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Abstract. Stem cuttings of Arbutus andrachne L. were taken from basal or terminal
portions of branchesin October and treated with acid or salt forms of IBA or NAA at
several concentrations. Also, the effects of wounding and propagation medium were
assessed. Auxin was necessary for root formation, IBA acid being most effective. In
general, salt formsof IBA and NAA werelesseffectivethan acid forms. Concentration of
auxin had a significant effect on rooting regar dless of auxin type or chemical form. The
greatest rooting percentage, root number, length, and fresh and dry weights were
exhibited by basal cuttingstreated with 24 mm I BA. Position of the cutting on the branch
did not affect rooting except when the IBA acid form was used; basal cuttingswerethen
superior toterminal ones. Wounding, by makingtwo oppositelongitudinal incisionsat the
baseof thecutting, increased rooting. Thepropagation medium had a significant effect on
adventitiousr oot for mation, which wasenhanced with increasing perliteper centagein the
medium up to 100%. Chemical names used:1H-indole-3-butyric acid (IBA); a-

naphthaleneacetic acid (NAA).

Arbutus andrachne is an evergreen tree
found in pine and evergreen oak forests in
Jordan (Al-Tellawi, 1989). This tree has po-
tential use as alandscape plant because of its
ornamental features, which include twisted
stems and branches, |eathery evergreen foli-
age, ornamental flowers, decorativefruits, and
peeling reddish-brown bark. Tointroducethis
plant into the landscape industry, a feasible
propagation method should be developed.
Propagation of Arbutus menziesii Pursh.
(Hartmann et al., 1990) and Arbutusunedo L.
(Stuart, 1979) by stem cuttingsisdocumented.
However, to our knowledge, nowork hasbeen
done on propagation of A. andrachne by stem
cuttings. Therefore, the objective of thisstudy
wasto determinetheinfluence of type, chemi-
cal formulation, and concentration of auxinon
rooting of A. andrachne stem cuttings taken
from two branch positions. The effects of
wounding of cutting bases and propagation
medium on rooting were also assessed.

Materialsand Methods

Common procedures. Shoots 25-30 cm
long were collected from a25-year-old treein
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its natural habitat (32°11° to 32°24'N lat.,
35°36" to 35°54°E long., 960 m above sea
level, 574mmaverageannual rainfall). Shoots
were pooled, randomized, and trimmed just
below the lowest bud. From these shoots,
basal and terminal cuttings were prepared.
Cuttings were trimmed to three leaves, cut to
12 cm, and wounded, unless otherwise men-
tioned, by making two opposite longitudinal
incisions =2 cm long at the cutting base. The
basal 1 cm of each cuttingwasimmersedinthe
tested solution for 5 s. Cuttings were then
inserted to a 5-cm depth into a raised green-
house bench containing 1 sphagnum peatmoss
: 2 perlite (v/v), unless otherwise mentioned.
Cuttingsweremaintai ned under natural photo-
periodwith daily mist, whichwasoperated for
10 severy 15 min from 0800 to 1800 HRr. The
temperature of the propagation medium was
maintained at 24 + 2 °C and air temperature at
22+ 2°C.

Cuttingsweresprayedinitially and weekly
thereafter with alternating 1.8 g-L~* methyl 1-
(butylcarbamoyl)-2-benzimidazolecarbamate
(benomyl) (VAPCO, Amman, Jordan) and 2.4
g-Ltetrahydro-2-[(trichloromethyl)thiol ]-1H-
isoindole-1,3(2H)-dione (captan) (VAPCO).
The propagation medium was also drenched
with 0.3 g-L* benomy! before inserting cut-
tings.

For each experiment, 14 cuttings per treat-
ment were arranged in a completely random-
ized design. Two months after sticking cut-
tings, data were recorded on rooting percent-
age, androot number, length, andfreshanddry
weights. Cuttingswith aminimum of oneroot
at least 1 cm long were considered as rooted.
Root dry weight was determined by weighing
roots after oven drying at 70 °C for 48 h.

Datafor each experiment weresubjectedto

analysisof variance(ANOVA) using the Gen-
eral Linear Modelsprocedureusing SAS (Sta-
tistical AnalysisSystem) (SASInstitute, 1995).
Mean separation was performed using the
least significant difference (Lsp) method at P<
0.05. Percentagedatawerearcsinetransformed
before performing ANOVA.

Effectsof cutting position, and type, chemi-
cal formulation, and concentration of auxin.
Cuttingsweretakenfrom current season shoots
collected in October. The bases of basal and
terminal cuttings were dipped in solutions of
IBA (acid form) (5-48 mwm). Three other ex-
periments were conducted using NAA (acid
form), K-IBA, or K-NAA solutions at the
same range of concentrations. Reagent grade
auxin was dissolved in 50% ethanol for the
acid form or distilled water for the potassium
salt. A control treatment was included in
which cuttings were dipped in 50% ethanol
(for the acid form) or distilled water (for the
salt form).

Effect of wounding. Cuttings were taken
from previous season shoots collected in Feb-
ruary. Basal cuttings were wounded as previ-
ously mentioned; nonwounded cuttings were
used as a control. Cuttings were treated with
the acid form of IBA at 24 or 36 mm. The
former concentration was chosen since it re-
sulted in the greatest rooting percentage and
the latter because the cuttings were woodier
than those used in the previous experiment.

Effect of propagation medium. Cuttings
were taken from previous season shoots col-
lected in February. Basal cuttings were
wounded and treated with the acid form of
IBA at 24 or 36 mm. Cuttingswereinserted in
one of five propagation media: perlite; 1 sph-
agnum peatmoss : 3 perlite (v/v); 1 sphagnum
peatmoss: 1 perlite(v/v); 3sphagnum peatmoss
: 1 perlite (v/v); or vermiculite.

Results and Discussion

Effectsof cutting position, and type, chemi-
cal formulation, and concentration of auxin.
Auxinwasessential for promoting root forma-
tion in A. andrachne; cuttings in the control
treatmentsfailed to produce any roots regard-
less of cutting position. Maximum rooting
percentages for each cutting type and form of
auxin were as follows: 24 mm IBA (72% for
basal cuttings), 12 mm IBA (29% for terminal
cuttings), 24 mm NAA (14% for basal and
21% for terminal cuttings), 24 mm K-IBA
(21%for basal and 14%for terminal cuttings),
and 36 mm K-NAA (14% for both basal and
terminal cuttings). Auxinisessential for root-
ing of cuttings in several plant species (Al-
Sagri and Alderson, 1996; Carpenter and
Cornell, 1992; Erwin et al., 1997) but not
others (Hinesley et al., 1994; Maynard and
Bassuk, 1990). The acid form of IBA wasthe
most effective auxinin promoting root forma-
tionin the current study. Thereare conflicting
reports on the effectiveness of different aux-
ins, especially when comparing NAA and
IBA. Teklehaimanot et al. (1996) reported that
100 mg-L*NAA wasmoreeffectivethan IBA
at the same concentration in promoting root
formation onstem cuttingsof Parikabiglobosa
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(Jacq.) Benth. However, IBA wasmoreeffec-
tive than NAA when the concentration was
increased to 200 mg-L 2. In astudy with kiwi-
fruit[(Actinidiadeliciosa(A.Chev.) C.S.Liang
and A.R. Ferguson)], NAA was the most ef-
fective auxin in promoting rooting on stem
cuttings, whereas| BA hadlittleeffect (Testolin
and Vitagliano, 1987). Inthecurrent study, the
acidformsof IBA (maximum rooting of 72%)
and NAA (maximum rooting of 21%) were
more effective than the corresponding salts
(maximum rooting of 21% and 14% for K-
IBA and K-NAA, respectively). This may
have some commercia implications sincethe
salt forms are more expensive and less effec-
tive on a per weight basis than are the pure
compounds.

Since the acid form of IBA was the most
effective auxin in promoting root formation,
only resultsusing thisform will be discussed.
A significant interaction of cutting position
and | BA concentrationwasdetectedinrooting
response. Analysesof varianceperformed sepa-
rately on data for each cutting type indicated
significant effects of IBA concentration on
rooting percentagefor both basal (P <0.0001)
and termina (P < 0.01) cuttings (Fig. 1). As
concentration of IBA increased, rooting in-
creased up to 72% at 24 mm for basal cuttings
and 29% at 12 mm for terminal ones. Above
these concentrations, rooting percentage de-
creased until rooting was completely sup-
pressed at 48 and 36 mm for basal and terminal
cuttings, respectively. Furthermore, IBA con-
centration significantly affected root number
(P <0.0001), length (P < 0.001), fresh weight
(P<0.001), anddryweight (P<0.01) for basal
cuttings (Figs. 1 and 2). The sameroot param-
eters for terminal cuttings were also affected
(P <0.05) by IBA concentration (Figs. 1 and
2); the responses followed patterns similar to
those observed in rooting percentage. Auxin
concentration hasbeen reported to affect root-
ing of cuttingsin a number of woody species
(Al-Sagri and Alderson, 1996; Carpenter and
Cornell, 1992; Jull et al., 1994).

In the current study, basal cuttings treated
with 24 mm IBA acid rooted better and pro-
duced longer roots with greater fresh and dry
weightsthan did terminal ones(Figs. 1and 2).
Nodal positionontheshoot influencesrooting
of stem cuttings; medial and basal cuttings of
cabbage rose (Rosa xcentifolia L.) (Al-Sagri
and Alderson, 1996) and lateral cuttingsof old
southern magnolia(Magnolia grandifloraL.)
(Perry and Vines, 1972) rooted better than did
apical ones.

Effect of wounding. Rooting was signifi-
cantly affected by wounding (Table 1). Root-
ing percentage, root number, length, and fresh
and dry weights were almost three, six, 10,
eight, and eight times, respectively, asgreatin
wounded as in nonwounded cuttings. Treat-
ment with IBA at 24 mm produced more and
longer rootsthan did IBA at 36 mm (Table 1).
Basal wounding of cuttings was aso benefi-
cial for rooting of apple (Malus xdomestica
Borkh.) rootstock M.26 (Mackenzie et a.,
1986) and Parika biglobosa (Teklehaimanot
et al., 1996).

Effect of propagation medium. There was
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Fig. 1. Percent rooting, root number per cutting, and length of roots (cm) formed on A. andrachne basal and
terminal stem cuttings, asaffected by IBA concentration (mwm) and cutting position on thebranch. Mean
separation among al treatments by Lsp, P < 0.05.
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Fig. 2. Fresh (dotted line) and dry (solid line) weight of rootsformed per cutting on A. andrachne basal and
terminal stem cuttings, as affected by IBA concentration (mm) and position of cutting on the branch.
Mean separation among all treatments for each parameter by Lsp, P < 0.05.
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no interaction between medium and IBA con-
centration. Although rooting percentage was
not affected by IBA concentration, all other
root parameterswere(Table2). Cuttingstreated
with 24 mm IBA produced more and longer
roots with greater fresh and dry weights than
did those treated with 36 mm. The most effec-
tive media were perlite and 1 sphagnum
peatmoss: 3 perlite, in which 64% and 54% of
cuttings rooted, respectively. These propaga-
tion media also resulted in production of the
greatest root number, length, and freshand dry
weights. The least effective medium was ver-
miculite; asthepercentageof perliteincreased,
rooting response improved.

Inconclusion, A. andrachnemay bepropa-
gated by stem cuttings taken from the basal
portion of shootsin October, wounded at their
bases, treated with 24 mm IBA, andinserted in
perlite for 2 months.
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Vermiculite 11d 04c 1lc 15¢c 6¢C
Concn (mwm) (C)

24 44 34 13 188 85
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Significance

M * k% *k*k * k% *k*k * k%

C NS * * * *

M x C NS NS NS NS NS

“Mean separation within columns by Lsp, P < 0.05.

v " Nonsignificant or significant by P < 0.05 or 0.001, respectively.
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