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ABSTRACT

CANOPY AND CROPPING INFLUENCE ON VINE GROWTH,
PHYSIOLOGY, AND CLUSTER DISEASE INCIDENCE OF
SEY VAL AND VIGNOLES GRAPEVINES

By

Russell Paul Smithyman

Seyval and Vignoles grapevines were subjected to decreasing pruning severities to increase
the level of fruitful (clusters) and vegetative (apical meristems) sinks during anthesis in an effort to
reduce fruit-set, cluster compactness and Botrytis incidence. Fruit-set appears to be influenced
more by cluster number than apical meristems. Due to their large cluster size, Seyval showed a
significant response to greater fruitful sink competition. However, the small clusters of Vignoles
were insufficient in influencing fruit-set at pruning severities that produced sufficient vegetation for
fruit and wood maturity. Increased shoot numbers per vine facilitated early filling of the trellis area
with foliage. However, a limit existed where vegetative sink competition adversely affected light
penetration into the canopy, leaf production after veraison, and cane cold hardiness. Three canopy
configurations (severely pruned, full trellis, and hedging), providing three levels of shoot
production, were compared to examine their influence on shoot and leaf growth as well as leaf area
formation. Both the full trellis and hedging systems increased early filling of the trellis area with
foliage and yield, but canopy density became a problem in the hedged vines after veraison. A
moderate pruning severity, accompanied by post-set thinning in Seyval appears to be the best
method for creating a sufficient sink competition to reduce berry-set, cluster compactness, and

thus, Botrytis infection.
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Introduction

Vineyard Management Goals

The viticulturalist’s objective is to manage each grapevine to produce the greatest
consistent yield of high-quality fruit, while maintaining vine health. Cultural management
research has increased the understanding of canopy configuration, structure, and function.
However, few practices have been adopted commercially by growers because of
differences in cultivars, climates, and soils. An understanding of specific circumstances of
cultivar growth, localized environment and costs of production are required if the

viticulturalist’s objective is to be achieved.

Crop Control and I arge Clustered Cultivars

Many phylloxera resistant grape cultivars are economically important in Michigan
viticulture. However, because their growth and fruiting habits often differ from the widely
cultivated Vitis labruscana Bailey grapevines, dormant-season balanced pruning, a proven
method of controlling crop level and maintaining fruit quality of V. labruscana (11,44), can
fail to provide adequate crop control for many large clustered hybrid cultivars
(22,36,37,46). Some cultivars can produce three or four heavy (>500 gm) clusters per
shoot as well as fruitful lateral shoots (59). Fruitful shoots can also arise from base buds
that are not counted in the balanced pruning practice (46,57). For such high producing
cultivars, increasing the pruning severity is insufficient to control crop load and maximize
filling of the trellis space with leaves early in the growing season (46,57). Overproduction
is detrimental to vegetative growth and fruit maturity (11,22,25,26,31,44,46,61,64,
90,96), but can be corrected by cluster thinning (22,26,36,37, 61,96) so that, a balance

1
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between vegetative growth and fruiting is produced. However, thinning increases labor
and production expense for such cultivars. Severe pruning is presently employed to limit
cluster thinning costs. Such pruning delays canopy formation early in the growing season;
maximum leaf area for the trellis space is not reached until well after bloom. The potential
loss of photosynthesis due to the delay in canopy formation is of concern. A more cost-
effective method of crop control and canopy management that would better utilize vine

capacity would be very useful.

Cluster Rot

Even with successful cropping procedures, pathogens can upset the balance
achieved between vegetation and fruit, causing damage to vine health and fruit quality.
Cultivars differ in their vulnerability to different pathogens. Seyval has a serious harvest
season cluster rot problem due primarily to Botrytis cinerea Pers. The most serious
infections occur post-veraison during fruit ripening after rains, when the foliage layers are
fully developed and drying of the clusters is inhibited. Cluster exposure and berry contact
within the cluster influence Botrytis rot incidence and intensity of infection (54). At
present, an extensive chemical spray schedule is needed to prevent infection. However,
many important fungicides are being banned or their use limited. Cultural practices are
needed that would reduce cluster rot infection and decrease dependance on the use of
chemicals normally applied for control.

The cultivars Seyval (S.V. 5276) and Vignoles (Ravat 51) were chosen for this
study because both are of importance in Michigan’s wine industry and both have serious
cluster rot problems. In addition, Seyval is easily overcropped because it forms large,
compact clusters. Seyval is managed using severe balanced pruning and flower cluster
thinning (37). It is recommended that a 15+10 balanced pruning formula with thinning to

1.5 clusters per shoot be employed to control crop level (61).
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Vignoles is by contrast, a small-clustered cultivar that also bears compact clusters
susceptible to Botrytis infection. Because of the smaller clusters, balanced pruning alone is
sufficient for crop control. A 15+15 pruning formula on a High Cordon training system is
recommended (28). More practical cultural methods need to be investjgated in the
production of both these cultivars. Importantly, information learned on these two should
provide a basis for similar problems in other cultivars such as Chancellor and Pinots noir,

gris and blanc.



Literature Review

Leaf Area

The photosynthate produced during the vegetative scason must drive the processes
of vegetative growth, fruiting, and flower bud development for next years crop. Reserves
must also be stored over the winter for cold hardiness, and initiation of growth and
development, until a new canopy is producing photosynthate the following spring. Equally
as significant is the mobilization and transport of assimilate between different organs of the
vine in order to carry out these processes.

Leaf development is important for fruit and shoot maturity. A leaf number greater
than 10 per shoot is necessary for optimal fruit ripening and shoot weight (87,93). Leaf
photosynthesis is greatest when the leaf is fully expanded, and then gradually declines
shortly thereafter (56). The amount of photosynthate produced by each leaf is important
for the development of the subtending bud (24,79). Over 80 percent of the assimilate a
cluster collects is produced by the leaves on the same side of the shoot (47,48). Buttrose
(8) found that as leaf number was reduced, root dry weight decreased most severely,
followed by reductions in berry development, and then trunk and shoot carbohydrate
reserves. Increasing the number of leaves per shoot increases berry sugar, weight, and
coloration at harvest (87). However, the production of each new leaf adds to the vine leaf
area and the formation of leaf layers within the canopy.

The leaf area of the vine is critical because it produces the assimilate necessary for
crop ripening and wood maturity. A minimum leaf area of 7-14 cmA2 per gram of fruit is
needed for adequate fruit ripening (31,83). Smart showed that a dense canopy can reduce
light levels to 1% of the solar radiation in the fruiting and renewal zone (80), and an
optimal canopy has no more than three leaf layers (81). Light penetration into the canopy is
important for photosynthesis (35,78), fruitfulness (27,74), flower bud formation (74,80),
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fruit set (15,68), fruit quality (63,65,82), yields (74), and wood hardiness (25,74,85).
Thus, it is evident that a maximum leaf area exists where light penetration into the canopy is
restricted to the point that vine productivity and conditions begin to diminish. The
maintenance of this leaf area is important to maximize the amount of assimilate produced in
the vegetative season for vine growth and development.

When this maximum leaf area to facilitate vine growth is established is of great
interest. 14C-labeled assimilates move from the leaves to the perennial portions of the vine
in autumn, and then reappear in the shoot growth the following spring (73). This new
growth is dependent on the remobilization of stored carbohydrates from the previous year
(98,99). Photosynthesis increases up to the fourth week after anthesis and then declines
until harvest (53). Cluster development is slow until the leaf area is established (95).
Thus, it is important to fill the trellis area with vegetative growth as early as possible to

facilitate vine growth and development without creating a dense canopy later in the season.

Canopy Design

Manual labor for pruning and thinning has become increasingly scarce and costly.
Much attention has been focussed on minimal pruning management techniques to reduce
labor. Mechanical hedging, selective hand pruning, or no pruning, increase the number of
buds retained for potential shoot production from the previous years vegetative growth
compared to conventional pruning. Downton and Grant (20) showed that an increase in
shoot number resulted in a change in vine morphology; smaller shoots were produced
compared to spur pruned vines. Minimally pruned vines had a greater leaf area and higher
photosynthetic rates before bloom, but little leaf production after, as spur pruned vines had
a greater leaf area at harvest. The total amount of carbon fixed per vine was similar
between treatments, but proportioned differently. Minimally pruned vines allocated more
photosynthate to fruit ripening than to wood maturity. They concluded that minimally
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pruned vines lose less of their fixed carbon from the previous year due to pruning. This
was supported by Ruhl and Clingeleffer (69), who found that minimally pruned vines
stored more carbohydrates in old wood but less in their canes and roots. Without any other
crop control, minimal pruning increases yield as a function of increased cluster number, but
brix are usually lower (41). Increasing shoot number increases both canopy density (81)
and the labor expense incurred by cluster thinning fruitful varieties.

Mechanical hedging has been suggested as an alternative to hand, balanced pruning,
since it may increase labor efficiency three to six-fold (75,83). Continuous use of hedging
requires the vineyard to be uniform in vine size and vigor (45) and without cane selection
or shoot positioning, it has been shown to be useful for only a few years (45,55,66). It
increases the amount of vegetation per foot of trellis space (43,45,55), allowing for earlier
filling of the canopy. However, mechanical pruning for more than one to three years
results in reduced yields, fruitfulness and fruit quality (43,45,55). Mechanical hedging
may be a viable alternative when it is done in conjunction with selective hand pruning

techniques (66).

Carbohydrate Sinks

The organs competing for photoassimilates are termed sinks and the control of
assimilate transport is determined by the relative position of the source leaves and sink
organs, and the relative strength of the sink organs to accumulate assimilates (48). From
bud-burst to bloom, the rapidly expanding leaves and shoot apex are the primary sinks for
stored carbohydrates (95). Flower clusters compete for carbohydrates during bloom (60).
After anthesis, the shoot apex and the developing clusters become the strongest sinks
(15,24,60). At harvest, the vine storage sinks compete for assimilate. Only by balancing
the source to sink ratio, can productive grapevines be maintained.

An excessive crop creates a situation where the total fruiting sink is greater than any
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other sink. In response to excess crop, vine size decreases as shoot growth diminishes
(22.25,26,61,64). Overcropping negatively effects fruit quality, berry weight, cluster
weight, and berries per cluster (26,31,62). Fruit and wood maturity are delayed
(25.61,9297). The increased competition from high crop levels can influence
morphological characteristics such as a decrease in shoot length, leaf size, cluster size,
cluster weight, and berry weight (4,30,90). These canopy reductions improve canopy
microclimate (63,64) and increase photosynthetic efficiency through reduced shading (83).
L ateral shoots supply assimilate to clusters on the main shoot, but when fruitful, the mid-
season clusters they produce draw assimilate from the main shoot (34). In total, an

excessive crop level disrupts the source to sink balance, and is detrimental to vine growth

and health.

A Initiati { Differentiat

Each node formed on a grapevine shoot contains three partially developed shoots
with leaf and flower primordia for the following year (95). The apical buds formed late in
the growing season are the least mature along the cane in the fall. Because the basal buds
of a shoot are close in proximity to the storage and fruiting sinks, they accumulate
carbohydrates later than the more apical nodes, and are less fruitful in most cultivars (95).
The French-American hybrids have fruitful basal buds (46,57). The leaf subtending each

developing bud is the main source of assimilate for that bud (24,79). Thus, the light
intensity on that leaf and bud is important during flower bud development (40,79), and
shading can decrease vine fruitfulness (27,74).

Flower initiation begins in early summer, when each bud begins to swell (58,84).
Buds mature throughout the vegetative season. Differentiation from vegetative to fruiting
Primordia occurs in late summer until the vine acclimates to winter. The calyx, corolla,

Stamens, and pistil are differentiated the following spring (72). Two carpels makeup the
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pistil with two ovules in each carpel. With development of the stamens and differentiation

of the pollen, the perfect inflorescence are ready to bloom.

Bloom and Fruit-Set

The basal clusters are the first to bloom, six to eight weeks after bud burst.
Blooming lasts one to three weeks, with temperature being the controlling factor (95).
High relative humidity and rain hamper pollination, while moisture stress decreases fruit set
for up to four weeks following bloom (1). Grape flowers are either self-pollinated or aided
by insects and wind (95). Fruit set is best at temperatures between 20 and 30 C (9,86).

Two theories exist as to what regulates fruit set in grape vines. One suggests that
growth hormones are transported to the cluster to induce set (88,89), while the other
proposes that carbohydrate supply determines fruit set (49). Intra-vine competition for
carbohydrates and growth hormones by vegetative (90) and fruiting sinks (17) have been
shown to have a negative effect on fruit set. Reducing sink competition and growth
hormone sources by removing shoot tips, increases fruit set (15,76). Decreasing
assimilate sources by leaf removal during bloom decreases fruit set (10). Thinning flower-
clusters increases pollen germinability and fruit set (94). Within-cluster competition
decreases fruit set (37). Mullins (49) demonstrated that fruit set can occur in flowers
cultured in vitro on a medium of sucrose and nutrients, suggesting that fruit set is regulated
by assimilate supply. Roper ez. al. (67) suggest that competition for photosynthate may be
the limiting factor in cranberry fruit set.

Strawberry fruit set and initial growth is not limited by the ability of receptacles to
mobilize current source leaf assimilates; and early fruit growth is not related to pool sizes
(19). Nitsh (51) removed the achenes of strawberries and the receptacle ceased to enlarge.
However, if the berry was coated with a lanolin paste containing auxin, it enlarged

normally. It is assumed the strawberry receptacle requires auxin for normal growth (52).
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In grapevines, a direct correlation is reported between berry size and seeds per
berry (12). Seed number has little relationship with auxin or abscisic acid content (9).
Coombe (14) found increased auxin levels and improved fruit set in girdled vines.
Varieties that undergo normal set contain higher auxin levels and greater berry size with a
full complement of developing seeds than varieties that are stimulative parthenocarpic or
stenospermocarpic (95). A competition for carbohydrates and growth hormones exists,

and needs further experimentation to determine optimum cultural practices.

Berry Development

When the berries become active sinks, many of their tissues become meristematic
and growth begins. Those berries that have not initiated this process generally abscise.
Berry development follows a double sigmoid growth curve consisting of three stages (18).
Coombe (18) suggests that cell division before verasion and cell expansion after anthesis
are the major determinants of the increase in weight of fleshy fruits. Some contributions
are made by cell division after anthesis and an increase in concentration of solutes. Little is
known about the influences upon early cell division and its differences may commonly
contribute to fruit size varnation. Early availability of carbohydrates and growth hormones

would appear to be of great importance during this time.

~ultural Practi Infl Fruit-S

Manipulating the carbohydrate source/sink balance, can alter fruit set in grapevines.
Shoot tipping at bloom (13,15,76), girdling (5,13), flower-cluster thinning (91,92), and
the application of growth regulators (5,13,16) increase fruit set. Heavy pruning (91) or
leaf removal during bloom decreases fruit set (10). Increasing the light intensity for
photosynthesis promotes fruit set (68). It follows that vine training to allow more light

reception into the canopy could increase f] f'uit set (77).
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Pruning is presently the most cost effective way to control crop level. Balanced
pruning uses the one-year-old cane prunings as an estimate of vine size to determine the
vines capacity for growth and production (3). Capacity is defined as the vines ability for
total vegetative and reproductive growth (95). Vegetative growth can then be balanced with
expected crop level to maintain vine size and sufficiently ripen the fruit (26).

As stated earlier, easily overcropped cultivars, such as Seyval, require thinning.
Thinning increases the ratio of leaves to fruit, improving the nutrition of both the vine and
fruit (95). Some cultivars are flower-cluster thinned (37). Flower-cluster thinning
increases pollen germinability, fruit set (94), and shoot growth (22,37). Post-set thinning
decreases fruit set by increasing the fruiting and vegetative sink competition for assimilate
and gréwth hormone (17,90), as well as reducing pollen quality. Reduced fruit set
decreases cluster compactness. Post-set thinning reduces berries per cluster in Seyval, and
a compensatory increase in berry size and fruit quality follows (29). Vegetative vigor and
the development of laterals decreases as thinning is delayed until after fruit set (29). The
period for source/sink manipulation of fruit set is suggested to extend from bloom to two

weeks post-set (10).

Chemical Influence on Fruit-Set

The use of growth regulators is an alternative to hand thinning. Both ethephon and
gibberellic acid have been used as berry abscission agents (36,37,91). Ethephon’s
effectiveness is dependant upon environmental conditions, time of application,
concentration, aﬁd cultivar (91). Gibberellic acid response has not been consistent (36,37).
Chlormequat (CCC) application increases fruit set under good conditions (5,16) by
diverting organic nutrients from the shoot tips to the developing ovaries (60). More
partially seeded berries are set (5). Roubelakis and Kliewer (68) were unable to induce

fruit set with CCC applications during poor light and temperature regimes.
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Cultural Control of Botrytis

The control of Botrytis cinerea Pers. is a costly endeavor for the vineyard manager.
Cluster infection usually occurs late in the growing season, decreasing yield and fruit
quality. B. cinerea survives the winter by forming sclerotia either on the surface or within
plant tissue. Clusters and dead wood retained in the vineyard from the previous season can
be an important source for inoculum in the spring the following year. The fungus lives
most of its life as a saprophyte, getting nutrients from dead or dying plant parts (39). It
may infect grape flowers and remain latent in these tissues until the clusters begin to mature
(42). The spores of B. cinerea require prolonged periods of free water and nutrients on
the berry surface for germination (39,50). Enzymes produced by the fungus can destroy
the integrity of the berry in less than 24 hours (39).

The grape berry’s main protection to Botrytis infection is its skin. The cuticle
membrane and the epicuticular wax, provide the primary physical barrier to pathogen
invasion (2). For berry infection to occur, the pathogen must find a weakness on the berry
surface where it can bypass the cuticle membrane, or directly penetrate the surface (6). The
epicuticular wax layer influences the retention of pesticides, the water retention of the berry
surface, and the adhesive ability of plant pathogens (2). Percival et al. (54) found that
berries of exposed clusters and those having little berry contact, produced more epicuticular
wax and cuticle. Infection can be reduced by improving the microclimate within the canopy
(39,70,71).

By reducing the periods of free water within the canopy and increasing cluster
exposure through canopy management, disease pressure within the vineyard can be
reduced (39). Leaf removal in the fruiting zone decreases infection (21,23,33,54). Since
the leaf area is the source for photoassimilate, defoliation can have a detrimental affect on

fruit quality (10,25,38), vine growth (7,32), and hardiness (25,38,85). Grapevines are
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able to compensate for the loss in leaf area by producing lateral shoots and increasing their
photosynthetic efficiency (7,10,32). However, fruitful laterals draw assimilate from the
main shoot (34). Defoliation in moderation can improve the canopy microclimate at the
expense of assimilate production. The canopy microclimate can be improved to decrease

Botrytis cinerea incidence, through better design (70,71,81).

Statement of Objectives

An efficient canopy maintains enough leaf area to produce quality fruit and a
sufficient number of mature buds. It allows for adequate light penetration into the fruiting
zone of the canopy to ripen fruit and inhibit Botrytis infection. Some cultivars are more
susceptible to cluster rot because they bear compact clusters. This cluster structure holds
moisture within, facilitating infection. More economical practices are needed to address
this problem.

Seyval and Vignoles are valuable cultivars for white wine production in the state of
Michigan. However, their growth habits pose some problems in producing quality fruit.
Seyval produces large, compact clusters that have a tendency to contract Botrytis at
harvest. Presently it is recommended that Seyval be severely pruned and cluster thinned to
control overcropping. This inhibits early filling of the trellis area. Vignoles is a small
clustered cultivar that also has a tendency to contract Botrytis rot at harvest. The removal
of reproductive and vegetative sinks diverts photoassimilate to retained sinks. The time of
cluster and whole shoot removal influences assimilate supply per alternate sink during the

critical period of fruit set.
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The obiectives of this study are:

. To investigate economical pruning techniques that will allow for expedient filling of the
trellis for optimum fruit ripening in Seyval.

—

(3]

. To explore the effect of post-set cluster thinning to find an optimum method for
decreasing Botrytis rot and improving fruit quality in Seyval.

3. To examine the effect of post-set pruning on fruit set and Botrytis infection in
Vignoles.

The multio] i I  this study are:

1. Hedging is a viable practice for pruning Seyval grapevines and maintaining quality
yields and vine health.

2. A canopy constructed of optimally spaced shoots will have superior architecture for
fruit and wood maturity.

3. Increasing the amount of fruiting sinks at fruit set will decrease the number of berries
set.

4. Increasing the number of vegetative sinks at fruit set will decrease the number of berries
set.

5. Decreasing the number of berries set by post-set thinning and pruning will decreases the
amount of Botrytis rot.

6. The loss in yield in Seyval because of the decrease in fruit set can be overcome by
retaining more clusters per vine during thinning.
By using the competition among fruiting and vegetative sinks, I believe that more
economical and environmentally sound canopy management practices can be adopted to

improve fruit quality and health of the vine.
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Abstract

Seyval grapevines were trained to three canopy configurations in 1988. One
treatment filled the trellis (Full Trellis) early by spacing 45 buds along the cordon. Another
simulated a hedge (Hedge) by hand pruning four inches around the cordon. A control was
used where vines were balanced pruned to 8 nodes per 454 g. cane prunings. All vines
were flower cluster thinned to 15 clusters per 454 g. cane prunings. Vine size and yield
indices, as well as fruit quality, were evaluated each year. Canopy development was
measured using point quadrat analysis taken during the 1991-1993 growing seasons. Cold
hardiness evaluations were made in March of 1992-1994. The full trellis and hedge
treatments had a larger number of nodes retained and earlier filling of the trellis area with
foliage. However, hedging produced poorly spaced shoots that were less winter hardy.
The full trellis treatment increased yield as a function of increased berries per cluster and
cluster weight, as well as cane cold hardiness. Hedging increased yield by developing
more clusters after thinning, but produced a higher incidence of Botrytis rot. There were
no other differences in fruit quality between treatments. A canopy structure that fills the

trellis early with properly spaced shoots appears to be the best canopy configuration for

Seyval grapevines.



Introduction

Seyval is an important white wine grape cultivar across the Eastern United States.
Itis cold hardy, disease resistant, and phylloxera resistant. It does, however, form large,
compact clusters susceptible to cluster rot under Michigan conditions and the large clusters
can lead to overcropping. Crop levels are usually maintained by severe balance pruning
and flower-cluster thinning. Reynolds et al. (12) suggested an optimal cropping level of 17
clusters per 500 grams of cane prunings in New York state. Severe pruning reduces the
thinning expense incurred by the grower, but results in a later filling of the canopy and thus
potential loss of photosynthesis. The current suggested balanced pruning formula is 15+10
(15 nodes retained for the first 454 gm of dormant one year cane prunings, and 10 nodes
retained for each additional 454 gm). This results in a canopy that does not fill the trellis
area until after fruit set.

Grapevine canopy development and density have been areas of recent interest and
research. Spring shoot growth is dependant on the remobilization of carbohydrates stored
in roots, trunks, cordons, and canes from the previous year (31,32), and cluster
development is slow until leaf area is established (30). Shoots become net exporters of
carbohydrates during anthesis (11). Cell division befofe anthesis and cell expansion after
anthesis are the major determinants of the increase in weight of grape berries (3). Thus, it
seems important to fill the trellis area with vegetative growth and leaf surface as early as
possible to facilitate vine growth and fruit development.

Increasing the number of nodes retained at pruning is the most common method
used to establish an early full canopy (22). There are potential negatives. Increased shoot
numbers can form a dense canopy that reduces light levels to 1% of the solar radiation in

the fruiting zone (21,22). Light penetration into the canopy is important for photosynthesis
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(20), fruitfulness (6,18), flower bud formation (18,21), fruit set (2,16), fruit quality
(13,15,23), yields (18), and wood hardiness (5,18,26). It appears that an optimum leaf
area exists above which light penetration into the canopy is restricted to the point that vine
productivity begins to diminish, and below which the canopy is ineffective as a light trap
for photosynthesis. A method to quickly establish and maintain this optimum leaf area to
maximize the amount of assimilate produced in the vegetative season, and maximize vine
productivity, fruit quality, and composition, plus insure vine growth and cold hardiness
needs to be investigated for a large fruited, overproducing cultivar such as Seyval.

Mechanical hedging, selective hand pruning, or no pruning at all, increase the
number of nodes retained for potential shoot production from the previous years vegetative
growth, but, increasing shoot number increases canopy density (4). These minimally
pruning management techniques also change vine morphology. They increase the leaf area
before and decrease leaf production after bloom (4). Minimally pruned vines partition fixed
carbon differently than conventionally pruned vines (4). They store more carbohydrates in
old wood and less in their canes and roots (17). However, some of these methods have
increased labor efficiency (19,25).

Mechanical hedging has received increasing attention in the United States, since the
pioneering efforts of the Australian researchers. This is suggested to be a cost effective
alternative to hand pruning. Hedging leaves more nodes in the canopy area, increasing the
amount of vegetation per foot of row and per square foot of canopy space (8,9,10). With
no further crop control, increasing shoot number produces more clusters per vine, and thus
greater sink competition. This in turn results in morphological characteristics such as
reduced shoot length, leaf size, cluster size, cluster weight, and berry weight (1,7,29).
This improves canopy microclimate (13,14) and increases photosynthetic efficiency
through reduced shading (25). However, hedging alone has shown only to be useful for a

few years before yields, fruitfulness, and fruit quality diminishes (8,9,10). Given the
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differences in climate and limitations of sunlight and carbon assimilation between the North
Eastern United States and Australia, an objective evaluation of the limitations of this
technology deserves effort particularly for Seyval. Since thinning is required to control
overcropping in Seyval, the crop level can be managed so that the influence of canopy
configuration and decreasing pruning severity on canopy development, can be further
investigated. Reducing labor expenses by mechanical hedging would greatly decrease the

cost of producing this variety.

Exceri { Obiectives:

1. To evaluate alternative pruning techniques that may allow expedient filling of the trellis
for optimum fruit ripening in Seyval.

2. To determine the results of increasing bud numbers and balanced cropping (based on
the previous years vine size) on canopy development, yield, fruit composition
and quality in Seyval.

3. To evaluate balanced cropping with a set pruning number of buds retained, designed to
space shoots at optimal distances from each other along the cordon in Seyval.

4. To analyze the impacts of hedging in conjunction with balanced cropping by cluster
thinning in Seyval.



Materials and Methods

Plant Material

The experiment was established in March of 1988, 4.5 miles East of Lake Michigan
(42-15’ latitude) at Fenn Valley vineyards in Fennville Mi. Mature, bearing Seyval
grapevines planted in 1975 on an Oshtemo sandy-loam soil were used in the experiment.
Rows were spaced 3.0 meters apart with vines 2.4 meters apart within rows. The vines
were trained to a bilateral cordon on the top wire, 1.8 meters high (Hudson River Umbrella

training system).

Pruning Treatments

The three canopy configurations initiated in 1988 consisted of: 1) a full trellis
treatment (FT) spacing 45 buds along the cordon with five-node canes and two-node spurs;
2) a mechanically pruned hedge (SH) was simulated by hand pruning four inches around
the cordon; and 3) a control (C) (the current standard cultural method) was employed to
ensure a typical rate of canopy development. In all cases an 8+8 balance pruning formula
(8 buds retained for every 454 grams of dormant one year cane prunings) was used.

The control and full trellis vines were pruned to 45-nodes and the live one-year cane
prunings weighed to estimate the previous year’s vine size. The node number for the
control vines was then set for the duration of the growing season following the procedures
stated above. Because hedged vines retained a larger number of nodes, a method was
devised to estimate the weight of retained wood. After pruning the hedge treatment, the
live canes were weighed and nodes counted. The remaining live nodes of canes on the vine
were counted. A weight was assigned to the number of nodes over 45 retained on the vine,
based on a node weight calculated in 1992 (113 gm per 52 nodes) and 1993 (113 gm per

50 nodes). This weight and the weight of cane prunings were added producing the vine
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size estimate for each (SH) vine.

Since pruning is not sufficient for optimal crop control in Seyval, cluster thinning
was also required. The weight of live one-year-old canes at pruning (vine size) was used
to determine cluster number after thinning. All vines were flower-cluster thinned just prior
to or during bloom to 15-clusters per 454 grams of dormant cane prunings.

At bud burst, nodes that did not produce a shoot (shootless nodes) were counted.
Percent blind nodes, vegetativeness (vine size (gm) per shoot), count shoots (nodes
retained at pruning minus blind nodes), and non-count shoots (total shoots minus count
shoots) were calculated for each vine. Treatment comparisons of pruning data were

analyzed each year and over years for the years applicable.

H P I | Fruit Quali

Prior to harvest each year, Botrytis incidence assessments of each sample vine were
taken. Vine rot and within cluster rot were subjectively evaluated using a one to five
ranking where 1=0-20%; 2=21-40%; 3=41-60%; 4=61-80%; and 5=81-100% of the
clusters on the vine or berries within the cluster were rotten. Treatment vines were
harvested each year within ten days of October 1. Each sample vine was hand harvested
with the cluster number noted and the fruit placed into an individual bin. Each bin was then
weighed in the field and a cluster weight calculated. Apical berries were taken from
clusters of all sample vines within a treatment replication to create a 100 berry sample.
From these samples pH, titratable acidity, soluble solids, and a berry weight were
measured and the number of berries per cluster calculated. The number of non-count
clusters per vine was calculated from the number of clusters harvested minus the ﬁumber
retained after bloom thinning. Treatment comparisons of harvest data were analyzed each
year and over the years 1989,1991, 1992, and 1993. Using the harvest and pruning data,

shoots per cluster (total shoots/ harvest cluster number), productivity (yield per previous



29
year’s vine size), and crop load (yield per current season’s vine size) were calculated for

every sample vine and analyzed each year and over years. Fruitfulness (gm fruit per shoot)

was calculated and analyzed during 1991-1993.

. M . Point Quad lvsi

Point quadrat assessments were taken at three times during the growing season in
1991-1993. A thin metal rod was inserted into the canopy to determine the number of
leaves above the fruiting zone (24). Five insertions along the cordon were made on each
treatment vine at bloom, veraison, and harvest. Insertions were always made from the
West side of the canopy. A frequency distribution of the number of contacts and a seasonal

history of leaf layer formation were developed.

Cold Hardiness Evaluations

Prior to pruning in 1993-1994, a cold hardiness evaluation was taken of the
previous season’s vegetative growth. Previous work with Seyval (28) and a re-evaluation
of that work (Appendix 1) has led to a definition of Seyval cane characteristics closely
associated with cold hardiness. Classifications were created from hardiness analyses done
on Dec 19, 1991 and Jan 22, 1992 on Seyval canes (Appendix 1). Periderm and primary
bud T50’s were determined for variations within four cane characteristics, and over node
positions along the cane. Canes having a medium diameter (7-10 mm), medium internode
length (6-8 cm), and dark brown periderm were found to have superior cane and primary
bud cold hardiness. Persistent laterals and node position (2-9) did not have any influence
on cold hardiness. Total one-year-old canes were counted on each treatment vine and each
cane given an excellent, acceptable, or poor classification. Excellent canes consisted of ten
or more live nodes with the optimal characteristics stated above. Acceptable canes had five

or more living nodes but failed in one of the optimal characteristics. Canes with less than
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five live nodes or failing at least two optimal characteristics were placed in the poor cold
hardiness category. Samples of Seyval canes within the three classifications were collected
in December, January, and March. Periderm and primary bud cold hardiness were
significantly different among the treatments at the 0.01 level over the three dates. Excellent
canes were superior while poor canes were inferior to acceptable canes. Using the three
classifications was a rapid and effective way to evaluate the relative cold hardiness of each

treatment vine.

Experimental Desien and Analysi

A randomized complete block design was used with four blocks. Two rows,
containing two blocks each, of self-rooted Seyval grapevines were utilized. Within each
block, the treatments consisted of five sample vines. A guard row was situated outside and
between the two treatment rows, and a guard vine separated each treatment. Comparisons
between treatments were done using the MSTAT-C statistical computer package. Analysis
was by ANOVA, with mean separations calculated using Duncan’s Multiple Range Test
(27). Comparisons over years were made where applicable. Point quadrat frequency
distributions were calculated using the MSTAT-C computer package. In the spring of 1990
a portion of the experiment was accidentally pruned by the grower, and thus, the treatments
were analyzed using only two replications that year, and were not considered in the

analysis over years. The experiment was terminated after pruning in March of 1994.

Results and Discussion

Vine Yield and Fruit C tion R
Vine yield was favored by increased node number retained. Both (FT) and (SH)

vines had improved yields (25-30 percent; over a ton per acre) over the control (Table 1).
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While (C) and (SH) yields fluctuated among years, the (FT) consistently produced 7 kg or
more fruit per vine. Normally, these differences in yield might be the result of increased
cluster number or cluster weight, composed of berry weight and number. Although large
differences in nodes retained provided conditions favorable for large variations in cluster
number, this variable was eliminated by the process of cluster thinning based on vine size.
As a result, no significant differences were observed in cluster number at harvest (Table 2).
The yield differences are, therefore, due to cluster weight and must be a result of variations
in berry weight and/or the number of berries per cluster (Table 3). The (FT) system
improved the components of yield compared to the other two treatments. Its average
weight per cluster was the highest every year and 50 g heavier over years. Although
occasional years (1989 and 1993) show a berry weight response, the major response is
berry number per cluster. The (FT) treatment produced 10 percent more berries per cluster
over years. Importantly, when both berry weight and berry number per cluster were
significant, it was always for the (FT) treatment.

It was surprising to note minimal differences in cluster weight of (C) and (SH)
vines, contrasting previous work (1,7,29). Since the vines were flower cluster thinned
near bloom each year, many more shoots per cluster existed in the (SH) canopy than the
(C) at that stage. The greater leaf area at bloom may explain this response. The
fruitfulness data suggest a reduced yield per node, but that was expected based on the
thinned treatment response.

Treatments did not affect soluble solids , pH, or titratable acidity (Table 4). The
(C) berries appeared to accumulate the highest percent of soluble solids in each year, but
were significantly greater only in 1989. The grams sugar per vine data are highly
significant, but vary from year to year. Early, the best treatment is the (SH). However,
over time it becomes clear that the better choice is the (FT) treatment. It produces the most

sugar per vine over years. Interestingly, the (FT) also was the best at vegetative production



and yield.

Botrytis cinerea infection of the clusters was the most noticeable fruit quality
variant among canopies (Table 5). Subjective ratings on the day of harvest, showed that
the amount of Botrytis rot was severe across treatments every year. The average loss of
crop was nearly 25 percent. Severe pruning produced adventitious shoots from secondary
and tertiary buds, as well as vigorous laterals from basil nodes. This created dense
microclimates immediately surrounding clusters of control canopies during fruit ripening.
A dense canopy inhibits air flow and chemical penetration to the clusters. In 1989 and
1993 the higher amount of rot incidence in (C) clusters influenced yield. Rot within
clusters was significantly lower for (FT) and (SH) in 1989, and for (FT) compared with
(C) in 1991. The number of clusters with vine rot was significantly lower for (FT) and
(SH) in 1989 and 1993. The (FT) treatment showed the least amount of vine rot in 1993.
Over years, vine and cluster rot incidence were significantly lower for (FT) compared to
(C). Clusters on the (FT) canopy consistently had less Botrytis rot infection. Proper shoot
spacing created an optimal canopy density limiting Botrytis rot infection in years of high

incidence.

Vine V ive Growth R

Canopy configurations were achieved in the second year (1989). Although all the
vines began the study at about 250-275 grams of cane prunings per meter of row, and yield
varied by 30 percent, vine size differences were very small and seldom significant (Table
6). Vine size was similar among treatments in all of the years except in 1992. In that year,
(FT) produced an average of 200 more grams of cane prunings per vine than the other two
treatments. Averaged over years, the (FT) produced 60 grams more than (C) and 100 gm
more than (SH). The (FT) treatment had the largest vine size and was also the treatment

with the highest consistent yield.
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There was a strong vegetative response by the vine to varying node number at the
same cluster number. The full trellis and hedged systems increased node numbers within
the canopy 4 and 10 fold, respectively from the control. Control vines produced the most
vegetative growth as measured by both kilograms of cane prunings per node or shoot
retained (Table 6). This supports Ruhl and Clingeleffer’s (17) findings on carbohydrate
partitioning of reserves, but was more likely due to two factors: 1) the stimulation of non-
count shoot production by (C) vines, which resulted in two-thirds of the total shoot number
per vine, from non-count positions; and 2) the competition for stored reserves, nutrients
and water, among the large number of primary shoots arising from count positions in the
other treatments, resulting in shootless nodes on (SH) vines.

Shoot numbers among treatments did not vary as widely as the number of nodes
retained due to adventitious shoot growth and shootless nodes. Adventitious shoots
comprised much of the (C) canopy. These non-count shoots formed either along the

‘cordon, or from secondary and tertiary buds when a primary shoot was present. Over
years, (C) vines produced twice as many shoots from non-count sites as they did from
count positions (Table 7). Less than ten were produced each year by (FT) vines and very
few produced by (SH). Whatever was gained by adventitious shoots on (SH) vines, was
negated by the loss of count shoots during the growing season. Even taking into account
the non-count shoot contribution, total shoot number was highly significant among
treatments over years. The (C) vines produced the least amount of shoots and hedging the
most. The large number of non-count shoots exemplifies the severe pruning practice of the
(C) treatment.

Another response to the differing bud populations per vine was the cane maturation
and acclimation to cold. Cane quality varied with the number of nodes retained in the
canopy (Table 8). Hedging produced the fewest number of excellent and the most poor

quality canes each year. In 1993 (FT) vines matured significantly more excellent and
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acceptable quality canes than the other two treatments. Over years, the treatments each
matured significantly different numbers of excellent quality canes. The (FT) vines had the
most (11) and (SH) vines the least (4) excellent quality canes. The (FT) vines had a greater
number of acceptable canes and (SH) vines had a greater number of poor quality canes over
the other two treatments. These data are significant whether expressed as direct data (Table
8) or as percentage of total canes per vine (data not shown). Whether data derived from
canes can express accurately characteristics of older vine tissues is not known. However,
this does pose a concern (not heretofore defined) about vine culture with systems of large
bud numbers. With the canopies fully developed in the later years of the study,
competition between shoots became evident. Nearly half of the (SH) buds failed to
produce a shoot in 1992 and 1993 (Table 9), supporting the position that excess shoots can
weaken a vine’s cold resistance.

According to Smart (22), an optimal canopy has no more than three leaf layers.
Point quadrat assessments taken during the 1991-1993 growing seasons, showed that
increased shoot number per vine increased leaf layer number each year (Figs. 1, 2, and 3).
The (SH) vines produced a greater average leaf layer number throughout the growing
season each year. The (SH) canopies averaged 2 layers at bloom, and over 3 layers from
veraison to harvest. The (C) and (FT) canopies never obtained an average of 3 layers in
any year. The (FT) canopies were also superior to (C) canopies each year. They
continually had nearly half a leaf layer advantage. Most leaf layer production for (SH)
canopies occurred between bloom and veraison, while (C) and (FT) canopies increased
their rate of leaf layer production from veraison to harvest.

The (C) vines never completely filled the canopy with foliage during any of the
growing seasons (Figs. 4-12). Gaps in the canopy still existed at harvest. The (SH) and
(FT) vines filled the trellis area by veraison each year (Figs. 4-12). However, (SH)

canopies formed shaded areas at bloom each year. Hedging improved canopy formation
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early in the growing season, consistent with prior work on hedging systems (8,9,10).
However, increased shading occurred after veraison each year, contradictory to previous
results with hedging systems (13,14,25). The upright growth of small shoots in hedged
canopies caused the added leaf layer formation. The long, well developed shoots of control
and full trellis canopies angled below the cordon later in the growing season exposing fruit
and older leaves, and avoided leaf layer formation above the fruiting zone. The full trellis
canopy was superior because it increased filling of the trellis with vegetation early in the
growing season and allowed for further leaf development during ripening without

substantial shading.

Conclusions

The treatments established three unique canopy architectures. Severe pruning and
hedging were compared with a constant pruning level created to optimally space shoots
along the cordon. Cluster number was consistent among treatments due to balanced
cropping based on vine size. Thus, yield responses reflected differences in cluster
weights. The full trellis and hedged systems increased yield by increasing cluster weight
resulting from greater numbers of berries per cluster. Although the hedged canopies
contained greater node numbers, the response of increased berry number was greatest in
the full trellis treatment.

Retaining more nodes than currently recommended at pruning, increased shoot
number within the canopy. With more shoots, canopies filled the trellis area with foliage
earlier in the growing season. Creating a canopy that spaced shoots at optimum distances,
increased light penetration and cane maturity, resulting in greater cane cold hardiness and
deterrence to rot. Hedging increased canopy formation before bloom, but shading became

a problem after veraison. With poor light levels within the canopy, hedged vines ripened
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fruit at the ekpense of vegetation and poor cane cold hardiness resulted. Dead wood
accumulated in the canopy area and optimal spacing declined each year. Because of poor
wood maturity, hedged vines would also be more susceptible to environmental stresses and
disease. If hedging is the preferred method of pruning in Seyval, then cordon renewal is
suggested for maintenance of vine health after four to five years. No advantages to vine
growth were observed in the hedging system compared to the full trellis canopy. Thus,

optimal shoot spacing should be the major consideration during pruning.
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CHAPTER 1

INFLUENCE OF CANOPY CONFIGURATION ON SHOOT GROWTH, LEAF
DEVELOPMENT, AND LEAF AREA OF SEY VAL GRAPEVINES
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Abstract

Seyval grapevines were trained to three canopy configurations in 1988. One treatment
filled the trellis early (Full Trellis) by spacing 45 buds along the cordon. Another simulated
a hedge (Hedge) by hand pruning four inches around the cordon. A control was used
where vines were balanced pruned to 8 nodes per 454 g. cane prunings. All vines were
flower cluster thinned to 15 clusters per 454 g. cane prunings. Shoot measurements were
taken throughout the 1993 growing season, including a leaf area measurement at harvest.
The full trellis and hedge treatments had a larger number of nodes retained and increased
shoot and leaf development early in the growing season. The full trellis vines provided
higher yields by producing heavier clusters with larger berries. Full trellis and hedged
vines also produced a greater leaf area through verasion. But, by harvest, séverely pruned
vines obtained a leaf area equal to the other treatments. This resulted from new leaf
production from laterals. The full trellis vines also produced many new leaves during fruit
ripening, however, hedging showed little leaf production after veraison. Severe pruning
caused an increase in Botrytis bunch rot in 1993, but, no other significant differences in
fruit quality or vine size were observed. A canopy structure that exhibits early shoot and
leaf development with properly spaced shoots and yet allows for new leaf production
during fruit ripening, appears to be the best canopy configuration for Seyval grapevines.

Introduction

Seyval is an important white wine grape cultivar across the Eastern United States.
It has numerous desirable characteristics. It is cold hardy, disease resistant, and phylloxera

resistant. It does, however, form large, compact clusters susceptible to cluster rot under
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Michigan conditions and the large clusters can lead to overcropping. Crop levels are
usually maintained by severe balance pruning and flower-cluster thinning. Reynolds et al.
(19) suggested an optimal cropping level of 17 clusters per S00 grams of cane prunings in
New York state. Severe pruning reduces the thinning expense incurred by the grower, but
results in a later filling of the canopy and thus potential loss of photosynthesis. The current
suggested balanced pruning formula is 15+10 (15 nodes retained for the first 454 gm of
dormant one year cane prunings, and 10 nodes retained for each additional 454 gm). This
results in a canopy that does not fill the trellis area until after fruit set.

The photosynthate produced during the vegetative secason must drive the processes
of vegetative growth, fruiting, and flower bud development for next years crop. Reserves
must also be stored over the winter for cold hardiness, and initiation of growth and
development until a new canopy is producing photosynthate the following spring. Equally
as significant is the mobilization and transport of assimilate between different organs of the
vine in order to carry out these processes.

Grapevine shoot development has been an area of recent interest and research.
Spring shoot growth is dependant on the remobilization of carbohydrates stored in roots,
trunks, cordons, and canes from the previous year (38,39), and cluster development is
slow until leaf area is established (37). Shoots become net exporters of carbohydrates
during anthesis (18). Cell division before anthesis and cell expansion after anthesis are the
major determinants of the increase in weight of grape berries (4). Thus, it seems important
to fill the trellis area with vegetative growth and leaf surface as early as possible to facilitate
vine growth and fruit development.

Leaf development is important for fruit and shoot maturity. A leaf number greater
than 10 per shoot is necessary for optimal fruit ripening and shoot weight (34,36). Leaf

Photosynthesis is greatest when the leaf is fully expanded, and then gradually declines
shortly after (17). The amount of photosynthate produced by each leaf is important for the
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development of the subtending bud (6,27). Over eighty percent of the assimilate a cluster
collects is produced by the leaves on the same side of the shoot (14,15). Buttrose (2)
found that as leaf number was reduced, root dry weight decreased most severely, followed
by reductions in berry development, and then trunk and shoot carbohydrate reserves.
Increasing the number of leaves per shoot increases berry sugar, weight, and coloration at
harvest (34). However, the production of each new leaf adds to the vine leaf area and the
formation of leaf layers within the canopy.

The leaf area of the vine is critical because it produces the assimilate necessary for
crop ripening and wood maturity. A minimum leaf area of 7-14 cm?2 per gram of fruit is
needed for adequate fruit ripening (10,31). Smart showed that a dense canopy can reduce
light levels to 1% of the solar radiation in the fruiting and renewal zone (28), and an
optimal canopy has no more than three leaf layers (29). Light penetration into the canopy is
important for photosynthesis (11,26), fruitfulness (8,25), flower bud formation (25,28),
fruit set (3,23), fruit quality (20,22,30), yields (25), and wood hardiness (7,25,32).
Thus, it is evident that a maximum leaf area exists where light penetration into the canopy is
restricted to the point that vine productivity begins to diminish. The maintenance of this
leaf area is important to maximize the amount of assimilate produced in the vegetative
season for vine growth and development. When this maximum leaf area to facilitate vine
growth is established is of great interest.

Mechanical hedging, selective hand pruning, or no pruning at all, increase the
number of buds retained for potential shoot production from the previous years vegetative
growth. These minimally pruning management techniques change vine morphology. They
increase the leaf area before bloom and decrease leaf production after (5). Minimally
pruned vines partition fixed carbon differently than conventional pruned vines (5). They
Store more carbohydrates in old wood and less in their canes and roots (24). Increasing

shoot number increases canopy density (7) and the labor expense incurred by cluster
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thinning fruitful varieties.

Mechanical hedging has received increasing attention in the United States, since the
pioneering efforts of the Australian researchers. This is suggested to be a cost effective
alternative to hand pruning. Hedging leaves more buds in the canopy area, increasing the
amount of vegetation per foot of row and per square foot of canopy space (12,13,16).
With no further crop control, increasing shoot number yields more clusters per vine, and
thus increased sink competition and higher crop levels. This in tum results in
morphological characternistics such as reduced shoot length, leaf size, cluster size, cluster
weight, and berry weight (1,9,35). Whole canopy microclimate improves (20,21) and
photosynthetic efficiency increases through reduced shading (31). However, hedging
alone has shown only to be useful for a few years before yields, fruitfulness, and fruit
quality diminish (12,13,16). Given the differences in climate and limitations of sunlight
and carbon assimilation between the North Eastern United States and Australia, an
objective evaluation of the limitations of this technology deserves effort and Seyval would
seem to be a good candidate for this effort. Since thinning is required to control
overcropping in Seyval, the crop level can be managed so that the influence of canopy
configuration and decreasing pruning severity on shoot and leaf development, can be
further investigated. Reducing labor expenses by mechanical hedging would greatly
decrease the cost of producing this variety.

Experi | Obiectives:

1. To determine the results of increasing bud numbers and balanced cropping (based on
the previous years vine size) on vegetative growth, yield, and fruit composition and
quality in Seyval.
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To evaluate balanced cropping with a set pruning number of buds retained, designed to
space shoots at optimal distances from each other along the cordon in Seyval.

3. To analyze the impacts of hedging in conjunction with balanced cropping by cluster
thinning in Seyval.

4. To measure the impact of these pruning/cropping strategies on shoot, lateral, and leaf
development in Seyval.

S. To measure the impact of these pruning/cropping strategies on leaf area formation in
Seyval.

Materials and Methods

Plant Matenial

The experiment was performed during the 1993 growing season, 4.5 miles East of
Lake Michigan (42-15’ latitude) at Fenn Valley vineyards in Fennville Mi. Mature, bearing
Seyval grapevines planted in 1975 on an Oshtemo sandy-loam soil were used in the
experiment. Three unique canopy configurations were initiated in 1988. Rows were
spaced 3.0 meters apart with vines 2.4 meters apart within rows. The vines were trained to
a bilateral cordon on the top wire, 1.8 meters high (Hudson River Umbrella training

system).

Pruning Treatments
The three canopy configurations consisted of: 1) a full trellis treatment (FT)
spacing 45 buds along the cordon with five-node canes and two-node spurs; 2) a
mechanically pruned hedge (SH) was simulated by hand pruning four inches around the
cordon; and 3) a control (C) (the current standard cultural method) was employed to ensure
a typical rate of canopy development. In all cases an 8+8 balance pruning formula (8 buds
retained for every 454 grams of dormant one year cane prunings) was used.
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The control and full trellis vines were pruned to 45-nodes and the live one-year cane
prunings weighed to estimate the previous year’s vine size. The node number for the
control vines was then set for the duration of the growing season following the procedures
stated above. Because hedged vines retained a larger number of nodes, a method was
devised to estimate the weight of retained wood. After pruning the hedge treatment, the
live canes were weighed and nodes counted. The remaining live nodes of canes on the vine
were counted. A weight was assigned to the number of nodes over 45 retained on the vine,
based on a node weight of 113 gm per S0 nodes. This weight and the weight of cane
prunings were added producing the vine size estimate for each (SH) vine.

Since pruning is not sufficient for optimal crop control in Seyval, cluster thinning
was also required. The weight of live one-year-old canes at pruning (vine size) was used
to determine cluster number after thinning. The treatments were flower-cluster thinned just
prior to or during bloom to 15-clusters per 454 grams of dormant cane prunings. At bud
burst, nodes that did not produce a shoot (shootless nodes) were counted. Percent blind
nodes, vegetativeness (vine size (gm) per shoot), count shoots (nodes retained at pruning
minus blind nodes), and non-count shoots (total shoots minus count shoots) were

calculated for each vine.

H p I | Fruit Quality 2
Treatment vines were harvested October 1. Each sample vine was hand harvested,
the cluster number recorded and the fruit placed into an individual bin. Each bin was then
weighed in the field and a cluster weight calculated. Apical berries were taken from
clusters of all sample vines within a treatment replication to create a 100 berry sample.
From these samples pH, titratable acidity, soluble solids, and a berry weight were
Mmeasured and the number of berries per cluster calculated. Using the harvest and pruning
data, shoots per cluster (total shoots/ harvest cluster number) was calculated.




Shoot and I eaf Measurements

During the 1993 growing season, detailed shoot and leaf measurements were taken
on one vine from each treatment block. The vines were selected to conform to an average
vine size range (0.57-0.91 kg). Within each sample vine, six shoots were randomly
flagged along the cordon for vegetative measurements during the growing season. These
included: 1) primary shoot length (PSL); 2) primary shoot leaf number (PSLF); 3) lateral
number; 4) lateral length (LL); and 5) lateral leaf number (LLF); measured on May 26
(WK3 weeks after bud burst), June 2 (WK4), June 9 (WKS), June 16 (WK®6), June 30
(WKS8), July 29 (WKI12), and September 23 (WK21) one week prior to harvest.
Additional calculated data included total leaves per shoot (TSLF=PSLF+LLF) and total
vegetative shoot length (PSL+LL). Treatment comparisons were made at appropriate dates
and over dates on those variables measured or calculated.

At thinning, three of the sample shoots were defruited while one cluster was
retained on the other three. Shoot development with and without a fruiting sink, was
compared for the remainder of the growing season. A standard curve was developed to
allow rapid determination of flower number per cluster based on cluster length. Thirty
clusters were randomly sampled from guard vines just prior to bloom. Rachis length was
calculated using the length of rachis from the lowest basal arm to the tip added to the length
of the lowest basal arm. Flowers of each sample cluster were counted and a strong
correlation was found (Fig. 1). The rachis length of clusters on sample shoots was
measured and an estimated flower number calculated. At harvest, berry pedicles of sample
shoot clusters were counted and the percentage of berries set analyzed.

A count of shoots longer than 10 cm and bearing three or more leaves was taken
two weeks prior to harvest. Primary leaves per vine (PSLF*SC), lateral leaves per vine
(LLF*SC), and total leaves per vine (TSLF*SC) were then calculated and compared
between treatments. A leaf area standard curve was developed for primary shoot and lateral
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leaves at WK21 by sampling 100 primary shoot leaves and 50 lateral leaves randomly from
guard vines. The mid-rib length and area was measured for each leaf. A strong curvilinear
relationship was found between mid-rib length and leaf area for primary shoot (Fig. 2) and
lateral leaves (Fig. 3). Mid-rib lengths of leaves from sample shoots were measured
WK21 and leaf area calculated using the standards. Leaf area was calculated on a per leaf,
per shoot, per vine, per cluster, and per yield basis for comparison. Leaf area
accumulation per vine over the 1993 growing season was calculated using the average leaf

area and number of both primary and lateral leaves in each treatment.

Experimental Desien and Analvsi

A randomized complete block design was used with four blocks. Two rows,
containing two blocks each, of own rooted Seyval grapevines were utilized. Within each
block, the treatments consisted of five sample vines. A guard row was situated outside and
between the two treatment rows, and a guard vine separated each treatment. Comparisons
between treatments were done using the MSTAT-C statistical computer package. Analysis
was by ANOVA, with mean separations calculated using Duncan’s Multiple Range Test
(33). Leaf area regressions were calculated using the Delta Graph computer package.

Results and Discussion

Vine Yield and Fruit Quali
Vine yield was favored by a decrease in pruning severity (Table 1). The (FT) and

(SH) vines produced 35-40 percent more fruit than (C). Normally, these differences in
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yield might be the result of increased cluster number or cluster weight. Although large
differences in nodes retained provided conditions favorable for large variations in cluster
number, this variable was eliminated by the process of cluster thinning based on vine size.
As a result, no significant differences were observed in cluster number at harvest (Table 1).
The yield differences are, therefore, due to cluster weight, and must be a result of
variations in berry weight and/or the number of berries per cluster (Table 1). The (FT)
system improved the components of yield compared to the other two treatments. Its
average weight per cluster was 17-27 percent heavier. Since there were no significant
differences in the percent berry set or number of berries per cluster among treatments, the
major response was berry weight in 1993. The (FT) treatment produced berries nearly 10
percent greater than the other treatments.

The minimal differences in cluster weight of (C) and (SH) vines contrast with
previous work (1,9,35). Since the vines were flower cluster thinned near bloom each year,
many more shoots per cluster existed in the (SH) canopy than the (C) at that stage. The
greater leaf area at bloom may explain this response. The fruitfulness data suggest a
reduced yield per node, but that was expected based on the thinned treatment response.

Fruit composition data provided little basis for discriminating among treatments
(Table 1). There were no differences among soluble solids , pH, and titratable acidity.
Botrytis cinerea infection of the clusters was the most noticeable fruit quality variant among
canopies. Subjective ratings performed the day of harvest showed that the amount of
Botrytis rot was severe across all treatments. The average loss of crop was nearly 25
percent. No significant differences were observed in rot incidence within clusters,
however, the higher amount of rot incidence in (C) clusters expressing rot (vine rot),
influenced yield (Table 1). The (FT) vines showed less incidence of vine rot in 1993. The

full trellis canopy was the least conducive to Botrytis rot infection.
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No significant differences were found in vine size; however, increasing the number
of nodes retained reduced vegetative vine growth measured by kilograms of cane prunings
per node (Table 2). This result was likely due to two factors: 1) the stimulation of non-
count shoot production in (C) vines, which resulted in three-quarters of the total shoot
number per vine from non-count positions; and 2) the competition for stored reserves,
nutrients and water among the large number of primary shoots arising from count positions
in the (SH) canopies resulted in shootless nodes.

Adbventitious shoots comprised much of the (C) canopy. These non-count shoots
formed along the cordon, or from secondary and tertiary buds when a primary shoot was
present. Since nearly all of the count shoots were needed to carry the crop load, non-count
shoots served as additional sources of photosynthate. Some of these adventitious shoots
produced flower clusters. Because they developed as quickly as on non-count shoots, they
were thinned during bloom as well. The competition among shoots was most evident in
the hedged vines, as many buds failed to produce any growth. Less than ten non-count
shoots were produced by the (FT) vines and very few produced by (SH). Whatever was
gained by adventitious shoots on (SH) vines, was negated by the loss of count shoots
during the growing season. The (SH) vines also produced two to four times as many
shootless nodes as the other treatments. Even taking into account the non-count shoot
contribution and shootless nodes, total shoot number was highly significant among
treatments (Table 2). The (C) vines produced the least amount of shoots and (SH) the
most. The large number of non-count shoots exemplifies the severe pruning practice of the

(C) treatment; while the shootless nodes in hedged vines indicate vine capacity is attained.

Shoot Assessments

Because shoots begin exporting carbohydrates during anthesis, shoot development
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early in the spring is important for overall vine production. Seyval clusters are very large
and become strong carbohydrate sinks at fruit set. Berry growth and most of the vegetative
growth in a season occurs between bloom and verasion (4). Laterals form just prior to
bloom and grow for the remainder of the season. Shoots thinned of fruit are sources of
photosynthate for various sinks within the vine. During the 1993 growing season, detailed
shoot measurements were taken on six sample shoots from one vine in each treatment
block. Shoots of (FT) vines were more developed before bloom. Between WK3 and
WKS6, (FT) vines had a greater primary shoot length than (C) or (SH) (Fig. 4). This
suggests the (FT) shoots were able to utilize reserves better than the other treatments and
become self sufficient earlier. The earlier shoot and leaf development of the (FT) vines
coincides with early cell division in the berry (4), and may be the cause for their superior
berry weights. The (C) shoots caught up in length to (FT) shoots by WK12, and they both
averaged more than 40 cm longer than (SH) shoots at harvest. Shoot growth rate for each
treatment increased after WK6 and decreased again after WK12. Little primary shoot
growth was achieved by (SH) after veraison, while (C) and (FT) shoots continued to
grow.

Since internode length remained consistent between treatments at every date, leaf
production was closely related to primary shoot length. The (FT) shoots averaged one
more leaf on WK4 (Fig. 5). At veraison, (C) and (FT) primary shoots averaged 5 more
leaves than (SH). This response continued through harvest, but as (FT) and (SH) primary
shoots stopped producing leaves, (C) primary shoots increased leaf number. New leaf
growth rate for each treatment increased after WK6 and decreased again after WK12.

Lateral growth began to appear during WK6. By WKI12, (C) and (FT) shoots
produced over twice as many laterals than (SH) (Fig. 6). None of the canopies produced
new lateral shoots after verasion. The laterals of (C) and (FT) shoots produced more

leaves than (SH) shoots by verasion, and continued to produce more till harvest (Fig. 7).
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They also had a greater rate of elongation between WK6 and WKS8, and length at harvest
(Fig. 8). Rate of elongation after anthesis was inversely related to bud number. Shoots of
(SH) vines were considerably smaller with less leaves and lateral growth.

No differences were found in the total vegetative shoot length until WK21 when
(SH) shoots were inferior to the other two treatments (Fig. 9). Shoots of (SH) also had
fewer leaves per shoot than the (C) shoots on WK12 and WK21 (Fig. 10). Over dates
measured, (SH) shoots were inferior to (C) and (FT) shoots in length and leaf number,
while control and (FT) shoots were never significantly different from each other. This
agrees with previous work with hedging systems (1,9,35). Shoots with and without a
cluster were compared in each treatment and no significant differences or interactions were
found at any date. However, shoot and leaf measurements on defruited shoots were
significantly greater than shoots bearing fruit over the year.

Canopy type influenced the rate of growth between veraison and harvest (Table 4).
At veraison the (SH) vines averaged 2800 leaves, 600-800 more than (C) or (FT). Only 12
percent (389 leaves) of the total (SH) leaf production was grown between veraison and
harvest. The (C) and (FT) vines produced 900 (31%) and 700 (24%) of their leaves during
this time respectively. Lateral shoots were responsible for the additional leaf production
after veraison. Laterals provided young, productive leaves during fruit ripening. The (C)
and (FT) canopies produced laterals that continued to produce leaves after veraison, while
(SH) shoots had little lateral leaf production. The lack of new leaf production after
veraison in (SH) vines suggests older, less photosynthetically efficient (17) leaves were
responsible for photosynthate production during fruit and wood ripening. Although, fruit
quality was not affected, wood maturity was a concern. The vegetativeness per shoot was

significantly lower in (SH) vines (Table 2).



Leaf Area Measurements

The mid-ribs of leaves from sample vines were mcasured at harvest. The (SH)
primary shoot leaves were significantly smaller than those of the other two treatments
(Table 3). However, no differences among treatments were seen in lateral leaf area or the
whole shoot average area per leaf. Shoot leaf area was directly related to leaves per shoot
and inversely related to shoot number (Table 3.). The (SH) vines produced the fewest
leaves per shoot and the least leaf area per shoot. They produced a primary shoot leaf area
over 750 square centimeters smaller than the other two treatments and a 70 percent decrease
in lateral shoot leaf area from the control; leaf area per whole shoot was over 45 percent
smaller than (C) and (FT). The (FT) and (C) vines never varied significantly in leaf
number or leaf area per shoot. Obviously, there exists a limit in the number of vegetative
sinks a vine can support and grow to full potential. Shoots with and without a cluster were
compared in each treatment and no significant differences or interactions were found.
Thus, the crop level influence was over the entire vine and not limited to the shoot.

Leaf area per vine at harvest was calculated using the average area per leaf, total
leaves per shoot, and number of shoots per sample vine (Table 4). Although (SH) shoots
were less developed and possessed less leaf area, no significant differences among
treatments in the total number of leaves or leaf area per vine at harvest were observed
(Table 4). (SH) shoots averaged over 3000 leaves per vine with an area more than 16
meters square. However, it is interesting to note how the treatments achieved this leaf area.
Using the average leaf area for primary shoot and lateral leaves and the leaf number of each
of these at the dates counted, a seasonal history of leaf area development was constructed
(Fig. 11). Increasing the number of shoots within the canopy increased the leaf area from
pre-bloom until after veraison, supporting Downton and Grant’s results (5) on minimal
pruned vines. Lateral shoots produced the additional leaf area in the (C) and (FT) vines

from veraison to harvest. Leaf area per cluster was not significantly different among
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treatments, although (FT) and (SH) had 1000 and 1500 square centimeters less per cluster
than (C) respectively. Significant differences among treatments did surface when leaf area
was expressed per gram of yield. The (FT) and (SH) vines produced over 10 cm?2 less
leaf area per gm yield than (C) vines (Table 4). However, all the treatments produced over
20 cmA2 of leaf area per gram of fruit, sufficient to adequately ripen fruit (10,31). A
greater leaf area, necessary to ripen fruit and wood in Michigan’s climate, was expected.
Canopy configuration and increased bud numbers increased the amount of leaf area through
veraison, though the leaf area response to increasing node number was limited. The (SH)

vines never achieved greater amounts of leaf area compared to the (FT) vines.

Conclusions

The treatments established three unique canopy architectures. Severe pruning and
hedging were compared with a constant pruning level created to optimally space shoots
along the cordon. Increasing node number at pruning increased yield with no affect on pH,
titratable acidity, or soluble solids. Cluster number was consistent between treatments
because of balanced cropping based on vine size. Yield responses were due to an increase
in berry weight.

The greatest cause for a decrease in fruit quality or crop loss was Botrytis rot
infection. An average of 25 percent of the crop was lost between all of the treatments. The
adventitious shoots forming from secondary and tertiary buds, as well as vigorous laterals
from basil nodes, formed a dense leaf area immediately around the control clusters. A
dense canopy inhibits air flow and chemical penetration to the clusters. Crop loss was
most severe in control vines, while the full trellis canopy was the most consistent in
avoiding rot infection due to optimally spaced shoots creating a low leaf density around the

clusters.
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It is evident that early shoot development is important for fruit development.
Severe pruning inhibited shoot and leaf area development and promoted adventitious shoot
growth early in the growing season. Because of greater shoot numbers, the hedged and
full trellis canopies developed earlier. However, the full trellis canopy configuration was
superior because of optimal vegetative sink competition and lcaf area development allowing
for better shoot development. This resulted in the full trellis vines yielding the heaviest
clusters with the largest berries. Full trellis vines seldom producing shoots from non-count
positions. In the hedging system, vines achieved their full capacity, since all of their
vegetative growth arose from count positions and shoot abortion occurred throughout the
growing season. Dead wood accumulated in the canopy and optimal shoot spacing
declined each year.

Because sufficient source levels were available, the control and full trellis canopies
produced large primary shoot leaves and lateral shoots. The lateral leaves were an
important component of total leaf area. However, much of the leaf and leaf area production
by control canopies was produced after verasion. Small primary shoot leaves comprised
most of the leaf area of hedged canopies. Full trellis and hedged vines produced a greater
leaf area through verasion; however, new leaf production in hedged vines decreased
because of the lack of laterals. Laterals provided young, productive leaves during fruit
npening. The full trellis canopy was superior because it increased shoot development early
in the growing season and allowed for further leaf area development during fruit and wood
ripening. This was not an advantage in 1993, since each treatment produced more than
enough leaf area to sufficiently ripen fruit. However, if crop levels were to be increased,
mid to late season leaf production could be crucial. Increasing node number per vine by
hedging showed no advantage over the full trellis system in production of leaf area or fruit.
Hand pruning to a set number of buds spaced along the cordon produced the best canopy

configuration in this experiment.
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PRIMARY SHOOT LEAF AREA
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Fig. 2. Standard for primary shoot leaf area measurements in Seyval grapevines at
Fenn Valley vineyards in 1993.
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LATERAL SHOOT LEAF AREA
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Fig. 3. Standard for lateral shoot leaf area measurements in Seyval grapevines at Fenn

Valley vineyards.
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CHAPTER 111

THE USE OF CARBOHYDRATE SINK COMPETITION TO REDUCE FRUIT SET
AND BOTRYTIS ROT IN SEY VAL GRAPEVINES



Abstract

Three pruning severities and two times of thinning were applied to Seyval
grapevines to vary the amount of fruiting and vegetative sinks at fruit set. Vines were
balanced pruned to either 10, 30, or 60 nodes per 454 g. of cane prunings. Half were
flower cluster thinned and half post-set thinned to 15 clusters per 454 g. of cane prunings.
In 1993, a third factor of cropping level was imposed across each treatment. Post-set
thinning decreased fruit set, yield, and Botrytis bunch rot while increasing berry weight
and soluble solids. Losses in yield could be overcome by decreasing thinning severity.
Increased sink competition created by greater numbers of apical meristems, had no effect
on fruit set or Botrytis infection, and decreased cane cold hardiness. Post-set thinning to
increase sink competition and reduce fruit set appears to be a viable cultural practice to

reduce Botrytis cluster rot.

Introduction

Botrytis bunch rot is a severe disease in Michigan’s cool, wet climate. Its control
to prevent the loss of yield and fruit quality can be a costly endeavor for the vineyard
manager. Chemical control and sanitation are successful approaches to minimizing Botrytis
infection. However, chemical control is expensive in Michigan’s climate and control
products are becoming more limited. Botrytis cinerea lives most of its life as a saprophyte,
getting nutrients from dead or dying plant parts (12). Sanitation practices reduce the
amount of inoculum in the vineyard before each growing season by removing old clusters,
dead wood, and debris from the vineyard. This can be costly and does not completely
relieve the problem.
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Selecting for cultivar resistance and canopy management are also methods to control
bunch rot infection. Unfortunately, some cultivars used in wine production are susceptible
to infection. The cultivar Seyval (S.V. 5276) was chosen for this study because of its
importance in Michigan’s wine industry and serious cluster rot problems. Seyval vines are
susceptible to Botrytis infection because they form large, compact clusters. It is for this
reason that they are also easily overcropped. Seyval is managed using severe balanced
pruning and flower cluster thinning. It is recommended that a 15+10 balance pruning
formula with thinning to 17 clusters per 500 grams of cane prunings be employed to

control crop level (17). The potefnial for yield increase is great if canopy management
Practices are developed to control overcropping and help inhibit the infection of Botrytis
bunch rot of Seyval in Michigan.

Botrytis cinerea may infect grape flowers and it can remain latent in these tissues

Until the clusters begin to mature (13). The spores require prolonged periods of free water
And  mutrients on the berry surface for germination (12,14). The fungus produces enzymes
thag <an destroy the integrity of the berry in less than 24 hours (12). The main protection
for Thhe grape berry to infection is its skin. The cuticle membrane and the epicuticular wax
Procide the primary physical barriers to pathogen invasion (1). For berry infection to

QQQ‘-II, the pathogen must find a weakness on the berry surface where it can bypass the
?uti(tle membrane, or directly penetrate the surface (3). The epicuticular wax layer
lm‘lences the retention of pesticides, the water retention of the berry surface, and the

aqg
w lL"i\-sive ability of plant pathogens (1). Percival et al. (15) found that exposed clusters and

1 Q&e having little berry contact, produced more epicuticular wax and cuticle. Clusters with

= ‘berry contact may be achieved by reducing the number of berries set per cluster.
. The competition for carbohydrates and growth hormones between sources and
) |
“ks to influence fruit set has been well documented. Intra-vine competition for

\bohydrates and growth hormones by vegetative (22) and fruiting sinks (7) influences

—
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fruit set. Decreasing the competition between sinks by shoot tipping at bloom (5,6,18),
girdling (2,5), or flower-cluster thinning (23,24,25) increase fruit set. Heavy pruning
(23), leaf removal during bloom (4), and within-cluster competition decrease fruit set (11).
| Flower clusters compete for carbohydrates during bloom (16) and after anthesis when the
shoot apex and the developing clusters become the strongest sinks (6,9,16). Flower-
cluster thinning increases pollen germinability (25) and shoot growth (8,11). Post-set
thinning can decrease fruit set by increasing the fruiting and vegetative sink competition for
assimilate and growth hormone (7,22), thus loosening cluster compactness. Post-set
thinning reduces berries per cluster in Seyval, and a compensatory increase in berry size
and fruit quality results (10). Vegetative vigor and the development of laterals decreased
When thinning was delayed until after fruit set (10). Potentially the number of berries per

Cluster- can be reduced, resulting in less berry contact and thus less Botrytis infection.

Exei | Obiecti

1. . -
To explore the effect of reducing pruning severity and/or post-set cluster thinning to
increase competition between sinks through anthesis in Seyval.

2.
To determine if increasing the amount of fruiting sinks at fruit set will decrease the
3 number of berries set per cluster in Seyval.
T T determine if increasing the amount of vegetative sinks at fruit set will decrease the

a number of berries set per cluster in Seyval.

-

> investigate if decreasing the number of berries set per cluster by post-set cluster
s thinning will decreases the amount of Botrytis rot in Seyval.
B o
> determine if the loss in yield in Seyval due to the decrease in fruit set can be
overcome by retaining more clusters per vine during thinning.

g




Materials and Methods

\ Plant Material
The experiment was established in March of 1991, 4.5 miles East of Lake Michigan
(42-15’ latitude) at Fenn Valley vineyards in Fennville Mich. Mature, bearing Seyval
grapevines planted in 1975 on an Oshtemo sandy-loam soil were used in the experiment.
Rows were spaced 3.0 meters apart with vines 2.4 meters apart within rows. The vines
were trained to a bilateral cordon on the top wire, 1.8 meters high (Hudson River Umbrella

training system).

Experimental Treatments

By leaving three levels of nodes retained, three levels of sinks (vegetative and
fruitr ul) were established for each vine during the dormant season pruning in an effort to
Increas competition among sinks during bloom. This was accomplished by retaining 10,
30, <r 60 nodes (N, 3N, 6N) for every 454 grams of dormant one year cane prunings
rf=sli>ectively. The most severely pruned treatment (N), retained nodes on short spurs along
the <<ordon. The (3N) treatment kept five node canes; and the lightly pruned (6N) treatment

Srag med canes of ten to fifteen nodes in length along the cordon.
The (N) vines were pruned to 45-nodes and the live one-year cane prunings
=z &E=hed to estimate the previous year’s vine size. The node number for the (N) vines was
th'&‘l set for the duration of the growing season following the procedures stated above.
&%ause of the number of nodes needed to obtain the (3N) and (6N) levels were much
gl\Qawr than 45 nodes, a method was devised to estimate the weight of retained wood.

A .
1 Ty pruning the (3N) and (6N) treatments to 90 and 180 nodes per vine respectively, the

AN~

== canes were weighed. The remaining live nodes of canes on the vine were counted. A

91
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weight was assigned to the number of nodes over 45 retained on the vine, based on a node
weight calculated in 1992 (113 gm per 52 nodes) and 1993 (113 gm per 50 nodes). This
weight and the weight of cane prunings were added, producing the vine size for each (3N)
and (6N) vine.

Crop thinning is also required in Seyval for optimal crop control. Flower-cluster

thinning (FCT) and post-set thinning (PST) were imposed to compare the influence of
increased cluster numbers per vine during fruit-set. Cluster thinning was conducted just
Prior to bloom in the (FCT) vines, and when the berries were 3-5 mm in diameter (2-3
WeeKs post-bloom) in the (PST) vines. The number of clusters per vine were proportioned
by wasing the weight of live one-year-old canes at pruning (vine size). Thus, crop level was
bal zaraced among vines based on their vegetative production of the previous year.

In 1992, the treatment vines were cluster thinned to 15 clusters per 454 grams of
domlant one-year cane prunings. In 1993, three cropping levels were employed in an
atterl'lpt to offset any loss in yield due to a decrease in fruit set. The (C15) treatment
mai T tained the cropping level imposed the previous year (15 clusters per 454 grams of
do%&.m one-year cane prunings). Higher crop levels, (C18) and (C21), increased the

furn ©er of clusters per vine after thinning to 18 and 21 per 454 grams of dormant one-year

= Prunings respectively.

< The effect of increased sink competition during bloom on vegetative growth was
bx%lined. A consistent determination of vine size was measured as described above. At

AN}
A2 Burst, nodes that did not produce a shoot (shootless nodes) were counted. Percent

tless nodes, vegetativeness (vine size (gm) per shoot), count shoots (nodes retained at

© .
N‘\l ng minus blind nodes), and non-count shoots (total shoots minus count shoots) were
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calculated for each vine. Treatment comparisons and interactions of pruning data were

analyzed each year and over both years.

Point Quad lysi
Point quadrat assessments were taken at three times during the growing season each

year. A thin metal rod was inserted into the canopy to determine the number of leaves
abowe the fruiting zone (19). Five insertions along the cordon were made on each treatment
vine at bloom, veraison, and harvest. Insertions were always made from the West side of
the canopy. A frequency distribution of the number of contacts and a seasonal history of

leaf 1ayer formation were developed.

Sho>t and | eafl Measurements

During the 1993 growing season, detailed shoot and leaf measurements were taken
on < “ery (C15) vine of the sub-sub-plots in each replication. Within each sample vine, five
shoots were randomly flagged along the cordon for vegetative measurements during the
growing season. These included: 1) primary shoot length (PSL); 2) primary shoot leal
llutl*.ber (PSLF); 3) lateral number (L); 4) lateral length (LL); and 5) lateral leaf number
(LL’E ; measured on May 26 (WK3 weeks after bud burst), June 2 (WK4), June 9 (WKS),

Iy
m

<= 16 (WKG6), June 30 (WKS), July 29 (WK12), and September 23 (WK21) one week
%Ql‘

to harvest. Additional calculated data included total leaves per shoot (TSLF=
™ L‘l*\‘-i-I.LP’) and total vegetative shoot length (PSL+LL). Treatment comparisons were
Q'Q’Q at approprniate dates and over dates on those variables measured or calculated.

At thinning, none of the sample shoots were defruited so that shoot development
\\,\th
A\

a fruiting sink could be studied for the remainder of the growing season. A count of

S (CS) longer than 10 cm and bearing three or more leaves was taken two weeks prior
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to harvest. Primary leaves per vine (PSLF*SC), lateral leaves per vine (LLF*SC), and

total leaves per vine (TSLF*SC) were then calculated and compared between treatments.

Cold Hardi Evaluati
Prior to pruning in 1993-1994, a cold hardiness evaluation was taken of the

pPrevious season’s vegetative growth. Previous work with Seyval (21) and a re-evaluation

of that work (Appendix 1) has led to a definition of Seyval cane characteristics closely
associated with cold hardiness. Classifications were created from hardiness analyses done

on IDec 19, 1991 and Jan 22, 1992 on Seyval canes (Appendix 1). Periderm and primary
bud T50’s were determined for variations within four cane characteristics, and over node
POs1 tions along the cane. Canes having a medium diameter (7-10 mm), medium internode
lengen (6-8 cm), and dark brown periderm were found to have superior cane and primary
bual coid hardiness. Persistent laterals and node position (2-9) did not have any influence
©N <old hardiness. Total one-year-old canes were counted on each treatment vine and each
Ane &iven a excellent, acceptable, or poor classification. Excellent canes consisted of ten
°r TX2 Ore live nodes with the optimal characteristics stated above. Acceptable canes had five
or Tacoyre living nodes but failed in one of the optimal characteristics. Canes with less than
:ve 11 ve nodes or failing at least two optimal characteristics were placed in the poor cold
i:"tli mess category. Samples of Seyval canes within the three cléssiﬁmh'ons were collected
s becember, January, and March. Periderm and primary bud cold hardiness were
&li Eicantly different among the treatments at the 0.01 level over the three dates. Excellent
== were superior while poor canes were inferior to acceptable canes. Using the three

A B =
. S fications was a rapid and effective way to evaluate the relative cold hardiness of each
xament vine.
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A standard curve was developed to allow rapid determination of flower number per
cluster based on rachis length for both years. Thirty clusters were randomly sampled from
guard vines just prior to bloom. Cluster length was calculated by adding the length of
rachis from the lowest basal arm to the tip and the length of the lowest basal arm. Flowers
of each sample cluster were counted and a strong correlation was found each year (Figs. 1
and 2). The rachis length of clusters on sample shoots of (C15) vines were measured and
their estimated flower number calculated. At harvest, berry pedicles of sample shoot
clusters were counted and the percentage of berries set analyzed. The number of whole
berri es showing no incidence of Botrytis rot infection were counted for rot calculations.
Subtracting these quality berries from the number of pedicles per cluster provides a number
Of the berries infected with rot. Fruit-set and Botrytis rot comparisons were made each

Yearxr and over both years.

Hay -

Treatment vines were harvested each year within ten days of October 1. Each vine

w

S Mand harvested with the cluster number noted and the fruit placed into an individual
bj

n- XE=ach bin was then weighed in the field and a cluster weight calculated. Clusters from

i%‘l B>l e shoots of (C15) vines were harvested separately, weighed, and placed into
nqi"idual bags for berry counts and fruit quality determination. Berries were randomly

Sxa from these sample clusters to create a 100 berry sample for every (C15) treatment in
%h weplication. From these samples pH, titratable acidity, soluble solids, and berry
= ¥= ¢t were determined and the number of berries per cluster calculated. The number of

N
< cunt clusters per vine was calculated from the number of clusters harvested minus the

A\
“h‘ber retained after cluster thinning. Treatment comparisons of harvest data were
A\ Vzed for each year and over both years. Using the harvest and pruning data, shoots per
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cluster (total shoots/ harvest cluster number), productivity (yield per previous year’s vine
size), fruitfulness (yield (gm) per shoot), and crop load (yield per current season’s vine

size) were calculated for every sample vine and analyzed for each year and over both years.

Ex perimental Desien and Analysi

A split-plot design was used with the main-plot consisting of three treatments (N,
3N, 6N) of six vines each, replicated six times. Three rows, containing two blocks each
were utilized. A guard vine separated each main-plot treatment. Each main-plot was divided

iInto two sub-plots, (FCT) and (PST), consisting of three vines. The three vines of the sub-
Plots were further divided into single vine treatments (C15, C18, C21) as sub-sub-
Plots in 1993. Comparisons and interactions between treatments were made each year and
OVer both years using the MSTAT-C statistical computer package. Analysis was by
AN COVA, with mean separations calculated using Duncan’s Multiple Range Test (20). The
fraj T—set standards and fruit-set vs. rot regressions were calculated using the Delta Graph
Corn Puter package. Point quadrat frequency distributions were calculated using the
I\/IS.-I‘A\T-C computer package. The experiment was terminated after pruning in March of
1 99—:]\

Results and Discussion

Decreasing pruning severity while maintaining a balanced crop influenced canopy
Q
Q\'elopment, morphology, and maturity with little effect on total vegetative growth.

A%
t\Q"‘easing the number of clusters per vine through anthesis showed no influence on

Vv N . .
SReutive growth. Vine size was never significantly different among treatments of either
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the main-plots or sub-plots, averaging 0.55 kg of cane prunings per vine (Table 1).
Reduced pruning severity accelerated filling of the trellis area with foliage, but caused more

shading within the canopy by verasion (Figs. 3 and 4). Increasing the number of nodes

per vine three fold (3N) from the standard pruning severity (N), redistributed shoot growth

from non-count to count positions (Table 1). Over 65 percent of (N) canopies were
comprised of non-count shoots, while count shoots made up 75 percent of (3N) canopies.
Shoot numbers were similar; and thus, the number of vegetative apices remained
consistent. Increasing the number of nodes per vine six-fold (6N) from the standard
Prumning severity (N), produced 70 percent more shoots per vine and no growth from non-
COuant positions. As node number per vine was increased, vegetativeness decreased (Table
1> =zalong with total shoot length, total leaf number, and lateral number per shoot (Figs. 5, 6,
arcl 7). Post-set thinning appeared to reduce the rate of growth of every vegetative
Paxrzameter measured per shoot between bloom and verasion, although no significant
difr, ©rences were observed. The (FCT) and (PST) shoots had nearly identical rates of
gro‘-’vth from verasion to harvest. The (N) and (3N) treatments produced 70 percent of
theil‘ total leaf number before veraison, while (6N) vines produced 80 percent by veraison
ncy half as many leaves as the other two treatments between then and harvest (Fig. 6). The
IQQ"( of new leaf production after veraison in (6N) vines suggests older leaves were
regbcmsible for photosynthate production during fruit and wood ripening in (6N) vines.
:hatiing, caused by dense canopies, also contributed to poor wood maturity of (6N) vines.
hQ (6N) canopies produced significantly less excellent, and more poor cold hardy canes
(Table 1). No differences in cane cold hardiness were observed between thinning times.

a~’l‘5n'ng the number of nodes retained at pruning influences vegetative growth more than
gl‘Qater numbers of clusters per vine during fruit-set.
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Increasing the number of clusters during fruit-set by post-set thinning reduced fruit-
set, concurring with work previously done (7,21). Post-set thinning increased the level of
competition between fruitful sinks, resulting in fewer berries set within the cluster (Table
2). As the level of fruitful sinks retained through anthesis was augmented across pruning
severi ties, the level of competition increased and berry-set further declined. This additional
loss of berries reduced yield and vine productivity (Table 3). The (6NFCT) treatment was
Superi or to the other treatments yielding 4.4 tons per acre. However, raising the number of
clusters per vine 20 and 40 percent at post-set thinning made yields at each pruning severity
comparable to that of flower cluster thinning to 15 clusters per pound of cane prunings
(Table 4). Post-set thinning controlled unwanted crop (non-count clusters) better than
(FCT) (Table 5).

Post-set thinning increased berry weight, soluble solids, and pH with no variance
in titracable acidity (Table 5). The greatest vaniance was observed in the (6N) treatments
Where ¢he competition was the highest between sinks during fruit-set. Post-set thinning
increased the percent soluble solids two brix greater than (FCT). Larger berry weights and
imp"c"*":‘«d percent soluble solids agrees with Hunter et al. (10) findings on post-set
thjm‘il'lg. Post-set cluster thinning reduced berry-set within the cluster and improved fruit

OMpo s tion.

Decreasing the number of berries set per cluster influenced the incidence of Botrytis
Yunch Tot infection in Seyval. A count of infected berries was performed on clusters from
sample shoots of (C15) vines at every level of pruning severity and time of thinning. Over

40 Pereent of the berries from (FCT) clusters showed signs of rot infection at each pruning
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Severity over years, while post-set thinning averaged 16 percent (Table 2). As the number

of clusters increased duning fruit-set between the (N), (3N), and (6N) treatments, the
percent of berry rot infection decreased. The (NPST), (3NPST), and (6NPST) treatments
exhibited an average of 29, 13, and 7 percent berry infection respectively over years. Each
Year, the percentage of berry rot decreased linearly with decreasing berries per cluster
(Figs. 8 and 9). Thus, as the competition between fruitful sinks became greater and fruit-
set decreased, the percentage of berries infected declined. As the number of berries set per
cluster ranged from 100 to over 300 among treatments, Botrytis berry rot increased linearly
from S to 50 percent. Thus, the number of quality berries per cluster decreased only 25
Percent in the (PST) treatments, although the reductions in the number of berries set per
cluster were much more severe (Table 3). The reduction of berries within the cluster
Provided a loose cluster architecture non-conducive to Botrytis cluster rot infection. This
agrees with Percival et al. (15) findings with clusters having little berry contact producing
More epicuticular wax and cuticle, the main protection against rot infection (1). Post-set

cluster thinning reduced Botrytis bunch rot in Seyval grapevines.
Conclusions

The relationship between sources and sinks competing for photoassimilate played a

Major Tolje in Seyval grapevine development throughout the growing season. Increasing
the MW ber of vegetative apices created greater distribution of vegetative growth within the
@nopy,, resulting in earlier filling of the trellis area with foliage and optimal potential light
abso"l:”lion. However, shading and reductions in leaf production after veraison become a
“Oncern’ for fruit and wood ripening. Increasing the number of vegetative sinks during
anthesis had no affect on fruit-set. The increase in competition caused by additional fruitful

sinks Teduced berry-set and, thus, Botrytis bunch rot. It appears that competition among
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fruitful sinks is the determining factor in fruit-set and that this competition has little affect
On vegetative growth or maturity when maintained only through anthesis. Reductions in
Yield caused by decreased fruit-set were overcome by decreasing the number of clusters
thinned after anthesis. Once the crop level was established, fruitful sinks gained
Superiority in competing for carbohydrates and/or growth hormones. This occurred at the
expense of vegetative growth if insufficient supplies were available. Post-set cluster
thinning appears to be a viable cultural method for reducing Botrytis bunch rot, and the
level of sink competition during bloom can be manipulated by pruning severity.

The 30430 pruning severity adequately spaced shoots within the canopy to fill the
rellis area with vegetative growth earlier than the 10+10 severity. The occurrence of some
Non-count shoots suggests that the pruning severity could even be lower to better distribute
vegetative growth. The 30+30 pruning severity provided adequate photoassimilate
mpeetition between fruitful sinks to reduce fruit-set sufficiently to deter Botrytis bunch rot
infecti on. It also afforded superior cane and flower bud maturity for growth the following
Year. pruning severity slightly greater than 30+30 with post-set cluster thinning to a
level Of crop that maximizes yield and allows for adequate vine maturity, would be

TeCOrM mmended for management of Seyval grapevines.




Literature Cited

1. Baker, E.L. 1982. Chemistry and morphology of plant epicuticular waxes. In:
Cutler, D.F., Alvin K.L., Price, C.E. (Eds.): The Plant Cuticle, 139-161.

Academic Press, Toronto.

2. Brown, K., D.I. Jackson, and G.F. Steans. 1988. Effects of Chlormequat, girdling,
and tipping on berry set in Vitis vineifera L. Am. J. Enol. Vitic. 39(1):91-94.

3. Bulit, J,, and D. Dubos. 1988. Botrytis bunch rot and blight. In: Pearson, R.C.,
Goheen, A.C. (Eds.): Compendium of grape diseases, 13-15.
APS Press, St. Paul.

4. Candolfi-Vasconcelos, M.C. and W. Koblet. 1990. Yield, fruit quality, bud fertility

and starch reserves of the wood as a function of leaf removal in Vitis vinifera -
Evidence of compensation and stress recovering. Vitis. 29:199-221.

5. Ccoombe, B.G. 1959. Fruit set and development in seeded grape varieties as affected
by defoliation, topping, girdling, and other treatments. Am. J. Enol. Vitic.

10:85-100.

6. Coombe, B.G. 1962. The effect of removing leaves, flowers and shoot tips on fruit
set of Vitis vinifera L. J. Hort. Sci. 37:1-15.

7. Coombe, B.G. 1973. Regulation of set and the development of the grape berry.
Acta. Horticulture 34:261-273.

8 Fi sher, K.H,, O.A. Bradt, J. Wiebe and V.A. Dirks. 1977. Cluster thinning ‘de
Chaunac’ French hybrid grapes improves vine vigor and fruit quality in Ontario.
J. Amer. Soc. Hort. Sci. 102(2):162-165.

9. Hale, C.R, and P.J. Weaver. 1962. The effect of developmental stage on direction of
translocation of photosynthate in Vitis vinifera . Hilgardia 33:89-131.

10. Hunter, D.M. and J.T.A. Proctor. 1985. Effects of timing of thinning influence on
Seyval blanc fruit yields and quality. Presented at 10th Annual meeting of the
American Society for Enology and Viticulture/Eastern section, Mississauga, Ont.

(August 1985).

11. L.ooney, N.E. 1981. Some growth regulator and cluster thinning effects on berry set
and size, berry quality, and annual productivity of ‘De Chaunac’ grapes. Vitis
20:22-35.

12 I\’Ia.n'os, J.J. 1987. Botrytis bunch rot of grapes. Oregon Dpt. of Agr.: The Wine
Advisory Board Research Report. June (5):1-6.

13, Mcp]el]an, W.D. and W.B. Hewitt. 1973. Early Botrytis rot of grapes: Time of
infection and latency of Botrytis cinerea Pers. in Vitis vinifera L. Phytopathology.

63:1151-1157.

101




1

102

14. Nelson, K.E. 1951. Factors influencing the infection of table grapes by Botrytis
cinerea (Pers). Phytopathology. 41:319-326.

5. Percival, D.C., J.A. Sullivan, and K.H. Fisher. 1993. Effect of cluster exposure,
berry contact and cultivar on cuticle membrane formation and occurrence of bunch
rot (Botrytis cinerea Pers.:Fr.) with 3 Vitis vinifera L. cultivars. Vitis 32:87-97.

16. Quinlan, J.D. and R.J. Weaver. 1970. Modification of pattern of the photosynthate

17.

18.

19.

20.

21.

25,

movement within and between shoots of Vitis vinifera L. Plant Physiol.
46:527-530.

Reynolds, A.G., R.M. Pool and L.R. Mattick. 1986a. Effect of shoot density and
crop control on growth, yield, fruit composition and wine quality of ‘Seyval blanc’
grapevines. J. Amer. Soc. Hort. Sci. 111(1):55-63.

Skene, K.G.M. 1969. A comparison of the effects of “Cycocel” and tipping on fruit
set in Vitis vinifera . Austr. J. Biol. Sci. 22:1305-1311.

Smart, R.E., C.M. Seaver. 1988. Handbook for Canopy Management Workshop.
Pesented at 2nd International Cool climate Viticulture and Oenology Symposium,

Matua Valley Vineyard Kumeu, New Zealand. (Jan. 1988). pg. 1-20.

Steel, R.G.D. and J.H. Torrie. 1980. Principles and Procedures of Statistics:
A Biometric Approach. McGraw-Hill Book Company, New York, NY.

Striegler, R.K,, and G.S. Howell. 1991. The influence of rootstock on the cold
hardiness of Seyval grapevines: 1. Primary and secondary effects on growth,
canopy development, yield, fruit quality and cold hardiness. Vitis. 30:1-10.

- VW eaver, R.J. and RM. Pool. 1968. Effect of various levels of cropping on Vitis

vinifera grapevines. Am. J. Enol. Vitic. 19:185-193.

- W eaver, R.J. and RM. Pool. 1971b. Chemical thinning of grape clusters

(Vitis vinifera L.). Vitis. 10:201-209.

vVil'nkler, AJ. 1929. The effect of dormant pruning on the carbohydrate metabolism
of the vine. Hilgardia. 4:153-173.

Wi nkler, A.J. 1958. The relation of leaf area and climate to vine performance and
grape quality. Amer. J. Enol. 9:10-23.



103

189 ebuey o|dRIN MeN s,ueounq Buisn sUWN|CO UM UopBIBdeS SuBBW

"(su) weoyubis 1ou 10 (.,) %I (.) %S 1B weoapubls senfea 4

‘sbujunid aued "qusIEISNO G O} SJUBWNELI} 18S-1S0d 8} U| }18s sem peo| doi) 2z

‘sbujunud eued "qysIeISN|O GI O} suswleas Woolg 8y} Ul 18s sem peo| doi) A

‘solysueoRIBYD SSaulpiey piod esoyl Bujiqiuxe (1ood 10 ‘sjqeideddy ‘wuejeox3) AiobBeied syl UM BulA Jod seued JO Jequinu Byl X

su su su su su su su su su su
c9 8¢ 8l 9 0 69 St 601 L8 6S°0 188 1s0d
c9 6€ St L 0 L9 5 8 ) | A0S 8. LSS0 wooig N9
34 g 61 ot [ 8 1> ot L'EL oy 650 18§ 1sod
(534 61 St 8 ot 154 L 6¢Cl 8¢ 060 woolg Ne
(94 vi L 0ol 62 cl St v'9l vi 6S°0 18s 1s0d
6€ S St 8 8¢ L 91 cvi vt 1S°0 wooilg N
ew|| Buuulyl X
paujeley S8poN
su su .e su su su su su su su
0S € 8t 8 Y8 6€ €l L'El Sy 650 Z }8S isod
8y ve St 8 i L€ el g8'ct 1534 €S0 A wooig
Bujuuiyl x
eIsn|D jo ewy
.s . su . s s s s ss su
e 29 e 8€ Ll q9 20 e g9 qe pi qettL e 08 850 NS
q vy q 8l Ll e 6 q il q € q ol qe €€l q 6€ ¥S'0 NE
q oy q Gl 9l e 6 e 82 o1 e gl B €6l o vl 66’0 N
(0L+01L=N)
Binwio4 buunid
Aq psureley sepoN
saue) X saue) X SauB) X saue) sjooys sjooys S8pPON (ooys; wb peureley (euia/by) juswjessl
|ejoL Awiend Aurend Ayend  unoQ-uoN  Wwnoo pulg % 82|S 8uW) S8PON  ©Z|S 8UIA
1004 o|qeidedoy  jus||eox3 ssausuiBieboA

Spiefeun Aoy uuad 18 sautadeiB 1enfag Jo pass-2ee) woy pabeians

$83IpU) 82)S SUIA oY) U0 Bujuuyy) Ja1snio jo swn puB Ayierss Buunid jo eousnul (L



104

"1sa] ebusy o|dliN MBN s,ueoung Bujsn suwn|od ulyM uopesedes suee
"(su) weopubis jou 10 :(,,) %I :(.) %S 18 Juedyjubls seniea 4
‘uonoejul 101 Buqiuxe Jeisnio Jed seyuaq jo ebejuscsed 8yl z
"uoyo8}ul 104 ou Bupqiyxe JaysnP Jed sejuaq Jo Jequnu ayL A
‘woo|q o} Joud isn| uaye} si1vIsnO [BALSS O JO SusWeINSBaW puB SIUNOD WOJ} epeW pJBpuUB)S B UO pasBq siaquinu 1emojd pajewns3 X

su .s . . .s su su
0S¢ pL o €0} ®Ilc O PbLL 1 4°1°] 66 18§ isod
¢c'c e 2y e /91 B €S B 8LE 86S 801 woolg ug9
8y’ ¢ o€l oge Gel p e q 981 609 0L 18S 1s0d
90'¢ e Ly qe 651t q Ly e 90¢ ov9 'L woolg Ne
le'¢ q 62 oq 92I I 4> q 26l G.S c ol }eS isod
661 =28 4 qe 6v1 qe 6v B 182 GLS 901t woolg N
..... swyl bujuuiyl X
paujelay SepoN
. . . . . su su
Iy e 91 (XA L2 LSt 6.S €0l 189S 1s0d
602 t4 4 861 0§ c0¢€ 609 [ wooig
buuuyl
.Isn|o Jo ewyy
. . su s su . Su
B 9€'¢ q S2 GEl q LE 9ic q 9.S €01 N9
e /2¢ q /2 VA A" q e 9€¢ B G629 €L NE
q €ELe e GE LEL e Iy L€C q G/S vy ol N
(0L+0L=N)
BInwio4 Bujunid
Aq peueiay SepoN
(wb) Z JaisnD K 19snD ) Juewjesll
m Aleg noy Aueg /sejlieg 1es Aueg Nes seoyeg X JequnN (wo) yibueq
Juaolad Awrenp Jusdled el 18Mol4 153 meisno
spiefaun Aae) uuad JB SaUNAARIB jemdag Jo gae)-266)
Woy pabBieione Jos yny uo Buuuiyy saisno jo ewp pue Ayienes Buunud jo eouenyul 2 38Vl



105

189 ] eBuey e|diynyy meN s,usdoung Buisn suwnjoo ulyim uoieredes sueepy
"(su) usdiubis Jou 10 (.,) %L ‘(.) %S ®© Wwedyubis seneA 4

‘sBuiunid eued ‘qysieisn|d G| O} sjuew)se.) 18S iS04 6y} ul }es sem peoj doi) z
‘sBuiunid euso ‘qusielsn|d GO} sjueweel} woolg ey} ul 1es sem peoj douny A

su su .e . . su su
€c ol S'9.L A 0 1G¢ 2 0vv I8 6S°0 18§ 180d
L9911 L 'ovi B GO9'/LI B 6EY 8 0L'L 8. LGS0 woojg ug
S0'0l 6'8LI q oLvl oq 08¢ oq 60°'S ov 6S°0 18§ 180d
v8 9l S'091 e ¢g9'8l qe v.'E qe /S'9 8¢ 0SS0 woolg Ne€
oL'€El L'EECL oq el oq Lé¢ 9q ie's vi 6S°0 i8S 1s0d
oLvi 1 AVA°)S qQ covi oq vEE 0q 98'S vi IS0 woo|g N
ewi| Buinuiy] X
peumeiey sepoN
. - s - .s su su
90t S'601 S6' LI 6L¢C o6V Sv 650 Z 183 180d
L2091 096!} €L 91 c8't LL'9 1504 €S0 £k wooig
buiuuiy]
i|sn|D jo ewi)
su .o su su su .o su
Sy el q €80} 9S '€l Sv'€ s0'9 e 08 850 N9
Se'€l e L'6E} Le'91 ce't €8'G q 6¢ $S°0 NE
06'€l e £'0Gi SL'El SL'€E €S9'S o ¥i SS'0 N
(01L+0L=N)
BjnwJo4 Buunig
Aq peurejey sepoN
(ezis auIA JA (yooys (ezis BUIA JA (v/1) Aoc_zdw: peureiey Acc_mev juewjee. |
yueund/plek)  /(wb) pjeif) "Aeid/pleik) PieIA Pl®IA SOpON 82IS BUIA
peo doip sseu|njInI4 AuAnonpoud
o SPAUN Hofen we e seuaceid ulsg o pgg)-2agh woy pobesor
PUl preik pue 6218 6UIA 8y} uo Buuiy Jeisnpo jo ewny pue Awenes Buunid Jo eauenju| PELAS



‘SPIBABUINA ASHE/N HHEES 7 0 S ———
e D

(Bx) PIoIA UO BulULIUL 1B POUIBIal SISASI doso Buiseeioul uo eousniul
v oigTT



106

‘€661 ‘8 AINf UuO pauulyl 181Snj0 a1em SaulA (1Sd) 8yl z
‘€661 ‘€2 9unp uo pauuly) Jaisn|d aiam saulA (104) syl A
'sbuiunid sued jo sweib 9'gsy Jod
sialsnio |2 10 ‘81 ‘G 01 (1Sd) 19s-1sod 10 (1D4) woo|q J18yue e paulwidlep |aAs] doin X

vv's 6€ L e
S0'S 96’9 81
144 L9°'S GL N9
14" 9v'9 e
I6°'v 9¢v°'9 81
gcy vL'S Sl NE
98'9 8G°G e
cL's o'y 81l
8c't 9v'v Sk N
Z R X [oAe] buiddoid
1Sd 104 Aq Awenss bBujunid

‘splehauln AajjeA uua4 je sauinedelb [eaLdS JO £66] Ul

(B) proik uo DUy} Jo peursies siend] doio BLISBBIU] U0 Bauanyy 7 9/qEL



Aede.B |@AAeS JO £661-Z26681L woll pebe.iens

spiBA@uIA Ae|Bn Uuue 4 e seul
1o jo0 ewn pus Ajiones Bujunid jo esueniul

eeoipuUl AEnb 1INy pUB BlUGUOdUIOD PILSIA ey uo Bujuwuiy Je3en

S I1gGvL



107

150 eBusy ejdiinyy meN s,ueoung Buisn suwnjod ulyum uoieredes sueepy

“(su) ueoyubis Jou 1o (,.) %t ‘(.) %S ¥ wedyubis seneA 4

‘sBujunid eued ‘qysieisnio G| O} sjuewlesd) 16S 1sod ey ul jes sem peo| dosy z
‘sBuiunud eueds -qusielsn|d G 0} sjuewess) woolg eyy ul jes sem peo| doid A

su .o su su su su . su .
A > e g6l €L°0 9¢'t 0 0s'e q L2ie €2 S 0vy 19§ 1sod
ve 2 04t 6.0 oc'e L gg'e e 0°00€ 8c B 0LL woolg N9
¢c q 08l 6.°0 XA I 8y '¢ q €€ €¢ °q 60°'S 19§ 1s0d
0¢ o9 S/ LL°0 LI’ 4 80°¢e B 8°'G6C €2 qe /S'9 woojg N¢
81l q v8i eL 0 92t 4 L2'¢ q 6'cée ve oq Ie'S 10§ 180d
81l q 08t SL0 le'€ € 661 q 9'8ve ve oq 98'S wool|g N
ewi] BuiluiyL X
peureiey SepoN
. .e su . . . . su .
ve 9'81 SL'0 Gc't b iv'e €'vcc €¢ 06'v Z }e§ 1s0d
L' S'LI LLO 61°€ 14 60°¢C S'isc K4 VL9 Kk wooig
Buuuy
ioIsn|D jo ewil
e su su su su .e . su su
e g¢ 181 asL'0 - E2e € B gg'2 qe ¥'952 se s0'9 N9
qie 8L 8.0 6L'€E 4 B /22 B 9°'99¢ €c €8'S NE
ael 84 v.0 €2t 4 qele q L'SeC ve €S°S N
(01+01=N)
BjnwJo4 Bujunug
Aq peureiey sepoN
1eysn|D spljos Anpioy Hd sieysn|n (wb) (wbh) JjequinN (euin/By) juewjeed |
/siooys e|gnjos e|gqejenl | unoD-uoN ‘W Aueg ‘M Jeisn|o Jesn|o PI®IA

‘spiefeuiln AejeA uued je seuinede.B eAkes Jo £661-2661 Woi} pebeieAe
seolpul Alenb uny pue siueuodwod plelk ey uo Bujuuiyy Jeisnp jo ewl pus Ayseaes Buiunid jo eouenju| ‘s 3718v1L




108

0c

itm
2oL ve + (x) €2€'29 = (X)} G96.°0 = evH

(wo) HLDNIT H3LSNTO
Gt ol S

‘spieAeulA AsjjeA uue4
1e seuinedesb jeadas Ul sjusweinsesw Jeisnjo Jed S1Iemoy 10} piepuels 2661 ‘L ‘b4

(007
oov

009

000}

(0,074

H39WNN H3MO14



109

«H
v28'0L+(X) LS 2P =(X)) 80060 = 2vy

(wo) HLDNIT HI3LSN1O
T4 02 S1 o] S 0

°
oo\t\o [ 00¢

> .\ | 009
.\ | 008

(007!
‘spieAsulA Ae|jeA uue

1e seuinadesb jeadeg ul sjuswainsesw Jesnio Jed SIeMOy} 10) pIBPUBIS €661 2 ‘Bi4

H3gGWNN H3mo14



110

1SeAseH uoSIeIaN woo|g

N9

NE —

ZI

T
- N
o

Jequinp Jofe jea

‘Jaquinu 18Ae| jes| sk passaldxe ‘spieAsulA AsjjeA uus4 je seuinedelb

|eadas jo Juawdojansp Adoued uosees ge6 1 eyl uo Aeass buiunid jo 1oey3 ¢ b4

Lge



111

1SeAleH uosiesap woo|g

rso

NE — rS¢c

N =——

‘learleg Jo Jequinu Jake) Jes| se passaidxe ‘spiehauin Aajje uued je sauinedeld

|leafas jo yuswdojanap Adoued uosess g661 a4y uo Ayianes Buunid jo 108y3 v Bi4

Jaquinp Jafe jea



‘uoseas Buimoib 661 ay) Buunp spieAaulA As|feA uud4 Je sauinedelb [eaLss jo
(resayel + Arewud) yooys Jad yibua) aayelabaa [ejo} ayy uo Ajuaass bujunid jo sousnyu; G bi4

1SHNE ang 4314V SX33m

1SenleH UOSIBIBA wooig
cc (074 8l 9l 14} cl (0] % 8 9 14 4 0
N U B S I S S S S S S
0
ﬂ
0§
g
>
= <
| )
—001L
3
N9 o =
m
i —
05t 0
I (@)
.IooN(
N e
(0)°14




‘uoseas Buimoib £661 ay) Buunp spreAsula AsjeA uus4 je saujaedeld [ealeg
10 (resare) + Arewnd) Jooys 1ad saAes) 10} ey uo Ajuaaes Hujunid jo edsuanyu| "9 ‘6i4

1SHNEg aNg U314V SH3I3IM

1SOAIRH uosielan woo|g

113

1

|

L

L

-

cc 0c 81 91 14 4 ol 8

e

N

NE q




114

éc

-

‘uoseas buimoib £661 ay) Buunp sprefaulA AejeA uuad

1e saunade.b [eakag 40 jooys Jad Jaquinu [eiale] uo Ajeasas Bujunid jo souanju) L ‘B4

1SHNA aNg Y314V SH3IM

1SaAIeH uosiesoN
(074 81 9l 14} N_P

| " | L 1 L

A

- L2

N9 o o}

NE q

H3GWNN TvH3LV



115

.d

88004 - (X) ¥S1°0 =(x)} €8218°0 =2vd

H31SN1T0 H3d 13S S3idd34

0se omm 0S¢ 00c om I 00t 0S
— — a1 ol " A M S A

e L

g 8 © 2
1OH SILAHLO8 IN3OH3d

T
(=]
m

‘seuinedelb jeafes

ul Jeysn|o Jad 18s s811I8q JO Jaquinu 8y} JO uoRdun; e sk Joi spiog ebejuedied 2661 '8 ‘Bi4



116

llm
669 L1 - (X) €610 =(x)} €.66°'0 =24

H31SN1T0 H3d 13S S3lHy38

0S¢e 00¢e 0se 002 oSt - 00} 0s 0
M SR IS T | R | | N | S | L N S " L L .o
ot

. |

B

02 O

1 m

5

. [ og O

I D

3

i wn

'lo.va

. 8

° rom

09

‘seuinedelb jeades
Ul Jaisno Jad jes seueq JO Jequinu 8y} Jo uoidun; e se 104 spAsog ebejuedied €661 ‘6 ‘Bi4



CHAPTER 1V

THE USE OF CARBOHYDRATE SINK COMPETITION TO REDUCE FRUIT SET
AND BOTRYTIS ROT IN VIGNOLES GRAPEVINES
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Abstract

Three dormant season pruning severities and an unpruned (UP) treatment were
imposed on Vignoles grapevines to vary fruiting and vegetative sinks during fruit set.
Vines were balanced pruned to either 15, 30, or 60 nodes per 454 g. of cane prunings.
The treatments leaving additional nodes per vine during the dormant season, were balanced
pruned after anthesis. Five and ten node canes werc compared at each pruning severity.
Increasing the competition for carbohydrates between fruitful and vegetative sinks during
anthesis by decreasing pruning severity during the dormant season had little affect on fruit-
set. The (UP) treatment decreased yield, due to reduced cluster formation per shoot. The
clusters that did develop had fewer flowers each year and thus, fewer berries set.
Reductions in Botrytis infection were observed only in 1993 in the (UP) treatment. Cane
length had no affect on fruit-set or Botrytis infection. Competition induced by fruitful
sinks was limited because of the small size of Vignoles clusters. However, increasing
carbohydrate competition between fruitful and vegetative sinks through anthesis was
detrimental to fruit and vine maturity. Post-set pruning does not appear to be a viable

cultural practice for management of Vignoles grapevines in Michigan’s climate.

Introduction

Vignoles 1s an important cultivar in Michigan’s wine industry. It bears small,
compact clusters that are susceptible to harvest season Botrytis bunch rot infection.
Because of the smaller clusters, balance pruning alone is sufficient for crop control. A
15+15 pruning formula on a High Cordon training system is recommended (11). Botrytis
bunch rot is a severe disease in Michigan’s cool, wet climate. Its prevention or control can

be expensive, and if not sufficient, produce losses of yield and fruit quality. Chemical
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control, sanitation, and canopy management are all successful approaches to minimizing
Botrytis infection (14). However, chemical control is extensive in Michigan’s climate and
control products are becoming more limited. Botrytis cinerea lives most of its life as a
saprophyte, getting nutrients from dead or dying plant parts (14). Sanitation practices
reduce the amount of inoculum in the vineyard before each growing season by removing
old clusters, dead wood, and debris from the vineyard (14). This can be costly and will
not completely relieve the problem. Canopy management practices for Vignoles grapevines
need to be developed to help inhibit the infection of Botrytis bunch rot in Michigan.

Botrytis cinerea may infect grape flowers and remain latent in these tissues until the
clusters begin to mature (15). The spores require prolonged periods of free water and
nutrients on the berry surface for germination (14,16). The fungus produces enzymes that
can destroy the integrity of the berry in less than 24 hours (14). The main protection for
the grape berry to infection is its skin. The cuticle membrane and the epicuticular wax
provide the primary physical barriers to pathogen invasion (1). For berry infection to
occur, the pathogen must find a weakness on the berry surface where it can bypass the
cuticle 'membrane, or directly penetrate the surface (4). The epicuticular wax layer
influences the retention of pesticides, the water retention of the berry surface, and the
adhesive ability of plant pathogens (1). Percival et al. (17) found that exposed clusters and
those having little berry contact, produced more epicuticular wax and cuticle. Clusters with
less berry contact may be achieved by reducing the number of berries set per cluster.

The competition for carbohydrates and growth hormones between sources and
sinks to influence fruit set has been well documented. Intra-vine competition for
carbohydrates and growth hormones by vegetative (25) and fruiting sinks (8) influences
fruit set. Decreasing the competition between sinks by shoot tipping at bloom (6,7,22),
girdling (3,6), or flower-cluster thinning (26,27) increases fruit set. Within-cluster

competition decreases fruit set (13), while severe pruning (26), or leaf removal during
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bloom decreases fruit set (5). Flower clusters compete for carbohydrates during bloom
(18) and after anthesis when the shoot apex and the developing clusters become the
strongest sinks (7,9,18). By increasing the competition for carbohydrates during bloom,
potentially the number of berries per cluster can be reduced, resulting in less berry contact
and thus less Botrytis infection. The following experiment was designed to test this

hypothesis and to answer several other questions:

Experi L Obiecti

1. Does reduced pruning severity and post-set pruning increase competition among
sinks through anthesis in Vignoles?

2. Do the number of vegetative and fruiting sinks at fruit set reduce the number of

berries set per cluster in Vignoles?

3. Does reduction in number of berries set per cluster also reduce Botrytis rot in
Vignoles?
4. Do these pruning strategies influence shoot development or bud and cane cold

hardiness of Vignoles?

Materials and Methods

Plant Matenial

The experiment was established in March of 1991, 4.5 miles East of Lake Michigan
(42-15’ latitude) at Fenn Valley vineyards in Fennville Mi. Mature, bearing Vignoles
grapevines planted in 1976 on an Oshtemo sandy-loam soil were used in the experiment.
Rows were spaced 3.0 meters apart with vines 3.7 meters apart within rows. The vines
were trained to a bilateral cordon on the top wire, 1.8 meters high (Hudson River Umbrella

training system).






121

Experimental Treatments

The experimental treatments compared four levels of pruning severity in an effort to
increase competition between sinks (vegetative and fruitful) during bloom. This was
accomplished by retaining 15, 30, or 60 nodes retained (N, 2N, 4N) for every 454 grams
of dormant one year cane prunings respectively, and an unpruned treatment (UP). The
(2N), (4N), and (UP) treatments were pruned to the (N) level of nodes when the berries
were 3-5 cm in diameter (2-3 weeks post-bloom). Two cane lengths (5 or 10 nodes) were
compared to study the influence of node position within the canopy. One treatment retained
short (5 nodes), while the other retained long (10 nodes) canes, after dormant season and
post-set prunings. The unpruned treatments were pruned to either short or long canes after
fruit-set. The treatments provided increasing levels of vegetative and fruitful sinks during
anthesis.

The (N) vines were pruned to 65-nodes and the live one-year cane prunings
weighed to estimate the previous year’s vine size. The node number for the (N) vines was
then set for the duration of the growing season following the procedures stated above.
Because of the number of nodes needed to obtain the (2N) and (4N) levels were much
greater than 65-nodes, a method was devised to estimate the weight of retained wood.
After pruning the (2N) and (4N) treatments to 90 and 180 nodes per vine respectively, the
live canes were weighed. The remaining live nodes of canes on the vine were counted. A
weight was assigned to the number of nodes over 65 retained on the vine, based on a node
weight calculated in 1992 (113 gm per 41 nodes) and 1993 (113 gm per 43 nodes). This
weight and the weight of cane prunings were added producing the vine size estimate for
each (2N) and (4N) vine. The total number of live nodes above 65 were counted on each

(UP) vine, and a vine size calculated using the average node weight of that year.
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Vegetative Measurements

The effect of increased sink competition during bloom on vegetative growth was
examined. A consistent determination of vine size was measured as described above.
Vegetativeness (vine size (gm) per shoot and node) was calculated for each vine and a
shoot number taken at verasion in 1993. Treatment comparisons and interactions of
pruning data were analyzed each year. During the 1993 growing season, detailed shoot
and leaf measurements were taken on one vine in each treatment replication. Within these
sample vines, five shoots were randomly flagged along the cordon for vegetative
measurements during the growing season. These include: 1) primary shoot length (PSL);
2) primary shoot leaf number (PSLF); 3) lateral number (L); 4) lateral length (LL); and 5)
lateral leaf number (LLF); measured on May 26 (WK3 weeks after bud burst), June 2
(WK4), June 9 (WKS), June 16 (WKG6), June 30 (WKS), July 29 (WK12), and
September 23 (WK21) one week prior to harvest. Additional calculated data included total
leaves per shoot (TSLF=PSLF+LLF) and total vegetative shoot length (PSL+LL). A count
of shoots (CS) longer than 10 cm and bearing three or more leaves was taken on WK19.
Treatment comparisons were made at appropriate dates and over dates on those variables
measured or calculated.

Cold Hardiness Evaluations

Prior to pruning in 1993-1994, a cold hardiness evaluation was taken of the
previous season’s vegetative growth. Total one year old canes were counted and each cane
given an excellent, acceptable, or poor classification. This approach has been used
previously by Streigler and Howell (24). Excellent canes consisted of ten or more live
nodes with the optimal characteristics of medium diameter (7-10 mm), medium internode
length (6-8 cm), and dark periderm. Acceptable canes had five or more living nodes but

failed in one of the optimal charactenstics. Canes with less than five live nodes or failing at
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least two optimal characteristics were placed in the poor cold hardiness category. Samples
of Vignoles canes within the three classifications were collected in December, January, and
March after the 1991 and 1992 growing seasons. Using the three classifications was a

rapid and effective way to evaluate the relative cold hardiness of each treatment vine.

Fruit-Set and Botrutis Rot Evaluati

A standard curve was developed to allow rapid determination of flower number per
cluster based on rachis length for both years. Thirty clusters were randomly sampled from
guard vines just prior to bloom. Cluster length was calculated by adding the length of
rachis from the lowest basal arm to the tip and the length of the lowest basal arm. Flowers
of each sample cluster were counted and a strong correlation was found each year (Figs. 1
and 2). The rachis length of clusters on sample shoots within the sub-plots were measured
and their estimated flower number calculated. At harvest, berry pedicles of sample shoot
clusters were counted and the percentage of berries set analyzed. The number of whole
berries showing no incidence of Botrytis rot infection were counted for rot calculations.
Subtracting these quality berries from the number of pedicles per cluster provided a number
of the berries infected with rot. Fruit-set and Botrytis rot comparisons were made each

year.

H P l | Fruit Quality A
Treatment vines were harvested each year within ten days of October 1. Each vine

was hand harvested with the cluster number noted and the fruit placed into an individual
bin. Each bin was then weighed in the field and a cluster weight calculated. Clusters from
sample shoots of sub-plot vines were harvested separately, weighed, and placed into
individual bags for berry counts and fruit quality determination. Berries were randomly

taken from these sample clusters to create a 100 berry sample for every sub-plot treatment



124
in each replication. From these samples pH, titratable acidity, soluble solids, and berry
weights were determined and the number of berries per cluster calculated. Treatment
comparisons of harvest data were analyzed for each year. Using the harvest and pruning
data, shoots per cluster (total shoots/ harvest cluster number), productivity (yield per
previous year’s vine size), fruitfulness (yield (gm) per shoot), and crop load (yield per
current season’s vine size) were calculated for every treatment vine and analyzed for each

year.

Experi | Desi | lvsi
The plots were established in March of 1991 at Fenn Valley vineyards in Fennville

Mi. A split-plot design was used with the main-plot consisting of four treatments (N, 2N,
4N, and UP) of four vines each, replicated five times. One guard vine separated each main-
plot treatment. Each main-plot was divided into two sub-plots (Short and Long canes)
consisting of two vines. Comparisons and interactions between treatments were made each
year using the MSTAT-C statistical computer package. Analysis was by ANOVA, with
mean separations calculated using Duncan’s Multiple Range Test (23). The fruit-set
standards were calculated using the Delta Graph computer package. The experiment was
terminated after pruning in March of 1994.

Results and Discussion

Vine Size R

Decreasing pruning severity increased the number of nodes retained, and increased
the amount of vegetation removed at post-set pruning. No significant differences were
found in vine size from 1991 among the treatments (Table 1). In 1992, vine size in the

(UP) treatment decreased dramatically to 180 grams per vine compared to the other
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treatments of 760 grams or more (Table 1). The (UP) vines averaged over 400 nodes
rctained through anthesis. The (4N), (2N), and (N) treatments were significantly lower at
130, 56, 32 nodes retained, respectively. Thus, increasing amounts of vegetation (vine
size) was pruned away at post-set as pruning severity decreased. Nearly all of shoot
production arose from count positions in each of the treatments. Shoot numbers per vine
were similar to the number of nodes retained at post-set pruning (Table 1). In 1993, the
(4N) and (UP) vine sizes were significantly different from (N) (Table 2). The (UP) vines
improved their vine size to nearly equal that of (2N) and (4N), due to many of the shoots
being non-fruitful. The (4N) and (UP) vines had the same number of nodes retained
(103), 2-3 times more than (N) and (2N) (31 and 59 nodes retained respectively). Shoot
numbers decreased with the reduced pruning severity, and each treatment averaged 12-14
adventitious (arising from non-count positions) shoots (Table 2). Vine size decreased in all
of the treatments from 1991, however, decreasing pruning severity through anthesis

increased the rate of vine size reduction.

Cane Matunty

Cane maturity was examined by calculating vegetativeness per node and shoot, and
by cold hardiness evaluations. Since nodes retained after post-set pruning and shoot
numbers among treatments in 1992, the vegetative response per node and shoot followed
the vine size response (Table 1). Because of the low vine size of the (UP) vines in 1992,
less nodes were retained during the post-set pruning in 1993. As a result, vegetativeness
per node was significantly greater (Table 2). However, no vaniance was observed in
vegetativeness per shoot although, shoot number decreased with decreasing pruning
severity (Table 2).

Samples of Vignoles canes within the three classifications (excellent, acceptable,

and poor) were collected in December, January, and March after the 1991 and 1992
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growing seasons. Periderm and primary bud cold hardiness were significantly different
among treatments at the 0.01 level (Figs. 3 and 4). Excellent canes were superior while
poor canes were inferior to acceptable canes over years and at each date evaluated. Using
these classifications, each treatment vine cane was evaluated. In 1992, decreasing pruning
severity reduced the number of excellent quality canes, while increasing poor quality canes
per vine (Table 1). Decreasing pruning severity to the (4N) or (UP) level, reduced the
number of excellent quality cold hardy canes by SO percent in 1993, but was found not to
be significant (Table 2). However, (4N) and (UP) vines matured significantly less
acceptable quality canes, and (4N) vines produced more poor quality canes than the other
treatments. No significant differences were found in any of the vegetative indices
measured for either year between cane lengths. Reducing the severity of dormant season
pruning and increasing the amount of post-set pruning, decreased the amount of vegetation

the vine was able to utilize and mature after anthesis.

Shoot Assessments

Detailed shoot measurements were taken during the 1993 growing season from five
sample shoots on one vine of each treatment replication. Treatments did not vary in
primary shoot length or leaf number until after bloom, when (N) shoots were significantly
longer and had more leaves than (UP) shoots (Figs. S and 6). At harvest (4N) and (UP)
shoots were shorter than (N) shoots, and (UP) shoots still had fewer leaves. No
differences were seen in lateral number, lateral leaf number, and lateral length until after
bloom (Fig. 7, 8, and 9). Lateral growth decreased as prunin:g severity was reduced. The
(N) shoots produced superior numbers of laterals with more leaves and length than any
other treatment. The (2N) shoots produced greater numbers of laterals with more leaves
and length than (4N) and (UP) shoots. Lateral growth contributed to the separation of

treatments in total shoot length and leaf number. Again, (N) shoots were superior to the
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other treatments and the (2N) shoots produced more than (4N) and (UP) shoots (Figs. 10
and 11). No differences in shoot growth were observed among cane lengths for any of the
variables measured. Overall, decreasing pruning severity and increasing sink competition,
reduced the vegetative production per shoot. This agrees with previous work on increased

competition resulting from greater crop levels (2,23).

Yield Indi | Fruit Quality 2
Lower yields and fruit quality resulted from decreased pruning severities. In 1992,

the (UP) vines yielded less than half the crop per vine (more than 1.5 tons per acre) than
the other treatments (Table 3). This was the result of reduced berry and cluster weights.
Titratable acidity and soluble solids were significantly lower and pH was higher in berries
of (UP) vines. The (UP) vines produced 70 to 80 percent less crop than the other
treatments in 1993 (Table 4). They managed a crop of only a third of a ton per acre,
compared to yields of 1.25 to 1.90 tons per acre in the other treatments. This was a result
of non-fruitful shoots, resulting in a four-fold increase in the number of shoots per cluster.
The (4N) vines produced 80 percent less crop than (N) vines. All of the treatments
subjected to post-set pruning had a decrease in berry weight each year, and the (UP)
treatment had a reduction in berries per cluster in 1993 (Tables 3 and 4). However, only
the cluster weight of the (UP) treatment was affected. This coincides with previous work
with increasing sink competition (10,19). Bermries in the (UP) treatment were significantly
lower in titratable acidity with a higher pH than the other treatments in 1992 (Table 5). In
1993, the (4N) and (UP) vines produced berries with the highest pH and lowest titratable
acidity (Table 6); again, the result of a decreased crop load. However, the (4N) and (UP)
berries had the lowest soluble solids each year. This contradicts previous work (20,21)
suggesting canopy reductions improve canopy microclimate. Post-set pruning reduced the

leaf area available for fruit and wood ripening in the (4N) and (UP) vines. Increasing sink
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competition through anthesis caused reductions in yield, as a function of poor berry
development, and fruit quality.

Due to the decrease in yield in 1992, productivity and fruitfulness declined in the
(UP) vines, but a severe reduction in vines size caused crop load to be over twice as high
as the other treatments (Table 3). Long canes increased fruitfulness and productivity in
1992. Fruitfulness was significantly lower again in the (UP) vines in 1993, and their crop
load averaged 75 percent less than the other treatments (Table. 4). Long canes were more
fruitful in 1993, due to a significant reduction in the number of shoots per cluster. Cane

length had no other influence on the yield indices of Vignoles.

Delaying pruning until after anthesis, reduced the number of flowers produced per

cluster in each year. The treatments did not influence berry-set or Botrytis infection in
1992 (Table S), but fruit-set and bunch rot in (UP) vines was lower in 1993 (Table 6).
Twenty to 30 fewer berries were set by the (UP) vines and half the rot of (N) was
observed. The (UP) vines still ripened 30 percent less quality berries in 1993. Long canes
produced more flowers per cluster in 1992 (Table 5), but no variance was seen between
cane lengths in any other fruit-set or bunch rot measurement in that year or the next.
Longer canes were more productive and fruitful because they were better exposed and
produced more numbers of shoots per cluster. Only at the (UP) level of nodes retained
through anthesis, did increasing carbohydrate competition influence fruit-set or Botrytis
infection.

Conclusions

Increasing the competition for carbohydrates among fruitful and vegetative sinks
during anthesis by decreasing pruning severity during the dormant season, had little effect

on fruit-set in Vignoles. The (UP) treatment decreased yield, due to reduced cluster
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formation per shoot. The clusters that did develop had fewer flowers each year and thus,
less berry set. This was caused by either poor bud maturity the previous year, or because
of slower shoot development early in the growing season. Reductions in Botrytis infection
were observed only in 1993 in the (UP) treatment. Cane length had no affect on fruit-set
orBotrytis infection. Competition induced by fruitful sinks was limited because of the
small size of Vignoles clusters. However, increasing sink competition among fruitful and
vegetative sinks through anthesis was detrimental to vine maturity.

Reducing dormant season pruning severity resulted in more vegetation pruned from
the vine after anthesis. This resulted in poor crop ripening and wood maturity as less
canopy was available for a source of photoassimilate after anthesis. The number of shoots
per vine of the (2N), (4N), and (UP) treatments were reduced to the (N) level based on
vine size after anthesis. The canopies of differing treatments with the same vine size
contained equal numbers of shoots from count positions after summer pruning. Individual
shoot growth decreased as the pruning severity was reduced. Thus, with decreasing
dormant season pruning severity and increased post-set pruning, the canopies contained
smaller shoots with less leaf and lateral growth by verasion. The (UP) vines could not
replace the deficiency in vegetation caused by post-set pruning. Yield, fruit quality, vine
size at harvest, and cane cold hardiness, all decreased in the first year. The (4N) vines
were affected in the second year showing the same characteristics as the (UP) vines. Cane
length had no affect on shoot development or maturity. Longer canes were more
productive and fruitful because they were better exposed and produced more numbers of
shoots per cluster. Post-set pruning does not appear to be a viable cultural practice for
management of Vignoles grapevines in Michigan’s climate. A method to increase
carbohydrate competition (through anthesis) to decrease fruit-set and Botrytis infection and
yet, allow for adequate vegetation for fruit and wood maturity for the rest of the growing

season, needs to be developed for Vignoles grapevines.
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The data presented here leads to the conclusion that the competition among fruitful
sinks (clusters) during anthesis has a greater influence on reducing fruit-set than vegetative
competition. Lower berry set provides a loose cluster architecture and thus reduced
Botrytis bunch rot. Reduced pruning severity and post-set thinning produces greater
numbers of fruitful sinks during anthesis, resulting in a greater response in Seyval
grapevines. Reductions in yield due to decreased fruit-set can be overcome by increasing
the number of clusters thinned. Thus, the level of sink competition can be manipulated by
pruning severity without adversely affecting yield. However, the vine’s capacity limits the
level of vegetative sink (apical meristems) competition it can accommodate and mature both
fruit and wood. This is also evident in the Vignoles cultivar. However, because they bear
smaller clusters, the fruit-set response to greater fruitful sink competition is less notable. In
order to reduce berry-set sufficiently in Vignoles and improve cluster architecture, pruning
severity must be reduced to the point where vegetative sink competition adversely affects
vine health. The hypothesis discussed in the introduction concerning reductions in fruit-set
to reduce Botrytis infection may have some practical applications as to how large clustered
cultivars are managed, but appear to be impractical for smaller clustered cultivars.

Hedging Seyval grapevines increases the number of nodes within the canopy each
year. Greater numbers of shoots increase early filling of the trellis area with foliage, but
little leaf area production occurs after veraison. Thus, older leaves are responsible for
photosynthate production during fruit and wood ripening. Due to the early leaf area
production, hedged canopies become shaded by the time of veraison. The shoots are
considerably smaller and grow upright for much of the season. This contributes to leaf
layer formation which increases canopy density and shading, reducing cane cold hardiness.
Canopy density also promotes Botrytis infection. If hedging is the preferred pruning

method, then cordon renewal is recommended after four to five years.
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A moderate pruning severity in Seyval grapevines (30+40 in Michigan) that
adequately spaces shoots along the cordon allows for early filling of the trellis area with
foliage. Shoots are more developed before bloom facilitating berry development, resulting
in greater yields. Shoots produce laterals after bloom that bear new leaves during fruit
ripening and wood maturity. The optimal shoot spacing inhibits leaf layer formation and
shading is rarely a problem. Thus, cold hardiness is improved and Botrytis infection
reduced. Optimal shoot spacing within the canopy should be the primary consideration
during pruning.

If mechanization is necessary to reduce labor costs, then mechanical fruit thinning
needs to be developed for highly fruitful cultivars such as Seyval and Vignoles. Hand
pruning to ensure proper shoot spacing and sink competition, along with mechanical fruit
thinning, would be a more cost effective method for controlling Botrytis infection and

maintaining vine health of these cultivars.



APPENDIX |

INFLUENCE OF CANE CHARACTERISTICS ON PRIMARY BUD AND
PERIDERM COLD HARDINESS
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Summary

Striegler and Howell (1991) demonstrated a clear response in cold }}ardiness to
varying cane characteristics in Seyval grapevines. Three classifications (excellent,
acceptable, and poor) were developed from this work and from hardiness evaluations made
in December of 1991 and January of 1992 on canes from Seyval grapevines. Primary bud
and periderm T50’s were determined for variations within four cane characteristics, and
over node positions along the cane. Canes having a medium diameter (7-10 mm) (Figs. 1
and 2), medium internode length (6-8 cm) (Figs. 3 and 4), and dark periderm (Figs. 5 and
6) were found to have superior primary bud and cane cold hardiness. Persistent laterals
(Figs. 7 and 8) and node position (Figs. 9 and 10) did not have any influence on cold
hardiness. Samples of canes within the three classifications were evaluated for cold
hardiness in December, January, and March following the 1992 growing season. Excellent
canes were superior and poor canes were inferior to acceptable canes in both primary bud
and periderm cold hardiness at each date and over dates (Figs. 11 and 12). These results
were similar to those found by Striegler and Howell (1991). Using the three classifications
was a rapid and effective way to evaluate the re]azive cold hardiness of each treatment vine

(see Chapters 1 and 3).
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