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Abstract

A micropropagation method was developed for a cold hardy purple raspberry citivas ¢ccidentalis x R. idaeus ‘Amethyst’). In
vitro shoot cultures were initiated from shoot tips of a 30-year old ‘Ametbigsif. The efects of basal medium, plant growth regulato
and temperature on shoot proliferation were investigated. Shoots were produced from explants in both Murashige and Skoog|(MS) and
Driver-Kuniyuki Walnut (DKW) media supplemented with féifent concentrations of thidiazuron (TDZ) and benzyladenine (BA),

solely or combined. One micro molBDZ gave rise to the maximum proliferation rate. Interactions betweaamBAnedium ofDZ
were significant. Shoots produced on media withuMOTDZ had thick stems and small, dark green leaves whethevd&%absent or
present. Shoots can be rooted Hattitro andex vitro with or without IBAat 0 to 1.QuM. However combination of rooting and shoot
multiplication by adding a low level GfDZ to rooting medium produced multi-cane plants resulting in shortening propagation time,
increasing survival rate, and lowering the production cost.

Index words: propagation, combination of rooting and shoot multiplication, tissue culture.

Species used in this studyRubus occidentalis x R. idaeus ‘Amethyst'.

Significance to the Nursery Industry

In the upper Great Plains regions, harsh winter conditions,
such as absence of insulating snow colesv and fluctuat-
ing temperature, and desiccating winds, often result in con-
siderable cold injury and winter kill of plants. Purple rasp-
berry Rubus occidentalis x R. idaeus L.), a cross between .
red and black raspberries, tends to be as cold tolerant as red"tr oduction
raspberriesAlthough several purple raspberry cultivars have Purple raspbernRubus occidentalisL. x R. idaeus L.), a
been grown in this region, only a few cultivars, such as ‘Am- hybrid cross between red and black raspberries, is more vig-
ethyst’, ‘Brandywine’, ‘Marion’, ‘Royalty’, and ‘Sodus’ are  orous and productive than its parents and tends to be as cold
recommended for commercial production in several state tolerant as red raspberry (3, 4). Raspberries have been widely
extension publications. used either fresh or processed into jellies, juices, ice creams,

Purple raspberry growth is similar to one of its parents, and jams. Recently there has been increasing interest in rasp-
black raspberryin that primocanes are only produced from berry fruit production in the northern Great Plains because
crown buds at the base of floricanes. Purple raspberry plantsof their high oxygen radical absorbance capacity (ORAC)
do not suckerso clumps remain in their original planting (11, 16) and activity of carcinogenesis inhibitiori (1.6).
location. Unlike red raspberries, which are easily propagated Similar to its black raspberry parent, purple raspberry does
from suckers that develop from the roots, purple raspberries not sucker and only produces primocanes from the crown
are generally propagated by tip layering which is relatively buds at the base of floricanes, which keeps clumps in their

can be easily propagated by micropropagafitre method
developed in this study can be used to mass propagate this
cultivar to quickly respond to the increasing demand and
could be applied in propagation of other related species or
cultivars by commercial tissue culture laboratories.

slow compared to other propagation methods, such as cut-

tings and division due to the limited propagation materials.
Tip layering of ‘Amethysthas been attempted for several
years, but the propagatiorfiefency is still remains very low
(< 20%), which may have contributed to the decline in its
availability to the public and production.

Micropropagation has proved to be a veficafnt method

original planting locationTherefore, purple raspberries are
mainly propagated by tip layering instead of suckering as
other raspberries.

Currently there are only a few purple raspberry cultivars
commercially available. ‘Amethyst’, ‘Brandywine’,
‘Marion’, ‘Royalty’, and ‘Sodus’ are often mentioned by sev-
eral state extension publications as good purple cultivars.

to propagate many woody plant species. Compared to other'Amethyst’, introduced in 1968 at lowaabe Universityhas

clonal propagation methods (cuttings, grafting, and division),

a better colgrtaste, and higher yield than most purple rasp-

micropropagation has such advantages as high propagatiorberry cultivars (8). ‘Amethystlso produces medium todgr

rate, yearound operation, uniformity of propagated plants,
and low costs, etd.his study demonstrated that ‘Amethyst’
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size fruits with a high sugar content and shiny appearance.
Based on several years’ field observations, purple raspberry
‘Amethyst’is hardy enough for Fgo and other areas of North
Dakota (unpublished results). Unfortunatgisopagation of
‘Amethyst’ by tip layering has not been very successful.
Although micropropagation of raspberry species has been
well documented (5, 14, 15), the majority of raspberry
micropropagation research is focused on red raspberry (1, 7,
9, 10), black raspberry (1, 7), and dwarf raspberry (2). No
research omvitro propagation of purple raspberry has been
reported. Data on fefcts of cultural conditions, such as tem-
perature and light, on proliferation aaxivitro rooting and
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acclimation are still limited. Some previous results appear to plants were transplanted into 3 x 3 x 3 in. pots with Sunshine
be genotype-dependent and controversial (5, 7, 14ThB). Mix #1(FisonsWestern Corp.YancouverBC, Canada) and
objective of this study was to develop a rapid vegetative grown in a Controlled Environmewtgricultural (CEA)
propagation protocol for ‘Amethyst’ to meet the increasing greenhouse.

demand for this elite, hardy purple raspberry cultivar Forexvitro rooting, an entire clump of shoots was removed
from proliferation medium (DKWvith 1.0uM TDZ) after 4
Materials and Methods weeks proliferation culture and washed with tap watféer
Tissue culture establishment. Dormant shoots were col-  P€ing inserted into Jif Mix medium in flats, cuttings were

lected in March 2004 from a 30-yeaid Rubus occidentalis watered with either distilled water or {1 IBA solution.
x R idaeus ‘Amethyst’ plant growing in Jack Cartarback- Flats were covered with non-hole clear plastic tops for 1 week

yard in Fago, ND. Buds were forced to break in a container 2nd then replaced with 6-hole and 18-hole tops for 1 week
containing water under room temperature, and developing eaqh.The covers were eventually rem_oved during 3-week
shoot tips (0.5-1.0 cm) were excised from shoots. Shoot tips P€riod and rooting percentage and survival rate were recorded
were surface sterilized in 70% ethanol for 30 seconds fol- after another addition week. Each treatment included at least
lowed by immersion in 10% Clorox (0.6% sodium hypochlo- 50_micrc_)cuttingsThe rooted plants were transferred to Sun-
rite) containing 3 drops of liquid soap per 100 ml solution shine Mix #1 and_grow_n in the same greenhouse above.

for 15 min.Tips were rinsed three times in sterile distilled The shoot prollfe_ratlon expeniment was CQndUCtEd as a
water with a 5-min interval between each rinse, and blotted COMPletely randomized design (CRD) consisting of two rep-

dry with sterile paper towels. Surface-sterilized shoot tips Iica(tji_ons ofg factorial arrgnggment with @ 2 x 3 x 3 of bas?l
were cut 0.5-1.0 mm at the base and inserted into the initial MediUm, PGR types, and PGR concentration, respectively

medium [Murashige and Skod1S) medium (10) supple- The N vitro rooting experiment was conducted as a CRD
mented with 51M BA] in 100-ml baby food jars containing V_V'th two PGR types (IBAar_1dTDZ) at 3 and 4 concentra-

25 ml medium. Brter cultures were transferred to fresh ini-  10NS, respectlvelpRD des_|gn was also used to conduct the
tial medium every 4 weeko control contamination, PPM temperature experiment with four temperatures and one PRG

(plant preservative mixture, POic., Jeferson Placaash- type (TDZ) at 2 concentrationsheex vitro rooting experi-
ington DC) was added to the medium in the first four subcul- MeNt was also conducted as a CRD.experiments were
tures.All media (initial and proliferation described below) 'eplicated twice at a one or two-month interval. Data were
were supplemented with MS vitamins, 3% sucrose and 0.7% Subject to analysis of variance and mean comparison using
agar (Difco Co., Detroit, MI, #0140-01-0) and adjusted to the GLM procedure of SAS softwaversion 9.1(13).
pH 5.8 before autoclaving. Each baby food jar contained four
shoot explants. Shoot cultures were maintained at 25C (78F)
under cool-white fluorescent light at approximately 36 Effects of basal medium and cytokinin on proliferation.
pumol-nr?-stwith a 16-hr photoperiodll experiments were Shoot tips started growing within 1 week and the lateral buds
performed under identical conditions unless otherwise noted. broke out from initial explants in 2—3 weeks in MS medium
with 5uM BA. More than 90 % of initial explants survived
Shoot proliferation. Several experiments were conducted in initial medium.Tissue cultures appeared to be stable after
to optimize proliferation condition§wo basal media [MS four subcultures at 4-week intervals.
and DriverKuniyuki Walnut (DKW) (6)] and two cytoki- Shoots proliferatech vitro in BA and/orTDZ containing
nins (BAandTDZ) at three concentrations (B0, 2.5, and medium (Fig. 1A)Without cytokinin, no shoots were pro-
5.0uM; TDZ at 0, 0.1, and 1.QM) were evaluatedThe duced in MS medium, and only 0.5 new shoots per explant
effect of culture temperature on proliferation was also deter were produced in DKWhedium (Bble 1). Significant inter
mined. Shoot explants were cultured in DKW medium with actions in BAx medium and BA TDZ were observed @ble
0.1 or 1.0uM TDZ and placed in incubators at 22, 25, and 1). There was no significant ddrence in shoot proliferation
28C (70, 78, and 85F) during the 16-h photoperiod, respec- between BA concentrations when BA was used as the only
tively. The temperature was adjusted to 18C (65F) during cytokinin source. Howeveraising theTDZ concentration
the dark time. One set of cultures was placed in a culture resulted in significant increase of shoot proliferation rate in
room where temperature fluctuated from 25 to 30C (78 and all treatments indicating that this raspberry is more sensitive
88F) frequentlyAfter culturing for 4 weeks, the number of to TDZ than BA. OverallTDZ at 1yM in DKW medium
new shoots (>0.5 cm) produced per shoot explant was re-
corded. Each treatment consisted of three jars (sample repli-
cations) with three shoot explants in each jar

Results and Discussion

Rooting and acclimatization. Shoots from proliferation
medium were rooted eithar vitro or ex vitro. Based on re-
sults of shoot proliferation studin vitro rooting was com-
bined with shoot elongation and multiplication by subcultur
ing shoots in MS medium with or without IBA at 0, 0.5, and
1.0uM andTDZ at 0, 0.1, 0.5, and 1j@M. In vitro plants
were then transferred to flats filled withfyiMix (Jiffy Mix;
Shippegan, NB, Canada) and covered with clear plastic tops.Fi9- 1. mlcv: t?grgﬁggtag%?i f‘éfrztli’gﬁso?]méie\'/“&a'rfe'ai a‘mR-c i(‘)’;i;;ihé({i\)o
The covers were replaced with 6-hole (2 cm hole) and 18- M TDZ- (B) Roots were induced and shoots wer prolifer-
hole covers at second and third week, respectiValy cov- gted in vi,tr(o;)(C) Acclimated plants were potted and gown in
ers were eventually removed at the fourth week. Surviving the greenhouse.
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Table 1.

Effect of basal medium and cytokinin on shoot miliferation of Rubus occidentalisL. x R. idaeus L2

Cytokinin (uM) Proliferation rateY

Analysis of variance

TDZ BA MS DKW * Source of variation DF Mean square F

0 0 Oh 0.5gh BA 2 1.0869 2.14%
0 25 2.2def 1.4efgh TDZ 2 20.6443 40.61"
0 5.0 2.5def 1.1fgh Medium (MED) 1 0.2916 0.57s
0.1 0 1.3efgh 2.0defg BA x MED 2 5.9705 11.758"
0.1 25 1.9defg 1.3efgh BA x TDZ 4 3.7607 7.40”
0.1 5.0 2.9cd 1.8defg TDZ x MED 2 0.7286 1.43's
1.0 0 2.8de 5.8a TDZ x BA x MED 4 0.6951 1.37s
1.0 25 4.8ab 4.3bc

1.0 5.0 3.2cd 1.8defg

%Values followed by the same letter within each column are not significariéyedif according to the Fisher Least Significanfédé@nce (LSD) test at< 0.05.
YThe proliferation rate is expressed as the number of shoots produced per explant afterid vitegksilture.

*MS: Murashige and Skoog medium; DKWWriver-Kuniyuki Walnut medium.
“* Significant atp < 0.001.
NSNonsignificant.

and a combination ofDZ and BAat 1 and JuM, respec-
tively, in MS medium gave rise to a higher shoot prolifera-
tion rate. Shoot proliferation rate was significantly lower in
TDZ-containing DKW medium when BA was added, whereas
the shoot proliferation rate was significantly increased when
BA was added td DZ-containing MS medium. Shoots pro-
duced on media with 1M TDZ had thick stems and small,

into rooting mediumAbout 39% of microcuttings rooted in
auxin-free medium @ble 3; Fig. 1B)Application of IBA
significantly increasedin vitro rooting percentage, but not
the root numbeTDZ appeared to be a main factor influenc-
ing both rooting percentage and root number per cutting. In
IBA-free medium;TDZ at a low level£ 0.1 uM) stimulated

in vitro rooting; howeverhigh concentration ofDZ (= 0.5

dark green leaves. Plants produced from those healthy shootsiM) inhibited root production, with fewer roots induced per

may perform well in soil survival and field establishment.

Effect of culturetemperatureon proliferation. Culture tem-
perature significantly &cted shoot proliferation éble 2).

cutting. The IBA x TDZ interaction was not significarn
average of 4.3 new shoots were proliferatefDZ contain-

ing medium, whereas, only 0.8 new shoots were proliferated
in TDZ-free medium (data not shown), indicating that appli-

More shoots were generated under 25 and 28C (78 and 85Fation of TDZ, especially at a low level, in the rooting me-

than under 22C (70F) conditionBemperatures aniiDZ
concentrations significantly fefcted proliferation rate. Sig-
nificant difference in proliferation was found among tem-
peratures when high@DZ concentration was used. Shoots
cultured in 1.0uM TDZ under 28C (85F) produced most
shoots with 4.3 proliferated shoots per explant. Fluctuating
temperature significantly lowered shoot proliferation. Only

dium, stimulated formation of both roots and shotable 3

also showed that both IBAndTDZ significantly afected

the proliferation rate. High concentration of IBA showed the
inhibition of shoot proliferationThere was a significant in-
teraction between IBAndTDZ on ‘Amethyst’shoot prolif-
eration. More than 90% of rooted plants survived after being
transplanted into Sunshine Mix #1 grown in the greenhouse.

0.9 and 1.8 shoots were produced per explant when cultureln addition, plants growing ilDZ-containing medium had

temperatures were not constant.

Rooting and acclimatization. In order to develop a rapid
micropropagation method for purple raspbgmyitro root-
ing was combined with shoot multiplication by addirigZ

green and thick leaves. Rooted plants with healthy leaves
and multiple shoots (which will become canes) will perform
well upon soil transplanting and field establishment.

In the ex vitro experiment, an average of 70.8% of the
cuttings rooted (data not shown). No significantediénce

Table 2. Effect of culture temperature andTDZ concentration on shoot poliferation of Rubus occidentalisL. x R. idaeus Lz

Analysis of variance

Temperature (C) TDZ (uM) Proliferation rate¥ Source of variation DF Mean square F
22 0.1 1.4cd Temperature 3 3.1774 24.00"
22 1.0 1.9c TDZ 1 9.2873 70.14"
25 0.1 2.0c Temperature ¥DZ 3 1.1369 8.59
25 1.0 3.8b

28 0.1 1.7cd

28 1.0 4.6a

25-30 0.1 0.9d

25-30 1.0 1.8c

%/alues followed by the same letter within each column are not significaridyedif according to the Fisher Least Significanfédé@nce (LSD) test at< 0.05.
YThe proliferation rate is expressed as the number of shoots produced per explant aftelidviteeksilture.

*****

™ Significant atp < 0.01, and 0.001, respectively
NSNonsignificant.
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Table 3. Effect of plant growth regulators (PGRs) on shoot mliferation and in vitro rooting of Rubus occidentalisL. x R. idaeus L2

Analysis of variance

PGR (uM) Mean of squae F
Prol. Rooting Roots/

IBA TDZ ratey (%) cutting Sov DF PRO RPT RNM PRO RPT RNM
0 0 0.7e 38.9bc 3.6a IBA (1) 2 5.327 445,829 0.032 8.59 1.2 0.08's
0 0.1 1.0e 83.4a 2.5abc  TDZ(T) 3 41.458 7070.761 7.978 66.83 19.21" 16.39"
0 0.5 6.1bc 11.1c 1.0c IxT 6 3.026 357.366 0.570 4.88" 0.97s 1.17s
0 1.0 7.2ab 11.1c 1.0c
0.5 0 0.7e 88.9a 2.6abc
0.5 0.1 1.8e 77.8ab 3.2a
0.5 0.5 3.7d 22.2c 1.3c
0.5 1.0 3.7d 5.6¢ 1.0c
1.0 0 0.9e 76.4ab 2.3abc
1.0 0.1 2.1de 88.9a 3.0ab
1.0 0.5 4.9cd 18.1c 1.5bc
1.0 1.0 8.1a 16.7c 1.3c

%/alues followed by the same letter within each column are not significaridyedif according to the Fisher Least Significanfédé@nce (LSD) test at< 0.05.
YThe proliferation rate is expressed as the number of shoots produced per explant aftelidviteeksilture.
*SOV: Source olariance; PRO: proliferation rate; RR®doting percentage; RNM: Root number per cutting.

~Significant atp < 0.005
™ Significant atp < 0.001.
NSNonsignificant.

in rooting percentage was found between IBA and water
treatmentsApproximately 200 cuttings rootest vitro and
more than 95%x vitro rooted plants survived after they
were potted and grown in the greenhouse for two months
(Fig. 1C). Micropropagated ‘Amethyst’ plants will be
planted in the field for further morphological and horticul-
tural evaluation.

The research results showed that purple raspberry ‘Am-
ethyst’ can be dfciently micropropagated. MS or DKW
media supplemented with B&ndTDZ, solely or combined
can be used fan vitro proliferation. In this studywe com-
binedin vitro rooting and shoot multiplication in one step
resulting production of multi-cane plants, which simplified
the propagation process and lowered production cost. Fur
thermore, multi-cane plants will be easier to acclimatize and
field establishThis protocol may also be applicable to other
raspberry cultivars or related species.
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