cept littleleaf ash, all plants were at least 7
years old, had bloomed for several years,
and were in the adult growth phase. The lit-
tleleaf ash was also 7 years old, but had not
bloomed. Cuttings from each collection date
were wounded by pressing the basal 10 mm
against a replacement blade for an electric
razor, producing eight parallel cuts ≈ 1.2 mm
apart perpendicular to the stem axis. Cut-
tings from each collection date were divided
into six groups of 20 cuttings each and each
group was dipped for 5 sec in one of six
solutions containing K-IBA at 0 to 25 g·liter-1

in deionized water, at 5 g·liter-1 increments.
Table 1. Analysis of variance for the effect of
K-IBA concentration on percent rooting of cut-
tings of Mexican redbud taken 4 weeks after
budbreak.

Source df Mean square
Model 3 2172.78**
Total error 7 16.22
Lack of fit 2 37.45 NS

Pure error 5 7.32
NS,**Nonsignificant or significant at P = 0.01,
respectively.

ORTSCIENCE, VOL. 25(2), FEBRUARY 1990



Table 2. Analysis of variance for the effect of cutting age (weeks after budbreak) and K-IBA con-
centration on percent rooting of cuttings of larchleaf goldenweed, littleleaf ash, and evergreen sumac.

Larchleaf Littleleaf Evergreen
Source df goldenweed ash sumac

Mean squares
Model 5 5016.7** 2004.5**
Total error 29

798.7**
46.2 97 86.1

Lack of fit 12 6 0 . 1N S 125.7 NS 124.3 NS

Pure error 17 36.4 76.8 59.2
NS,**Nonsignificant or significant at P = 0.01, respectively.
Cuttings were then stuck in individual 0.3-
liter containers with a medium of 1 perlite :
1 vermiculite (v/v) previously drenched with
a solution of methyl [1-[(butylam-
ino)carbonyl]-1H-benzimidazol-2-yl] (beno-
myl) at 250 mg·liter-1 a.i. The containers
were placed in a ventilated high-humidity
chamber (Milbocker, 1983; Milbocker and
Wilson, 1979). The quonset chamber mea-
sured 5.2 × 9.1 × 2.4mhigh at the center
and was covered with polyethylene and 50%
shade fabric. A Humidifan Model 110 (Jay-
bird Manufacturing, Centre Hall, Pa.) pro-
vided the necessary fog and one 61 × 61-
cm motorized inlet shutter and two 41 × 41-
cm exhaust fans rated at 1.3 m3·s-1 provided
ventilation when ambient temperature at cut-
ting level reached 37C. The experimental
design for each species was a randomized
complete block with two blocks and 10 cut-
tings per plot (cutting age). Cuttings of Mex-
ican redbud, larchleaf goldenweed, and
littleleaf ash were evaluated after 4 weeks
and cuttings of evergreen sumac after 6 weeks.
Cuttings with a minimum of two roots each
at least 2 cm long were considered to have
rooted. Percent rooting was determined for
each block and transformed to SIN-l (per-
cent rooting/100)½. Cuttings of Mexican
redbud rooted only 4 weeks after budbreak,
so the transformed response was related to
K-IBA concentration by polynomial regres-
sion. The transformed response of the re-
maining three species was related to cutting
Fig. 1. Rooting response of cuttings of Mexican
redbud taken 4 weeks after budbreak to K-IBA
concentration with 99% mean confidence belts.
The model for the response is SIN-’ (percent
rooting/100) ½ = – 0.65 – 1.8X + 0.58X 2

– 0.02X3, where X = K-IBA concentration in
g·liter -1.
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age (weeks after budbreak) and K-IBA con-
centration by a quadratic. polynomial re-
sponse surface. However, lack of fit mean
square was significant for all three species.
No rooting occurred in 12-week-old cuttings
of larchleaf goldenweed or 4-week-old cut-
tings of littleleaf ash or evergreen sumac.
Restricting the data sets to exclude these data
resulted in nonsignificant lack of fit mean
squares and was preferable to increasing the
degree of polynomial response surface (Ta-
bles 1 and 2). Nonsignificant lack-of-fit sum-
of-squares were combined with pure error
sum-of-squares to test regression and esti-
mate confidence limits as described by Neter
et al. (1983). Untransformed results are re-
ported.

Rooting of cuttings of Mexican redbud
taken 4 weeks after budbreak followed a cu-
bic response to K-IBA concentration (Fig.
1). The maximum predicted response was
88% rooting at 21 g-liter-l. The lower 99%
mean confidence limit for the maximum re-
Fig. 2. Larchleaf goldenweed (A), Littleleaf ash
(B), and evergreen sumac (C) percent rooting
contours in response to cutting age (weeks after
budbreak) and K-IBA concentration. Bold con-
tours are lower 99% mean confidence limits for
the maximum predicted response. Remaining
contours are at 10% (A and B) or 5% (C) in-
tervals from maxima. Models for the responses
are: (A) SIN -l (percent  rooting/100) ½ =
– 34.64 + 2.19X + 26.87Y – 0.06X 2 –
2.03Y 2 – 0.06XY; (B) SIN-1 (percent rooting/
100) ½ = –39.43 + 4.43X + 5.75Y – 0.15X2

– 0.15Y2 + 0.04XY; and (C) SIN-’ (percent
rooting/l00) ½ = – 2.81 + 1.91X + 2.21Y
– 0.09X2 – 0.03Y2 - 0.06XY, where X =
K-IBA concentration in g·liter-1 and Y = cut-
ting age (weeks after budbreak).
sponse was 76% rooting, which is predicted
to occur at concentrations >15 g·liter-1.
Maximum predicted percent rooting was 99%
for cuttings of larchleaf goldenweed taken 6
weeks after budbreak and treated with K-
IBA at 16 g·liter-1, 86% for cuttings of lit-
tleleaf ash taken at least 16 weeks after bud-
break and treated with 17 g·liter-1, and 24%
for cuttings of evergreen sumac taken at least
16 weeks after budbreak and treated with 5
g·liter -1. The lower 99% mean confidence
limits for the maximum response of larchleaf
goldenweed, littleleaf ash, and evergreen su-
mac were 92%, 67%, and 11% rooting, re-
spectively. For larchleaf goldenweed, this
response is predicted to occur in 5- to 8-
week-old cuttings treated with K-IBA at 6 to
25 g·liter-1 (Fig. 2). Corresponding values
for littleleaf ash and evergreen sumac are 12-
to at least 16-week-old cuttings treated with
10 to 25 g·liter-1 and 8-to at least 16-week-
old cuttings treated with <15 g·liter-1, re-
spectively. Rooting response of littleleaf ash
and evergreen sumac increased with increas-
ing cutting age, indicating the maxima might
be beyond 16 weeks.

Percent rooting was high for cuttings of
Mexican redbud, larchleaf goldenweed, and
littleleaf ash, but low and variable for ev-
ergreen sumac. Timing was most critical for
Mexican redbud; apparently, cuttings should
be taken as soon as possible after budbreak.
Timing was less critical for larchleaf gol-
denweed, but cuttings taken 5 to 8 weeks
after budbreak were still softwood because
the stem was still growing. Cuttings of lit-
tleleaf ash and evergreen sumac taken 12
weeks after budbreak, or later, were semi-
hardwood because growth had stopped and
the stem was firm. Cuttings of evergreen su-
mac taken between 8 and 12 weeks after
budbreak were not quite semi-hardwood be-
cause growth was continuing. Evergreen su-
mac also often begins a second growth flush
between 12 and 16 weeks after the initial
budbreak, and cuttings from this flush,
avoided in this test, would be softwood.

The geographical distributions of all four
species are characterized by highly isolated,
disjunct populations in a variety of habi-
tats—conditions suitable for ecotypic varia-
tion among populations. While this
experiment represented a limited genetic base
and future tests may be influenced by envi-
ronmental and cultural conditions, the results
nevertheless prove the potential for vegeta-
tive propagation of all four species and sug-
gest starting points for future endeavors such
as treating softwood cuttings of Mexican
redbud and larchleaf goldenweed, and semi-
hardwood cuttings of littleleaf ash with mod-
erate to high K-IBA concentrations and semi-
hardwood cuttings of evergreen sumac with
low K-IBA concentrations.

Literature Cited

Dirr, M.A. and C.W. Heuser, Jr. 1987. The ref-
erence manual of woody plant propagation: from
seed to tissue culture. Varsity Press, Athens,
Ga.

Duffield, M.R. and W.D. Jones. 1981. Plants for
dry climates. H.P. Books, Tucson, Ariz.
197



Hartmann, H.T. and D.E. Kester. 1975. Plant
propagation, principles and practices. 3rd ed.
Prentice-Hall, Englewood Cliffs, N.J.

Milbocker, D.C. 1983. Ventilated high humidity
propagation. Combined Proc. Intl. Plant Prop.
Soc. 33:384-387.

Milbocker, D.C. and R. Wilson. 1979. Temper-
ature control during high humidity propagation.
HORTSCIENCE 25(2):198-200. 1990.

Shoot Length Contr
(Paeonia suffruticosa
Uniconazole and Pac
Morihiko Hamada, Takashi Hosoki
Laboratory of Vegetable and Orname
Agriculture, Shimane University, Nish
Japan
Additional index words. growth retardant, tri

Abstract. Potted plants of ‘Taiyoh’ and ‘H
Andr.) were treated with a foliar spray of un
control. Uniconazole sprays at 25 or 50 ppm
length in both cultivars. The retarding effect 
at 25 ppm. Uniconazole treatment did not 
ering in either cultivar. Paclobutrazol spray
in reducing ‘Hanakisoi’ shoot length than un
ical names used: E-1-(4-chlorophenyl)-4,4
(uniconazole); (1RS, 3RS )-1-1-(4-chloroph
pentan-3-ol (paclobutrazol).

Tree peonies have long been cultivated as
garden landscape plants in the United States,
Europe, and Japan (Gratwick, 1979; Everett,
1981). Nearly 2 million plants are’ produced
in Japan every year and > 10% are shipped
to the United States (Hosoki, 1985). While
demand for garden plants decreased in the
past 10 years, consumers are purchasing more
potted plants or cut flowers (Hosoki, 1985).
Some tree peony growers are concentrating
on forcing potted plants or cut flowers (Ho-
soki et al., 1984) because of the high market
price ($10 to $20 per pot plant compared to
$3 to $4 per nursery plant). Tree peony is
propagated by grafting onto the herbaceous
peony (Paeonia lactiflora Pall.) and grown
for at least 2 years (Reath, 1979; Everett,
1981). The plants bloom in the spring on 3-
year-old shoots. Apical dominance of tree
peony is strong, since a solitary flower is
formed without branching on the top of the
current shoot (Everett, 1981). A major prob-
lem in pot flower production is control of
excessive shoot growth. In previous experi-
ments we conducted for 6 years, common
growth retardants, such as daminozide,
chlormequat, and ancymidol, did not retard
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iconazole or paclobutrazol for shoot length
 upon sprouting effectively reduced shoot

was greater in ‘Taiyoh’ than in ‘Hanakisoi’
influence flower diameter or days to flow-
s at 500 and 1000 ppm were less effective
iconazole sprays at 25 and 50 ppm. Chem-
-dimethyl-2-(l,2,4-triazol-l-yl)-l-pentan-3-ol
enyl)-4,4-dimethyl-2-(1,2,4-triazol-l-yl) -l-

shoot growth of tree peony at all or retarded
it only by 18% at best. This was inadequate
for commercial use.

New triazol growth retardants, such as
paclobutrazol (Wilfret, 1981) or uniconazole
(Ooshio et al., 1981), were investigated.
Paclobutrazol has been shown to retard shoot
growth of pot plants, such as Camellia hy-
brids, chrysanthemum, and zinnia (Wilkin-
son and Richards, 1988; Sanderson et al.,
1988; Cox and Keever, 1988). Uniconazole
(C15H18CIN3O), with a similar chemical for-
mula to paclobutrazol (C15H20ClN3O), has
been used for control of plant height in Ca-
mellia, Rhododendron, and azalea (Kiyo-
sawa and Hirata, 1986; Kunishige et al., 1985;
Shinozaki et al., 1987). In Camellia, uni-
conazole strongly reduced shoot growth; 50%
to 55% height reduction with a spray appli-
cation at 25 or 50 ppm when compared with
the control. In Rhododendron and azalea, the
reduction of shoot length was 20% to 37%.
In rice seedling tests, uniconazole strongly
retarded shoots when compared with paclo-
butrazol (Takeuchi et al., 1987).

The objective of the present study was to
investigate the control of shoot length of tree
peony using paclobutrazol and uniconazole.

All the experiments were conducted from
March to April, when flower forcing is most
frequently practiced among tree peony grow-
ers. A popular pink cultivar Hanakisoi (Flo-
ral Rivalry), grown at the Shimane Univ.
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field, was used to test paclobutrazol. Plants
were lifted and potted into plastic containers
(24 cm in diameter, 4.5 liters) containing a
sandy-soil medium mixed with 30% bark.
Plants were then grown in a glasshouse where
temperature set points were ≈ 22 to 27C/day
and 15 to 18 C/night. Plants were watered
almost every day.

For the paclobutrazol treatment, 500 and
1000 ppm aqueous solutions including 0.1%
surfactant (Tween-20) were sprayed on the
foliage three times, beginning when the bud-
ded sprouts were 3 cm long. Control plants
were sprayed only with water including O. 1%
surfactant, The second and third sprays were
applied 5 and 10 days after the first treat-
ment. Seven replicates were used for each
treatment. For the uniconazole treatment, a
red cultivar Taiyoh (Sun) and ‘Hanakisoi’
were used. Twenty-five and 50 ppm aqueous
solutions, including the surfactant, were
sprayed on the foliage twice at a 5-day in-
terval; the first spray when the sprout was 3
cm long. Seven and five replicates were used
for ‘Taiyoh’ and ‘Hanakisoi’, respectively.
For both chemical treatments, shoot length
at flowering, flowering rate, days to flow-
ering after treatment, flower diameter, and
phytotoxic injury to the leaves were re-
corded.

At flowering time, paclobutrazol treat-
ment on ‘Hanakisoi’ reduced shoot length
only by 18% with 500 ppm and by 17% with
1000 ppm when compared with the shoot
length (22 cm) of the control. Flowering was
not delayed by paclobutrazol treatments
compared with those of the control. Flower
diameter was not affected by the treatments
(13.3 cm at 500 ppm, 13.3 cm at 1000 ppm,
and 12.0 cm for the control). Leaf tips of
plants treated at 1000 ppm were wrinkled.
Plant root immersion into 200 or 400 ppm
aqueous solution for up to 36 hr before plant-

Table 1. Effect of uniconazole on shoot length
of ‘Taiyoh’ and ‘Hanakisoi’ tree peony.

Foliar-spray Shoot
concn length

Cultivar (ppm) (cm)
0 25.2

Taiyoh 25 17.8
50 15.2

Linear
0 2%

Hanakisoi 25
50

16.2
12.2

Linear *
NS,*Nonsignificant or significant at P = 0.05, re-
spectively.
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