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Abstract. A meristem micropropagation system was developed to produce Agrobac-
terium -free muscadine grape. Meristems were cultured on a modified Woody Plant
Medium (mWPM) supplemented with 0.45 µM BAP. After 2 weeks, cultures were
transferred to mWPM containing 8.92 µM BAP to enhance shoot proliferation. Prop-
agules were subsequently subdivided and transferred to fresh medium at 2- to 4-week
intervals. New shoots were excised and inserted in mWPM supplemented with 0.57
µM IAA to promote root formation. This method has been successfully used to produce
Agrobacterium -free plants of muscadine cultivars Carlos, Doreen, Jumbo, Magnolia,
and Sterling for research purposes and for a foundation planting in Mississippi. Chem-
ical names used: benzylaminopurine (BAP); indole3-acetic acid (IAA).
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Crown gall, caused by Agrobacterium tu-
mefaciens (E.F. Smith and Towns.) Conn.
has been a disease of consequence in many
muscadine vineyards in Mississippi (Graves
et al., 1987, 1988). Recent observations of
an apparently universal systemic occurrence
of Agrobacterium spp. in symptomless mus-
cadines and the demonstration that a large
percentage of Agrobacterium isolates from
symptomless plants are infectious and ca-
pable of inducing galls in muscadine are
causes for concern (Thies et al., 1989, 1990,
1991). In a search for Agrobacterium -free
muscadine plants, 900 rooted cuttings were
screened for Agrobacterium presence using
the methods of Tarbah and Goodman (1986).
After each of three screenings, plants yield-
ing isolates of Agrobacterium were dis-
carded. However, after further screening and
study, the few remaining plants were also
found to be positive (C.H.G., unpublished).

Developing a means for producing Agro-
bacterium -free muscadine plants is impor-
tant for research purposes and for use in
studies related to the development of prac-
tical disease control methods for the mus-
cadine industry. Meristem culture has
historically been recognized as perhaps the
best means of producing plants free of sys-
temic pathogens. Production of Vitis vinifera
Received for publication 5 Aug. 1991. Accepted
for publication 13 Jan. 1992. The cost of publish-
ing this paper was defrayed in part by the payment
of page charges. Under postal regulations, this pa-
per therefore must be hereby marked advertise-
ment solely to indicate this fact.
grapevines free from A. tumefaciens biovar
3 (AT-3) by means of shoot-tip culture has
been demonstrated by Burr et al. (1988).

Gray and Fisher (1985) were the first to
note shoot formation in several V. rotundi-
folia cultivars when comparing species and
cultivars using shoot apices on modified Mu-
rashige and Skoog (MS) medium (Murashige
and Skoog, 1962), but Agrobacterium pres-
ence was not considered. In our preliminary
studies, yield of shoots from the system em-
ployed by Gray and Fisher was not satisfac-
tory (Griffin and Graves, 1988; Thies et al.,
1991). Lee and Wetzstein (1990) obtained in
vitro propagation of muscadine grapes by
axillary shoot proliferation; however, this
method does not ensure the production of
disease-free plants.

We now document a meristem microprop-
agation protocol that has been developed and
proven effective for efficient production of
Agrobacterium -free muscadine plants. With
refinements, meristem micropropagation has
potential to be the most economical and ef-
ficient means for commercial propagation of
muscadine.

Several media and culture regimes were
evaluated in preliminary studies. Musca-
dines, including ‘Magnolia’, ‘Summit’,
‘Carlos’, ‘Sterling’, and ‘Jumbo’, were
compared to ‘Orlando Seedless’, a Florida
hybrid table grape that had previously proven
to be easily propagated from meristems
(Griffin and Graves, 1988). Techniques and
media studied included a modified MS me-
dium supplemented with 5 µM BAP (Gray
and Fisher, 1985), a liquid MS medium sup-
447



D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access
plemented with 5 µM BAP (Barlass and
Skene, 1978, 1983), and various other mod-
ifications of MS medium and Lloyd and
McCown’s (1980) Woody Plant Medium
(WPM). These modifications included vary-
ing the concentration of basal salts (50% and
75%), BAP (0, 2.5, 5.0, 7.5, and 10.0 µ M),
and kinetin (5 µM BAP plus 2, 8, and 15
µM kinetin). Whereas ‘Orlando Seedless’ was
easily propagated by several of these varia-
tions, acceptable shoot proliferation of mus-
cadine was more difficult to achieve. Although
a few muscadine plants were produced by
some of these methods, efficient microprop-
agation from meristems was achieved only
by using the following procedures and mod-
ifications of the WPM (mWPM):

1) Shoot tips (4 to 6 mm long) were taken
from muscadine plants maintained in the
greenhouse that were determined to be sys-
temically infested with Agrobacterium; em-
ploying the methods of Tarbah and Goodman
(1986). These shoot tips were transported to
the laboratory in sealed plastic bags and re-
frigerated until needed. Tips were soaked for
5 min in sterile distilled water, surface-ster-
ilized for 3 min in 1.0% sodium hypochlorite
(20% commercial bleach) with 0.05% poly-
oxyethylene sorbitan monolaurate (Tween 20),
rinsed three times in sterile distilled water
for 1 min each, and transferred to sterile 1%
(w/v) ascorbic acid. Meristems (apical domes
0.2 to 0.4 mm long) were excised in the
ascorbic acid and aseptically transferred to
appropriate medium.

2) Explants were first placed on mWMP
I (Table 1) supplemented with 0.45 µM BAP
using ≈16 ml medium/100 × 15-mm Fal-
con petri dish (Fisher Scientific, Norcross,
448
Ga.). The dishes were incubated for 2 weeks
at 28 ± 2C with an 18-h photoperiod using
Gro-Lux (Sylvania, Danvers, Mass.) flu-
orescent lights with a light intensity of 25 ±
3 µmol·s -1· m-2.

3) After the 2 weeks, explants were rinsed
in sterile distilled water and transferred to
1% (w/v) ascorbic acid where dead tissue
was removed. They were then transferred to
mWMP II (Table 1), supplemented with 8.92
µM BAP to encourage shoot formation. These
cultures were grown under the conditions de-
scribed above using 42 ml medium/100 ×
25 mm Lab-Tek petri dish (Nunc, Naper-
ville, Ill.). Subsequently, at 2- to 3-week
intervals, these meristem callus cultures were
rinsed under ascorbic acid, trimmed of dead
tissues, when present, and transferred to fresh
medium (mWPM II).

4) On the fourth or fifth transfer (2 to 3
months from the start), each callus culture
was subdivided into three pieces (propa-
gules) 5 to 15 mm in size and placed on
mWPM II or mWPM IIA (Table 1). The
propagules were repeatedly subdivided and
transferred at 2- to 4-week intervals there-
after.

5) The first shoots of sufficient size for
harvesting (5 to 9 mm long) were present
beginning at 3 months. At each transfer (after
the first 3 months), new shoots were excised
and placed on mWPM III (Table 1) supple-
mented with 0.57 µM IAA to enhance root
formation. For this, 25 × 150 Kimax culture
tubes (Kimble Glass, Houston, Texas), with
14 ml of medium per tube, were employed.
These shoots were incubated at 28 ± 2C
with a 16-h photoperiod.

6) After plantlets had developed sufficient
roots, they were transferred to peat pellets.
Pellets were placed in polyethylene con-
tainers with StarPac (AgriStar, Sealy, Texas)
containers over the top to maintain high hu-
midity, and then were incubated at 28C with
a 16-h photoperiod. Plantlets were intially
fertilized with liquid mWPM III (Table 1,
T.C. agar and Gelrite omitted) and subse-
quently, for the first week only, when plant-
lets required moisture.

7) Once roots emerged through the peat
pellets, plantlets were transferred to 0.3-liter
pots containing a peat-perlite mixture (Jiffy
Mix Plus), a 1 sand : 1 soil : 1 peat (by
volume) mixture, or a combination of the
two.

After 6 ½ months of explant growth and
subdivision following the schedule described
above, individual meristems produced an av-
erage of 60 to 80 propagules (Table 2), de-
pending on the cultivar. Propagules were
yielding one to two shoots per propagule per
transfer. The number of shoots varied con-
siderably with cultivar. The total shoot count
per meristem per transfer after 6 ½ months
ranged from an average of 79 for ‘Jumbo’ to
159 for ‘Sterling’ (Table 2). Because of lim-
ited space and facilities, we were unable to
continue culture of all propagules. However,
among those that were continued, the num-
ber of shoots per propagule increased to
eventually yield four to 10 shoots per prop-
agule with each transfer, accompanied by a
2- to 4-fold increase in number of propagules
beginning at 9 months. The high yields and
continuing productivity of these propagules
suggest that meristem systems may be su-
perior to systems employing shoot tips, in
addition to providing advantages in avoid-
ance of systemic pathogens. Among the cul-
tivars, Magnolia and Sterling were the most
prolific, and Carlos and Jumbo were the least
productive.

In the first 2 to 3 months of growth, pro-
pagules needed to be transferred every 2 weeks
to maintain quality and prevent yellowing or
browning. Beyond that, propagules survived
up to 6 weeks without subdivision or trans-
fer; however, tissue quality and shoot pro-
duction began to deteriorate after 4 weeks.
The optimum interval between transfers for
maximum shoot production and quality of
tissue was 3 weeks. Shoots began develop-
ing 10 to 12 weeks after initial meristem cul-
ture. The first plantlets were placed in peat
pellets by the 4th month.

Root formation was evident by 1 to 2 weeks
after transfer of shoots to the rooting me-
dium, and plantlets were transferred to peat
pellets after 4 to 8 weeks. At that time,
plantlets ranged in length from 1.5 to 10.0
cm, and two to four roots were at least 2.5
cm long. Survival was highest when plant-
lets that were 2.5 to 4.5 cm long with two
or more roots were transferred to peat pel-
lets. Plantlets were transferred from peat pel-
lets to small pots when roots emerged from
the pellets, usually within 3 to 5 weeks.
White’s medium (White, 1943) was tried in
some of our earlier studies, and good root
development followed, but leaf growth was
poor and plants eventually died if plantlets
were not transferred within 2 to 3 weeks.

All plants (> 200) produced by meristem
micropropagation and that were of sufficient
size were assayed for Agrobacterium as de-
scribed by Tarbah and Goodman (1986).
Additionally, 10% of the small plantlets,
representative of each cultivar, were tested
by placing leaf disks or spreading surface-
sterilized leaves crushed in sterile distilled
water on Agrobacterium- selective medium
(Schaacl, 1988). All were found to be free
of Agrobacterium spp.

This meristem culture procedure has been
used to produce a sufficient number of Agro-
HORTSCIENCE, VOL. 27(5), MAY 1992
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bacterium -free plants of muscadine cultivars
Carlos, Doreen, Jumbo, Magnolia, and Ster-
ling for the establishment of a foundation
planting to be used in crown gall control
studies. Long-range projections suggest that
this foundation planting, after study, may be
a useful source of cuttings free of A. tume-
faciens for the muscadine industry in estab-
lishing new plantings. The meristem culture
procedures are currently being used to prop-
agate other cultivars, including ‘Summit’,
‘Noble’, and ‘Tarheel’, with the goal of ul-
timately including all popular muscadine
cultivars. The phenotypic stability of mer-
istem-cultured muscadine cultivars must yet
be proven.

The potential for production of muscadine
plants by the meristem culture procedure de-
scribed above suggests that the procedure may
be a feasible method of economically sup-
plying muscadine vines commercially, in
which case a foundation planting of patho-
gen-free plants would be unnecessary. Mer-
istem culture should be a superior propagation
system because it is more amenable to de-
velopment of production systems that could
also eliminate the presence of other systemic
pathogens in new plantings. Ensuring path-
ogen-free plants for new plantings is desir-
able, although some systemic pathogens have
vectors that could reintroduce them.
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