
ABSTRACT 

ROMELCZYK, STEPHANIE MARIE.  Effect of Pruning Severity on ‘Carlos’ Muscadine 
Grape (Vitis rotundifolia) Yield, Quality, and Disease Incidence.  (Under the direction of E. 
Barclay Poling.) 

 
Interest in horticultural crops such as the muscadine grape (Vitis rotundifolia Michx.) 

has grown in recent years due to declining production of tobacco and other agronomic crops.  

Most growers choose to mechanically prune muscadines due to the low returns on wine 

grapes and the high cost of labor.  However, such pruning practices may reduce long-term 

vine vigor and juice quality.  The objective of this study was to quantify how different 

pruning levels affect vine vigor, fruit quality, and disease incidence on ‘Carlos’ muscadine 

grapes.  Four pruning levels were established on four-year-old vines: the retention of either 

200, 300, or 400 nodes/vine or simulated mechanical pruning (SMP).  The treatments were 

applied in winter 2006 and 2007 at three North Carolina vineyards, one each in Duplin, 

Scotland, and Orange counties.  It must be noted, a freeze occurred in early April 2007 that 

caused severe damage on grapevines across the state including vineyards used in this study.     

Although SMP vines had more than double the number of original nodes, the 300 and 

400 node treatment vines produced yields similar to SMP vines in different years at different 

locations.  Severe pruning and cold injury to buds forced latent secondary and tertiary buds to 

break that may have supplemented the muscadine crop.  In a study in 2007, shoot origin (e.g. 

base bud versus count bud) did not affect shoot fruitfulness.  Base buds were less mature at 

harvest than count buds, presumably as a result of delayed budbreak.  Fruit from SMP vines 

did not differ in juice quality parameters (percent soluble solids, pH, or titratable acidity) in 

either year from other pruning treatments. 



The Ravaz index, a ratio of fruit yield (kg) to pruning weight (kg), indicates the 

balance between fruit yield and vegetative growth.  Typical values of balanced V. vinifera 

grapevines fall between 5.0 and 10.0.   Indices in the present study ranged from 2.3 to 12.7 

depending on treatment, location, and year.  The SMP vines in the Duplin County vineyard 

(5.7) and the 400 node treatment vines at the Scotland County vineyard (5.8) had values that 

fell within the desired range.  Indices from 2007, reflect the freeze-related yield reductions 

and excessive vegetative growth.  Therefore, they are not representative of a normal 

production year.  

The point-quadrant technique was used to quantify the muscadine canopy in 2006.  

SMP vines showed a significant advantage in canopy fill over selectively pruned vines in the 

spring of 2006 at the Orange County vineyard.  The technique used in the present study was 

based on use for V. vinifera vines.  Due to the different growth habit of muscadines, the 

technique as used in the present study did not adequately characterize the distribution of the 

canopy or fruit and may need to be modified. 

Shoots tended to be longer at the head of the vine compared with those at the ends of 

the cordon in both years and in all three measurements times.  A gradient in maturity, from 

green at the vine head to overripe at the distal ends was observed in 2007 and may have 

resulted from shading at the vine head.  In 2007, the shoots in the middle area of the cordon 

produced fruit of optimum maturity at harvest and also tended to be more fruitful.     

At this time, it is not possible to state whether hand-pruning may be an economical 

option for growers producing grapes for processing due to the Easter freeze in 2007.  

However, based on results in 2007, the SMP treatment provided the highest yield with 

negligible differences in vine vigor, juice quality, and disease incidence. 
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BIOGRAPHY 

Often, when one thinks of New Jersey, a picture of a fast-paced, suburbia 

filled with thousands of people comes to mind.  Cow-dotted fields and rows of corn 

are more reminiscent of the Midwest, not New Jersey.  However, it is from that 

latter setting that Stephanie Romelczyk was raised and from that area sprung her 

love for agriculture and her passion to help rural farmers face the ever-present 

pressure from development. 

Stephanie was born in New Jersey, but at an early age was moved down to 

Burke, Virginia.  She spent eleven years living outside of Washington, D.C. and 

then moved up to Annandale, New Jersey, a small town in the northwestern part of 

the state.  She attended Cook College at Rutgers University and received a B.S. in 

Plant Sciences.  She spent two years in college working for the Rutgers Soil 

Specialist, a job that was to prepare and guide her towards her future goals.  After 

graduation, Stephanie went to intern at Longwood Gardens.   

In the fall of 2005, Stephanie started graduate school at Rutgers University 

and found that the program was not what she had expected.  Only a few months 

later and with a lot of luck, she transferred down to North Carolina State University 

to pursue a M.S. in Horticultural Sciences with a minor in Plant Pathology.         
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LITERATURE REVIEW 

Introduction  

The muscadine grape (Vitis rotundifolia Michx.) is a commonly grown native fruit in 

the Southeastern United States (Olien, 1990a).   The muscadine is well-adapted to the hot and 

humid climate characteristic of the area and cannot survive where winter temperatures drop 

below -12 °C (10 °F) (Carroll, 1985; Einset and Pratt, 1975).  It is tolerant of most diseases 

and pests found in its native habitat (Armstrong et al., 1934; Dutcher et al., 1988; Olien, 

1990a). 

The genus Vitis is split into two subgenera: Muscadinia Planch. and Euvitis Planch. 

(Einset and Pratt, 1975).  There are three species of grapes, including V. rotundifolia, V. 

munsoniana, and V. popenoei, that belong to the subgenera Muscadinia (Olien, 1990b).   All 

three are native to North America and contain a 40 chromosome genome.  The Euvitis 

grapes, commonly known as bunch grapes, have 38 chromosomes (Einset and Pratt, 1975).  

Muscadines are typically found in production areas where Pierce’s disease limits bunch grape 

production (Olien, 1990b). 

Although related to American (V. labruscana) and European grapes (V. vinifera), 

muscadines differ morphologically and anatomically (Carroll, 1985).  The wild muscadine 

vine is dioecious and inhabits sandy, well-draining areas from Delaware to Texas (Hedrick, 

1919).  Muscadines produce small fruit clusters, typically with 4 to 16 round berries.  The 

dark- or light-skinned berries weigh between 3 and 10 grams (0.11 and 0.35 ounces) 

depending on the cultivar and all have a thick, tough skin characterized by a musky odor 

(Carroll, 1985; Hedrick, 1919).  The fruit contain significant amounts of sucrose at maturity 
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(17% of total sugars in ‘Carlos’); this combined with the musky aroma may make 

muscadines unpalatable to people not familiar with the grape or its wine (Armstrong et al., 

1934; Carroll, 1985; Carroll and Marcy, 1982).  When the berries mature, they form an 

abscission layer which allows them to fall to the ground (Carroll, 1985). 

Most commercially grown muscadine cultivars are perfect-flowered and the planting 

of male vines is no longer needed (Brightwell and Austin, 1975a; Einset and Pratt, 1975).  

The most widely-planted muscadine grape in North Carolina is ‘Carlos’, a highly vigorous 

bronze-fruited cultivar which produces average yields of over 13.0 t·ha-1 (5.3 t·a-1) (Carroll et 

al., 1991; Mortensen and Harris, 1989).  A dry stem scar and uniform ripening are 

characteristics that aid in the mechanical harvest of the fruit, which is primarily destined for 

the wine industry.  Muscadines are mainly trained to a single-wire trellis (SWT), also known 

as a high bilateral cordon system, even though yields of over 15.0 t·ha-1 (6.1 t·a-1) have been 

realized with the Geneva double curtain (GDC) trellis (Andersen et al., 1985; Andrews, 

1981; Poling, 2007).  The ease of harvest and pruning, as well as the lower cost associated 

with trellis materials, make the single-wire training system more appealing (Basiouny and 

Himelrick, 2001; Poling, 2007).        

Many southeastern states, including North Carolina, have experienced major changes 

in agriculture since the 1970s.  Decreasing acreage of agronomic row crops has created an 

intensified interest in horticultural crops, including muscadine grapes (Bateman et al., 1987; 

Olien, 1990b).  Interest in muscadine grapes has been primarily focused on wine production, 

but markets are expanding for nutraceutical use, juice, and fresh market grapes (Morris and 

Brady, 2004; Olien, 1990b; Poling et al., 2003; Striegler et al., 2005).  In North Carolina, 
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muscadines are planted on approximately 526 hectares (1300 acres), with more vineyards 

being established yearly (Cline and Fisk, 2006).  The majority of this production occurs in 

the Coastal Plain region of the state, an area traditionally known for tobacco, cotton, and 

soybean production.  

Muscadine Pruning  

 Muscadines, like bunch grapes, must be pruned annually to assist with vineyard 

operations such as harvest and disease control as well as to maintain vine vigor and fruit 

quality (Basiouny and Himelrick, 2001).  Due to the high cost associated with hand pruning 

and the scarcity of labor, combined with low prices currently being paid for muscadine wine 

grapes, most growers choose to prune their vines mechanically (Andersen et al., 1996; 

Balerdi and Mortensen, 1973; Reynolds, 1988).  This practice, often achieved with the use of 

a mechanical hedger or a tractor-mounted sickle bar, produces large yields in muscadines 

(15.7 to 31.4 t·ha-1 or 7 to 14 t·a-1) due to the extreme number of buds (>1000) being left on 

the vine (Andersen et al., 1996; Sims et al., 1990).  As a result of repeated mechanical 

pruning, a dense tangle of old wood forms around the cordons; therefore, each year the one-

year-old fruiting wood moves further from the cordon (Andersen et al., 1996; Mainland et al., 

1982).   

As the vine is consistently forced to bear large yields, the vigor and fruit quality 

decrease (Gray et al., 1996; Loomis et al., 1949; Sims et al., 1990).  Morris and Cawthon 

(1981) found that retention of over 90 buds per vine on ‘Concord’ (either by hand or 

mechanical pruning) resulted in overcropping, smaller vines, and juice with unacceptable 

quality attributes that did not meet industry standards.  Five years of mechanically pruning V. 
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vinifera grapes in the San Joaquin Valley of California produced greater yields, decreased 

labor costs, and facilitated mechanical harvesting, but resulted in decreased sugar content 

(Wilson, 1983).  The author, a grower, noted that prolonged use of mechanical pruning and 

harvesting could make it economically unfeasible to return to hand pruning.  Reynolds 

(1988) subjected ten-year-old ‘Okanagan Riesling’ vines to three years of simulated 

mechanical pruning (SMP) or hand pruning (18 nodes/m row) and found that SMP increased 

yields and the number of clusters per vine, but decreased cluster weight and berry weight in 

all years (1988).  Tasters determined that wine quality from SMP fruit was inferior to wine 

made from hand pruned vines.    

Vine size can be measured by weighing dormant, one-year-old prunings (Jackson, 

2000; Mortensen and Harris, 1989).  V. vinifera grapevines with dormant pruning weights 

between 0.7 and 1.5 kg (1.5 and 3.3 lb) are considered well-balanced (Poling, 2007).  

Mortensen and Harris (1989) found that vigorous muscadine cultivars and selections such as 

‘Hunt’, ‘Dixie’, and N.C. 77-21 produced over 4.5 kg (9.9 lb) of pruned wood while less 

vigorous muscadines such as ‘Cowart’, ‘Magoon’, Ga. 10-6-1, and Ga. 24-16 produced less 

than 1.8 kg (4.0 lb) of pruned wood.  Trunk diameter is another measure of how vigorously a 

vine is growing. 

The Ravaz index is a commonly used ratio in V. vinifera vineyard management of 

fruit yield (kg) to annual pruning weight (kg) (Ravaz, 1903).  Ravaz indices of 5 to 10 are 

typical in balanced bunch grapevines (Smart and Robinson, 1991).  Vines that have excessive 

fruit yields have an index value greater than 12 and those with excessive vegetative growth 

have values less than 3.  Morris et al. (2005) found that when ‘Sunbelt’, a Concord-type 
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grape, was grown on a bilateral cordon (BC) system, Ravaz indices were low (1.8-3.3) 

indicating an imbalance between vegetative growth and fruit yield due to excessive 

vegetative growth or undercropping.  Three years after the vines were converted to a GDC, 

the Ravaz index for nongrafted vines was 10.7, indicating a balance between vegetative and 

reproductive growth.  Mortensen and Harris (1989) reported a seven-year mean yield for 

‘Carlos’ trained to a GDC of 26.13 kg·vine-1 (57.61 lb·vine-1) and a mean pruning weight of 

3.4 kg·vine-1 (7.50 lb·vine-1), thus a Ravaz index of 7.7 can be derived.  The mean yield and 

pruning weights for a number of other cultivars and selections are reported, so Ravaz indices 

could be formulated for these vines as well.  Ravaz indices have not been used to report vigor 

in muscadine grapes and desired ranges are unknown.    

During the growing season, grapevine canopy management is an important tool for 

producing high quality fruit.  A dense canopy creates a humid, still microclimate that favors 

disease and shades fruit, preventing proper ripening (Milholland, 1991; Poling, 2007; Shaulis 

et al., 1966; Smart et al., 1990).  Assessing the muscadine canopy during the growing season 

provides insight into the canopy microclimate.  A system of taking canopy transects was 

developed for V. vinifera grapes to quantify canopy density (Levy and Madden, 1933; Poling, 

2007; Smart et al., 1990; Warren-Wilson, 1960).  A metal rod is inserted at regular intervals 

along the vine cordon while an observer records the number of contacts between the rod and 

leaves, gaps, or fruit.  The number of leaf layers, exterior clusters, and gaps can then be 

calculated (Poling, 2007).  This procedure to quantify a muscadine canopy has never been 

reported; however, for bunch grapes, 1-1.5 leaf layers, 50-100% exterior clusters, and 80-

100% exterior leaves indicated a properly managed canopy (Smart et al., 1990).  
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A mechanical pruning regime that annually changes hedger orientation or is followed 

by hand touch-up may help to maintain vine vigor (Andersen et al., 1996).  Mainland et al. 

(1982) found that a 10 cm x 14 cm (4 in x 6 in) mechanical hedging conformation rotated 90 

degrees annually reduced the dense cane growth and had comparable yields to the standard 

20 cm x 20 cm (8 in x 8 in) configuration which became difficult to harvest due to tangled 

shoot growth.  Sims et al. (1990) imposed mechanical pruning on ‘Dixie’ muscadine grapes 

followed by hand adjustment to 800 or 400 nodes per vine or no-follow up for three years.  

Vines that were less severely pruned yielded more the first two years and for the three year 

mean; however, pH, °Brix, and muscadine aroma of the wine were decreased in some years.  

In another study, muscadine grapes were subjected to either hand pruning (160 buds per 

vine), SMP, or SMP followed by hand pruning every other year (Andersen et al., 1996).  

SMP vines had the highest average yield over six years, though not significant, with lower 

°Brix over time.  

Selective spur pruning is commonly practiced in V. vinifera vineyards and is a 

recommended practice in muscadine production.  In this system, canes are pruned to a spur, a 

section of one-year-old wood consisting of one to five nodes depending on the species and 

cultivar (Armstrong et al., 1934; Gray et al., 1996).  Spurs are located about 15.2 cm (6 in) 

apart on the cordon.  Ideally, 40 spurs each with 5 nodes would be selected on the muscadine 

vine leaving 200 nodes, but more commonly, 2-3 node spurs are retained which leaves 

approximately 120 nodes per vine (Poling et al., 2003).  Hand pruning allows the pruner to 

select the healthiest, most fruitful wood and remove unfruitful bull canes or dead wood 

(Murphy et al., 1938).  The most fruitful wood is 0.6 cm (1/4 in) in diameter at a location 
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between the fifth and sixth nodes, also known as “pencil diameter” thickness (Partridge, 

1922).  Hand pruning muscadines is extremely labor intensive and can require between 45 

and 60 minutes of work per vine, thus hand pruning an entire vineyard could take a month or 

more of labor on a per acre basis (Poling, personal communication).   

Cane pruning is another form of hand pruning that leaves nine or more nodes on a 

cane.   This pruning system was established based on the observation that node fruitfulness 

increases up to node six on certain grape species such as ‘Concord’ and then decreases 

beyond that point (Partridge, 1921).  When unfruitful shoots and failed buds were taken into 

consideration, optimum production occurred at the fourth node.  The idea follows that since 

buds on a spur are located near the unfruitful base, they are not as productive as those of a 

longer cane (Partridge, 1921).  Shaulis et al. (1966) determined that canopy shading on 

vigorous ‘Concord’ vines is responsible for less productive basal nodes.  Positioning shoots 

to grow vertically is recommended on ‘Concord’ to decrease the number of nodes in deep 

shade and increase fruit quality characteristics (Cawthon and Morris, 1977; Shaulis et al., 

1966).  Lane (1977) observed yield increases in cane-pruned vines of muscadine cultivars 

with a more vigorous growth habit, such as ‘Cowart,’ ‘Higgins,’ and ‘Hunt’.  In another 

experiment, muscadine grapes pruned to spurs outyielded vines that were cane-pruned even 

when the number of buds retained was balanced (Loomis, 1943).  Although results have 

varied between the different methods of hand-pruning, most hand-pruned muscadine vines 

are currently spur-pruned. 

 Considerable research has been conducted on establishing a pruning severity level for 

V. labruscana to maintain vine vigor and fruit quality; however, little research on muscadine 
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pruning methods and node retention has been conducted.  Loomis et al. (1949) found that 

‘Hunt’ muscadines pruned to four node spurs yielded numerically more than vines with one 

or two node spurs at the expense of berry coloration and uniformity.  They also noted that all 

count nodes as well as some latent buds broke on one or two node spurs when compared to 

longer spurs.  Pruning the muscadine cultivar ‘Alachua’ to five nodes (a medium pruning 

severity level) yielded more fruit than when the vine was pruned to two to three nodes and 

numerically more than vines pruned to ten nodes without the steady weakening of the vine 

(Gray et al., 1996).   

Balanced pruning formulas have been established for a number of bunch grape 

cultivars and numerous studies have been conducted with ‘Concord’, the grape juice industry 

standard red cultivar, in Arkansas and New York (Cawthon and Morris, 1977; Kimball and 

Shaulis, 1958; Morris and Cawthon, 1981; Morris et al., 1984; Shaulis and Robinson, 1953; 

Spayd and Morris, 1978).  Recommended pruning severity of ‘Concord’ grapes in New York 

is 30+10, a balanced pruning formula, indicating that for the first pound of canes removed 

during winter pruning, 30 nodes are retained (Poling, 2007; Shaulis and Robinson, 1953).  

Then, for every pound removed thereafter, an additional 10 nodes are retained.  Such pruning 

strives to balance the vine size with its capacity to carry out vegetative and reproductive 

growth (Poling, 2007).  ‘Concord’ grapes that had been pruned moderately (30+10) or 

severely (20+10) were earlier to mature and reach the industry maturity standard of 16 °Brix 

than grapes that had been lightly pruned and acidity of the juice tended to be higher as 

pruning severity increased (Shaulis and Robinson, 1953).  Light pruning produced a larger 

yield, but late maturity became a problem.  Spayd and Morris (1978) found that a less severe 
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pruning level (60+10) delayed fruit maturity in one year as opposed to the industry standard, 

but pruning severity level (60+10 or 30+10) did not affect yield per node, berry weight, 

berries per cluster, or vine size.  Currently, balanced pruning formulas have not been 

attempted or established for muscadine grapes.  

The method of pruning used in a vineyard is dependent on the trellis system selected 

at vineyard establishment.  Trellis systems can be separated into two classes: non-divided 

which have a single curtain of foliage and divided which have at least two curtains of foliage 

(Poling, 2007).  Currently, muscadines are grown on a two cordon SWT non-divided system 

(Poling et al., 2003).  Another promising trellis system for muscadines is the GDC, a four 

cordon divided system which directs growth downward and can handle more vigorous vines 

(Jackson, 2001; Poling, 2007; Poling et al., 2003; Shaulis et al., 1966).  When a GDC is used 

with V. labruscana and V. vinifera, yield is greatly increased due to maintenance of more 

exterior shoots and better light penetration in the canopy (Cawthon and Morris, 1977; Shaulis 

et al., 1966).  Similar yield increases have yet to be realized when muscadines are trained to 

the GDC; however, comparative yield studies between the GDC and SWT are lacking.  

Andersen et al. (1985) reported a mere 11% increase in yield when muscadines were trained 

to a GDC as opposed to a two-wire vertical (2WV) trellis.  In another experiment, ‘Carlos’ 

trained to a GDC produced 3 kg (7 lb) more fruit than when trained to a 2WV trellis 

(Andrews, 1981).  The main drawbacks of using a GDC training system are higher 

establishment costs and more labor inputs (Andersen et al., 1985; Jackson, 2001; Poling, 

2007).  Pruning costs each year are 66% higher if the GDC is used since more labor is 

required (Carpio et al., 2006a; Carpio et al., 2006b).  Although intermediate yields of 9.6  
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t·ha-1 (3.9 t·a-1) have been produced with the 2WV training system (Brightwell and Austin, 

1975b), it is no longer recommended since excessive shading from the top cordon occurred 

on the lower cordon and management of the lower cordon was difficult (Andersen and 

Crocker, 2003). 

Muscadine Diseases  

Muscadine grapes are generally resistant to many diseases that plague bunch grapes 

in the Southeast (Dutcher and McGiffen, 1988).  The most serious diseases that affect the 

muscadine fruit are berry rots, such as ripe rot (caused by Colletotrichum gloeosporioides 

(Penz.) Penz. & Sacc.), macrophoma rot (caused by Botryosphaeria dothidea (Moug. Ex. Fr.) 

Ces. & de Not), and bitter rot (caused by Greeneria uvicola (Berk. & Curt.) Punithalingam) 

(Basiouny and Himelrick, 2001; Milholland, 1991); however, in North Carolina, powdery 

mildew (caused by Uncinula necator (Schw.) Burr.) is considered the most important 

muscadine disease (Cline, personal communication).  Yield loss due to disease varies 

depending on the cultivar and cultural practices (Milholland, 1991).  In general, dark-fruited 

grapes are less susceptible to diseases than bronze-fruited grapes.  

Ripe rot is one of the most important diseases affecting muscadines (Milholland, 

1991).  Yield losses of up to 50% in some locations and years have been reported.  Infected 

fruit show brown, soft areas that, with time, expand and produce pinkish spores (Daykin and 

Milholland, 1984; Milholland, 1991).  Although spore release occurs throughout the growing 

season and fruit can be infected during any developmental stage, symptoms remain latent 

until the fruit begin to ripen (Daykin and Milholland, 1984).  The spores are released by 
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rainfall and are dispersed throughout the vineyard by strong winds.  Conidia overwinter in 

fruit mummies that remain attached to the vine and in fruit pedicels.  

Symptoms of macrophoma rot begin as small, circular, flat spots on the berry and in 

some cultivars, develop into a soft brown rot (Milholland, 1991).  The berries fall to the 

ground where they provide an overwintering structure for the pathogen.  B. dothidea can also 

overwinter in pedicels; Kummuang et al. (1996) isolated the causal organism from 

muscadine pedicels in Mississippi.  Disease is most severe after periods of windy, wet 

weather (Milholland, 1991).  When winter injury occurs, B. dothidea can enter wounds 

causing girdling or death of the vine (Basiouny and Himelrick, 2001). 

Greeneria uvicola can infect all aboveground parts of the muscadine (Milholland, 

1991).  As fruit mature, infections are characterized by brown, water-soaked lesions that 

develop black fruiting bodies and lead to a hollow, dry mummy.  Kummuang et al. (1996) 

isolated the causal organism in overwintering structures such as mummies, fruit spurs, 

pedicels, and leaf petioles in specimens from Mississippi.  Bitter rot is more severe on 

‘Carlos’ than other cultivars and accounts for most of the berry drop on the vineyard floor 

(Kummuang et al., 1996). 

Powdery mildew infects young tissues which results in mycelial growth on the 

surface of the tissues (Milholland, 1991).  Mycelial growth on fruit is followed by russeting 

and cracking of berries which degrades fruit appearance and decreases marketability.  The 

pathogen is an obligate parasite and must have living tissue to survive, so it overwinters 

inside dormant vegetative buds (Milholland, 1991). 
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Although black rot is a common disease affecting muscadines, it does not cause the 

severe damage observed in bunch grapes (Milholland, 1991; Poling, 2007).  The causal agent 

on muscadines, Guignardia bidwellii (Ellis) Viala & Ravaz f. muscadinii Luttrell, is a 

different race than the causal agent in bunch grapes.  New vegetative growth is susceptible to 

infection and symptoms appear as water-soaked, tan leaf spots (Milholland, 1991).  Raised, 

scabby lesions appear on developing fruit, but the lesions do not spread nor do the berries 

drop to the vineyard floor (Kummuang et al., 1996).  Infected stems and leaves from the 

previous year serve as overwintering structures for the fungus. 

Two other important diseases of muscadines are angular leaf spot and Pierce’s 

disease.  Angular leaf spot, caused by the fungus Mycosphaerella angulata Jenkins, can 

cause severe premature defoliation leading to losses in vine vigor and yield (Milholland, 

1991).  Leaf spots begin as small chlorotic spots that develop dark centers and a distinct halo.  

The lesions are irregular and follow leaf veins.  Angular leaf spot weakens the vine and can 

make the plant more susceptible to winter injury (Basiouny and Himelrick, 2001).  Pierce’s 

disease (PD), caused by the bacterium, Xylella fastidiosa Wells et al., is one of the major 

limiting factors for bunch grape expansion into the eastern parts of North Carolina and the 

Southeast (Milholland, 1991; Olien, 1990b; Poling, 2007).  Native muscadines are resistant 

or tolerant to the disease, but certain cultivars such as ‘Carlos’ and ‘Nesbitt’ may show 

marginal leaf burn (Hopkins and Thompson, 1984; Milholland, 1991; Milholland et al., 

1981).  Vine death has been observed in some susceptible muscadines; a 40% loss of an 

unreleased selection from Mississippi was observed in an evaluation of PD tolerance in 

Florida (Hopkins et al., 1974).  PD symptoms are expressed when bacteria accumulate in the 



 13

xylem and block the flow of water to other plant parts (Hopkins and Thompson, 1984).  In 

muscadines, X. fastidiosa populations accumulate in the xylem much later in the season than 

in bunch grapes, when temperatures start to cool.  Hopkins and Thompson (1984) speculate 

this is the reason for the greater tolerance observed in muscadines. 

Muscadine Pruning for Disease Control 

Certain cultural practices, such as severe pruning of dormant vines can reduce the 

inoculum of the pathogens causing bitter rot, ripe rot, macrophoma rot, and black rot for the 

coming year (Milholland, 1991).  The pathogens that cause these diseases overwinter in 

pedicels, canes, mummies, or dormant wood, all of which can be removed or reduced during 

dormant pruning (Kummuang et al., 1996; Milholland, 1991).  The maintenance of an open 

vine canopy can also improve pesticide spray penetration and lower canopy humidity, which 

decreases leaf wetness duration (Cooley et al., 1997; Holb, 2005; Milholland, 1991).  As a 

result, the environment is less favorable for germination and sporulation of many pathogens.  

Although the effects of severe pruning on muscadine disease incidence and severity 

have not been studied, similar studies have been conducted on other fruit crops such as bunch 

grapes (Gubler et al., 1987; Reynolds, 1988), apples (Cooley et al., 1997; Holb, 2005), 

blueberries (Hanson et al., 2000), and peaches (Uddin and Stevenson, 1998).  Holb (2005) 

found that strong winter pruning in organic apple orchards decreased leaf scab, caused by 

Venturia inaequalis (Cooke) G. Wint., on susceptible and moderately susceptible cultivars 

while not consistently modifying canopy microclimate.  Deposition of fungicides was 

improved and less variable with severe pruning.  In blueberries, many fruit rotting pathogens 

can be controlled with the use of selective pruning and other canopy management techniques 
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since these measures remove overwintering structures.  Hanson et al. (2000) observed lower 

berry rot levels caused by C. acutatum in moderately pruned blueberry bushes than in lightly 

pruned bushes.  In contrast, bunch grapevines that had been mechanically pruned showed 

significantly less botrytis bunch rot (caused by Botrytis cinerea (De Bary) Whetzel) than 

vines that had been hand pruned to 18 nodes/m in years where bunch rot was severe 

(Reynolds, 1988). 

Dormant pruning is one method for reducing the inoculum of pathogens; another 

technique used in some fruit crops is the removal of foliage and diseased wood during the 

active growing season (Cooley et al., 1997; Gubler et al., 1987; Uddin and Stevenson, 1998).  

Botrytis bunch rot of V. vinifera grapes can be managed with the use of various canopy 

management techniques (Gubler et al., 1987).  Leaf removal during the active growing 

season from ‘Chenin Blanc’ vines resulted in excellent Botrytis control; however, summer 

hedging resulted in minimal disease control and delayed fruit maturity.  Pruning out infected 

tissue and removal of orchard floor debris are two recommended management tools for the 

control of peach shoot blight caused by a Phomopsis sp. (Uddin and Stevenson, 1998).  

Selective pruning of diseased wood in May resulted in a significant reduction of disease 

incidence.  Flyspeck (caused by Zygophiala jamaicensis E. Mason) incidence and the number 

of fruit downgraded due to flyspeck were reduced in unsprayed apple trees which had been 

summer pruned (Cooley et al., 1997).  The duration of canopy relative humidity over 95% 

was reduced by 63% in pruned trees and spray deposition was increased by 30%.  Although 

the techniques of summer removal of wood or leaf thinning are not applied in the muscadine 

industry, summer hedging is often practiced in an attempt to clear vine rows for herbicide 
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sprays and facilitate mechanical harvesting.  Modified summer hedging might serve a similar 

purpose in muscadine disease control; however, future studies are necessary to determine the 

effect of summer hedging on disease severity. 
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EFFECT OF PRUNING SEVERITY ON ‘CARLOS’ MUSCADINE GRAPE (VITIS 
ROTUNDIFOLIA) YIELD, QUALITY, AND DISEASE INCIDENCE 
 
Introduction 

 The muscadine grape (Vitis rotundifolia Michx.) is a native fruit to the southeastern 

United States known for its sweet, musky flavor (Olien, 1990a).   Declining production of 

tobacco and other agronomic crops has increased attention to horticultural crops such as the 

muscadine grape (Batemen et al., 1987; Olien, 1990b).  In North Carolina, muscadines are 

planted on approximately 526 hectares (1300 acres), most of which are grown for the wine 

industry (Cline and Fisk, 2006).  Markets for nutraceuticals, juice, and fresh market grapes 

are currently expanding (Morris and Brady, 2004; Poling et al., 2003; Striegler et al., 2005). 

 The muscadine wine industry in North Carolina is based on the bronze-fruited 

cultivar ‘Carlos’ due to its characteristically high vigor, large yields, and ease of mechanical 

harvest (Carroll et al., 1991).  The vines are typically trained to a single-wire trellis (SWT) 

and can produce yields of over 13.0 t·ha-1 (5.8 t·a-1) (Carroll et al., 1991; Mortensen and 

Harris, 1989).  Chemical inputs are minimal since the plant is somewhat resistant to many 

diseases and pests found in its native habitat (Dutcher et al., 1988; Olien, 1990a). 

 Vines are annually pruned in order to facilitate mechanical harvest and to maintain 

vine vigor.  Many growers have switched to mechanical pruning due to labor shortages and 

low prices currently being paid for winegrapes (Andersen et al., 1996; Reynolds, 1988; Sims 

et al., 1990) to substantially reduce production costs (Basiouny and Himelrick, 2001).  This 

practice, achieved with the use of a tractor-mounted sickle bar or a mechanical hedger, 

results in yields of up to 31.4 t·ha-1 (12.7 t·a-1) (Andersen et al., 1996; Sims et al., 1990).  

However, repeated mechanical pruning creates a dense tangle of wood around the cordon, 
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decreasing vine vigor and fruit quality (Andersen et al., 1996; Gray et al., 1996; Loomis et 

al., 1949; Mainland et al., 1982; Sims et al., 1990).  

The dense canopy created by mechanical pruning provides a humid microclimate 

ideal for the development of major muscadine diseases (Milholland, 1991).  The pathogens 

Greeneria uvicola (Berk. & Curt.) Punithalingam, Colletotrichum spp., Botryosphaeria 

dothidea (Moug. Ex. Fr.) Ces. & de Not, and Guignardia bidwellii (Ellis) Viala & Ravaz f. 

muscadinii Luttrell cause the diseases bitter rot, ripe rot, macrophoma rot, and black rot 

respectively.  These organisms overwinter in pedicels, canes, mummies, or dormant wood, 

all of which can be removed with careful pruning (Kummuang et al., 1996; Milholland, 

1991).  Severe pruning has been used for disease control in a number of fruit crops such as 

bunch grapes (Gubler et al., 1987; Reynolds, 1988), apples (Cooley et al., 1997; Holb, 2005), 

blueberries (Hanson et al., 2000), and peaches (Uddin and Stevenson, 1998).  Maintaining an  

open canopy also allows for better pesticide spray penetration and lowers canopy humidity 

(Cooley et al., 1997; Holb, 2005; Milholland, 1991).   

Most V. vinifera grapes are selectively hand pruned to a desired number of nodes, so 

that crop load and fruit quality can be better controlled.  Selective spur-pruning allows the 

pruner to choose the healthiest, most fruitful wood and remove bull canes and dead wood that 

can harbor pathogens (Milholland, 1991).  With this system, canes are pruned to a one to five 

bud spur depending on the species and cultivar, each located approximately 15.2 cm (6 in) 

apart on the cordon (Armstrong et al., 1934; Gray et al., 1996; Poling et al., 2003).  The most 

fruitful wood on V. labruscana, located between the fifth and sixth nodes, is 0.6 cm (0.25 in) 

in diameter, commonly referred to as “pencil diameter” thickness (Partridge, 1922).  The 
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most fruitful wood on muscadines may be located in a different area of the cane, but there 

has not been adequate research in this area.  Hand pruning muscadines is extremely labor 

intensive and can require almost an hour of work per mature vine (Basiouny and Himelrick, 

2001).   

Balanced pruning has been commonly applied to bunch grapes, where considerable 

research has been conducted (Cawthon and Morris, 1977; Kimball and Shaulis, 1958; Morris 

and Cawthon, 1981; Morris et al., 1984; Shaulis and Robinson, 1953; Spayd and Morris, 

1978).  This method of pruning retains a set number of nodes for each pound of wood 

removed in order to balance vegetative and reproductive growth of the vine (Poling, 2007; 

Shaulis and Robinson, 1953).  The American grape ‘Concord’ (V. labruscana) has been 

pruned to a formula of 30+10 in New York, indicating that for the first pound of canes 

removed during winter pruning, 30 nodes are retained (Poling, 2007; Shaulis and Robinson, 

1953).  Then, for every pound removed thereafter, an additional 10 nodes are retained.  

Balanced pruning models have not been applied to muscadine grapes although the models 

may prove beneficial to vineyard managers who are interested in knowing the appropriate 

number of nodes to retain for optimum productivity and vine health.  Our objective was to 

quantify how different pruning levels affect vine vigor, fruit quality, and disease incidence of 

‘Carlos’ muscadine winegrapes. 

Materials and Methods 

Three studies were initiated in commercial muscadine vineyards located in Duplin, 

Scotland, and Orange counties, North Carolina in 2006 to evaluate the effects of pruning 
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level on vine yield, fruit quality, and disease incidence on approximately 4-year-old ‘Carlos’ 

muscadine vines trained to a SWT.   

Vineyard establishment and management 

Duplin County-Coastal Plain:  The vineyard was planted in Apr. 2002 on a Rains fine 

loamy sand, a thermic Typic Paleaquults, using the bronze wine cultivar ‘Carlos’.  Plants 

were propagated by Tinga Nursery (Castle Hayne, N.C.) from cuttings supplied by an older 

vineyard located in Rose Hill, N.C. owned by Duplin Winery.  The vines were trained to a 

SWT in 2002 and 2003 with two 3.05 m (10 ft) cordons.  Harvest began 19 months after 

planting, in the fall of 2003.   

In 2006 and 2007, 392.30 kg·ha-1 (350 lbs·a-1) of 6N-2.6P-14.9K fertilizer was 

applied in March, followed by 224.17 kg·ha-1 (200 lbs·a-1) of CaNO3 in June.  Drip irrigation 

was applied from the end of May until August, three times weekly, supplying 0.05 m3 (12 

gal) water per vine at each application.  In 2006, mancozeb was applied once in May 

immediately following bloom to control black rot.  In June 2007, mancozeb and the 

insecticide carbaryl were applied.  Bitter rot continued to be a problem throughout the 

growing season.  Summer hedging was performed three times during the summer to allow 

herbicide application in the weed-free strips beneath the vines and to facilitate harvest in the 

fall.  To prevent erosion, vegetation in the row middles was allowed to grow up and was then 

mowed or sprayed down with herbicide.   

Scotland County-Sandhills:  The vineyard was planted in Apr. 2003 on an Autryville 

loamy sand, a thermic Arenic Paleudults, using the bronze wine cultivar ‘Carlos’.  Plants 
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were supplied by Tinga Nursery.  The vines were trained to a SWT in 2003 and 2004 with 

two 3.05 m (10 ft) cordons.  The first sizable harvest was produced in the 2nd year (2004).   

In 2006, fertilizer was applied according to recommendations (Poling et al., 2003): 

366.52 kg·ha-1 (327 lbs·a-1) 10N-4.4P-8.3K distributed between two applications in March 

and May.  In 2007, fertilizer was applied in the same way as the previous year except that the 

second application was reduced 30% due to vigor concerns following the April freeze.  In 

both years, 0N-0P-18.3K (potash) was applied with other fertilizers in the amount specified 

by a soil sample taken in mid- to late winter (February to March).  Irrigation was applied as 

needed in 2006 beginning in May and continuing through mid-August.  In 2007, irrigation 

was applied daily beginning in early April and continuing through the third week in August.  

Captan and myclobutanil were used in rotation for three applications in 2006 and two 

applications in 2007 beginning after early June bloom to control angular leaf spot, bitter rot, 

ripe rot, macrophoma rot, black rot, and powdery mildew.  Phosmet was tank-mixed with 

fungicide applications as needed for insect control.  In Aug. 2007, malathion was applied to 

control a white fly (Trialeurodes spp.) infestation.  Vines were summer pruned three times: at 

the end of April, May, and June.  During summer pruning, everything below 0.91 m (3 ft) 

was removed to allow herbicide application.   

Orange County-Piedmont:  The vineyard was planted in Apr. 2001 on a Vance sandy 

loam, a thermic Typic Hapludults, using the bronze wine cultivar ‘Carlos’.  The plants were 

supplied by Tinga Nursery.  Vines were trained to a SWT in 2001 with 3.05 m (10 ft) 

cordons and a trellis height of 1.83 m (6 ft).  Harvest began in 2004 when vines were 3-years-

old. 
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In 2006, a 448.34 kg·ha-1 (400 lb·a-1) application of 8N-7P-19.9K fertilizer was 

applied in late March.  In 2007, a 224.17 kg·ha-1 (200 lb·a-1) application of 18N-0P-20.8K 

fertilizer was applied on 19 Mar.  Since the 2006 season was wet, drip irrigation was applied 

only twice in late August for a total of 0.08 m3 (20 gal) per plant.  In 2007, 0.06 m3 (15 gal) 

per plant of drip irrigation was applied weekly beginning at the end of June and continuing 

until late August.  A rotation of myclobutanil, azoxystrobin, and captan was sprayed 

approximately every 10 to 15 days starting in mid-May and continuing into the third week of 

August to control fungal diseases.  Two applications of carbaryl were sprayed to control 

Japanese beetles: once during June and the other in July.  Summer pruning was not practiced.  

However, some shoot tip dieback occurred from a paraquat application to maintain the weed-

free strip.   

Pruning severity treatments 

Dormant vines were pruned to one of four treatments: simulated mechanical pruning 

(SMP), 200 nodes retained, 300 nodes retained, and 400 nodes retained (Fig. 1).  Pruning 

levels were established on 6, 14, and 3 Feb. in the Duplin, Scotland, and Orange County 

vineyards respectively in 2006.  Pruning treatments were repeated in 2007 on 2 and 13 Feb., 

19 Jan., and 26 Jan. at each respective location.  Vines were spur-pruned with three to four 

count nodes left per spur and spurs were chosen based on diameter and overall vigor.  Count 

nodes were defined as nodes occurring on 1-year-old wood more than 2 cm (0.8 in) from the 

cane junction.  At the less severe pruning levels, more nodes were left per spur in order to 

retain desired node numbers.  Vines pruned to SMP were manually hedged to 30.5 cm x 30.5 

cm (12 in x 12 in) around the cordon with no attempt to select fruitful wood or thin; SMP 
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vines had over 1,000 nodes per vine.  Each treatment was applied to an individual vine and 

replicated six times in a randomized complete block design at each location.  Due to a freeze 

event that occurred prior to experiment initiation in 2006, the number of replications at the 

Orange County site was decreased to four.  A freeze occurred on 8 Apr. 2007 across North 

Carolina during which minimum temperatures reached -4.4 oC (24.1 oF) at some locations 

while vines were in the one to four leaf stage (Fisk et al., 2007).  Severe cold damage was 

observed on grapevines in vineyards located across the state, including at those used in this 

study.           

Pruning weights, trunk diameter, and shoot length measurements  

In Feb. 2006, pruning weights were collected from the Orange County site and in 

Jan.-Feb. 2007 at all three sites by weighing all prunings from each vine.  Trunk diameter 

was measured in June 2006 and 2007 at all three locations 0.8 m (2.6 ft) from the ground 

with a digital caliper (Mitutoyo Digimatic CD-6”B; Japan).  Six shoots per vine were tagged 

in June 2006 at the following locations on the vine: 30.5 cm (1 ft) from each end of the 

cordon, middle of each cordon, and 30.5 cm (1 ft) from the vine head on each cordon.  In 

June 2007, three shoots originating from base buds and three shoots originating from count 

buds were tagged on one cordon in the same locations as in 2006 to compare differences in 

bud vigor and fruitfulness based on bud origin.  Shoot lengths were measured three times, 

approximately at 1 month intervals, over the summers of 2006 and 2007.  In 2007, cluster 

number, berry number, berry weight, and berry maturity were quantified for each tagged 

shoot on each vine.  Some difficulties were encountered both years due to miscommunication 

with the growers.  In both 2006 and 2007, the grower at the Duplin County vineyard summer 
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pruned experimental vines and in 2006, the grower at the Orange County vineyard sprayed 

the vineyard floor with herbicide.  These actions resulted in shoot length measurements that 

were not representative of actual growth during the season since the growing tips were 

removed or killed.   

Removal of dead wood 

 After the freeze in 2007, dead wood was removed in May from the south-oriented 

cordon of hand-pruned vines to quantify the effect removal of dead wood has on berry rot 

incidence.  Cracks in spurs and dead wood provide ideal infection sites for pathogens which 

cause rot diseases such as B. dothidea (Fisk et al., 2007).  Removal was not performed on 

SMP vines since such a practice would not be practical in a mechanized pruning system.  At 

harvest, a 30.5 cm (1 ft) section of the cordon was harvested and a 250 berry sample was 

collected to assess treatment effects on the incidence of macrophoma rot, bitter rot, and ripe 

rot.  Although wood removal was performed at the Orange County vineyard, sufficient fruit 

could not be collected at harvest for this part of the study and so this location was not 

included in the analyses.  

Canopy density  

Canopy density measurements were taken once at the Scotland County site on 12 

June on two replications and twice at the Orange County site on 13 June and 15 Aug. in 

2006.  A 0.84 m (33 in) metal rod was inserted into the muscadine canopy approximately 

15.3 cm (6 in) below the cordon wire at 15.3 cm (6 in) intervals across the entire cordon 

length (accordingly there were 20 measurements on each cordon).  The number of leaf, 

flower, and/or fruit contacts with the rod was recorded at each interval (Poling, 2007).   
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Yield 

 Fruit were harvested on 21 Sept., 19 Sept., and 2 Oct., respectively, in the Duplin, 

Scotland, and Orange County sites in 2006 and 18 Sept., 25 Sept., and 24 Sept. in 2007.  A 

1.83 m (6 ft) section of the north-oriented cordon was hand harvested into a catch-frame in a 

once-over fashion.  All grapes (green, ripe, and overripe) were harvested.  Yield per vine was 

calculated based on the weight of the harvested fruit.   A 250 berry sample was collected 

from the middle 30.5 cm (1 ft) of the harvested section to assess treatment effects on berry 

weight, berry maturity, disease incidence, soluble solids, pH, and titratable acidity (TA).  

Ravaz indices were calculated by dividing yield by pruning weight from the previous winter 

dormant pruning on a per vine basis (Ravaz, 1903).   

Berry maturity and disease sampling 

Berry maturity was determined by dividing fruit into green, ripe, and overripe fruit 

categories.  Categories were established based on maturity standards set forth in the U.S. 

Standards for Grades of Muscadine Grapes (USDA, 2006).  Berries with lesions of 

macrophoma rot, bitter rot, or ripe rot or russetting from powdery mildew covering over 33% 

of the fruit surface were sorted to determine individual disease and total disease incidence.  

After maturity and disease assessment, berry samples, including rotten and green fruit, were 

stored at -20 oC (-3  oF) for approximately 2 to 3 weeks until berries could be prepared for 

juice analysis.   

Juice analysis 

Berry samples were held at room temperature (20 oC; 68 oF) to thaw 24 hours prior to 

being crushed in a portable grape crusher with a stainless steel hopper (Presque Isle Wine 
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Cellars; North East, PA).  The crushed berries and free-run juice were poured into a colander 

lined with one layer of cheesecloth placed over a bowl to catch the juice.  The crushed berries 

were hand-squeezed in cheesecloth approximately 30 times to remove the remaining juice.  

Juice from each sample was poured into two 50 ml (1.69 fl oz) centrifuge tubes (Thermo 

Fisher Scientific; Waltham, Mass.) with caps and frozen at -20 oC (-3 oF) until analysis could 

be performed.  Prior to chemical analysis, test tubes were allowed to thaw at room 

temperature (20 oC; 68 oF) for at least 24 hours.  Juice analysis was performed using standard 

procedures: soluble solids concentration was determined with an Abbé refractometer (Bausch 

and Lomb), sample pH was quantified using a pH meter (Accumet Excel XL-15 Fisher 

Scientific), and titratable acidity (TA), expressed as percent tartaric acid, by titration to pH 

8.2 with 0.1N sodium hydroxide.  The pH meter was standardized using a two-point 

calibration with buffers pH 4 and 7.  

Statistical analysis 

Data were analyzed using the PROC MIXED procedure in SAS (SAS Institute, Cary, 

N.C.).  Missing data at the Orange County vineyard was accounted for by using a mixed 

model with random effects for replication nested in location.  Fixed variables were treatment 

and location.  Adjusted p values for all locations combined were based on a Tukey-Kramer 

test for multiple comparisons.  Years were not combined due to the freeze event that occurred 

in 2007.  Means were separated by Fisher’s least significant difference at the p≤0.05 

significance level. 

 

 



 36

Results 

Pruning weights, trunk diameter, and shoot length measurements  

 Pruning weights differed among treatments in 2006 and 2007 (2006: p=0.0414, 2007: 

p=0.0019, Table 1).  In 2006, pruning weights were higher in the 200 node treatment than in 

the SMP and 400 node treatments, but did not differ from the 300 node treatment.  Pruning 

weights in 2007 were consistently lower in the SMP treatment than in the selectively pruned 

treatments (Table 1 and Fig. 5).  Since pruning weights were only taken at the Orange 

County site in 2006, differences among locations were not analyzed.  Pruning weights 

differed among locations in 2007 with the vines at the Duplin County site having the most 

pruning weight and the vines at the Scotland County site having the least (p<0.0001, Table 

2).   

 Trunk diameter measurements did not differ among treatments in 2006 or 2007 

(Table 1), but did differ among locations in both years (2006: p<0.0001, 2007: p<0.0001, 

Table 2).  In 2006, trunk diameter was as follows: Duplin > Orange > Scotland County 

vineyards.  In 2007, vines in the Duplin County vineyard had the largest trunk diameter.  

Trunk diameter differed between the Orange and Scotland County vineyards in 2006, but not 

in 2007.  When Scotland County vineyard data were analyzed separately from the other two 

locations in 2007, the SMP and 400 node treatment vines had larger trunks compared to the 

200 and 300 node treatments (p=0.0221, data not shown).  The increase in trunk diameter 

from 2006 to 2007 was 6.5 mm (0.3 in), 4.5 mm (0.2 in), and 5.0 mm (0.2 in) in the Scotland, 

Duplin, and Orange County vineyards respectively (data not shown).     
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Shoot lengths did not differ based on treatment in 2006 or 2007 (data not shown).  In 

all months in 2006, shoot length varied by location on the cordon (p<0.001).  As in 2006, on 

all measurement dates in 2007, shoot length differed with shoot location on the cordon (June: 

p=0.0036; July: p=0.0005; August: p<0.0001).  Shoots tended to be shorter at the ends of the 

cordon compared to those at the head of the vine in both 2006 and 2007 (Fig. 2 and Fig. 6).  

In 2007, there were no differences in monthly or final shoot length based on bud origin on 

the vine (Fig. 6 and Table 9).  Data from the Duplin County vineyard were not analyzed in 

either year since shoots were summer pruned by the grower shortly after tagging.  

In June 2006, the vines in Scotland County had longer shoots on average than those in 

Orange County (p=0.0168, data not shown).  In July (p=0.0137) and Aug. (p=0.0457) 2006, a 

shoot x location interaction occurred indicating that shoots grew at a different rate at the two 

locations (data not shown).  Shoot length varied in 2007 due to vineyard location on each of 

the measurement dates (June: p=0.0077, July: p=0.0078, August: p=0.0248, data not shown).  

Vines in the Scotland County vineyard had longer shoots on all three dates in 2007 compared 

to those in the Orange County vineyard.   

 Pruning severity did not affect bud fruitfulness in 2007 as measured by the number of 

fruit clusters and number of berries, nor did it affect berry weight or berry maturity (data not 

shown).  Shoot location on the cordon did not affect the number of clusters, the number of 

fruit, the number of berries per cluster or the percentage of ripe fruit.  However, shoot 

location on the cordon did affect the percentage of green (p=0.0044) and overripe fruit 

(p=0.0024), as well as berry weight (p=0.0418).  More green fruit were located near the head 

of the vine as compared with the distal ends, where more overripe fruit were located (Fig. 7).  
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Heavier fruit were also found closer to the head of the vine.  Although significant interactions 

were not found, shoots originating in the middle of the vine tended to have more fruit, more 

berries per cluster, and heavier berries (data not shown).   

Bud origin (base versus count buds) did not affect shoot fruitfulness, berry weight, or 

the percentage of ripe fruit in 2007 (Table 9).  Base buds did bear more green fruit 

(p=0.0066) and less overripe fruit (p=0.0033) than count buds in 2007 (Table 9).   

In 2007, the number of berries per shoot (p=0.0020), berry weight (p<0.0001), berries 

per cluster (p=0.0168), and the percentage of overripe fruit (p=0.0084) differed among 

locations (data not shown).  Vines located in the Duplin County vineyard produced more 

berries per shoot and more berries per cluster than those in either the Scotland or Orange 

County vineyards.  The Scotland County vineyard had less overripe fruit based on bud origin 

than both the Duplin and Orange County vineyards.   

Removal of dead wood 

 Removal of wood killed by the 8 Apr. 2007 freeze did not affect the incidence of 

macrophoma or ripe rot (Table 10).  However, the incidence of bitter rot was reduced by 

wood removal (p=0.0011, Table 10).  Data from this study suggests that the incidence of 

bitter rot and ripe rot increased from the previous year, but the incidence of macrophoma rot 

did not (Table 5).  Location was a significant factor in the incidence of bitter rot (p=0.0022) 

with the Scotland County fruit having more bitter rot than the Duplin County fruit.  The 

vineyard in Orange County was not included because an adequate number of fruit were not 

available at harvest. 
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Canopy density 

Differences were observed at the Orange County vineyard in the number of leaf 

(p=0.0002) and flower contacts (p=0.0032) between SMP vines and the other three 

treatments on 13 June 2006 (Fig. 3).  Differences were not found on the other sample date or 

at the Scotland County vineyard in June (data not shown).  Leaf layer numbers for the vines 

at the Orange County site ranged from 1.7 to 6.7 (data not shown). 

Yield 

Yields in 2006 did not differ when treatments were compared across locations (Table 

1).  SMP did not yield the highest numerically at all locations in 2006 (Fig. 4a).  In the 

Duplin County vineyard, the 300 node treatment outyielded the SMP and in the Scotland 

County vineyard, the 300 and 400 node treatments outyielded the SMP.  Yield was affected 

by pruning severity in 2007 (p<0.0001, data not shown).  SMP vines outyielded selectively 

pruned vines, while the three selectively pruned treatments did not differ.  A treatment x 

location interaction (p=0.0194) was observed for yield in 2007 (Fig. 4b and Table 1).  The 

SMP and the 400 node treatment in the Duplin County vineyard as well as the SMP treatment 

in the Scotland County vineyard, yielded more than all other treatments at each location, 

though they were not statistically different from the 200 and 300 node treatments in the 

Duplin County vineyard.  

When locations were analyzed separately in 2006, yield differed among pruning 

treatments at the Duplin County site (p=0.0197, data not shown).  The 300 node treatment 

yielded numerically more than the SMP treatment and statistically more than the other two 

treatments which did not differ from each other or the SMP.  The Orange and Duplin County 
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vineyards yielded more fruit in 2006 than the vineyard in Scotland County regardless of 

treatment (p<0.0001, Table 2).  Yield differed due to vineyard location in 2007 (p<0.0001) 

with vines in Duplin County yielding on average the most and vines in Orange County the 

least (Table 2).  The vineyard in Scotland County was the only location that showed an 

increase in yield over the previous year, despite cold injury.   

Berry weight did not differ due to pruning treatment when data from 2006 and 2007 

were analyzed (Table 1).  However, there were location differences in both years (2006: 

p=0.0136, 2007: p<0.0001, Table 2).  Average berry weight in 2006 was the lowest for 

berries harvested at the Orange County location compared to those harvested at the Duplin 

and Scotland County locations, regardless of treatment.  In 2007, berries weighed the most at 

the Scotland County location and the least at the Orange County location.   

Ravaz indices (Ravaz, 1903) did not differ among pruning treatments in the Orange 

County vineyard in 2006 (Table 1) and could not be compared across locations because 

pruning weights were not collected at all three sites that year.  Ravaz indices were affected 

by pruning treatment in 2007 (p<0.0001, data not shown).  SMP vines had higher Ravaz 

indices than the three other treatments.  A treatment x location interaction for Ravaz indices 

was found in 2007 (p<0.0001, Table 1 and Fig. 8).  Vines in the SMP treatment at the 

Scotland County location had a higher Ravaz index than all other treatments at all locations.  

The 400 node treatment at the Scotland County vineyard (5.8) and the SMP at the Duplin 

County vineyard (5.7) did not differ, but were different from all other treatments at all other 

sites.   
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Berry maturity and disease 

 Pruning severity did not affect berry composition at harvest in 2006, but differences 

were found in 2007 (Table 3 and Appendix C).  The 200 node treatment in 2007 had a higher 

percentage of green fruit (p=0.0008) than the other three treatments and a lower percentage 

of ripe fruit (p=0.0470) than the SMP.  The 300 and 400 node treatments had numerically 

more ripe fruit than the 200 node treatment and did not differ from the SMP.  The percentage 

of overripe fruit was not different among treatments.   

Vineyard location affected berry maturity in 2006 and 2007 (Table 4).  In 2006, vines 

in the Scotland County vineyard had numerically the highest percentage of green fruit 

(p<0.0001) and the lowest percentage of ripe fruit (p=0.0056).  The vines in the Orange 

County vineyard had the lowest percentage of green fruit and numerically the highest 

percentage of ripe and overripe fruit.  In 2007, the Scotland County site had more ripe fruit 

than the Duplin County site (p=0.0008) and numerically more than the Orange County site.  

The Duplin County vineyard had more overripe fruit than both the vineyards in Scotland and 

Orange Counties (p=0.0338).  Although the percentage of green fruit did not differ among 

locations in 2007, the Duplin County vineyard had numerically more green fruit than the 

other locations.   

Pruning severity did not affect the incidence of ripe rot, macrophoma rot, powdery 

mildew, or total disease incidence in 2006, but did affect the incidence of macrophoma rot 

(p<0.0001) and ripe rot (p<0.0001), as well as total disease incidence (p=0.0238) in 2007 

(Table 5).  There was more macrophoma rot, ripe rot, and total disease in the 300 node 

treatment than in the three other treatments in 2007.   
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A treatment x location interaction (p=0.0003) was observed in 2006 for the 

percentage of berries with bitter rot symptoms (Table 5).  The 200 node treatment in the 

Orange County vineyard had more berries with bitter rot than all other treatments at each of 

the locations.  Treatment x location interactions were also found in 2007 for the incidence of 

macrophoma rot (p=0.0001) and ripe rot (p=0.0007), as well as total disease incidence 

(p=0.0126, Table 5).  The 300 node treatment at the Orange County vineyard had more 

macrophoma rot than the other treatments at all locations.  The 200 and 300 node treatments 

at the Orange County vineyard had numerically more ripe rot than the SMP at the Orange 

County vineyard and more ripe rot than all other treatments at all locations.   

Total disease incidence and the incidence of macrophoma rot, bitter rot, and ripe rot 

were higher in the Orange County location in 2006 than in the other two locations (total 

disease: p<0.0001, macrophoma rot: p<0.0001, bitter rot: p<0.0001, ripe rot: p=0.0002, Table 

6).  Ripe rot was found only in the Orange County vineyard in 2006.  Powdery mildew 

symptoms were not found on the berries at the Orange County vineyard in that same year.  

The Scotland County vineyard had more fruit affected with powdery mildew than the other 

two locations in 2006 (p=0.0065).  Vineyard location affected the incidences of macrophoma 

rot (p<0.0001) and ripe rot (p<0.0001), as well as the total disease incidence (p=0.0004) in 

2007 (Table 6).  Fruit at the Orange County vineyard had higher incidences of macrophoma 

rot and ripe rot, which led to an overall higher total disease incidence.   

Juice analysis 

Percent soluble solids, pH, and titratable acidity (TA) did not differ among pruning 

treatments at harvest in 2006, but in 2007, pruning severity affected TA (p=0.0468, Table 7).  
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The 200 and 400 node vines had a higher TA in 2007 than the SMP vines which did not 

differ from the 300 node vines when treatments were averaged across vineyard locations.   

A pruning treatment x location interaction was observed for TA in 2007 (p=0.0099, 

Table 7) indicating that different treatments performed differently at each location.  

However, the 200 node treatment at the Duplin County location had the highest TA out of all 

treatments and locations. 

Fruit from the Orange County vineyard had a higher percent soluble solids than fruit 

from the vineyards in Duplin and Scotland County in 2006 (p=0.0008, Table 8).  The pH of 

juice in 2006, ranked from highest to lowest, was as follows: Duplin, Scotland, and Orange 

County locations (p<0.0001).  TA did not differ at the three locations in 2006.  In 2007, 

vineyard location had an effect on pH (p=0.0048) and TA (p=0.0008), but not on soluble 

solids (Table 8).  The Duplin County vineyard had a higher pH and TA than the Scotland and 

Orange County vineyards.   

Discussion 

 We are not able to make definitive conclusions on the effect of pruning levels on vine 

vigor, fruit quality, and disease incidence because one year of the experiment was a transition 

year and, in the other year, a severe freeze created unusual growing conditions.  However, 

some trends were found.  Data from both years indicated that selective hand-pruning has the 

potential to yield higher than a mechanical hedging regime for annual dormant pruning.  

Differences in juice quality, vine vigor, and disease incidence were negligible among 

treatments.   
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Pruning weight treatment differences in 2006 reflected the amount of wood removed 

to establish experimental severity levels and were not the result of any previous treatments.  

Pruning weight in 2007 was consistently lower in the SMP treatment than in the selectively 

pruned vines.  Since wood was not selectively removed when pruning SMP vines and canes 

were pruned to longer lengths than in the other treatments, overall lower pruning weights 

were expected.  Pruning weight indicates vine size, suggesting that locational differences 

observed in 2007 were due to cultural and environmental conditions in years previous to and 

during the experiment. 

The differences in trunk diameter in 2006 and 2007 at the three locations indicate that 

vineyard establishment methods used and climatic conditions prior to the initiation of this 

experiment created different vigor levels at each site.  At the onset of the experiment, our 

data indicate that vines in Duplin County were the most vigorous and those in Scotland 

County were the least vigorous.  

 A tendency for shoots to be longer closer to the vine head supports our observation 

that a number of bull canes are produced near the head of the vine.  Bull canes are highly 

vigorous vegetative shoots that are usually not fruitful.  Shoot diameters as wide as 1 cm (0.4 

in) were observed.  The longer shoots observed in the Scotland County vineyard in both 

years may be related to a climate difference between Scotland and Orange counties (Jackson, 

2000).  Scotland County is located in the southeastern region of the state where winter 

temperatures are milder and spring growth begins earlier, while Orange County borders the 

northern limit of muscadine production (Poling et al., 2003).  Maximum shoot growth 

occurred between budbreak and bloom during what is known as the “grand period of growth” 
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(Basiouny and Himelrick, 2001).  This may have occurred later at the Orange County 

vineyard.  Locational differences were not observed for the other two months, suggesting that 

by July, shoots at the Orange County site were similar in length to those at the Scotland 

County site.   

In 2007, shoots at the Scotland County vineyard were longer than shoots at the 

Orange County vineyard on all three measurement dates.  Warmer spring conditions may 

have accelerated early shoot growth on vines in the Scotland County location, but unlike in 

2006, shoots in the Orange County location never caught up in length during the growing 

season.  In 2007, rainfall at the Orange County vineyard, measured 29 km (18 mi) away at 

the Duke Forest (Carrboro, N.C.), was substantially less during the growing season (March 

through September) than in 2006 (2007: 4.08 cm (1.61 in), 2006: 6.38 cm (2.51 in)) 

(Appendix B) and irrigation was applied infrequently to the vines.  Cold winter temperatures 

in the Orange County location have caused vine and cordon death in previous years 

(Appendix A).  Induced water stress can be used to harden off the current season’s growth 

and make the vine more winter hardy (Jackson, 2000).  The extremely dry conditions 

combined with a desire to harden off vines may have resulted in shorter shoots in the Orange 

County vineyard.   

 The gradient in maturity observed in 2007 with more green fruit occurring near the 

head of the vine as compared with the distal ends suggests that the distal ends matured sooner 

than the head area of the vine.  Another explanation for differences in maturity may be that 

vigorous bull canes which produce numerous lateral branches throughout the growing season 
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are found exclusively near the vine head.  Laterals may be fruitful (Pratt, 1974), but rarely 

mature by normal harvest and so there is an abundance of immature green fruit.   

Contrary to most literature (Basiouny and Himelrick, 2001; Mullins et al., 1992), our 

results from 2007 indicate that base buds of ‘Carlos’ are as fruitful as count buds when the 

majority of count buds are killed by extreme cold weather.  Winkler et al. (1974) found that 

the time and character of last season’s cane growth reveal more about fruitfulness of the next 

season’s buds than position.  Delayed maturity observed in base buds may have resulted 

when latent buds were forced into development after the freeze, while count buds that 

escaped the weather matured on a normal schedule.  On average, both base and count buds 

produced fewer clusters, fewer berries per cluster, and lower berry weight in 2007 than 

previously reported (Basiouny and Himelrick, 2001; Carroll et al., 1991).  Inflorescence 

primordia are formed during the previous season (Basiouny and Himelrick, 2001), so 

differences between the literature and our results may be based on last year’s temperature, 

precipitation, and other locational differences. 

Although the number of flowers that set fruit is usually quite variable and dependent 

on pollination (Basiouny and Himelrick, 2001), the number of inflorescence primordia is 

influenced by many environmental factors (Winkler et al., 1974) such as soil moisture 

(Mullins et al., 1992) and light interception (Shaulis et al., 1966).  Our data suggest that 

characteristics associated with vineyard location such as climate and soil, as well as 

production techniques may influence the number of berries a muscadine shoot produces.   

Muscadine canopy assessments were inconclusive in 2006.  Our attempt to quantify 

the density of the muscadine canopy using canopy transects was the first in any literature 
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reviewed thus far.  However, our results were not promising.  The differences observed in 

canopy measurements in June 2006 at the Orange County vineyard may have quantified a 

slight advantage SMP vines had in canopy fill since budbreak at that location is delayed due 

to a more northerly location.  Minimally pruned V. vinifera vines were found to complete 

canopy development more rapidly due to more accessible carbohydrate reserves in unpruned 

canes (Jackson, 2000).  Therefore, carbohydrate reserves in SMP vines may have prompted 

an earlier development of the canopy. 

Later in the season, the number of fruit and flower contacts increased using the 

transect method of canopy assessment although the author feels that the data do not represent 

the actual fruit load observed on the vine.  One problem encountered was that foliage at the 

vine head grew more upright, so a rod inserted 15.3 cm (6 in) below the cordon did not 

contact any fruit or foliage although both fruit and foliage were abundant in the area.  

Typically, selection of canes with upward orientation is favored during winter pruning, so 

fruit clusters rarely hang in the sampling region (Fisk, personal communication).  By moving 

the sample area closer to the cordon, more fruit may have been contacted since most 

muscadine fruit is produced 10.2 to 25.4 cm (4 to 10 in) from the cordon, depending on the 

length of the spur (Fisk, personal communication).     

 The method of canopy transects used for bunch grapes may need to be modified when 

used to quantify canopy density in muscadines.  One reason that this technique is hard to 

apply is that the muscadine canopy contains substantially more leaf layers than V. vinifera 

grapes.  Leaf layer values for vines in the Orange County vineyard (1.7 to 6.7) far exceeded 

the desired ranges of 1.0 to 1.5 for V. vinifera grapes (Smart et al., 1990).  A main reason for 
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determining canopy density is to evaluate the level of shading on the basal nodes and fruit 

clusters (Smart and Robinson, 1991).  Currently, muscadine production techniques focus 

primarily on achieving large yields, which permits dense canopy formation.  Summer 

pruning is performed in order to facilitate weed management and mechanical harvest 

(Basiouny and Himelrick, 2001).  However, other canopy management techniques like shoot 

positioning, shoot thinning, and leaf removal are not practiced as they are in V. vinifera 

grapes (Poling, 2007).       

 Yields from 2006 suggest that although vines pruned to SMP contained two to three 

times as many nodes as the least severely pruned treatment, buds may not be as fruitful on 

the SMP.  Shaulis et al. (1966) emphasize the importance in maintaining a vine canopy that is 

well-exposed to sunlight to maximize bud fruitfulness.  Although all vines were pruned 

similarly in the previous year when the buds for the current season were being developed, 

improved light exposure during the current season may have allowed higher yields in 

selectively pruned vines.  In addition, latent secondary and tertiary buds may break as a 

response to severe dormant pruning (Winkler et al., 1974; Loomis et al., 1949), but we did 

not evaluate the number or relative fruitfulness of these buds on selectively pruned vines.  If 

these buds are more fruitful, then this may explain why selectively pruned vines did not 

differ from the mechanically pruned vines in 2006, despite differences in original node 

number.  Selectively pruned vines may produce more fruitful buds for the next season, but 

this was difficult to assess due to 8 Apr. 2007 radiational freeze (Fisk et al., 2007). 

Buds on SMP vines were less severely affected by the 2007 freeze than the other 

pruning treatments when observations were made in mid-April (Fisk et al., 2007).  Therefore, 
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yields in the SMP treatment were expected to be higher than in other treatments that year.  

The freeze destroyed a large proportion of count buds on selectively pruned vines at all three 

sites, but more so at the Duplin and Scotland County sites.  Therefore, base and latent buds 

must have been extremely fruitful for hand-pruned vines to produce high yields in some 

cases.  As discussed earlier, observation of count and base buds found no differences in 

fruitfulness based on bud origin (Table 9).  Therefore, in years when severe cold injures 

count buds, growers might expect that yields will be supplemented by the fruitfulness of base 

and latent buds.  Interestingly, the SMP treatment in the Orange County vineyard yielded 

less, though not significantly, than the 300 node treatment at the same location.  In 2006, the 

300 node treatment at the Duplin County vineyard outyielded the SMP treatment.  Both the 

300 and 400 node treatments have the potential to outyield the SMP and are candidates for a 

hand-pruning system in muscadines.   

Locational yield differences in 2006 may be related to high vigor associated with the 

vines at the Duplin and Orange County vineyards due to environmental and preexisting 

cultural conditions.  Severe yield loss in the Orange County vineyard in 2007 as compared to 

the previous year may be a result of existing problems aggravated by cold injury.  Cold 

injury, which caused severe wood cracking and galling by Agrobacterium vitis, was evident 

early in 2006 and resulted from a cold event that occurred before the initiation of the 

experiment (Appendix A).  Vines were under enormous stress, including drought, the entire 

2007 growing season which likely led to an added decrease in yield.   

Since berry weight is proportionally related to berry size (Basiouny and Himelrick, 

2001), the numerical differences in 2006 yields were not a result of larger berries.  Instead 
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the larger yields resulted from more berries per vine.  Carroll and Marcy (1982) showed that 

‘Carlos’ berry weight increased to a maximum value around harvest and then began to 

decline in weight.  The lower berry weight value observed at the Orange County location in 

2006 may be a result of an October harvest that was conducted after berries had reached full 

maturity.  Berry maturity and juice soluble solids indicated that the berries at the Orange 

County location were in a ripe to overripe developmental stage.  In 2007, lower yields 

observed in the Orange County vineyard may be partially attributed to smaller berries.  Vines 

in the Orange County vineyard may have been exposed to continual water stress during the 

growing season in an attempt to prevent further cold injury in the subsequent winter.  Water 

stress during the early stages of berry enlargement results in smaller berries that weight less 

(Winkler et al., 1974).   

Ravaz indices in 2006 for the SMP, 300, and 400 treatments were within the accepted 

range of values for V. vinifera grapes.  Ravaz indices of 5 to 10 are typical in balanced bunch 

grapevines (Smart and Robinson, 1991).  The 2006 Ravaz index of 4.4 for the 200 node 

treatment indicated an unbalanced vine with excessive vegetative growth.  All vines were 

managed similarly in the year previous to experiment initiation, so differences were likely the 

result of treatment establishment in 2006.  In 2007, the SMP index value of 7.1 fell within 

acceptable ranges for V. vinifera grapes (Smart and Robinson, 1991) indicating a balance in 

vegetative and reproductive growth.  Selectively pruned vines had indices that indicated an 

excess of vegetative growth in 2007.   

In 2007, there was a treatment x location interaction for the Ravaz index.  The 400 

node treatment at the Scotland County vineyard and the SMP at the Duplin County vineyard 
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had the only Ravaz indices that fell within the desired ranges for V. vinifera grapes.  The 

SMP treatment in the Scotland County vineyard had excessive yield, while all other 

treatments were excessively vegetative.  Pruning weights for the SMP treatment at the 

Scotland County vineyard were unusually low in 2007 indicating that the vines had not 

grown to potential in the previous year.  The low pruning weight resulted in an exceptionally 

high Ravaz index since the index is a ratio of fruit yield (kg) to pruning weight (kg) from the 

previous winter’s dormant pruning.  Ravaz indices from 2007 may not be indicative of 

typical values due to cold-related yield reductions and excessive vegetative growth.   

 Berry maturity sampling in 2007 indicated that the 200 node treatment had more 

green fruit than the other three treatments.  The 200 node treatment was the most severely 

pruned and most severely damaged in the 8 Apr. 2007 freeze (Fisk et al., 2007).  Therefore, 

differences in maturity, especially in the 200 node treatment, may reflect asynchronous fruit 

development caused by the freeze.  

Berry maturity differed by location in 2006 and indicated that the Scotland County 

vineyard may have been harvested slightly early and the Orange County vineyard may have 

been harvested late based on the percentage of green fruit at harvest.  Harvest was conducted 

prior to commercial harvest and may account for some of the variability in maturity.  

Maturity data in 2007 indicated that the Duplin County vineyard was harvested after the 

optimum harvest date, while fruit at the Scotland and Orange County vineyards were 

harvested at the peak of ripeness.  Observations while harvesting indicated that secondary 

and tertiary flushes of fruit had been produced in the Duplin County vineyard perhaps as a 

result of the freeze.  The increased percentage of green fruit at all three locations over 2006 
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may be a response associated with bud injury and vine survival.  Uneven ripening was found 

to be more problematic when vines were stressed by environmental or cultural conditions 

such as drought (Basiouny and Himelrick, 2001) and perhaps freeze injury. 

The pathogens that cause macrophoma rot, bitter rot, and ripe rot all reside within 

dead wood and bark on muscadine spurs and canes during the winter (Milholland, 1991).  

Selective removal of dead wood, as practiced in 2007, should theoretically reduce the 

incidence of all three diseases.  Uddin and Stevenson (1998) found that selective pruning of 

diseased peach wood in May resulted in a reduction of peach shoot blight (caused by 

Phomopsis sp.) incidence.  Interestingly, only the incidence of bitter rot decreased when 

freeze-killed muscadine wood was removed.  A higher incidence of bitter rot was also 

observed in a mixed cultivar muscadine vineyard located in Castle Hayne, North Carolina in 

2007 (Cline, personal communication).  A difference in the incidences of macrophoma and 

ripe rot may not have been observed since inoculum levels were already low and conditions 

during the growing season were not favorable for infection.  Temperatures and rain during 

bloom were favorable for infection by G. uvicola (Miranda and Sutton, in review), but dry 

weather during the remainder of the season was not favorable for infection by any of the 

other three pathogens observed.     

Some differences were observed in the incidence of disease among pruning 

treatments, however the reason for these differences in unclear.  For example, more berries 

with bitter rot symptoms were found in the 200 node treatment in the Orange County 

vineyard in 2006 than in all other treatments and locations.  Some ripe rot may have been 
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misdiagnosed as bitter rot, causing inflated values at this site, the only location where both 

diseases occurred.   

Also, in 2007, the 300 node treatment at the Orange County vineyard had a higher 

incidence of macrophoma rot and ripe rot, as well as total disease incidence.  The reason for 

the high incidences of the two rots is unclear since the 300 node level is intermediate in node 

number and would be expected to produce a canopy that is intermediate in humidity and air 

circulation.  An open canopy has been shown to decrease leaf wetness duration and improve 

pesticide spray penetration (Cooley et al., 1997; Holb, 2005; Milholland, 1991).  The SMP, 

and perhaps the 400 node level, treatment would be expected to have higher incidences of all 

diseases sampled.  Ripe rot is often localized with “hot spots” occurring within a field due to 

spore dissemination (Pearson and Goheen, 1994).  However, blocking should capture such 

effects.   

Disease incidence and severity was different across the muscadine production range 

in North Carolina in 2006 and 2007.  Data in 2007 indicated that disease incidence and 

severity, especially macrophoma rot and ripe rot, were higher in the Orange County vineyard.  

Researchers in Georgia reported that there was not a correlation between high incidences of 

ripe rot and macrophoma rot found at a site (Basiouny and Himelrick, 2001); disease 

incidence was the result of local, environmental, and varietal differences.  

More mature fruit as a result of a later picking date may have led to the high disease 

incidence observed in the Orange County vineyard in 2006.  A timely harvest of fruit in the 

fall is one way to reduce muscadine fruit rots because it reduces the potential for spread of 

secondary inoculum to ripe fruit (Pearson and Goheen, 1994; Poling et al., 2003).  Data from 
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2007 may indicate a localized infection, but experimental blocking should prevent such 

effects.  Each treatment in the Orange County vineyard had only four replications which may 

not have been enough to obtain a realistic idea of disease incidence at the site.   

 Values in 2006 for soluble solids and pH were lower than those reported in other 

literature, while TA was markedly higher (Carroll and Marcy, 1982; Carroll et al., 1991).  

Soluble solids, pH, and TA from a 15-year study on ‘Carlos’ provide average values of 

14.99, 3.31, and 0.48 respectively (Carroll et al., 1991).  In the present study, fruit 

composition indicates that all locations were harvested before the grapes had reached full 

maturity in 2006.  This was in part due to a need to harvest experimental fruit from plots 

prior to commercial harvest.  The values found in 2007 were more similar to previously 

published values for percent soluble solids and pH than in 2006 (Carroll and Marcy, 1982; 

Carroll et al., 1991).  Berries may have been harvested at a more ripened stage than in the 

previous year based on soluble solids and pH values. 

All four treatments had higher TA values in 2007 than average values previously 

reported for ‘Carlos’ muscadines (TA=0.48) (Carroll et al., 1991).  A high TA value indicates 

that grapes may not have been at optimum maturity when harvested.  Carroll and Marcy 

(1982) found that the amount of tartaric acid in immature and mature ‘Carlos’ berries was the 

same.  The decrease in TA observed was a result of dilution due to berry enlargement.  Berry 

enlargement occurs as grapes mature and, as stated earlier, the 200 node treatment had more 

immature, green fruit than all other treatments which caused TA to be higher than expected. 

The soluble solids data from 2006 suggest that berries from the Orange County 

vineyard were more mature than those at Duplin and Scotland counties; however, pH and TA 
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data suggest the opposite.  Berry pH and TA are influenced by other factors such as 

potassium fertilization, water availability, and temperature (Jackson, 2000) that may have 

caused the observed effects.  Berry maturity data from 2007 indicate that the 200 node vines 

at the Duplin County vineyard had high percentages of green fruit perhaps as a response to 

cold injury which would result in high TA values.  The pH value from 2007 indicates that 

grapes in the Duplin County vineyard were close to optimum ripeness, but the TA value 

suggests the opposite.  The TA values at the other two locations were closer to reported 

values, but pH values were low.  At high temperatures, potassium accumulation increases 

(Jackson, 2000).  Since a hydrogen ion is needed to transport the potassium ion across the 

membrane, acidity and pH increase.  Water stress may also increase acidity, sometimes 

accompanied by a drop in pH (Jackson, 2000).  The combination of hot and dry conditions in 

2007 resulted in a high TA and a low pH in muscadine grape juice.       

Conclusions 

 A mechanical pruning system was found to be more reliable in years where vines are 

subjected to severe cold injury.  In most cases, yields were higher and the quality of juice 

was closer to previously published standards (Carroll et al., 1991).  Berries ripened more 

evenly, which is an important consideration when harvesting mechanically (Basiouny and 

Himelrick, 2001).  This pruning system also appears to have the ability to increase muscadine 

vegetative and reproductive potential in locations where pre-existing conditions created a low 

vigor situation.  

 Contrary to older literature (Basiouny and Himelrick, 2001; Mullins et al., 1992), we 

found that fruitfulness of muscadine base and latent buds are as fruitful as count buds.  
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Although differences in fruitfulness may exist between secondary and tertiary buds, the 

overall fruitfulness of latent buds explains the magnitude of the muscadine crop in 2007.  The 

muscadine can adapt to adverse growing conditions or growth setbacks by latent budbreak 

which can supplement crop load. 

 Site selection and vineyard management are important tools for disease management 

and vine vigor.  Disease incidence and severity varies widely across the muscadine growing 

regions in North Carolina.  Therefore, prior knowledge of a potential vineyard site (for 

example: soil, climate, and previous agricultural history) may save spray time and benefit 

yields.  Proper site selection and management may allow for production of organic fresh 

market muscadines, a market that is rapidly developing in the Southeast.  

 The use of hand-pruning in vineyards where grapes are destined for the processing 

market is not economical since selective removal can take up to an hour per vine and benefits 

are minimal (Basiouny and Himelrick, 2001).  However, the use of balanced pruning 

methods may be more applicable in fresh market muscadine vineyards.  Since returns are at 

least three times higher for fresh market grapes (Fisk, personal communication) and yield is 

not the driving motivation, selective pruning could be used.  Hand-pruning to longer spurs in 

U-pick operations could also facilitate easier harvest by customers since fruit would be 

located further from the cordon and would be less densely clustered.   

‘Carlos’, the leading wine grape cultivar, was used in this study and is also amongst 

the most vigorous muscadine cultivars currently available.  Selective pruning may help to 

invigorate fresh market cultivars with average to low vigor such as ‘Supreme’ (Basiouny and 

Himelrick, 2001).  Further examination of balanced pruning on other cultivars is necessary to 



 57

make specific pruning recommendations for the fresh market.  Continuation of this study is 

needed to observe long-term trends in the vigor and quality of fruit from mechanically 

pruned vines, as well as to make research-based pruning recommendations to processing and 

fresh market growers.       
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Duplin 200 4.5 aw 25.6 a 13.3 a 34.2 a -- --
300 4.3 a 31.7 a 16.5 a 36.3 a -- --
400 4.1 a 25.8 a 13.4 a 35.9 a -- --
SMPx 4.3 a 28.2 a 14.6 a 34.5 a -- --

Scotland 200 4.3 a 12.8 a 6.6 a 29.9 a -- --
300 4.2 a 15.1 a 7.9 a 29.5 a -- --
400 4.5 a 16.1 a 8.4 a 29.8 a -- --
SMP 4.5 a 14.4 a 7.5 a 31.8 a -- --

Orange 200 3.8 a 31.2 a 15.9 a 32.0 a 7.0 a 4.4 a
300 4.4 a 30.7 a 15.7 a 30.7 a 5.1 ab 6.1 a
400 3.8 a 25.5 a 13.0 a 34.1 a 4.10 b 6.3 a
SMP 3.9 a 37.3 a 19.1 a 32.1 a 4.3 b 8.7 a

Duplin 200 4.4 a 23.3 ab 12.5 ab 39.2 a 7.4 a 3.2 c
300 4.4 a 24.7 ab 13.3 ab 40.0 a 8.4 a 2.1 c
400 4.6 a 28.2 a 15.9 a 40.3 a 8.3 a 3.5 c
SMP 4.3 a 32.6 a 17.6 a 39.4 a 5.9 a 5.7 b

Scotland 200 4.6 a 10.2 c   5.5 c 36.0 a 3.0 a 3.6 c
300 5.2 a 11.4 c   6.1 c 34.6 a 3.1 a 3.9 c
400 4.5 a 16.8 bc   9.1 bc 37.5 a 2.9 a 5.8 b
SMP 4.6 a 26.4 a 14.2 a 38.5 a 2.1 a 12.7 a

Orange 200 3.7 a 10.1 c   5.4 c 38.3 a 5.3 a 1.9 c
300 3.4 a 12.0 bc 6.4 bc 35.5 a 4.7 a 2.7 c
400 3.2 a   9.4 c 5.0 c 37.1 a 4.3 a 2.3 c
SMP 3.2 a 11.3 c 6.1 c 38.0 a 4.2 a 2.7 c

z Pruning weights were not collected for Duplin and Scotland counties in 2006.
y Ravaz index is a ratio of fruit yield (kg) to annual pruning weight (kg).
x SMP=Simulated Mechanical Pruning.

Pruning 
severity 

Yield 
(kg·vine-1)

Table 1.  Effect of year, location, and pruning severity on yield parameters of 'Carlos' 
muscadine grapes.

w Means within column and year with the same letter(s) are not significantly different at p ≤0.05.

Location
Berry 
weight 

(g)

2007

Pruning 
weight 

(kg·vine-1)z

Extrapolated 
yield         

(t·ha-1)
2006

Ravaz 
indexy

Trunk 
diameter 

(mm)
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Duplin 4.3 ax 27.8 a 15.0 a 35.2 a -- --
Scotland 4.4 a 14.6 b 7.9 b 30.2 c -- --
Orange 4.0 b 30.7 a 16.5 a 32.2 b -- --

Duplin 4.4 b 27.2 a 14.7 a 39.7 a 7.5 a 3.9 b
Scotland 4.7 a 16.2 b 8.7 b 36.7 b 2.8 c 6.5 a
Orange 3.4 c 10.7 c 5.6 c 37.2 b 4.6 b 2.4 c
z Pruning weights were not taken for Duplin and Scotland counties in 2006.
y Ravaz index is a ratio of fruit yield (kg) to annual pruning weight (kg).
z Means within column and year with the same letter(s) are not significantly different 
at p <0.05.

Table 2.  Effect of location and year on yield parameters of 'Carlos' muscadine 
grapes.

Location
Berry 
weight 

(g)

Yield 
(kg·vine-1)

Extrapolated 
yield         

(t·ha-1)

Trunk 
diameter 

(mm)

Pruning 
weight 

(kg·vine-1)z

Ravaz 
indexy

2006

2007
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Green Ripe Overripe

Duplinz 200 9.53 aw 81.50 a 9.00 a
300 10.67 a 80.93 a 8.40 a
400 9.20 a 84.40 a 6.40 a
SMPy 9.73 a 81.60 a 8.67 a

Scotland 200 15.07 a 77.60 a 7.33 a
300 14.13 a 74.87 a 11.00 a
400 13.67 a 77.00 a 9.33 a
SMP 14.13 a 77.27 a 8.60 a

Orange 200 2.67 a 81.73 a 15.72 a
300 1.33 a 91.55 a 7.20 a
400 4.00 a 83.15 a 12.93 a
SMP 6.00 a 83.73 a 10.39 a

Duplinx 200 32.53 a 54.37 a 13.07 a
300 17.33 a 61.53 a 21.13 a
400 16.27 a 60.73 a 23.00 a
SMP 7.87 a 64.47 a 27.67 a

Scotland 200 21.78 a 65.37 a 14.30 a
300 13.33 a 76.07 a 10.60 a
400 7.87 a 71.60 a 20.53 a
SMP 11.02 a 78.55 a 10.70 a

Orange 200 25.44 a 63.20 a 11.16 a
300 9.34 a 73.20 a 17.53 a
400 21.45 a 68.40 a 10.40 a
SMP 10.38 a 75.20 a 14.22 a

y SMP=Simulated Mechanical Pruning.

w Means within column and year with the same 
letter(s) are not significantly different at p ≤0.05.

Table 3.  Effect of year, location, and pruning 
severity on berry maturity of 'Carlos' muscadine 
grapes.

Maturity (%)Location Pruning 
severity

z Harvest dates in 2006: 21 Sept. (Duplin), 19 Sept. 
(Scotland), and 2 Oct. (Orange) .

x Harvest dates in 2007: 18 Sept. (Duplin), 25 Sept. 
(Scotland), and 24 Sept. (Orange).

2006

2007
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Green Ripe Overripe

Duplinz 9.78 bx 82.10 a 8.12 a
Scotland 14.25 a 76.68 b 9.07 a
Orange 3.50 c 84.93 a 11.57 a

Dupliny 18.50 a 60.28 b 21.22 a
Scotland 13.50 a 72.90 a 14.03 b
Orange 16.65 a 70.00 ab 13.33 b

Location Maturity (%)

2006

x Means within column and year with 
the same letter(s) are not significantly 
different at p ≤0.05.

z Harvest dates in 2006: 21 Sept. 
(Duplin), 19 Sept. (Scotland), and 2 
Oct. (Orange).
y Harvest dates in 2007: 18 Sept. 
(Duplin), 25 Sept. (Scotland), and 24 
Sept. (Orange).

2007

Table 4.  Effect of location and year 
on berry maturity of 'Carlos' 
muscadine grapes.

 

 

 

 

 

 

 

 

 



 70

Duplin 200   3.67 ay 2.27 b 0.00 a 0.40 a 6.33 a
300 3.87 a 2.33 b 0.00 a 0.40 a 6.60 a
400 3.13 a 2.07 b 0.00 a 0.40 a 5.60 a
SMPz 1.93 a 1.00 b 0.00 a 1.20 a 4.13 a

Scotland 200 2.53 a 1.33 b 0.00 a 1.73 a 5.60 a
300 1.80 a 1.67 b 0.00 a 1.73 a 5.20 a
400 2.60 a 1.73 b 0.00 a 1.67 a 6.00 a
SMP 2.60 a 1.20 b 0.00 a 3.27 a 7.07 a

Orange 200 10.40 a 14.00 a 1.69 a 0.00 a 26.17 a
300 7.89 a 6.80 b 1.73 a 0.00 a 16.25 a
400 8.02 a 5.47 b 0.93 a 0.00 a 14.25 a
SMP 11.06 a 1.47 b 0.36 a 0.00 a 12.97 a

Duplin 200 1.27 b 4.27 a 0.27 c 0.73 a 6.53 b
300 2.20 b 5.73 a 1.73 bc 0.73 a 10.40 b
400 1.47 b 4.40 a 0.53 c 0.47 a 6.87 b
SMP 1.67 b 3.20 a 0.87 c 0.87 a 6.60 b

Scotland 200 1.15 b 7.83 a 0.42 c 0.27 a 9.68 b
300 1.67 b 6.27 a 0.47 c 0.53 a 8.93 b
400 1.87 b 10.87 a 0.60 c 0.80 a   14.13 ab
SMP 1.20 b 3.95 a 0.07 c 0.20 a 5.43 b

Orange 200 3.47 b 4.93 a 5.60 a 0.27 a   14.27 ab
300 9.60 a 8.60 a 9.60 a 0.80 a 28.60 a
400 2.13 b 4.93 a 1.20 bc 0.40 a 8.67 b
SMP 2.00 b 8.13 a 5.20 ab 0.13 a   15.47 ab

z SMP=Simulated Mechanical Pruning.

Pruning 
severity Bitter rot

Disease (%)

Table 5.  Effect of year, location, and pruning severity on 'Carlos' muscadine 
grape disease incidence.

2007

y Means within column and year with the same letter(s) are not significantly 
different at p ≤0.05.

Ripe rot Powdery 
mildew

Total 
disease 

(%)

2006

Macrophoma 
rot

Location
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Duplin 3.15 bz 1.92 b 0.00 b 0.60 b 5.67 b
Scotland 2.38 b 1.48 b 0.00 b 2.10 a 5.97 b
Orange 9.33 a 6.93 a 1.00 a 0.00 b 17.27 a

Duplin 1.65 b 4.40 a 0.85 b 0.70 a 7.60 b
Scotland 1.47 b 7.23 a 0.39 b 0.45 a 9.55 b
Orange 4.30 a 6.65 a 5.40 a 0.40 a 16.75 a

Powdery 
mildew

Macrophoma 
rot

Bitter 
rot

Ripe 
rot

2007

Table 6.  Effect of location and year on 'Carlos' muscadine 
grape disease incidence.

z Means within column and year with the same letter(s) are not 
significantly different at p ≤0.05.

Location
Disease (%) Total 

disease 
(%)

2006
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Duplin 200 11.0 ay 3.14 a 0.82 a
300 11.0 a 3.16 a 0.82 a
400 10.1 a 3.11 a 0.88 a
SMPz 10.0 a 3.07 a 0.85 a

Scotland 200 11.2 a 2.98 a 0.91 a
300 10.9 a 2.93 a 0.92 a
400 11.2 a 3.03 a 0.82 a
SMP 11.2 a 2.96 a 0.87 a

Orange 200 11.5 a 2.89 a 0.90 a
300 13.1 a 2.85 a 0.88 a
400 11.9 a 2.80 a 0.93 a
SMP 11.6 a 2.79 a 0.91 a

Duplin 200 14.3 a 3.11 a 1.00 a
300 15.4 a 3.27 a 0.79 abc
400 15.2 a 3.24 a 0.80 abc
SMP 14.8 a 3.18 a 0.84 abc

Scotland 200 14.5 a 3.10 a 0.59 bc
300 14.5 a 3.06 a 0.68 bc
400 13.7 a 3.01 a 0.88 ab
SMP 14.0 a 3.09 a 0.57 c

Orange 200 14.5 a 2.96 a 0.76 abc
300 14.9 a 3.00 a 0.51 bc
400 14.6 a 2.97 a 0.62 bc
SMP 15.7 a 3.07 a 0.54 bc

z SMP=Simulated Mechanical Pruning.

Pruning 
severityLocation

Table 7.  Effect of year, location, and pruning 
severity on juice quality parameters of 'Carlos' 
muscadine grapes.

y Means within column and year with the same 
letter(s) are not significantly different at p ≤0.05.

2007

Soluble 
solids 
(%)

2006

Titratable 
acidity 

(%)
pH
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Duplin 10.5 bz 3.12 a 0.84 a
Scotland 11.1 b 2.98 b 0.88 a
Orange 12.1 a 2.83 c 0.91 a

Duplin 14.9 a 3.20 a 0.86 a
Scotland 14.2 a 3.06 b 0.68 b
Orange 14.9 a 3.00 b 0.61 b

Location
Soluble 
solids 
(%)

2006

Table 8.  Effect of location and year on 
juice quality parameters of 'Carlos' 
muscadine grapes.

pH
Titratable 

acidity 
(%)

z Means within column and year with the 
same letter(s) are not significantly 
different at p ≤0.05.

2007
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Basez 100.8 ax 1.4 a 13 a 6 a 3.8 a 34.27 a 54.21 a 12.35 b
County 94.7 a 1.4 a 14 a 7 a 3.9 a 19.48 b 58.95 a 21.07 a

Table 9.  Effect of shoot origin on 'Carlos' muscadine grape shoot length and fruitfulness in 
2007.   

Berries 
per 

cluster Green Ripe Overripe

Maturity (%)Shoot 
origin

y Shoots originating from a bud on 1-year-old wood over 2 cm from the cane junction were 
classified as originating from count buds. 
x Means within column with the same letter(s) are not significantly different at p ≤0.05.

Final shoot 
length      
(cm)

Number 
of fruit 
clusters

Number 
of 

berries

Berry 
weight 

(g)

z Shoots originating from a bud on 1-year-old wood less than 2 cm from the cane junction or on 
wood older than one year were classified as originating from base buds.
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Wood Removed 1.36 az 2.82 b 0.41 a
Wood Retained 1.60 a 6.56 a 0.67 a

Disease (%)

z Means within the column with the same letter(s) are not 
significantly different at p ≤0.05.

After freeze 
treatment Macrophoma rot Bitter rot Ripe rot

Table 10.  Effect of dead wood removal after April 
freeze on disease incidence on 'Carlos' muscadine grapes 
in 2007.
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Fig. 1.  Pruning Levels at Duplin County in April 2006.   
Treatments were established Feb. 2006 on four-year-old ‘Carlos’  
muscadines and include: 200 nodes retained (a), 300 nodes retained  
(b), 400 nodes retained (c), and simulated mechanical pruning (d).   

a 

b 

c 

d 



 77

bcbc
aa

bc
c

c
b

a a

bc
c

c

b

a
a

bc
c

0

20

40

60

80

100

120

140

160

End Middle Head Head Middle End

Shoot Location

L
en

gt
h 

(c
m

)

June
July
August

 

Fig. 2.  Average shoot length (cm) in 2006 at six locations on 'Carlos' muscadine cordons at 
two sites.  Comparisons are made among shoot location on the cordon, within sample month.  
Locations on the cordon with the same letter are not significantly different at α=0.05. 
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Fig. 3.  Canopy density measurements in Orange County in June 2006.  Effect of pruning 
severity on ‘Carlos’ muscadine canopy density as determined using the canopy transect 
method.  SMP = simulated mechanical pruning.  Pruning levels with the same letter are not 
significantly different at α=0.05.   
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Fig. 4a. and b.  Yield of four pruning treatments in (a.) 2006 and (b.) 2007 at three locations 
in North Carolina.  SMP = simulated mechanical pruning.  Comparisons are made among 
locations.  Treatments with the same letter(s) are not significantly different at α=0.05.

a.

b.
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Fig. 5.  Pruning weights of four pruning treatments on ‘Carlos’ muscadines in 2007 at three 
locations in North Carolina.  SMP = simulated mechanical pruning.  Comparisons are made 
among locations.  Treatments with the same letter(s) are not significantly different at α=0.05. 
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Fig. 6.  Average shoot length (cm) in 2007 at six locations on 'Carlos' muscadine cordons at 
two sites.  Comparisons are made among shoot location on the cordon, within sample month.  
Locations on the cordon with the same letter are not significantly different at α=0.05.    
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Fig. 7.  Average grape maturity (%) in 2007 at six locations on 'Carlos' muscadine cordons at 
three sites in North Carolina.  Comparisons are made among shoot location on the cordon, 
within grape maturity group.  Locations on the cordon with the same letter(s) are not 
significantly different at α=0.05.   
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8.  Ravaz indices of four pruning treatments in 2007 at three locations in North Carolina.  
The Ravaz index is a ratio of fruit yield (kg) to pruning weight (kg).  V. vinifera values that 
fall between 5 and 10 indicate a balance between vegetative and reproductive growth.  
SMP=simulated mechanical pruning.  Comparisons were made among locations.  Treatments 
with the same letter(s) are not significantly different at α=0.05. 
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Appendix A.  Vineyard Pruning Regimes and Grower Harvest Reports 

Duplin County:  Mechanical hedging using a tractor-mounted sickle bar and hand-held 

mechanical hedgers was performed in order to dormant prune the vines.  Tops and bottoms of 

the cordons were pruned 15.3 cm (6 in) from the wire, while the sides were pruned in closer.  

Only canes growing upward were allowed to remain; canes growing sideways or downward 

were removed.  Canes originating in or near the head of the vine were removed so the area 

would not be as vigorous and harvest would be more even.   The grower reported yields in 

2006 of 16.8 t·ha-1 (7.51 t·a-1) in the surrounding field of same-aged vines and in 2007, yields 

were 7.8 t·ha-1 (3.50 t·a-1).   

Scotland County:   Vines were hand pruned to one 7.6 to 10.2 cm (3 to 4 in) spur per “bearer” 

during the dormant season; all other spurs originating from the bearer were removed.  A 

bearer is a cluster of fruiting spurs with wood that is usually older than 1 year (Poling et al., 

2003).  Bearers were not thinned yearly.  In 2007, the grower switched to hand-hedging 

about 25.4 cm (10 in) from the cordon due to differences he observed in the experimental 

plots.  The grower reported 2006 yields in the four-year-old vineyard of 8.1 t·ha-1 (3.6 t·a-1).  

In 2007, yields for five-year-old vines were 16.6 t·ha-1 (7.4 t·a-1).  

Orange County:    Canes were mechanically hedged during the dormant season, then 

selectively hand-pruned.  A four to five node spur was left approximately every 15.3 cm (6 

in) on the cordon.  Spurs were around 15.3 cm (6 in) in length in order to prevent dense fruit 

clustering around the cordon and to facilitate mechanical harvest.  Although the vineyard site 

is gently sloping, cold weather events had periodically damaged the vines and allowed 

Agrobacterium vitis to infect the vines, causing cordon death and vine dieback.  Pierce’s 
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disease, caused by Xylella fastidiosa, was observed on ‘Carlos’ muscadine vines in the 

vineyard; however, severe damage caused by the pathogen was not realized.  The grower 

estimated that winter injury and dieback affected approximately 43% of the vines.  As a 

result, estimated yields in 2006 were 5.6 t·ha-1 (2.5 t·a-1) including the missing vines or 9.0 

t·ha-1 (4.0 t·a-1) excluding the missing vines.  Estimated yields for 2007 were 4.5 t·ha-1 (2.0 

t·a-1) excluding missing vines.   
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March April May June July August September October Total

Dupliny 2423 23.2 41.4 71.5 168.5 41.0 143.4 106.8 41.9 637.7
Scotlandx 2567 34.5 45.9 99.9 136.6 90.7 103.0 95.5 66.5 672.6
Orangew 2339 29.5 70.9 49.3 161.8 173.3 67.3 85.6 41.4 679.1

Duplin 2803 29.0 59.0 43.5 20.6 84.9 27.8 0.3 0.9 266.0
Scotland 2630 74.7 54.2 15.8 51.2 42.4 24.7 30.1 100.9 394.0
Orange 2917 75.9 106.9 40.5 80.1 70.4 9.3 24.4 122.3 529.8

y Data recorded at the Duplin County Airport, Kenansville, N.C. (~19 km from vineyard).
x Data recorded at the Laurinburg-Maxton Airport, Maxton, N.C. (~10 km from vineyard).
w Data recorded at the Duke Forest, Carrboro, N.C. (~29 km from vineyard). 

2006

2007

z GDD=Growing degree days.  GDD=Σ(mean daily temperature-10° C) from 1 Mar. to 31 Oct.

Appendix B.  Growing degree days and monthly precipitation in 2006 and 2007 at three 'Carlos' muscadine 
vineyards in North Carolina.

Precipitation (mm)GDDzLocation
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200 26.59 ay 60.98 b 12.84 a
300 13.33 b 70.27 ab 16.42 a
400 15.19 b 66.91 ab 17.98 a
SMPz 9.75 b 72.74 a 17.53 a
z SMP=Simulated mechanical pruning.
y Means within column with the same 
letter(s) are not significantly different at 
p ≤0.05.

Appendix C.  Effect of pruning severity 
on berry maturity of 'Carlos' muscadine 
grapes in 2007.

Pruning 
Severity

Maturity (%)

Green Ripe Overripe

 


