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SUMMARY. Outdoor production of floricane-fruiting (FF) blackberry (Rubus sub-
genus Rubus) is problematic in the Northern Great Plains region of the United
States because cane injury and plant death will occur from exposure to temperatures
L15 �C and colder. An annual FF blackberry production system using hardwood
floricane cuttings would overcome some of the existing limitations of traditional
production methods. Several experiments were performed to induce adventitious
root formation from one-node hardwood floricane blackberry cuttings taken in
winter for the purpose of subsequent growth of a floral shoot. One-node hardwood
cuttings of multiple blackberry cultivars (Apache, Arapaho, Kiowa, Osage, Oua-
chita, Siskiyou, and Triple Crown) were evaluated for rooting potential with and
without auxin treatments. Root formation was virtually nonexistent for ‘Apache’,
‘Kiowa’, and ‘Triple Crown’ regardless of the auxin treatment. In general, lower
auxin concentrations and the powder formulation produced more roots and had
higher root ratings. However, rooting success of cuttings and plant development
was low regardless of the rooting method used. Adventitious root production of
one-node dormant hardwood FF blackberry cuttings for use in an annual pro-
duction system had low success regardless of the cultivar, auxin application, rate,
and formulation. The variable propagation success rates using single-node hard-
wood cuttings from ‘Apache’, ‘Arapaho’, ‘Kiowa’, ‘Osage’, ‘Ouachita’, ‘Siskiyou’,
and ‘Triple Crown’ plants grown in containers in North Dakota suggested
insufficient rooting success for the recommendation of this practice. Additionally,
the results suggested these cultivars are not suitable using this method for an annual
production system or as a means for large-scale propagation. Although this
approach to developing plants from cuttings is of great interest, without a more
effective FF blackberry cutting rooting method that can progress through fruit
production, an annual blackberry production system in the Northern Great Plains
region of the United States is unlikely.

F
loricane-fruiting blackberry do
not produce fruit in the North-
ern Great Plains region of the

United States unless the primocanes
are protected by somemethod such as
laying canes parallel to the ground
using a rotating cross-arm system
and rowcovers to protect from low
winter temperatures (Mettler and
Hatterman-Valenti, 2018). Even

under these protected conditions,
fruit production was generally low, re-
gardless of the cultivar. However, FF
blackberry could be grown in an
annual production system using dor-
mant hardwood cuttings when they
have achieved their chilling require-
ment for breaking physiological
dormancy. If hardwood cuttings
could be successfully rooted, then
greenhouse growers could produce

miniature (�30 cm long stems)
blackberry plants that develop a flower
shoot and fruit within several months.
Cuttings would be taken during the
dormant season to root, flower, and
fruit for an annual high-density
(�75,000 potted plants/acre) pro-
duction system that should produce
�5000 lb/acre local fruit during an
off-peak time (F. Takeda, unpub-
lished data).

Blackberry is typically propa-
gated from leaf-bud cuttings during
the summer and by tip-layering primo-
canes during late summer (Hartmann
et al., 2011; Takeda and Soria, 2011).
Other successful methods of commer-
cial blackberry propagation include root
cuttings and tissue culture (Caldwell,
1984;Hartmannet al., 2011).Attempts
to root hardwood cuttings of FF black-
berry have produced variable success
rates (Bray et al., 2003; Goncxalves
et al., 2012; Lopez-Medina andMoore,
1997; Takeda et al., 2011; Zimmerman
et al., 1980). There has been no con-
sensus regarding the best method of
rooting hardwood cuttings. Root initi-
ation on blackberry cuttings appears to
be cultivar-dependent regardless of the
methods used (e.g., cutting material,
time of collection, and auxin applica-
tion). Bray et al. (2003) used three
thornless cultivars (Apache, Arapaho,
andNavaho) and found that the rooting
response to auxin application to the cut
end of hardwood cuttings was variable
among cultivars. For ‘Apache’, the ap-
plication of 0.3% indole-3-butyric acid
(IBA) in water as a 1- to 3-s quick dip
caused an increase in root formation;
however, for ‘Arapaho’ and ‘Navaho’,
the treatment decreased root formation
compared with that of untreated cut-
tings. The study also found cuttings
rooted well using a method similar to
that of other studies involving hard-
woodcuttingsandplacingtheminapeat
perlite medium mix with intermittent
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misting. In contrast, Takeda et al.
(2011) developed a protocol for rooting
one-node hardwood cuttings without
using intermittent mist in a greenhouse
setting. Hardwood cuttings were taken
from ‘Siskiyou’ and ‘Triple Crown’
laterals after the canes had undergone
an outdoor dormancy period and axil-
lary buds had undergone floral bud
initiation and differentiated floral bud
primordia. One-node leafless cut-
tings were wrapped with moistened
paper towels and placed in a sealed
plastic bag under low light at room
temperature with weekly hand mist-
ing. Both cultivars produced adventi-
tious roots within 10 to 14 d, with
most of the roots forming at the base
of the bud. Soon after root formation,
a flower shoot emerged from the
axillary bud; �2 months later, the
flowers on the resulting miniature
plants (e.g., 30- to 50-cm-tall plants
with a single flower shoot) bloomed.
Similarly, Goncxalves et al. (2012)
used two-node floricane cuttings
from ‘Arapaho’, ‘Ouachita’, and ‘Kar-
aka Black’ to examine the cane posi-
tion (top, middle, and bottom)
influence on rooting and subsequent
flower and fruit production. These
findings indicated that cuttings of
FF blackberries taken during early
winter or even after flower bud dif-
ferentiation had occurred could suc-
cessfully produce a plant that initiates
flowers and then fruit.

The method of rooting hard-
wood blackberry cuttings developed
by Takeda et al. (2011) would be
ideal for annual production of FF
blackberry in the Northern Great
Plains region, where winter tempera-
tures cause severe cane injury and
dieback. By using one-node cuttings
from plants grown in nursery pots and
stored in a cooler, one could obtain
miniature plants for an annual pro-
duction system that is feasible in
northern climates. The poor rooting
success of hardwood cuttings could
be overcome by the application of
auxin, because it has been reported
to benefit rooting in some cases (Bray
et al., 2003; Lopez-Medina and
Moore, 1997).

Although previous studies have
researched the use of leafless one-
node or two-node floricane cuttings
for the purpose of subsequent flower-
ing and fruiting, the use of auxin has
not been fully explored in these in-
stances (Goncxalves et al., 2012;

Takeda et al., 2011). There are cur-
rently no widely accepted recom-
mendations for the use of auxin for
hardwood cuttings of blackberry, and
minimal research exists regarding
the appropriate form and concentra-
tion. Studies involving auxin used on
hardwood cuttings reported that it
was applied with an intermittent mist
in a greenhouse setting in the form
of a powder or liquid comprising
0.3% IBA (Bray et al., 2003; Lopez-
Medina and Moore, 1997). The roles
of different rates of IBA or applica-
tions of a different auxin hormone
group, such as 1-naphthaleneacetic
acid (NAA), have not been investigated
for hardwood blackberry cuttings.

The objective of this study was to
evaluate several methods of rooting
hardwood cuttings of FF blackberries
to be used in an annual production
system. Specifically, we examined the
effects of auxin, rooting environment,
cultivar, and age/growing location
of the mother plant (established
plants in-ground vs. young plants in
a cooler).

Materials and methods

GENERAL PROCEDURES. Several
experiments were performed in suc-
cession with dormant hardwood
blackberry cuttings (one cutting/
experimental unit) to examine the
effects of auxin, rooting environment,
cultivar, and plant age/growing loca-
tion on adventitious root production.
The objective of the first experiment
was to determine the effects of the
liquid auxin quick dip on adventitious
root production for multiple black-
berry cultivars in two different root-
ing environments. The objective of
the second experiment was to deter-
mine whether the age of the plant,
cultivar, rooting method, and auxin
concentration or formulation im-
pacted the production of adventitious
roots. The objective of the third
experiment was to determine if dif-
ferent auxin concentrations, types,
or formulations impacted adventi-
tious root formation when ‘Siskiyou’
was of two different plant ages. The
quick dip auxin treatments followed
traditional standards and consisted of
1000-ppm (0.1%), 3000-ppm (0.3%),
5000-ppm (0.5%), and 8000-ppm
(0.8%) liquid solutions of either
aqueous potassium salt IBA [K-IBA
(Sigma-Aldrich, Burlington, MA)]

mixed with distilled water or NAA
(Sigma-Aldrich) mixed with 50% eth-
anol and 50% distilled water as 10-s
dips of the basal end of the cuttings.
Auxin was also applied in powder
form as 0.1% IBA (Hormex No. 1;
Maia Products, Westlake Village,
CA), 0.3% IBA (HormexNo. 3;Maia
Products), and 0.8% IBA (Rhizopon
AA #3; Hortus USA Corp., New
York, NY), with cuttings dipped in
tap water before being dipped in the
powder. An untreated control group
was also established in which cut-
tings were only dipped in tap water.
All cuttings were �1.5 inches long
and were treated with a captan fun-
gicide dip for 2 min at a concentra-
tion of 0.98 lb a.i. per 100 gallons of
water (Captan 50 Wettable Powder;
Arysta LifeScience, Cary, NC) before
auxin application. To evaluate the
rooting method, half of the cuttings
for Expt. 1 and Expt. 2 were placed in
a medium mixture of one part peat
(Sunshine Canadian Sphagnum Peat
Moss; Sun Gro Horticulture, Aga-
wam, MA) to one part perlite (Hor-
ticultural Grade Perlite Coarse;
Perlite Vermiculite Packing Indus-
tries, North Bloomfield, OH) by
volume. Cuttings for Expt. 1 were
placed in 2.5-inch square plastic pots
(2.5 Kord Traditional Square Pot;
The H.C. Co., Middlefield, OH),
whereas cuttings for Expt. 2 were
placed in 1206 cell packs (T.O. Plas-
tics, Clearwater, MN). Care was
taken to ensure that the bud on the
cuttings was not buried beneath the
surface of the medium. The other
half of the cuttings for Expt. 1 and
Expt. 2 and all the cuttings for Expt.
3 were placed between moistened
paper towels, as reported by Takeda
et al. (2011). All cuttings located in
both the medium and the paper
towels were then placed in plastic
bags that were kept open 1 inch for
air ventilation and subjected to low
light conditions (15 mmol�m–2�s–1)
on a light bank grow cart in a labora-
tory room with an 8-/16-h day/
night cycle. The cuttings were held
at room temperature (72 �F) and
misted weekly with tap water to
maintain moisture levels.

Cuttings were analyzed for ad-
ventitious root formation at the base
of the bud and stem after 2 weeks.
Cuttings in the medium were care-
fully removed from their pots, and
excess media that did not fall away was

• June 2019 29(3) 277



removed with water from a squirt
bottle. For each cutting, the number
of adventitious roots ‡2 mm and the
length of the roots were recorded.
Cuttings were also given a root de-
velopment rating of 0–5: 0 = dead; 1 =
no callus or roots; 2 = callus forma-
tion; 3 = few short roots; 4 = moder-
ate well-developed roots; and 5 =
many extensive roots. The number
of rooted cuttings (cuttings that con-
tained at least one root ‡2 mm) was
also determined. Data were analyzed
using PROC MIXED (SAS version
9.3; SAS Institute, Cary, NC). A
square root transformation was used
for data (root length, root number,
and root rating + 1) when more than
one-third of the values were zero.
Percentage data were transformed
using the arcsine square root trans-
formation method. Data were ana-
lyzed as a combined analysis when
repeated experiment error mean
squares differed by less than a factor
of 10 and were considered homoge-
nous. Means were separated, when
appropriate, using a pairwise t test
(P £ 0.05). Means were presented as
untransformed data. Tests of simple
effects were performed using the
SLICE function in SAS (SAS Insti-
tute) for significant interactions to
evaluate the cultivars and auxin con-
centrations for each rooting method.

EXPT. 1. The objective was to
determine which cultivar in combina-
tion with the auxin concentration and
rooting method produced the best
rooting for one-node hardwood cut-
tings taken from 1-year-old plants
grown in 3-qt nursery containers in
the field from 1 Apr. to 31 Oct. and
then moved to a 38 �F cooler on the
North Dakota State University campus
in Fargo [NDSU (lat. 46�87#59$N,
long. 96�78#17$E)]. The six black-
berry cultivars used included the
erect, thornless cultivars Apache
(Clark and Moore, 1999), Arapaho
(Moore and Clark, 1993), Osage
(Clark, 2013), and Ouachita (Clark
and Moore, 2005), the semi-erect,
thorny cultivar Kiowa (Moore and
Clark, 1996), and the semi-erect,
thornless cultivar Triple Crown
(Galletta et al., 1998). In Nov. 2014,
plants were placed in a walk-in cooler
set at 38 �F to satisfy the chilling re-
quirement; more than 2500 h of chill-
ing (temperatures <45 �F) (Crandall,
1995) had been achieved when the
experiment was started, which was

sufficient for all cultivars used. The
rooting hormone auxin (K-IBA) was
applied to cuttings at rates of 1000,
3000, 5000, and 8000 ppm as a liquid
quick dip in Feb. 2015. The experi-
mental design for this study was a ran-
domized complete block design with
seven replications arranged as a 6 · 5 ·
2 factorial (6 cultivars, 5 auxin treat-
ments, and 2 rootingmethods), which
was repeated.

EXPT. 2. Following poor rooting
with many of the cultivars examined
during Expt. 1, a second experiment
was initiated to determine whether
age of the plant, cultivar, rooting
method, and auxin concentration or
formulation influenced adventitious
root formation of one-node hard-
wood blackberry cuttings. The two
FF blackberry cultivars evaluated in-
cluded the thorny, trailing Siskiyou
(Finn et al., 1999) and the thornless,
semi-erect Triple Crown. Cuttings
were taken from plants established in
2002 that were growing at the U.S.
Department of Agriculture, Agricul-
tural Research Service, Appalachian
Fruit Research Station in Kearneysville,
WV [USDA-ARS (lat. 39�37#06$N,
long. 77�90#79$E)], in Jan. 2015
and 2016. The cuttings were �1.5
inches long, with the bud located in
the center of the cutting. They were
treated with the same captan fungi-
cide dip as previously described,
wrapped in moistened paper towels
placed in sealed plastic bags, and
shipped overnight in an insulated
foam shipping box to NDSU. Cut-
tings were also taken from 2- and 3-
year-old plants grown in 3-qt nursery
containers in the field from 1 Apr. to
31 Oct.; then, they were moved to
a 38 �F cooler at NDSU to satisfy the
chilling requirement; more than
1400 h of chilling had been achieved
at the start of the experiment. Cut-
tings from both locations were taken
at a time when it was ensured that the
number of chilling hours required for
all cultivars had been performed. The
stem lengths of the cuttings were
similar and received the same fungi-
cide treatment as those from USDA-
ARS. The rooting hormone auxin was
applied at 1000 ppm and 3000 ppm
as a K-IBA liquid quick dip and as
0.1% and 0.3% IBA powder. The
experimental design was a random-
ized complete block design arranged
as a split plot, with the whole plot
consisting of the two rooting

methods and the subplot consisting
of a 2 · 2 · 5 factorial of cultivars,
plant age, and auxin concentrations
with four replications; this was re-
peated the following year.

EXPT. 3. Following poor rooting
with many of the cultivars examined
by Expt. 1, another experiment was
initiated to determine if different auxin
concentrations, types, or formulations
had an impact on adventitious root
formation of one-node hardwood cut-
tings of ‘Siskiyou’ with two different
plant ages. In Jan. 2016, cuttings were
taken from USDA-ARS and NDSU
plants described for Expt. 2.

The rooting hormone auxin was
applied as an IBA powder at 0.1%,
0.3%, and 0.8%, and also as both K-
IBA and NAA quick dips at rates of
1000 ppm, 3000 ppm, 5000 ppm,
and 8000 ppm. The experimental
design was a randomized complete
block design with a 2 · 12 factorial (2
plant ages and 12 auxin concentra-
tions) with 4 replications, which was
repeated.

Results

EXPT. 1. Repeated experiments
were found to be homogenous; there-
fore, they were combined for analysis.
The interaction of the cultivar and
auxin treatment was significant for
root rating. The majority of roots
measured were formed at the base of
the bud (Fig. 1). The overall observed
trend was that increasing auxin con-
centrations led to decreased root rat-
ings; the root rating with 8000 ppm
IBA was lower than the root rating
with 1000 ppm IBA for all cultivars
(Table 1). Root ratings fromuntreated
cuttings were similar to those treated
with 1000 ppm IBA for all cultivars
except Osage, suggesting that auxin
treatments did not increase rooting at
2 weeks for most cultivars.

A three-way interaction among
the rooting method, cultivar, and
auxin treatment was significant for
the percent of cuttings rooted, root
number, and root length; therefore,
the cultivar–auxin interaction was
evaluated for each rooting method.
No differences in the percent of cut-
tings rooted, root number, and root
length were found with the paper
towel method for auxin concentra-
tions or cultivars (data not shown)
that had extremely low rooting suc-
cess. Untreated ‘Osage’ cuttings in
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the peat perlite mixture had higher
rooting percentages compared with
when they were treated with auxin
(Table 2). Only ‘Arapaho’ cuttings
quick-dipped in either 1000 ppm or
3000 ppm IBA produced roots,
whereas ‘Ouachita’ cuttings quick-
dipped in 1000 ppm IBA produced
more roots than that of any other
auxin treatment or untreated cut-
tings. ‘Triple Crown’, ‘Apache’, and
‘Kiowa’ cuttings had very limited
rooting success regardless of whether
auxin was applied (data not shown).

Root number results mimicked
the root length results; therefore,
only root length results are discussed.
With the peat perlite mixture, ‘Arap-
aho’ and ‘Ouachita’ cuttings pro-
duced longer roots with 1000 ppm
IBA, whereas ‘Osage’ cuttings only
produced roots with no auxin appli-
cation (Table 2). The auxin concen-
tration did not influence the root
length for ‘Triple Crown’, ‘Apache’,
or ‘Kiowa’ cuttings because very
few roots were produced (data not
shown).

EXPT. 2. Repeated experiments
were found to be homogenous; there-
fore, they were combined for analysis.
No differences were found between
cultivars or plant ages for any of the
variables measured (data not shown).
The interaction between auxin treat-
ments and the rooting method was
significant across cultivars for the
number of roots produced and the
root rating (Table 3).

Cuttings in the peat perlite mix-
ture treated with either 0.1% or 0.3%
IBA powder producedmore roots than

Table 1. Effects of the cultivar and auxin treatment [indole-3-butyric acid (IBA)] on the root rating for adventitious root
production of one-node hardwood blackberry cuttings for six cultivars in both a peat perlite medium mixture and a damp
paper towel after 2 weeks in a rooting environment.z

Auxiny

Root rating (0–5 scale)x

Apache Arapaho Kiowa Osage Ouachita Triple Crown

Untreated 1.7 aw 2.0 ab 1.4 a 1.7 a 2.0 ab 2.0 a
1000 ppm IBA quick dip 1.4 ab 2.2 a 1.2 ab 1.1 b 2.2 a 1.7 ab
3000 ppm IBA quick dip 1.1 bc 2.0 ab 0.6 c 1.1 b 1.9 abc 1.6 bc
5000 ppm IBA quick dip 1.1 bc 1.9 abc 1.2 ab 0.6 c 1.7 abc 1.0 d
8000 ppm IBA quick dip 0.7 cd 1.5 c 0.7 c 0.4 c 1.4 d 0.5 e
zCuttings were held in the auxin liquid quick dip for 10 s. Untreated cuttings were dipped in water. Cuttings were either placed in a peat perlite mediummixture or wrapped in
damp paper towels. All cuttings were placed in a plastic bag to maintain a humid environment. The majority of roots measured were formed at the base of the bud.
y1 ppm = 1 mg�L–1.
x0 = dead; 1 = no callus or roots; 2 = callus formation; 3 = few short roots; 4 = moderate well-developed roots; 5 = many extensive roots.
wMeans followed by the same letter within each cultivar are not significantly different according to a pairwise t test (P > 0.05).

Table 2. Effects of cultivar and auxin treatment [indole-3-butyric acid (IBA)] on the percent of cuttings rooted and live root
lengths for adventitious root production of one-node hardwood blackberry cuttings for three cultivars in a peat perlite
medium mixture after 2 weeks in a rooting environment.z

Auxiny

Rooted (%) Live root length (cm)y

Arapaho Osage Ouachita Arapaho Osage Ouachita

Untreated 0 cx 23 a 0 c 0.00 c 0.29 a 0.00 b
1000 ppm IBA quick dip 17 b 0 b 35 a 0.24 a 0.00 b 0.37 a
3000 ppm IBA quick dip 27 ab 0 b 6 bc 0.15 b 0.00 b 0.03 b
5000 ppm IBA quick dip 0 c 0 b 15 b 0.00 c 0.00 b 0.03 b
8000 ppm IBA quick dip 0 c 0 b 0 c 0.00 c 0.00 b 0.00 b
zCuttings were held in the auxin liquid quick dip for 10 s. Untreated cuttings were dipped in water. Cuttings were either placed in a peat perlite medium mixture or were
wrapped in damp paper towels. All cuttings were placed in a plastic bag to maintain a humid environment. The majority of roots measured were formed at the base of the bud.
y1 ppm = 1 mg�L–1, 1 cm = 0.3937 inch.
xMeans followed by the same letter within the same cultivar are not significantly different according to a pairwise t test (P > 0.05).

Fig. 1. Photographs of the rooting scale for the one-node hardwood blackberry cuttings after 2weeks in a rooting environment
(left to right): 1 = no callus or roots; 2 = callus formation; 3 = few, short roots; 4 =moderate well-developed roots; and 5 =many
extensive roots.
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cuttings that received liquid auxin
treatments or untreated cuttings. This
was in contrast with the paper towel
method, for which untreated cuttings
produced more roots than cuttings
treated with auxin. Root rating results
showed that untreated cuttings in the
peat perlite mixture had a lower root
rating compared with cuttings that re-
ceived the 0.3% IBA powder treatment.
With the paper towel method, cuttings
treated with either 0.1% or 0.3% IBA
powder or untreated cuttings had
a higher root rating compared with
cuttings that received the 3000-ppm
IBA quick dip.

EXPT. 3. Repeated experiments
were found to be homogenous; there-
fore, they were combined for analysis.
Cuttings taken from older material
from USDA-ARS were found to have
a significantly higher rooting percent-
age (22%) than those taken from youn-
ger material from NDSU (15%) after 2
weeks across all auxin treatments.
However, because the plant material
with two different ages came from
different locations, the impacts of plant
age and location on rooting could not
be determined. Cuttings treated with
either 0.1% or 0.3% IBA powder pro-
duced more roots than did untreated
cuttings or cuttings treated with either
liquid IBA or NAA (Table 4). Root
length results were somewhat similar,
with cuttings treated with 0.1% IBA
powder producing longer roots com-
pared with untreated cuttings or cut-
tings treated with either liquid IBA or
NAA, regardless of the concentration.
Cuttings treated with 0.1%, 0.3%, and
0.8% IBA powder as well as untreated
cuttings had higher root ratings

compared with cuttings that were
quick-dipped in liquid. This was sim-
ilar to what was observed during Expt.
2, with 0.3% IBA having a higher root
rating than the 3000 ppm IBA using
the paper towel method. It can be
suggested that increasing auxin con-
centrations tended to result in lower
root ratings, even across auxin types.
The percent of cuttings that rooted
was highest for cuttings treated with
0.1% IBA powder, followed by the
untreated cutting and cuttings treated
with 0.3% or 0.8% IBA powder.
Cuttings that received either liquid
IBA or NAA had the lowest rooting
percentage.

Discussion

EXPT 1. With both rooting
methods, most cultivars did not re-
spond well to higher auxin concen-
trations in regard to rooting. Similar
results were observed among all vari-
ables; higher auxin concentrations
yielded poor results for cultivars that
actually produced roots. Hartmann
et al. (2011) stated that higher con-
centrations of auxin can have delete-
rious effects on cuttings and can cause
death, but the concentrations used in
the current study were not unusually
high for hardwood cuttings. Busby
and Himelrick (1999) recommended
a range of 3000 to 8000 ppm liquid
dips for rooting softwood cuttings of
blackberry and did not mention the
deleterious effects on cuttings with
higher concentrations. However, their
quick dip was performed for only for
5 s; during this experiment, the quick
dip was performed for 10 s. The

additional length of time in the auxin
solution may have been harmful at
higher concentrations, or dormant
cuttings may have been more sensi-
tive to higher auxin concentrations.

The greater rooting success of
‘Arapaho’ and ‘Ouachita’ compared
with ‘Apache’ and ‘Kiowa’ was some-
what surprising because all are erect
cultivars and are typically propagated
via root cuttings (Caldwell, 1984).
The use of a trailing type of blackberry
in this experiment may have resulted
in even better rooting success because
they are commonly propagated by tip
layering and can easily produce ad-
ventitious roots (Caldwell, 1984;
Crandall, 1995). However, Goncxalves
et al. (2012) found that ‘Ouachita’
rooted better compared with ‘Arap-
aho’, and that ‘Ouachita’ rooted just
as well as the trailing cultivar Karaka
Black. Additionally, Lopez-Medina
and Moore (1997) found that ‘Arap-
aho’ had the highest rooting success
compared with three other erect cul-
tivars; none of these was evaluated
during this experiment.

These results indicated that the
peat perlite mixture tends to produce
more desirable results than using pa-
per towels as a rooting environment.
However, more resources and space
would be required for the peat perlite
mixture method; therefore, a grower
would have to weigh the pros and
cons of each method for a specific
cultivar to determine if the costs
would outweigh the benefits. ‘Triple
Crown’, ‘Apache’, and ‘Kiowa’ had
very limited rooting success with
or without auxin. This was contrary
to the results of Bray et al. (2003),

Table 3. Effects of auxin treatment [indole-3-butyric acid (IBA)] and rooting method on root length, root number, root
rating, and percent of cuttings rooted for adventitious root production of one-node hardwood ‘Triple Crown’ and ‘Siskiyou’
blackberry cuttings rooted after 2 weeks in a rooting environment.z

Auxiny

Rooted (%) Roots (no.)x Root length (cm)y Root rating (0–5 scale)w

Peat
perlite

Paper
towel

Peat
perlite

Paper
towel

Peat
perlite

Paper
towel

Peat
perlite

Paper
towel

Untreated 22 21 0.9 du 1.8 a 0.25 0.10 1.9 bc 2.1 ab
0.1% IBA powder 28 36 2.2 ab 1.1 b 0.42 0.12 2.0 ab 2.1 ab
0.3% IBA powder 42 38 2.5 a 1.2 b 0.41 0.14 2.3 a 2.1 ab
1000 ppm IBA quick dip 29 18 1.2 cd 0.6 c 0.26 0.09 2.0 ab 1.9 bc
3000 ppm IBA quick dip 29 17 1.5 c 0.2 d 0.32 0.02 2.0 ab 1.5 c
Significance NS NS * * NS NS * *
zCuttings were either dipped in water and then auxin powder or held in the auxin liquid quick dip for 10 s. Untreated cuttings were dipped in water. Cuttings were either placed
in a peat perlitemediummixture or wrapped in damp paper towels. All cuttings were placed in a plastic bag tomaintain a humid environment. All roots measuredwere formed at
the base of the bud.
y1 ppm = 1 mg�L–1, 1 cm = 0.3937 inch.
xCutting that contained at least one root ‡2 mm (0.08 inch).
w0 = dead; 1 = no callus or roots; 2 = callus formation; 3 = few short roots; 4 = moderate well-developed roots; 5 = many extensive roots.
uMeans within the same column followed by the same letter are not significantly different according to a pairwise t test (P > 0.05).
NS, * Nonsignificant or significant at P £ 0.05, respectively.
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who reported that the best rooting
occurred for ‘Apache’ with 0.3%
auxin treatment and that rooting of
‘Arapaho’ decreased with the applica-
tion of 0.3% auxin. The low root
numbers indicated that this experi-
ment had a low success rate regardless
of cultivar, auxin, or rooting method,
especially when compared with simi-
lar studies of hardwood cuttings
(Bray et al., 2003; Goncxalves et al.,
2012; Takeda et al., 2011; Zimmer-
man et al., 1980). However, these
other studies involved hardwood cut-
tings from main stems and laterals of
established plantings, not young
plants maintained in nursery con-
tainers, which may have had a role in
their limited success. Goncxalves et al.
(2012) reported that the rooting per-
centage of two-node cuttings taken
from the top one-third of ‘Ouachita’
plants (>2 m) was approximately
three-times greater than that of the
cuttings taken from the bottom one-
third of the plants (0–1 m). Unfortu-
nately, the plant and stem size of the
young containerized plants used in
the current study were reduced; most
stems were only 1 m in length, with
short, thin laterals. Annual blackberry
production systems in northern cli-
mates will require mother plants to
be grown in containers because in-
jurious low temperatures often occur

in November, before the required
chilling is fulfilled.

EXPT. 2. Similar rooting by
‘Siskiyou’ and ‘Triple Crown’ was
not expected because Takeda et al.
(2011) reported that ‘Siskiyou’ pro-
duced higher rooting percentages
than ‘Triple Crown’ in similar exper-
iments. In the current study, all of the
roots formed at the base of the buds
of one-node cuttings, consistent with
the results of Takeda et al. (2011),
whereas Zimmerman et al. (1980)
reported that roots formed at the base
of the cut end and the bud placed
below the medium of three-node
hardwood cuttings. This phenome-
non seems to occur only with hard-
wood cuttings and is not fully
understood. Greater root numbers
and root ratings for cuttings that re-
ceived 0.1% or 0.3% IBA powder in
the peat perlite mixture strengthened
the results reported by Bray et al.
(2003), who used a similar rooting
method, regarding root ratings for
‘Apache’ and ‘Navaho’.

EXPT. 3. The use of plants with
two different ages was performed to
determine whether the age of the
plants fromwhich cuttings were taken
or the way in which they were grown
had an impact on adventitious root
production. Lowwinter temperatures
result in cane injury; therefore, the

ability to store plants in a cooler
would be valuable for an annual pro-
duction system in northern climates.
However, because the plants with two
different ages were from different
locations, it could not be determined
whether the age of the plants or the
location from which they came im-
pacted rooting.

The goal of this experiment was
to determine the best auxin treatment
for adventitious rooting in ‘Siskiyou’,
which is a cultivar that was reported
by Takeda et al. (2011) to have good
hardwood rooting success, even into
January. It is possible that rooting
success for this cultivar was lower than
that reported by Takeda et al. (2011),
because the cuttings from USDA-
ARS were not placed in a rooting
environment the same day that they
were cut. The general trend observed
was that the untreated and powder
form of auxin performed better than
the liquid quick dips. Hartmann et al.
(2011) noted that the liquid quick
dips generally performed better than
powder auxins of similar concentra-
tions because the powder did not
adhere very well to the cuttings,
resulting in variable concentrations
of the auxin being applied to the
cuttings. However, they also men-
tioned that, although not common,
powder-based auxins have been
found to be more successful than
liquid dips in certain instances. This
may also be the case with hardwood
blackberry cuttings; however, during
Expt. 2, no differences were found
between the liquid and powder auxin
of similar concentrations regarding
root length or percent rooted. Be-
cause ‘Siskiyou’ cuttings treated with
the lowest auxin powder treatment
(0.1% IBA powder) increased the
rooting percentage, root number,
and root length compared with the
untreated cuttings, even lower auxin
concentrations may be required to
increase adventitious root production
of hardwood blackberry cuttings.

Additional experiments other
than these three were conducted,
but they were not reported here
because the results were of no signif-
icance or the cuttings died. Consid-
ering that two nodes might produce
two flower shoots per rooted cutting,
the use of two-node cuttings com-
pared to one-node cuttings was eval-
uated; however, none of the cuttings
produced roots. Different rooting

Table 4. Effects of auxin treatment [indole-3-butyric acid (IBA), 1-
naphthaleneacetic acid (NAA)] on root length, root number, root rating, and
percent of cuttings rooted for adventitious root production of one-node
hardwood cuttings of ‘Siskiyou’ blackberry after 2 weeks in a rooting
environment.z

Auxiny
Rooted
(%)

Root
length (cm)y

Root rating
(0–5 scale)x

Roots
(no.)w

Untreated 44 bv 0.09 b 2.19 a 0.50 bc
0.1% IBA powder 69 a 0.19 a 2.56 a 2.05 a
0.3% IBA powder 38 b 0.14 ab 2.13 a 1.62 a
0.8% IBA powder 38 b 0.11 b 2.19 a 1.44 ab
1000 ppm IBA quick dip 6 c 0.01 c 1.63 b 0.13 c
3000 ppm IBA quick dip 13 c 0.04 c 1.50 b 0.31 c
5000 ppm IBA quick dip 6 c 0.01 c 1.38 b 0.06 c
8000 ppm IBA quick dip 0 c 0.00 c 0.81 cd 0.00 c
1000 ppm NAA quick dip 6 c 0.01 c 1.31 b 0.13 c
3000 ppm NAA quick dip 0 c 0.00 c 1.19 bc 0.00 c
5000 ppm NAA quick dip 0 c 0.00 c 0.69 d 0.00 c
8000 ppm NAA quick dip 0 c 0.00 c 0.38 d 0.00 c
zCuttings were held in the auxin liquid quick dip for 10 s. Untreated cuttings were dipped in water. Cuttings were
wrapped in damp paper towels. All cuttings were placed in a plastic bag to maintain a humid environment. The
majority of roots measured were formed at the base of the bud.
y1 ppm = 1 mg�L–1, 1 cm = 0.3937 inch.
x0 = dead; 1 = no callus or roots; 2 = callus formation; 3 = few short roots; 4 = moderate well-developed roots; 5 =
many extensive roots.
wCuttings that contained at least one root ‡2 mm (0.08 inch).
vMeans followed by the same letter within a column are not significantly different according to a pairwise t test (P >
0.05).
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media were evaluated, including Oasis
cubes (Oasis Rootcubes; Oasis Grower
Solutions, Kent, OH), sand, and per-
lite, in addition to the paper towel and
peat perlite mixture. However, no
differences were found for these me-
dia, and the overall rooting success
was low. Additionally, ‘Triple Crown’
and ‘Siskiyou’ cuttings from 12- and
2-year-old mother plants were evalu-
ated with NAA quick dip compared
with IBA quick dip with two different
concentrations, but no rooting differ-
ences were found.

Although data regarding shoot
formation and growth in these exper-
iments were not presented, it was
noted that most of the cuttings did
break bud and produce a shoot, even
though no roots were produced.
These shoots eventually died because
they had no means to take up water
and nutrients, or they desiccated
quickly when removed from the hu-
mid rooting environment. Cuttings
were held in the same environment
for an additional 2 weeks during some
studies to see if rooting improved;
for example, Takeda et al. (2011)
reported transplanting cuttings after
4 weeks. However, the longer the
cuttings were held in the rooting
environment, the more they seemed
to decline; in some instances, the
formed roots started to rot. Occa-
sionally, a strong cutting would con-
tinue to develop roots, and these were
transplanted. Those that did survive
produced inflorescences and, subse-
quently, fruit.

Conclusions
The low adventitious root num-

bers observed for all the experiments
indicated that this method of black-
berry propagation in the Northern
Great Plains region is not viable at
this time. It will be necessary for
cuttings of FF blackberries to be
taken as hardwood if they are to be
used in an annual production system
in regions such as the Northern Great
Plains. There are currently no widely
accepted recommendations for hard-
wood blackberry cuttings with regard
to auxin concentrations or an appro-
priate rooting method. Previous re-
search as well as the current study
suggested that any recommendation
with regard to auxin concentrations

or rooting method would be inappro-
priate due to the poor and variable
rooting responses. Results from this
study as well as prior work suggested
that rooting of hardwood blackberry
cuttings will vary from cultivar to culti-
var and also with auxin treatments
within cultivars, despite the type of
rooting method used (Bray et al.,
2003; Goncxalves et al., 2012; Lopez-
Medina and Moore, 1997; Takeda
et al., 2011; Zimmerman et al.,
1980). The results also suggested that
even though containerized mother
plants would be needed for hardwood
FF blackberry cuttings if an annual
production system were to be used in
the Northern Great Plains region, the
3-qt nursery containers were inade-
quate because stem material was much
shorter comparedwithmaterial used by
other researchers; therefore, cuttings
were taken more toward the basal re-
gion. Acclimatization of cuttings from
their rooting environment to a growing
environment is of importance, but all of
the rooting methods that were tried
during this study hadmarginal acclima-
tization success. Because most of the
cultivars used in this study are patented,
individuals who would want to use
these cultivars commercially for hard-
wood cuttings would have to obtain
the appropriate licensing agreements to
avoid violating patent laws. Adventi-
tious root production of one-node
dormant hardwood FF blackberry cut-
tings for use in an annual production
system had low success rates regardless
of the cultivar, auxin application, rate,
and formulation. Although this ap-
proach to developing plants from cut-
tings is of great interest, without amore
effective FF blackberry cutting rooting
method that can progress through fruit
production, an annual blackberry pro-
duction system in the Northern Great
Plains region is unlikely at this time.
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