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IBA, Juvenility, and Position on Ortets Influence
Propagation of Carolina Buckthorn from Softwood
Cuttings ?!

William R. Graves?
Department of Horticulture
lowa State University, Ames, IA 50011-1100

Abstract

Carolina buckthornRhamnus caroliniangValt.) has horticultural potential but is not often propagated or grown as a nursery cro;I). My
objective was to determine how three concentrations of indolebutyric acid (IBA) affect foliar quality of cuttings, callysndenel
and rooting of terminal and subtending softwood cuttings from both juvenile and mature stock plants (ortets). Twelve exgtings w
assigned to each of 12 factorial treatment combinations and held under intermittent mist for five weeks. Fewer than tt@frudtcutt
treated with IBA rooted. Rootirgj75% resulted when IBA at 3 or 8 g/kg (3000 or 8000 ppm) was applied unless the cuttings were from
terminal positions on mature ortets. High quality and dry weight of leaves were associated with subtending cuttingsutianiieere
and with terminal cuttings that were mature, but these foliar traits did not lead to particularly high rooting percentajjescultings
with IBA at 8 g/kg(8000 ppm) formed the most primary roots and developed root systems with the greatest weight, and dry weight of
roots on juvenile cuttings that were subtending (25.6 mg) was about four times that of juvenile, terminal cuttings (6e5lomgjesth
individual roots were on juvenile cuttings with IBA at 3 or 8 g/kg (3000 or 8000 ppm). Frequency of callus on the cutesnsg of st
decreased as IBA concentration increased and was 94 and 75%, respectively, for cuttings from juvenile and mature orédts. Nearly
cuttings with IBA at 3 or 8 g/kg (3000 or 8000 ppm) developed callus on wounds that had been made along the sides of fheér sfem
frequency of side callus was greater for juvenile, subtending cuttings than for juvenile, terminal cuttings; the opposiefovas| t
mature cuttings. These results confirm the sensitivity of stem cuttings of Carolina buckthorn to IBA. The data also dethmemnsteate
of subtending wood will improve rooting percentages of cuttings from mature ortets, and that use of subtending cuttivgsilieom|ju
plants and of IBA at 8 g/k@000 ppmwill increase the number and dry weight of roots.

Index words: IBA, juvenility, adventitious rooting, callus.

Significance to the Nursery Industry ft) in height (6). The species is native to the southeastern and
Consumers need additional stress-resistant taxa of treesSoUth-central United States, occurring as far north as extreme
and shrubs that are ornamental during multiple seasons Ofsou'ghern Ohio and central Missouri an_d south to central
the year. The value of speciesRiiamnud.. (buckthor), Florida and _southern Texas. Throughout its range, plan_ts are
introduced to North America from other continents, is re- found both in low areas near water and on elevated ridges
stricted by their potential to be invasive and by their roles in ar)((jj glades ((fS, 7)|' This suggestj_ the spe(ggs rpay tolerate a
the life cycles of diseases and insects. Although rarely found W!C€ range o r?olll m0|st.:1re conll itions, and its req.u%nt oc-
in commerce, a species native on soils of limestone origin in CU'"€Nce on shallow solis over Imestone (1 4, 7) indicates
North AmericaRhamnus carolinianéCarolina buckthorn, tolerance of high soil pH. Relatively little attention has been

Indian cherry, or polecat-tree), forms small trees with attrac- givef‘ to the h(_)rticultural po_te_ntial of Carolina k_)uckthorn,
tive foliage and fruit. The species might merit increased pro- 2nd its production appears limited to a few specialty nurser-
duction and use in the landscape if it can be propagated readily/®S Where plants are grown from seed (4). Its ornamental value

and confirmed to lack problems associated with other mem- M&Y lead to a demand for Carolina buckthorn. Along their
bers of its genus. This study demonstrates to potential propa_horlzontally stratified branches are borne glossy, dark green

gators of Carolina buckthom that application of indolebu- |€aves that become yellow, orange, and red in autumn (4).

tyric acid (IBA) to softwood cuttings, the developmental state Edually impressive are the copious, three-seeded drupes that
of plants from which cuttings are taken (juvenile vs mature), Progress from green to light yellow to coral-pink and red
and the position cuttings had been on the stock plants from P€fore becoming blueberry-blue to black when ripe in late

X : autumn (2, 4).
\év)tltg:rr]]ttgcer)g\(/)\/t(ianrgltaken (ortets) influence the frequency and Carolina buckthorn can be propagated by germinating

seeds (3, 4, 9), and there are reports of asexual propagation
by inducing roots on stem cuttings. Dirr and Heuser (3) re-

_ . ported up to 100% rooting on stem cuttings of Carolina buck-
Plants of Carolina buckthorRbamnus caroliniangValt.) thorn depending on the concentration of IBA applied. A simi-
form shrubs or small trees that may grow to about 11 m (35 |5r responsiveness of stem cuttings of the species to IBA was

suggested by Nokes (9). She stated that IBA at 3 or 5 g/kg

(3000 or 5000 ppm) will induce rooting of semi-hardwood
‘Received for publicatio®September 20, 2001; in revised foBecember cuttings but did not report data on the frequency of success.
11, 2001. I gratefully acknowledge the donation of plant material by L. Anella \\/hile promising, these reports lack statistical treatment of

and the technical assistance and data analysis provided by M.A. Kroggel .
and J.R. Stewart. Journal Paper No. J-19555 of the lowa Agriculture and the results, and they do not describe the developmental state

Home Economics Experiment Station, Ames, IA, Project No. 3603, and sup- (juvenile & matur?) of the ortet(s), the type [terminal vs Sub'
ported by Hatch Act and State of lowa funds. tending (sub-terminal)] and length of stems, nor the envi-

2Professor. ronmental conditions under which cuttings rooted. Because

Introduction
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of the apparent sensitivity of stem cuttings of Carolina buck-
thorn to IBA, and because both juvenility and how close the
wood had been to a primary apex of the ortet influence the
capacity to root cuttings of many woody species (5), my ob-
jective was to determine the effects of IBA, juvenility, and
position of the cutting wood on the ortet on callus develop-
ment and rooting of stem cuttings of Carolina buckthorn.

Materials and Methods

One three-year-old plant of Carolina buckthorn and 36 of
its full siblings were used as ortets. | considered the older
plant mature because it had flowered and developed the seed
from which | grew its siblings. The mature plant was grown
from a seed collected in 1998 from an indigenous plant in
Johnston Co., OK. The siblings were grown from seeds col-
lected from the mature plant in 2000, cold-stratified for three
months, and germinated in March, 2001. All plants were
grown in a common medium in individual containers in a
greenhouse in Ames, IA, without supplemental irradiance.
All ortets had been fertilized once per week with N at 10.8
mol-nT2 (150 ppm) from Peters Excel All-Purpose 21N—
5P,0,-20K,0 and Peters Excel Cal-Mag Special 15N—
5P,0.~15K,0 (Scotts, Marietta, GA). About 63% of the N

during treatments. Mean daily minimum/maximum air tem-
peratures during the treatment period were 20/31C (68/88F).
No supplemental irradiance was used, and rdd&during
the middle 5 hr of the photoperiod was 199 mmbhs2

Data were collected on August 23. The quality of foliage

on each cutting was rated as either 1, to represent dark green

leaves that lacked any reduction in apparent health, or 0,
which indicated some decline in apparent health, usually
slight chlorosis or red, pink, or orange color on at least one
leaf. Callus on the cut end of the stem and on the wounded

areas along the sides of the stem was noted. | considered a
gutting rooted if it had at least one root visible without mag-

nification. The number of primary roots on each cutting was
counted, and the length of the longest root was determined.
All roots and leaves were removed from each cutting, dried
at 67C (178F) for 2 days, and weighed. Data for all depen-
dent variables were subjected to analysis of variance
(ANOVA) for a completely randomized design, and least sig-
nificant difference (LSD) values at the 5% level of probabil-
ity were determined when appropriate. Individual cuttings
were experimental units. The main effects of juvenility, po-
sition of cutting on ortets, and concentration of IBA applied,
along with all potential interactions of these, were included

as terms in the model. Data expressed as percentages were
transformed to the arc sine of the square root before analy-
sis. Non-transformed data in percentages and corresponding
LSD values are shown. In all cases these were consistent
with results of analyses of transformed values.

was from the Cal-Mag Special fertilizer.

Cuttings were taken on July 19, 2001. Thirty-six terminal,
softwood cuttings, each with a 7-cm-long stem and an ac-
tively growing apex, were removed from the mature plant.
Thirty-six subtending cuttings of the same length were taken
from wood formed in 2001 that was basipetal to where the
terminal cuttings had been taken. In addition, one terminal
and one subtending cutting were removed from each of 36 Among the 12 factorial combinations of treatments, root-
juvenile siblings. Two wounds were made to opposing sides ing ranged from 0% (all cuttings on which no IBA was ap-
of the stem of all 144 cuttings by scraping off a 2-mm (0.08- plied except cuttings that were mature and subtending) to
in)-wide band of the epidermis on the basipetal 2 cm (0.8 92% [juvenile, terminal cuttings treated with IBA at 3 g/kg
in). Within each group (terminal/mature, subtending/mature, (3000 ppm)]. Two interactions, IBA x juvenility and juve-
terminal/juvenile, subtending/juvenile) of 36 cuttings, 12 nility x position cuttings had been on ortets, were significant
were assigned randomly to each of three concentrations [0,in the ANOVA for rooting percentage. Rooting was <10%
3, and 8 g/kg (0, 3000, and 8000 ppm)] of applied IBA. with no IBA, and was >60% with IBA at 8 g/k8000 ppm),
Rhizopon AA #2 and #3 (Phytotronics, Earth City, MO) were for cuttings from both juvenile and mature ortets (Fig. 1A).
applied to the basipetal 2 cm of each stem assigned to IBA atRooting percentage of juvenile cuttings (88%) exceeded that
3 (3000 ppm) and 8 g/kg (8000 ppm), respectively. of mature cuttings (17%) when cuttings were treated with

Each cutting was stuck singly into a plastic container that IBA at 3 g/kg (3000 ppm) (Fig. 1A). Cuttings from subtend-
was filled with coarse perlite (Strong-Lite, Seneca, IL). The ing positions on the mature ortet rooted at a higher percent-
perlite had been flushed with tap water, and a dibble was age than terminal cuttings from the mature ortet, but this was
used to create the holes into which stems were inserted. Eachnot true of juvenile cuttings (Fig. 2A).
container had drainage holes, a top diameter of 6 cm (2.4 in), All dependent variables that represented the size of root
was 8 cm (3.1 in) deep, and had a volume of 1602/ systems showed significant interactions of IBA and juvenil-
in®). The cut ends were 4 to 5 cm (1.6 to 2.0 in) below the ity, and trends in these variables were similar. Root number
surface of the perlite. In general, all leaves were retained on (Fig. 1B) and dry weight (Fig. 1D) were highest for cuttings
cuttings, but a basipetal leaf sometimes was removed if the from juvenile ortets treated with IBA at 8 g/&DP00 ppm),
blade could not be kept above the perlite after the stem waswhile IBA at 3 or 8 g/kg (3000 or 8000 ppm) on juvenile
inserted. Cuttings in the 12 treatment combinations (a 2 x 2 ortets maximized root length (Fig. 1C). Mature cuttings also
x 3 factorial of juvenility, position of cutting on ortets, and were responsive to IBA, but only when 8 g/kg (8000 ppm)
IBA) were randomly assigned to containers arranged in a was used (Fig. 1). Another interaction, juvenility x position
completely randomized design on a bench in a glass-glazedcuttings had been on ortets, existed for data on dry weight of
greenhouse. Tap-water mist from nozzles over the cuttings roots. Mean dry weight of roots on terminal and subtending
was delivered for 20 s every 15 min during the photoperiod mature cuttings and of terminal, juvenile cuttings was simi-
during the first two weeks of treatment. Frequency of mist larly low, while subtending, juvenile cuttings developed root
was reduced to every 20 min during the final three weeks of systems of higher weight (Fig. 2B). Data on rooting in Fig. 1
treatments (August 2 through August 23). A data logger represent both rooted and unrooted cuttings, thus providing
equipped with thermocouples and a model LI190SB quan- an inclusive representation of all experimental units. | also
tum sensor (LI-COR, Lincoln, NE) recorded air temperature computed means and standard errors after unrooted cuttings
and photosynthetically active radiatidPAR) every 15 min were excluded from the data set to illustrate the number of

Results and Discussion
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Fig. 1.  Influence of indolebutyric acid (IBA) on (A) rooting percent-
age, (B) number of primary roots, (C) the longest individual
root, and (D) the dry weight of roots formed on stem cuttings
of Rhamnus carolinianaafter five weeks under intermittent
mist. Each symbol represents a mean of 24 experimental units
(individual cuttings) that were collected from either multiple
juvenile ortets or their parent, one mature ortet. Analysis of
variance of each of these variables showed an interaction be-
tween the main effects of IBA and developmental state. Means
are averaged over values from cuttings that were at both ter-
minal and subtending positions on ortets. The vertical line for
each dependent variable represents Fisher’s least significant
difference (LSD) at the 5% confidence level.
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roots propagators can expect to achieve among their rooted

cuttings only. While only nine of the 12 juvenile, subtending
cuttings treated with IBA at 8 g/K§000 ppm) rooted, the
mean dry weight of roots from those nine cuttings was nearly
twice the root dry weight associated with the rooted cuttings
from any other treatment combination (Table 1).
Independent variables that influenced frequency of callus
formation differed depending on the location of the callus.
Frequency of callus on the cut end of stems was higher for
cuttings from juvenile (94%) than from mature (75%) ortets
(P > F = 0.0009). IBA decreased the frequency of terminal
callus; 92, 88, and 75% of cuttings treated with IBA at 0, 3,
and 8 g/kg (0, 3000, and 8000 ppm), respectively, had termi-
nal callus (LSD = 14%). A three-way interaction of IBA,
juvenility, and position cuttings had been on ortets existed

J. Environ. Hort. 20(1):57-61. March 2002

Fig. 2. (A) Rooting percentage, (B) dry weight of roots, (C) leaf qual-
ity rating, and (D) dry weight of leaves of terminal (unshaded
bars) and subtending (shaded bars) stem cuttings from both
juvenile and mature Rhamnus carolinianaafter five weeks
under intermittent mist. Leaves that were dark green and ap-
peared to have retained their health during treatment were
ascribed a quality rating of 1, whereas any change in color or
other indication of senescence led to a quality rating of 0. Analy-
sis of variance of each of these variables showed an interac-
tion between the main effects of developmental state and posi-
tion the cutting had been on the ortets. Cuttings were treated
with indolebutyric acid (IBA) at 0, 3, and 8 g/kg (0, 3000, and
8000 ppm). Each value is a mean of 36 experimental units (in-
dividual cuttings), 12 from each IBA treatment. The vertical
line for each dependent variable represents Fisher’s least sig-
nificant difference (LSD) at the 5% confidence level.
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Table 1.

Number of roots, length of the longest single root, and dry weight of all roots formed on softwood cuttingfRbfamnus carolinianain each of
the 12 factorial treatment combinations. Values for each dependent variable are means and standard errors (SE) representing dné
cuttings that formed at least one root. These data complement those in Fig. 1 and Fig. 2, which show means representing atiutédgs in

the experiment regardless of whether they rooted.

Mean and (SE) for rooted cuttings only

Developmental Position of IBA applied Rooted Root Longest Dry weight of
state of cuttings cutting on ortet [a/kg (ppm)] cuttings (n/12) no. root (mm) all roots (mg)
Juvenile Terminal 0 0) 0 0 0 0
Juvenile Terminal 3 (3000) 11 5 (1) 23 (4) 6 (2
Juvenile Terminal 8 (8000) 10 11 (2) 32 (5) 17 (4)
Juvenile Subtending 0 0) 0 0 0 0
Juvenile Subtending 3 (3000) 10 6 (2 33 (8) 34 (16)
Juvenile Subtending 8 (8000) 9 11 (3) 47 (10) 65 (24)
Mature Terminal 0 0) 0 0 0 0
Mature Terminal 3 (3000) 1 1 16 1
Mature Terminal 8 (8000) 5 3 () 8 (4 3 (1)
Mature Subtending 0 0) 1 6 4 9
Mature Subtending 3 (3000) 3 1 (0) 9 4 1 (1)
Mature Subtending 8 (8000) 10 9 (2 18 (4) 6 (2)

for data on the frequency of callus along the wounded sides nal and subtending mature cuttings had the highest and low-
of stems. Nearly all cuttings treated with IBA at 3 or 8 g/kg est mean leaf dry weight, respectively (Fig. 2D).
(3000 or 8000 ppm) developed lateral callus (Table 2). In  These results substantiate earlier reports of rooting stem
contrast to the results for terminal callus, lateral callus de- cuttings of Carolina buckthorn and provide new information
veloped at lower frequencies among cuttings not treated with on factors that influence rooting success. My finding that
IBA, and the effect of the position cuttings had been on ortets rooting can be accomplished with stem cuttings of this spe-
on side callus differed depending on juvenility. Frequency cies is consistent with earlier reports (3, 9). Dirr and Heuser
of lateral callus was greater for subtending cuttings than for (3) achieved up to 100% rooting of an unreported number of
terminal cuttings from juvenile ortets, but the opposite was cuttings from unspecified positions on ortet(s) of unreported
true for mature cuttings (Table 2). maturation state. Nokes (9) stated that semi-hardwood cut-
The quality ratings and dry weights of leaves on terminal tings collected late in the growing season could be rooted,
and subtending cuttings differed, and the pattern of differ- but she did not report the frequency of success. Both previ-
ence depended on whether the cuttings were juvenile or ma-ous reports are consistent with my findings concerning the
ture. Leaves on subtending cuttings from juvenile ortets and importance of IBA to rooting success. Nokes (9) recom-
on terminal, mature cuttings had the highest mean quality mended IBA at 3 to 5 g/K@000 to 5000 ppm), while Dirr
ratings, while the quality of leaves on terminal cuttings from and Heuser (3) reported 27, 97, and 100% rooting eight weeks
juvenile ortets was low (Fig. 2C). Leaves of all cuttings were after treatment with IBA in solution at 0, 1, and 5 gfig
dark green and undamaged when treatments began. Cuttingd000 and 5000 ppm), respectively.
that showed slight chlorosis or other changes in color devel-  This study demonstrates ways to increase the frequency
oped those symptoms during the latter half of the treatment and extent of rooting of Carolina buckthorn beyond the pre-
period. Leaves abscised from only two cuttings during treat- viously reported effectiveness of IBA applications (3, 9). The
ments, and each of those cuttings lost only one leaf. Termi- developmental state of the ortet (juvenile vs mature) and the
position of cuttings on the ortet affected the frequency of
rooting and the size of root systems. Ease of rooting com-

Table 2.  Percentage of stem cuttings ®hamnus carolinianathat de- monly is associated with juvenility (3, 5), and success with
veloped callus along the sides of the stems, which were  rooting stem cuttings from different positions on ortets has
o oo Voot 1S oogs  becn observed previously. For example, terminal oftwood
in each of the 12 factorial combinations %f three treatme?\t cuttings of 14-year-old trees @lea euro_paea_. (Ollve). .
main effects: IBA, juvenility, and position cuttings had been rooted at about half the frequency of cuttings from positions
on ortets. Analysis of variance showed a three-way interac- basipetal to the terminal wood (8), and rooting percentage of
tion of these main effectsR > F = 0.0013). The least signifi- stem cuttings o¥/accinium corymbosuitn (highbush blue-
f;”;gﬁﬁg;ﬁ@ sveh“gffg}lsaééwgyv(;'f?ee;r'ft ﬁjt’;gd values dif-  harry) increased as the origin of the cutting on ortets became

' more basipetal (10). The differences in rooting of terminal
Cuttings with callus along and subtending cuttings of Carolina buckthorn, and the de-
wounded sides of the stem (%) pendence of the pattern of this difference on juvenility, might
. be due to differences in carbohydrate status and/or chemi-
IBA applied Juvenile Mature cals that inhibit rooting or act as rooting co-factors in tissues
[g/kg (ppm)]  Terminal  Subtending Terminal  Subtending along the axis from the apex to the base of a shoot (3, 5).
Propagators seeking to achieve the highest rooting per-
g (308%)) %3;; 16070ba fgga Sga centages with softwood cuttings of Carolina buckthorn should
8 (3000) 1008 1002 1002 1008 collect cuttings from juvenile plants and treat them with IBA

in talc at 3 or 8 g/kg3000 or 8000 ppm); averaged over
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terminal and subtending cuttings, this resulted in 79 to 88% § 2. fDirr, M.A. 1998. l:/la?]ual of Woody Landscape Péanésngheir

i i i i _ Identification, Ornamental Characteristics, Propagation and U 5
rooting _(Fl_g. 1A). IBA at8 g/k(jBOOC_) ppm) on juven.|le cut- Stipes Publishing Co.. Champaign, IL.
tings will increase the number (Fig. 1B) and weight (Fig.
1D) of roots. The high leaf quality retained by subtending 3. Dirr, M.A. and C.W. Heuser, Jr. 1987. The Reference Manual of
cuttings from juvenile ortets (Fig. 2C) did not evoke a root- Woody Plant Propagation: From Seed to Tissue Culture. Varsity Press, Athens,
ing percentage higher than that of terminal, juvenile cuttings A
(Fig. 2A), but the dry weight of roots on subtending cuttings 4. Graves, W.R. 2001. Center-funded research at lowa State on two
(25.6 mg) was about four times that of terminal cuttings (6.5 native species. Landscape Plant News 12(3):2-6.
mg) (Fig. 2B). Thus, selection of only subtending cuttings 5. Hartmann, H.T., D.E. Kester, F.T. Davies, Jr., and R.L. Geneve. 1997.
from juvenile plants, along with use of IBA at 8 g(8§00 Plant Propagation: Principles and Practices. 6th ed. Prentice Hall, Upper
ppm),should maximize the extent of rooting. Use of only Saddle River, NJ.
subtending cuttings is particularly important when ortets are 6. Kurz, D. 1997. Shrubs and Woody Vines of Missouri. Missouri Dept.
mature because of the low rooting percentage of mature, ter-of Conservation, Jefferson City.
minal cuttings (Fig. 2A). IBA at no |_eSS th?-n 8 g/kg (8000 7. Little, E.L. 1980. The Audubon Society Field Guide to North
ppm) should be used on mature cuttings (Fig. 1). Subsequentamerican Trees Eastern Region. Alfred A. Knopf, New York.
research could address whether hl_gher Concentratlons. of I.BA’ 8. Loreti, F. and H.T. Hartmann. 1964. Propagation of olive trees by
use of different auxins, or alternative methods of application yooting eafy cuttings under mist. Proc. Amer. Soc. Hort. Sci. 85:257—264.

would be advisable. )
9. Nokes, J. 2001. How to Grow Native Plants of Texas and the

. . Southwest: Revised and Updated Edition. Univ. of Texas Press, Austin.
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