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Abstract. Our paper presents aspects regardimgitro culture initiation in cranberry
(Vaccinium macrocarpon), cultivar “Pilgrim’,in vitro multiplication andex vitro acclimation. In order
to establish the optimal explant for initiationyeeal types of explants: single node fragments auith
leaves, single node fragments with leaves, two-rfoaigments without leaves, two-node fragments
with leaves, multiple node fragments (3-4 node$vataves) and 1-1.5 cm long shoot tips were tested
on media of the same composition (modified WoodgnPMedium). After testing the explant types,
three variants of nutritive media were tested: WRith three concentrations of 2-Isopentenyladenine:
5, 10 and 20 mg/l in order to induce the prolifenatof axillary buds in the initiation phase. Ireth
multiplication phase, several types of culture etssvere tested, as well as the optimal number of
inocula/vessel and the influence of growth regutatgon multiplication rate. Among the variants of
nutritive media that were tested, modified WPM eamihg either 1 mg/l zeatin or 5 mg/l 2-Ip
presented reasonable proliferation rates and velgtivell-developed shoots. In tle vitro layering
experiment, 2-Ip at 10 mg/l generated tens of gioots/explant. As gelling agents, starch and Plant
Agar were tested=x vitro acclimation was carried out in Jiffy7 pellets ither covered or uncovered
plastic trays and various survival rates (17-92 W&ye obtained depending on explant types and
culture conditions.

Keywords: cranberry, initiation, multiplication, acclimatioB;Isopentenyladenine
INTRODUCTION

The North-American cranberrydccinium macrocarpon) is a fruit shrub that has a
great nutritional and medicinal importance duetsopieasant taste and its high vitamin and
anthocyanin content. It was discovered that cragdenits play a role in cancer prevention
and the destruction of cancer cells and that tlaeye lanti-inflammatory effect (Seeram, 2008;
White et al., 2010). The bactericidal effect of tMaccinium macrocarpon concentrate was
tested on the bacteria present in ground meagat groportion of the bacteria in this product
were destroyed (Waet al., 2009). Cranberry juice also had a significaféafin preventing
urinary infections with E. coli. (Perez-Lopetzal., 2009).

The propagation of this species is done vegetgtipebpagation by cuttings is cheap
and efficient, as the mother plants generate & latgnber of runners that can be segmented
into cuttings (Tomesh) that get rooted efficientlya short time. Orthotropic shoots can also
be an abundant source of cuttings, as the authsosexperienced. Micropropagation has
great practical importance for this species alsahe technology could be used for the rapid
propagation of new, valuable genotypes, as welbathe conservation of some genotypes in
artificially controlled conditions and to obtaidage amount of disease-free planting material
in a short time, in controlled conditions, regasslef the season.

226



A small number of researchers investigated cragbemicropropagation
(Marcotrigiano and McGlew, 1991; Debnath and McR2#)1; Debnath, 2008) and of other
Vaccinium species, such as the blueberry (Reed, 1991; @&agla, 2008; Firaet al., 2008;
Litwinczuk and Wadas-Boron, 2009%accinium vitis-idea (Debnath, 2006; Ostroluclet al.,
2004; Gajdosovaet al., 2006) andVaccinium angustifolium, where effectivein vitro
propagation in RITA bioreactors was achieved (Dén2009, 2011).

For the acclimation phase or the phase of diexctuitro rooting together with
acclimation, at the Fruit Research Station Clupav method was set up, based on floatation
hydroculture, successfully used for blackbegryvitro rooting and acclimation (Firet al.,
2011), also based on the methodewfvitro acclimation in liquid substrate (Fira and Clapa,
2009), also being inspired from the technology &t hydroponics” (Ross and Teffeau,
1995; Tysonet al., 1999). This method was tested, in the presemtystfor theex vitro
acclimation ofVaccinium macrocarpon.

MATERIALS AND METHODS

Experiments for the initiation of cranberiyatcinium macrocarpon) in vitro cultures
cultivar 'Pilgrim" were carried out, followed byperiments ofn vitro multiplication andex
vitro acclimation.

1. The initiation of in vitro cultures was done starting from plants cultured in pots
in the greenhouse. In all the initiation experinseihe plant material was cut into 5-7 cm long
fragments, washed under running water, rinsed st#hile deionized water (3 rinses) for 10
minutes per rinse phase. Under the laminar airtbmed, the plant material was disinfected
with a mixture of 20 % ACE bleach in sterile deiwsd water, followed by repeated rinses
with sterile deionized water (4 rinses).

The plant material was cut into several types arauuttings, which were inoculated
into test tubes containing about 5 ml of nutritimedium/tube. The test tubes were sealed
with Folpack cling film and incubated in the growtbhom at about 2400 lux and the
temperature of 233°C. Modified Woody Plant Medium (Tab. 1) was usedth various
concentrations of 2-Ip.

Counts were done in order to establish survivasand proliferation rates, as well
as necrosis, contamination rates in the experirheatgants. The inocula with growth and
proliferation represent the microcuttings that gates several shoots/explant, the ones with
growth and no proliferation represent the micrang that generated a single shoot/explant,
in the majority of cases from the last bud from dipecal part of the explant. The inocula with
no growth were the ones that survived but did rentegate any shoots. The inocula with
necrosis were the ones that presented evident sfgrecrosis but not contamination, whereas
the inocula with contamination were the ones thas@nted evident signs of fungal or
bacterial contamination. The apparent multiplicati@ates were estimated approximately,
considering the number of 1.5 cm long fragmentes@nting buds and leaves that could be
excised and used as microcuttings in the multipbcaphase. The basal, de-topped parts of
the shoots regenerated in the initiation phase wetreonsidered.

In the variants with two-node microcuttings witlaves and the ones with multiple-
node microcuttings, counts and measurements weferped after 2 months of incubation,
whereas in the variants with single-node microogtiwith or without leaves and two-node
microcuttings without leaves the counts and measengs were performed after 4 months in
culture, because after the first two months grow#is very slow and very few microcuttings
regenerated shoots.
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Tab. 1
The composition of the nutritive medium used famndyerry(Vaccinium macrocarpon),
cultivar 'Pilgrim' micropropagation

Component Concentration
WPM' salts without FeNaEDTA Full strength
FeNaEDDHA (Sequestrene 138) 100 mg/I
Myo-inositol 100 mg/l
Vitamin B; 2 mg/l
Vitamin Bg 1 mg/l
Nicotinic acid 1 mg/l

Sugar 30 g/l

Growth regulators 21p 5, 10, 20 mg/l sau zaatthmg/
Plant-Agar 5 g/l

pH adjusted to 5

" Woody Plant Medium

Experiment 1. In the first experiment, various types of inocwlare tested in order to
establish the optimal type of inoculum for init@ti Modified Woody Plant Medium (Lloyd
& McCown) was used, with FeNaEDDHA as iron sourcel & mg/l 2-Ip (Tab. 1). The
following variants were used as inocula: singleadichgments without leaves, single-node
fragments with leaves, two-node fragments witheatvés, two-node fragments with leaves,
multiple-node fragments (3-4 nodes, with leavespos tips 1 ¢cm in length (with leaves). The
plant material consisted of semi-hardwood fragme¢aken from about 1/3 of the apical
portion of some orthotropic shoots from mature g#arown in the greenhouse.

Experiment 2. After the results of the first experiment and sidering the obvious
efficiency of the inocula consisting of shoot fragms with several nodes and, at the same
time, considering the abundance of plant matepnakisting of plagiotropic shoots (runners),
an experiment was carried out using WPM with thokerent concentrations of 2-
Isopentenyladenine: 5, 10 and 20 mg/l. The aim wasduce the proliferation of axillary
buds in the initiation phase. For each variant &€t tubes were used. The plant material
consisted of plagiotropic shoots (runners). Abddit%2 of the apical part of the runners was
eliminated and the semi-hardwood and hardwood gfdtte runners from 50 % of the shoot
length was excised. The inocula consisted of 3-rsba®t fragments, with leaves.

2. Multiplication. The shoots regenerated in the initial phase wesed ufor
preliminary tests regardingn vitro multiplication. 2 cm-long shoot fragments with seal
nodes were used as inocula. Agar and starch wstedtas gelling agents. 720 ml jars with
screw caps, as well as Magenta GA&ssels were tested as culture vessels. The sapsv
had 4 mm diameter vents with antibacterial fillerade of autoclavable plastic sponge.

Experiment 3. An experiment was carried out in order to estiblhe optimal number
of inocula/vessel in the multiplication phase. 3iDjars with vented screw caps were used.
The jars contained about 70 ml modified WPM meduessel, with 5 mg/l 2-Ip (Tab. 1). The
two experimental variants consisted of vessels Witlespectively 10 inocula/vessel. Each
experimental variant had 4 replicates. The inocolasisted of 2 cm long microcuttings that
resulted from the shoots regenerated in ExperifBeiihe microcuttings were planted upright
into the media, buried 2/3-3/4 deep into the mé&ud@rder to ensure good contact between the
axillary buds and the media. The culture cycle wfa8 months. One-way ANOVA was used
for statistical analysis.
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Experiment 4 (in vitro layering). The vessel type, plant material and culture nradiu
were the same as for Experiment 3. The concentrafi@-1p was 10 mg/l. The explants were
placed in plagiotropic position on the surfacehs tutritive medium and then pushed gently
in order to ensure good contact between the mediudnthe explant. One explant/vesel was
used. The culture cycle was of 3 months.

Experiment 5. The effect of various concentrations of cytokehnumpon proliferation
rates and multiplication rates was tested. These:wériantl- 1 mg/l zeatin + 6 g/l agar;
Variant 2- 7 mg/l 2 Ip; Variant 3- 5 mg/l 2 Iphe explants were 2 cm long shoot fragments
and the vessels were 720 ml jars with vented saaps, containing 100 ml/jar. Each
experimental variant comprised 8 vessels with Deute/vesel. The shoots regenerated from
each plantlet were counted and the length of tletshwas measured. Proliferation rate was
considered to be the number of shoots at leastrh.tn length and multiplication rate was
established by calculating the number of 2 cm lomgcrocuttings that could be
excised/plantlet. The culture period was 3 montitsahalf.

3. Acclimation.

Experiment 6. Ex vitro acclimation was carried out in Jiffy7 pellets wsivarious
types of plant material: 3-4 cm long shoots resglfrom Experiment 4; shoots regenerated in
the initiation experiments on media with 5 mg/lR2-&s well as shoots resulted from plants in
the multiplication phase, cultured for 3 months\WWRM with 5 mg/l 2-Ip. The Jiffy7 pellets
were incubated in the growth room, in transpareniltiMPurpose Trays covered with
transparent lids in order to maintain air humidifje culture period was of one month. The
method ofex vitro acclimation in float hydroculture was also testisthg plants resulted from
multiplication on WPM with 5 mg/l 2-lp. The lattevere cut at a distance of 3-4 cm from
their rooted base, thus a bunch of shoots wasveay #om the base that contained the roots.
The bunches of shoots as well as the rooted bases twansferred, separately, into floating
cell trays in water with pH adjusted to 4.5 andwad for 2 months.

RESULTS AND DISCUSSIONS

In vitro culture initiations. The preliminary studies regarding the initiationiovitro
cultures ofVaccinium macrocarpon showed that the explants consisting of excisetaaxi
buds presented the highest rates of necrosis.esimgle explants also gave very poor results
regarding regeneration and growth. Multiple-nodplants about 1 cm in length gave the best
results regarding shoot regeneration of axillayogs.

Experiment 1. The variants with inocula with multiple nodes, twoee explants with
leaves and shoot tips grew very well in two montheitro, generating vigorous shoots, with
many leaves, some of these growing up to the tdst taps. The other variants were
examined after 4 months in culture, because irfitketwo months they grew very little or
not at all.

In the variant with multiple-node inocula, from tihatal of 100 microcuttings 66
presented growth with no proliferation (a singleo@hgrown from the apical part), 20
proliferated generating 2-4 shoots/explant and igtauouttings were apparently alive but did
not regenerate shoots. Shoot lengths varied verghmsome of them exceeding 10 cm
(Fig.1).

The two-node inocula with leaves reacted in thiovahg way: from the total of 58
inocula 32 grew but did not proliferate, 10 pral#feed (2-4 shoots/explant) and 16 were
apparently alive but without regeneration. The motigrowth and proliferation in this case
was similar to that of the multiple node explaiMsximum shoot length was 9.5 cm.
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In case of using 1 cm shoot tips for initiatiomgrh the total of 30 inocula 16 grew
without proliferation, 3 presented weak prolifeoati(2 shoots each), 8 did not grow and 3
A

died.
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Fig. 1. Shoot lengths in the cranberry plantlethminitiation phase

The variants examined after 4 months had a simdaction: from the total of 50
single-node microcuttings without leaves, 26 regateel shoots, 23 died and 1 got
contaminated. From the 50 single-node microcuttinigls leaves 25 regenerated and 25 died
and from the 50 two-node microcuttings without kes\83 died. Fig. 2 presents cultures of
various types of microcuttings used for initiation.

Experiment 2. Increasing the concentrations of 2-Ip to 20 mgd,he@ontrary to the
expectations, inhibitory effect regarding shoot lifgcation in the initiation phase. The
reaction of the inocula was similar in the thregermental variants. Some regenerated
several shoots, some regenerated only one shodhanmoliferation rate was low in all three
cases (Fig. 3, Fig. 4.). There was a higher comtanan rate than in the first experiment.

Fig. 2. Plantlets resulted from several types giaxts used for initiation:
a. single-node with leaves; b. single-node witHeaves; c. multiple node

2. Multiplication. After the preliminary results of the multiplicati@xperiments we
opted for agar as gelling agent and jars with wintetal caps as culture vessels.

Experiment 3. The use of 10 inocula/370 ml jar was found to bgable option, as
space was economized and a higher number of sholisé vessel resulted (Tab.2). The
results regarding the total number of shoots/veaseé significant statistically (p=0.0226).
The differences regarding proliferation rates wasesignificant statistically.
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Fig. 3. The reaction of the inocula in the initatiphase in media with the 3 concentrations of 2iP
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Fig. 4. The proliferation and multiplication rates the three variants of initiation media

Experiment 4. In the experiment ai vitro layering the initial explant hypertrophied
and got deformed on the surface of the medium, rgéing callus and a mass of buds and
short, thin shoots that grew progressively in hgigiore and more buds appearing during the
culture period (Fig.5). From the three culture eéssan average number of 34.33 shoots
resulted, from which 19.33 were considered to lmetglapproximately 2 cm in length) and 15
were more than 2 cm in length.

Tab. 2
The average numbers of shoots obtained/vesselratifémtion rates
Variant Average no. of shoots/vessel Average @dtion rate
7 microcuttings/vesel 39.75 5.68
10 microcuttings/vesel 54.5 5.45

Experiment 5. From the total of 360 plantlets from 24 vessel8118hoots resulted.
WPM with 5 mg/l 2-Ip gave superior results regagdiall the characteristics studied, as
compared with the other two variants (Fig.6). Tablpresents the average values in all the
characteristics studied. Morphologically, there evgreat similarities between the plantlets in
the various experimental variants, neverthelegsy#riant with 5 mg/l 2-Ip and the one with
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1 mg/l zeatin yielded plantlets that looked healthin the variant with 7 mg/l 2-Ip there was
larger basal callus and the shoots were more slende

Fig. 6. Plantlets in the multiplication phase

Tab. 3
Proliferation rates and multiplication ratesvcci nium macrocarpon cultivar 'Pilgrim'’
Average The sum of shoot  Average shootAverage no. of Average
Variant  proliferation lengths (cm), on the no./vessel/  inocula/vessel/ multiplication
rate/variant |average, per vessel variant variant rate/variant
1 mg/l zeatin 5.02 380.93 75.37 190.46 12.69
7mg/l 2-lp | 4.75 456.25 71.37 228.13 15.2
5mg/l2-1p  5.05 504.25 75.87 252.13 16.8

3. Ex vitro acclimation
Experiment 6. From the 40 shoots resulting from Experiment 4s@&ived (72.5 %).

The ones resulting from WPM with 5 mg/l 2-Ip thesual rates were of 80-90 %. In the
shoots transferreek vitro in float hydroculture the rooting and survivalaatas 37.9 %, from
the total of 240 shoots 91 got rooted, 8 were adind not rooted and 141 were dead. From
the 50 basal parts transferredvitro 47 survived (94 %). Fig. 7 presents shoots roated
Jiffy7 pellets and potted cranberry plants resufi@in micropropagation.

Morphological peculiarities of thein vitro cultures of Vaccinium macrocarpon. In
all the experiments of initiation and vitro multiplication, in the beginning, few shoots grew
from the inocula, in the majority of cases only osteoot/explant. The initial inoculum
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hypertrophied and generated callus and buds as asebhort shoots proliferated, which
elongated progressively, one by one, during them3efiths ofin vitro culture, the majority
touching the lids of the culture vessels. Ed caflnd hypertrophied and roots grew from the
base of the plantlets and from some axillary budthe regenerated shoots, frequently from
buds ranging the basal part of the shoots untilntigdle of the shoots and sometimes from
buds situated in the upper parts of the shootss@heots grew in length, many of them
touching the medium and in this contact zone tlsrgenerated small, green, button-shaped
calli, which later grew in size. These calli, afbeing transferred to fresh WPM with 5 mg/I
did not regenerate any shoots or roots and diediénw weeks.
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Fig. 7.a) Cranberry shoots rooted in jiffy7 pelidts Cranberry plants potted into peat

CONCLUSION

Vaccinium macrocarpon cultivar 'Pilgrim' can be successfully culturgdvitro on
Woody Plant Medium (after Lloyd and McCown), theeqdate growth regulators being 2-
Isopentenyladenine and zeatin.

Forin vitro culture initiation, as explants, multiple-node shtragments with intact
leaves are recommended, as contamination ratdsva@nd the axillary shoots grow to large
sizes in a short time and practical results araiobtl in 2 months.

The regeneration and growth of axillary shootshie multiplication phase is slow,
progressive, the axillary shoots are generated ajtex the other and they subsequently
elongate fast, most of them growing up to the Ifdtlee culture vessels and reasonable
proliferating rates are obtained in 3-4 month&ofitro culture.

The glass jars with vented screw caps equipped amtibacterial filters proved to be
more effective than Magenta GAessels.

Among the variants of nutritive media tested, miedifVPM with 5 mg/l 2-Ip or 1
or 2 mg/l zeatin ensured reasonable proliferatades and relatively well-developed shoots.
In thein vitro layering, 10 mg/l 2-Ip generates tens of thin ske@xplant.

In the initiation as well as the multiplication @eaadventitious roots are regenerated
on the shoots. The roots that touch the nutritivedionm generate calli that are apparently
non-morphogenic.
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