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Abstract. Regenerative axillary bud cultures of muscadine 

grape ( Vitis rotundifolia Michx.) cultivars were established 

from shoot apical meristems obtained from vineyard-grown 

plants. Length of shoots from which meristems were taken 

influenced culture establishment. Culture on full-strength 

Murashige and Skoog's medium resulted in shoot proliferation 

rates that were as good as or better than those on 3 other 

formulations tested. The highest quality shoots were produced 

when MS medium contained benzyladenine (BA) as a cytoki 

nin. Proliferation beyond that of no-growth regulator controls 

did not occur with kinetin. Shoots produced with thidiazuron 

were equal in number to those produced with BA but were 

stunted and did not root well. Forty-six percent of the shoots 

excised from actively growing cultures and placed directly 

into potting mix produced roots and grew vigorously in the 

greenhouse. This culture system was effective for 9 muscadine 

cultivars and varieties. 

Concern has been raised that vines of muscadine grape, 

which is native to the southeastern United States, may con 

tain endemic infections of Agrobacterium tumefaciens (6). Ag-

robacterium can cause devastating crown gall disease, par 

ticularly after winter freeze damage. Since in vitro micro-

propagation has been shown to rid bunch grapes {Vitis vin-

ifera L. and hybrids) of A. tumefaciens (1), it should also be 

useful for muscadines. This would lead to A. tumefaciens-

free nursery stock, which then could be maintained 

through sanitary propagation practices. 

Although micropropagation is commonplace for bunch 

grapes (eg. 2-5) it has not been adequately developed for 

muscadines. Gray and Fisher (3) studied in vitro shoot pro 

duction in several muscadine varieties ('Carlos', 'Dixie' and 

a numbered selection) and reported an average propaga 

tion rate of five shoots per cultured apex per month for 

'Carlos', but rooting was not documented. Sudarsono and 

Goldy (10) reported that mixtures of cytokinins were more 

effective than any one cytokinin for establishing cultures 

of two cultivars. Up to 250 shoots per culture were pro 

duced from the cultivar 'Summit' by maintaining an undi 

vided tissue mass through 16 weeks of culture and 

greenhouse-acclimated plants were obtained following in 

vitro rooting (7). However, it was unclear whether or not 

culture could be increased through division or if the 

method was suitable for cultivars other than 'Summit'. In 

this report we describe a method for initiating cultures, 

increasing culture mass through division and serial trans 

fers, micropropagating shoots and producing vigorous 

rooted plants of nine muscadine cultivars. 
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Materials and Methods 

Shoot tips excised from 5- to 10-year-old vines growing 

in the experimental vineyard at the Central Florida Re 

search and Education Center in Leesburg were dissected 

to remove leaves and tendrils, except for small appendages 

directly enclosing the shoot apical meristem. Shoot tips 

were surface disinfested and cultured on C2D medium as 

previously described for bunch grapes (2,3). 

To develop a uniform means of obtaining explants, api 

cal meristems were obtained when shoots of Try' had 

reached five distinct lengths (0.5, 1,2, 10 and 60 cm). Only 

the most rapidly-growing shoots that developed from pre 

viously dormant vines after spring bud-break were used. 

Contamination percentage was determined by counting 

the number of meristems that had bacteria or fungi grow 

ing directly from tissue after 4 weeks of culture. Survival 

was scored as the percentage of meristems that remained 

contaminant-free and proliferated as axillary bud cultures 

after 6 weeks. 

Medium salt formulae tested were: Murashige and 

Skoog's (MS) (9), 1/2 MS salts with full complement of or 

ganic ingredients, C2D (2) and Woody Plant Medium 

(WPM) (8). Each medium contained 5 jjlM benzyladenine 

(BA), 0.7% TC agar (Hazelton Biologies Inc., Lenexa, Kan 

sas) and 3% sucrose. Twenty apices were placed on each 

medium and incubated as previously described (5). After 

6 weeks, the number of snoots produced per apex was 

determined. The experiment was repeated 3 times using 

new apices from the previous culture cycle placed on the 

same media. 

Effect of various cytokinins at different concentrations 

on shoot micropropagation of'Carlos', 'Dixie' and 'Fry' was 

determined using MS medium. Cytokinins and concentra 

tions tested were: 5, 10 and 20 \iM BA; 10, 20 and 40 \xM 

kinetin (Kin); and 0.5, 1 and 5 fxM thidiazuron (TDZ). 

Twenty apices were tested on each cytokinin-concentration 

treatment and the number of shoots produced per apex 

was determined after 6 weeks. The experiment was re 

peated 3 times using new apices from the previous culture 

cycle and the data were pooled as above. 

Rooting studies used shoots of 'Carlos', 'Jumbo' and 

'Welder' obtained from MS medium with 5 jxM BA. Shoots 

with four-to-six nodes were excised from growing cultures 

and inserted either directly into 3.5 cm dia. x 5.5 cm deep 

plastic liners containing Pro-mix commercial potting mix 

or first dipped into Rootone-F commercial rooting pow 

der, which contains an array of the auxins NAA, 1-

naphthaleneacetamide, 2-methyl-naphthaleneacetamide 

and l//-indole-3-butyric acid (IBA). The liners were 

placed in 52 x 27 cm planting flats, covered with clear 

plastic domes, and placed in a greenhouse mist chamber. 

This arrangement promoted a maximum humidity envi 

ronment but eliminated the damaging effects of water 

applied directly to in vitro-derived shoots. Planting flats 

were removed from the mist chamber after 2 weeks and 

covers were removed after 2 more weeks. The number of 

rooted shoots, the number of roots per shoot, and average 

root length were determined after 6 weeks. 
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Shoot propagation rates of nine cultivars ('Carlos', 

'Dixie', 'Fry', 'Jumbo', 'Nesbitt', 'Welder' and University of 

Florida experimental selections, FL-AA5-37, FL-AA6-48 

and FL-AA7-44 were compared using optimized proce 

dures. 

Data were subjected to an analysis of variance and 

mean separation was by the Duncan's New Multiple Range 

Test. 

Results and Discussion 

Shoot length from which apical meristems were ob 

tained influenced bacterial and fungal contamination rate 

and culture survival. As illustrated with the cultivar 'Fry', 

meristems from shoots 10 cm long had the least contamina 

tion and produced the most surviving cultures (Fig. 1). 

Meristems from longer and shorter shoots had signifi 

cantly more contamination and lower survival (a = 0.05). 

These results suggest that there is an optimal growth phase 

for initiating cultures from field-grown muscadines at 

which apical meristems contain less endophytic contamina 

tion and are most vigorous. In support of this observation, 

proliferating cultures were difficult to obtain from slower 

growing, potted muscadine grapes. These cultures often 

proliferated, without shoot development, as a hard, green 

callus. Since this culture growth type resembles the 

symptoms caused by A. tumefaciens, it is possible that the 

stock plants harbored an endemic infection. 

In medium studies, C2D, MS, 1/2 MS and WPM were 

compared for effect on shoot production from three cul 

tivars. Shoots produced on WPM became vitrified and suf 

fered from leaf abscission. An equivalent shoot prolifera 

tion rate was obtained with the three remaining media (3.3 

shoots/apex/6 weeks). However, MS was judged superior 

since it is commercially available as a premix. 

Study of the effect of three cytokinins on shoot devel 

opment in 3 cultivars showed that 5-20 |xM BA and 1-5 

|xM TDZ generally produced equal numbers of shoots 

(Table 1). However, shoots produced on TDZ-containing 

medium were stunted and distorted compared to those 

from medium with BA. Kinetin was ineffective, being com 

parable to medium with no cytokinin. Therefore, BA was 

superior to both Kin and TDZ. 

Table 1. Effect of cytokinins on shoot micropropagation of 3 muscadine 

grape cultivars.1 

0.5 1 2 10 60 

Shoot Length (cm) 

Fig. 1. Effect of donor plant shoot length on contamination and sur 

vival of 'Fry' apical meristems cultured on C2D medium with 5 (xM BA. 
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Cytokinin (|xM) 

0 

5BA 

10BA 

20 BA 

0.5 TDZ 

1TDZ 

5 TDZ 

10 Kin 

20 Kin 

40 Kin 

'Carlos' 

0.28 d* 

5.03 a 

3.68 b 

4.00 b 

3.55 b 

3.62 b 

4.48 ab 

0.41 c 

0.38 c 

0.52 c 

Cultivar 

'Dixie' 

0.46 c 

3.09 ab 

3.19ab 

3.16ab 

2.62 b 

2.85 ab 

3.25 a 

0.54 c 

0.60 c 

1.00 c 

'Fry' 

0.26 c 

3.30 a 

3.42 a 

3.55 a 

3.05 ab 

2.40 b 

3.18a 

0.27 c 

0.55 c 

0.57 c 

'Apices were cultured on MS medium. 

2Means within columns with the same letter are not significantly different 

at a = 0.01 according to Duncan's New Multiple Range Test. 

The presence or absence of a Rootone pretreatment 

did not affect the percentage of shoots that rooted or root 

length when data for the cultivars 'Carlos', 'Jumbo' and 

'Welder' were combined (Table 2). However, significantly 

more roots per shoot developed with Rootone than with 

out. 

This is the first report of direct rooting of microprop-

agated muscadine shoots. Previous studies of 'Summit' 

utilized IBA incorporated into culture medium to obtain 

rooting in vitro (7). Direct rooting is more efficient because 

a major tissue culture step is eliminated, resulting in pro 

duction of vigorous plants in less time and with less effort. 

This simple micropropagation protocol was tested on 

nine muscadine varieties in order to determine its general 

applicability. 'Carlos', 'Fry', 'Jumbo', 'Welder' and FL-AA6-

48 had the best shoot production rates (2.9-3.7 shoots per 

month), whereas 'Nesbitt' and FL-AA5-37 were poorest 

(1.7-2.2 shoots per month) (Table 3). Similar differential 

responses in shoot development have been noted previ 

ously among Vitis species and varieties (3). These results 

suggest a genotypic effect on shoot production. 

The effectiveness of micropropagation in eliminating 

A. tumefaciens will be determined in our next study. If suc 

cessful, this simple propagation system could be used to 

provide disease-free plants to the growing muscadine 

grape industry. 

Table 2. Rooting 

Factors 

Rooting 

pretreatment 

None 

Rootone 

of muscadine 

No. shoots 

tested 

96/28* 

96/30 

grape'. 

Rooted 

(%) 

46 a3 

43 a 

Roots/shoot 

(No.) 

3.2 b 

4.3 a 

Rootlength 

(mm) 

18a 

14a 

'Shoots were harvested from cultures grown on MS medium with 5 |xM 

BA and placed in potting mix. Data reflects pooled responses of cultivars 

'Carlos', 'Jumbo' and 'Welder'. 

^Number of shoots evaluated for "rooted'Vnumber of shoots evaluated 

for "roots/shoot" and "rootlength". 

:<Means with the same letter are not significantly different at a. = 0.01 

according to Duncan's New Multiple Range Test. 
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Table 3. Comparison of shoot propagation rates for nine muscadine 
grape varieties1. 

Variety Apices tested/shoots per apex 

'Carlos' 

'Fry' 

'Welder' 

FL-AA6-48 

'Jumbo' 

'Dixie' 

FL-AA7-44 

'Nesbia' 

FL-AA5-37 

60/3.7 a2 

60/3.7 a 

60/3.3 ab 

60/3.0 ab 

55/2.9 abc 

45/2.7 be 

35/2.7 be 

60/2.2 cd 

45/1.7 d 

■Apical meristems were cultured on MS medium with 5 jxM BA for 6 

weeks prior to determination of shoot number. Data reflect pooled results 

from 3 successive culture cycles. 

2Means with the same letter are not significantly different at a = 0.01 

and 0.05, respectively, according to Duncan's New Multiple Range Test. 
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Abstract. In the last decade, important developments have 

occurred in the grape industry, both globally and in Florida. 

Some of these trends will have a positive impact and are to 

be exploited. Others are negative and must be countered by 

comprehensive planning, research and execution. Based upon 

the record of the 1980's, it is useful to reassess the strengths 

and weaknesses of the Florida grape industry and plan for 

the 90s. 

Opportunities are: the positive health image of fresh fruit 

and whole juice beverages; increased health concerns of 

Florida's large and growing resident and tourist populations; 

the state's thrust in value-adding crops and processes; the 

coordinating potential of the Viticultural Advisory Council; 

progress and promise of biotechnology relating to grape qual 

ity and cultivation efficiency; and improved beverage and 

wine manufacture techniques. 

Challenges are: the urgent need for seedless cultivars with 

resistance to Pierce's disease; increased restrictions on water, 

agricultural chemicals and food additivies; a less abundant, 

more expensive labor supply; intense competition in fresh and 

processed fruit products; the worldwide economic downturn 

in the wine industry with decreasing per capita consumption 

and increasing taxation; and accelerated urbanization of ag 

ricultural land. 
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Prologue 

Ten years ago we looked back at the history of the 

Florida Grape industry and forward to projected needs 

for the 1980's (4). Now, with benefit of 10 years of 

hindsight, it is useful to examine the situation and to assess 

the accuracy of predictions and, most importantly, to estab 

lish the needs and priorities for the 1990's. 

The catgories evaluated in 1980 were: breeding, cul 

ture, harvesting, processing and utilization, and marketing 

(4). This perspective will be followed again. 

The Present 

Breeding—Progress has been mixed. The new Florida 

hybrid green bunch grapes 'Suwanee' (17) and 'Blanc 

DuBois' (19) have been as well received by the wineries as 

Stover was in the 70's (15). 'Blanc DuBois' makes arguably 

the best white wine in Florida as reflected in state and 

regional wine competitions. 

'Conquistador' (17) is a red wine grape that has not 

lived up to expectation due to uneven ripening and 

mediocre color stability. Were it not for past low yields, 

seediness and unevenness, 'Conquistador' potential as a 

juice and fresh market grape would be intriguing. 'Con 

quistador' is well suited to field packing fresh fruit into 

retail cartons as is now done with 'Concord' and 'Niagara' 

in the Northeast. Yields can be enhanced considerably by 

using 'Dog ridge' or 'CD9-81' as rootstock (18, 25). 

The barrier to seedlessness was finally broken with the 

introduction of 'Orlando Seedless' (22). While the bearing 

habits and cultivation characteristics of this cultivar are far 

from ideal, 'Orlando Seedless' represents an important 

first step toward practical seedless cultivars. 
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