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ABSTRACT

Experiments were conducted at North Dakota virgsar 2011 and 2012. Pruning
limited vines to a specific number of primary bwdsle leaf removal exposed ripening grape
clusters to increased sunlight. Variables inclui@edth of growth prior to dormant pruning,
weight of growth, rate of ripening, total weightlwdrvested grapes, weight per grape cluster,
berry weight, number of clusters per vine, soliddkd concentration (°Brix), titratable acidity
(TA), and pH. Data were analyzed as a CRD witachofrial arrangement.

Analysis showed varied significance with prunimgl ahade leaf removal interacting
with specific cultivar traits to influence growtiyape yield, and grape quality. Impact on yield
was minimal, treatment impacts on grape qualitystbpotential for use of shade leaf removal
as means of decreasing titratable acidity levelsanvested grapes. Research supports the use of

pruning and shade leaf removal treatments to inflteegrape production.
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INTRODUCTION

A movement toward locally grown fruits and vegegshls providing an opportunity for
growers in northern climates to diversify or in@edheir already alternative production system.
Growers producing grapes, especially for wine potidn, are just one sector of locally grown
produce markets hoping to capitalize on this grgwdemand. Recent state legislative action
such as HB 1077 allowing direct to retail sale afey and the proposed grape research funding
contained in SB 214 are examples of increased gtaternment support in North Dakota to
promote the growth of local grape and wine produrctiln addition, the expansion of wine
production in the state has reiterated the immediaed for higher quality locally produced wine
grapes to meet winery demand. Unfortunately theedew grape varieties suited to the extreme
conditions (hot-cold; wet-dry) which exist in Nofflakota. With the industry looking for
immediate solutions to this problem and since ppea# breeding new varieties is in its early
stages, a study on cultural practices is at theffont of industry development.

Cultural practices focus on manipulating the prdiduclevel through shoot pruning to
encourage fruiting at a sustainable level and skesfe@emoval to control the exposure of
developing clusters to sunlight. With the impletagion of these practices growers will be able
to not only affect the amount of fruit on each plaat, more importantly, encourage proper fruit
development and vine acclimation for winter surivide ability to control fruit ripening and
cold tolerance can potentially decrease the deniateffect of northern winters and may make
consistent production of high quality fruit achible If production can become more consistent

and reliable, the grape and wine industry in N@#kota will be better equipped to move from



primarily a hobby, to a viable and profitable intfysvithout having to wait for the development

of new grape cultivars or incurring the expenseepfanting their vineyard.



LITERATURE REVIEW

Origins. The grape is a unique plant that has strong hestbties to not only global
agriculture but also the development of human celtd’he main cultivars used for grape
production were developed from domestication ofesner of the Vitaceae family, thgtis
genus. Existing almost exclusively in the NorthElemisphere, th¥itis genus consists of
approximately 60 interfertile species (This et 2006). From these speci&4tis viniferais the
only species extensively used in the global wirdsgtry. Currently there are two distinct
subspecies of Winifera thatstill co-exist in Europe and Eurasia: Wnifera subspuvinifera (or
sativa) which is cultivated, and the wild form Wnifera subspsilvestris (or sylvestris) (Zohary,
1996). Domestication of the grape appears tortkedl to the discovery of wine, but it is unclear
which event predated the other (McGovern, 2004)rirg these early stages of domestication
the biology of grape cultivars underwent dramakiargyes in an effort to develop traits
advantageous for consistent and high quality prodinc Changes such as greater sugar content
for better fermentation (Pouget, 1988), greateldyi@nd more regular production took place
along with a change from the dioecious wild planteermaphroditic cultivated plants. Once
domestication of grapes had taken place in Eurasi@ement of grape followed the movement
and exploration of worlds beyond its origin. Aresash as Egypt, Lower Mesopotamia, and
areas around the Mediterranean all began incolipgrgtape growing and wine making into
their culture (McGovern, 2004). Expansion proceealeng main trade routes and through
dominant cultural forces such as the Roman Emg@iagholic Church and Christianity, and
Islam. Following the Renaissance {1Gentury), V vinifera spread as people colonized new
regions including the New World, first as seedsitbettings. The spread of grapevines and the

produce also facilitated the spread of grape sioguéfthogens and pests. By the end of tH& 19
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century disease-causing agents from America reaebeape devastating many cultivated grape
species and drastically reducing species diverditysave the European viticulture industry,
North American species tolerant to pests such gkgxera Oactulosphaira vitifoliae) (Finch,
1985) and diseases such as powdery milddungeria graminis DC) and downy mildews were
used as rootstocks and for breeding disease-nmessistarspecific hybrids. In 1950 these hybrids
represented approximately 50 percent of the vinéseénch vineyards (This et al., 2006).
However, a dramatic change in wine marketing olerast 55 years has made these hybrids
scarce (Wolf, 1992). With the introduction of giblvine marketing and specific brand
recognition, cultivars such as Chardonnay, Cabeé3aavignon, Syrah (shiraz) and Merlot have
become global wine staples decreasing, in manyschsel cultivars also known as landraces
(Pouget, 1988). This decrease in diversity am\ditig vinifera cultivars has in some ways
promoted an increase in diversity and breedingati’a North American grape hybrids through
the breeding efforts of public and private sectors.

North American Grapes. Grapevines in present North America, which curgeaxhibit
the greatest potential for breeding and expandiegtirrent range of hardy grapes, belong to the
Vitis subgenuguvitis (Wolf, 1992) While V. vinifera dominates the global wine market, North
American species of grape have been traditionaidg Ito provide disease resistant rootstock.
The development of rootstocks has also lead tad¢ivelopment of cultivars with increased cold
tolerance and adaptations to specific environmeaatlitions that are present in more extreme
temperate climates. The ability of interspecifyohds to be productive in areas typically
unsuitable for the production of Vinifera cultivars has given these hybrids a distinct
production niche. Even though the potential proidncvalue of vinifera cultivars is higher,

markets outside the vinifera hardiness range hawed cultivars with adequate cold-hardiness



and good production value. Breeding efforts byesavuniversities, for example Cornell
University, Purdue University, and the UniversifyMinnesota, are currently leading the way in
the development of new grape cultivars, specificddbse hardy in northern cool climates.
Using grape breeding stock with demonstrated adleldince, or the ability to acclimate to and
resist cold-injury, yet provide consistent prodantof quality fruit will continue to provide
opportunities for the development of new cold-hangligrid grape cultivars.

To date, development of these new hybrids has elquhtihe potential growing region for
grape to nearly all cold hardiness zones in theekk®pt hardiness zones 3 and 4 (USDA, 1990).
Within zones 3 and 4, the number of viable grapeetias is limited to varieties with
guestionable cold tolerance and/or limited winemglquality. Therefore, vineyards and
wineries in these hardiness zones have been ftoaadke due with varieties that are relatively
high in quality but experience periodic winter 8&ck. The lack of consistent survival and
quality production levels are currently the mospartant issues to address in the northern grape
industry.

While genetics determine the ultimate degree ad-tolerance expression, environment,
cultural management, and pest management alsd #ffedrait expression. Currently, grape
production in the US is focused on the west ant @sssts. Most management practices have
been adopted from these regions and are utilizétbnth Dakota vineyards and vineyards in
similar climates. However, environmental differeadetween regions have limited the success
of these practices calling for improved standamtsomly by growers but also winemakers. The
lack of consistency in quantity and quality reirties the need for new management practices
specific to the region of growth and the varietyngegrown. Research has shown cropping load,

soil fertility, and vegetative growth are directblated to harvest quality, rate of maturity, and



cold tolerance (Howell, 2001; Jackson and Lomba9®3). In order to achieve the needed
consistency, a balance among all growth and yasttbfs must be found and maintained
throughout long-term vineyard production.

Vine Growth and Maintenance. A sustainable growth-yield relationship has been th
focus of grape production since the early yearsutifvation. Currently the word “sustainable”
has taken on many meanings, for the sake of grnaymkiption, sustainable production refers to
the collective methodology that produces highesidgi of ripe fruit with per unit land area with
no reduction in vine vegetative growth and does\ar a period of years at costs which return a
net profit (Howell, 2001). This definition of sagtability refers to a point in production when
the fruit production and vegetative production ofr@e are in balance. Both production
sustainability and vine balance serve the sameggerm terms of vine health and vineyard
success. Grape growth in cool-climates requiresifip interactions to be taken into
consideration. In any genotype-environment intgosadhere is an optimum method of culture
to consistently achieve highest yearly yields pérgrapes with acceptable quality. Sustainable
production of high fruit quality at maximum yielé$ the potential to occur only if vine balance
is achieved through the application of the growittléyrelationship.

A search for this balance point is not a new conhcéppe first researcher to provide
relevant information on the subject was Louis Ramnak911 (Ravaz, 1911). Ravaz developed
what he would entitle the Ravaz Index, suggestiag the ratio of fruit to wood is the key to
achieving both high fruit quality and consisterguction. His work also showed a significant
connection between leaf production and fruit praduc Continuing Ravaz’s work in the early
1920s, Partridge (1925) introduced a hypothesighich he reasoned vines produce two forms

of yield in a growing season: vegetative and repotigde (Howell et al., 1994). Balance through



his research was achieved when yield of ripe famais¢ maximized without detrimental impact on
vegetative growth. He proposed to use weight neéqaruning produced in year 1 as an indicator
of the upper vine limit of a vine’s capacity to guxe and ripen a crop in year 2. While this
approach was a vast improvement over how growerdqusly sought to achieve vine balance,
the system has limitations. First, because grapeperennial plants, the positive or negative
impact of each season’s vine management can bersgesipe yield over multiple years (Howell
et al., 1994; Howell, 2000). Second, strong anfluatuations in weather conditions during the
growing season can make the development of a proppagement protocol extremely difficult.
Finally, the lack of adequate growing degree daysng fluctuations in weather conditions
during growing season and an inconsistent groweagasn length will further serve to
complicate annual vine balance (Howell, 2000). seheconsistencies and interactions have
made proper pruning techniques of grape vines tineapy focus of management practices, and
the only effective way of managing both vegetatine reproductive yield.

Trellising. The primary and most recognizable management tqoann grape
production is trellising. A trellis is a structuused to support the proper growth of a grapevine
and facilitate the development of fruit with promtributes for the desired use (Dami et al.,
2005). Proper trellising and training will enalie grape vine to intercept the maximum amount
of radiation available. Because of the numeroeifigrsystems and trellis structures utilized
worldwide, it is important to address the speaifgeds of the cultivar being grown. Three
guestions allow growers to determine the propdidrgystem: 1) Does the variety require winter
protection? 2) How does the vine want to grow? @ the vines moderately or extremely

vigorous? (Plocher and Parke, 2008). Understariti@gine characteristics enable the producer



to establish a vineyard that encourages maximumrgtisn of radiation while taking into
account any special growth or overwintering needs.

Pruning. Pruning is the single most important task in theaaggement of a grape vine
(Reynolds and Wolf, 2008). Pruning offers the med&tctive means of achieving vine balance
and the desired level of vine productivity. Pianeéculturist Albert Winkler examined grape
pruning methods for the University of Californiaaafrom the 1920s until his death in 1990
and from his scientific viewpoint 14 productionrmuriples were synthesized (Bravdo et al, 1984;
Reynolds and Wolf, 2008). These were: 1) pruningny sort at any time decreases the
capacity of the vine; 2) production of a crop depes the capacity of the vine; 3) vigor of
individual shoots varies inversely with the numbgshoots that develop; 4) capacity of the vine
varies directly with the number of shoots that depg5) vigor of shoots of a given vine varies
inversely with the amount of crop in bears; 6)tlulness of the buds varies inversely with the
vigor of the shoots; 7) vines can properly nouask ripen only a certain quantity of fruit and its
capacity is limited by previous history and its eamment; 8) fruitful buds of a vine occur most
abundantly on one-year-old canes that arise fromy®@ar-old wood; 9) more erect shoots or
canes grow more vigorously; 10) shoots startinthést from the trunk are the most vigorous;
11) canes with internodes of medium length usuabyure their wood the best and have the
most fruitful buds; 12) larger canes or vines apable of greater production and should carry
more buds; 13) well-matured canes have the beslaleed buds; and 14) bending or twisting
canes or shoots may modify their behavior and edgudrowth or fruiting. These 14 principles
serve to reinforce the importance of proper prurarghe development of every aspect of a

vine, from fruiting to general growth.



Because pruning principles dictate basic vine stinecand yield potential and it is a very
labor intensive process, a decrease in availabte# land increase in labor costs have perpetuated
a shift in some areas from manual pruning to meicahpruning affecting the specific pruning
requirements of individual plants. Mechanical pngrhas potential to be more economical, but
when applied to the cool-climate viticulture of thestern US and Canada, an increased level of
unacceptable fruit occurred (Plocher and Parke8200

The level of indiscriminant pruning that is carrieat by mechanical pruning may be
effective in climates where there is a very highetative growth to fruit yield ratio, but in many
cool-climate production zones where fruitful viresy show moderate to low levels of vigor,
pruning must be more precise. Using pruning tdroberop load and vine growth is a critical
part of grape production because increasing crag ¢m a vine has been shown to reduce vine
carbohydrate storage and subsequent cropping (Bratval., 1984; Buttrose, 1966; May et al.,
1969). Over-cropping, or producing more fruit thiaa vine can effectively ripen, immediately
decreases the vine’s productivity and overall vigbollowing a year of over-cropping, the
productivity of the grapevine will decrease becanis& lack of total root as a result of
carbohydrate partitioning the previous year (Bui#;,dl966). By understanding how the
partitioning of carbohydrates is carried out withinine, one can determine which vine
structures receive energy even when the plantasstd. When vines are stressed it has been
shown that the carbohydrate demands of trunks atdirst followed by shoots, fruit and finally
roots. The effects of the distribution of carbotatds, which are necessary for all functions of
vine growth and reproduction, can be seen in gpapéuction most readily in fruit ripening or
the soluble solids concentration (SSC) measuréBiitx. Multiple studies have been carried out

in an effort to determine the effect of crop lewalspecific grape cultivars (Miller et al., 1993;



Sims et al., 1990). It has been shown that moaeityecropped vines often have a lower SSC
level at harvest. Pruning vines in a manner tkeapk them in balance has a significant impact
on the plant’s ability to ripen fruit, while plantiisat are over-cropped show an inability to fully
ripen fruit when grown under the same conditioAtso, over-cropped vines are unable to
develop the carbohydrate reserves needed for ovmivig and early spring growth, which
subsequently leads to decline and eventual renfoyval the vineyard. Influencing crop load has
been the primary focus of studies attempting toetate grape quality and grape quantity in
relation to vine size or calculated vigor (Parted925). Using the principles of balance
pruning, researchers have attempted to develoaugipecific pruning treatments leaving only
the number of nodes and buds a vine can suppbit approach ideally maintains maximum
yields from year to year but requires very inteadabor inputs.

While the need for adequate vegetative growth leas lbecognized as it relates to
sufficient carbohydrate production and in turn| fudit ripening (Plocher and Parke, 2008). The
impact of over-cropping and the stress it caugalarat with regard to vine health, is observed in
cool-climates, when vines overwinter and more Smatly by winter dieback. Because
carbohydrates are necessary for shoot lignificadioh energy storage during the winter months,
insufficient storage amounts will detrimentallyedt grapevine growth and overall health (Dami
et al., 2005).

Focusing on consistently and correctly pruning siaethe beginning of the season will
enable minimal maintenance throughout the groweagesn. Ultilizing pruning methods that are
not only variety specific but also plant specifighallow growers to better anticipate and control

reproductive yield and achieve a sustainable balanthin their vineyard. This balance point is
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especially important for small scale growers, whitdike up the majority of North Dakota’s
growing grape and wine industry.

Leaf Removal. In addition to pruning, studies have shown thaeaatilon of shade leaf
removal as an effective means of reducing fruiimobt-prone cultivars (Zoecklein et al., 1992).
Shade leaf removal has also been shown to aceeldesoluble solid and flavonoid
accumulation in grape berries (Downey et al., 200A4)this application, shade leaf removal is
utilized as a means of microclimate control. Dasneg the leaf density of grapevine canopy
will have several effects on the growth of the grape and the maturation of fruit. The removal
of leaves that shade clusters from critical he@suate in the season has the potential to
effectively increase the rate of fruit ripeningdhgh increased soluble solid accumulation.
Increased fruit ripening will shorten the time &rest and allow increased time for post-harvest
carbohydrate accumulation within the vine (Milléraé, 1993). Exposing fruit to increased solar
radiation to effectively increase the rate at whgcape berries ripen also has the potential to
increase grape quality at harvest in northern prthdn regions.

Unfortunately, excessive reduction of leaf areativbiethrough shoot pruning or shade
leaf removal has also been shown to have a dettaheffiect on all aspects of grapevine
development. Studies have shown the impact ofrdged leaf area and its effect on the growth
of the plant. When leaf area is reduced, carbatgdrassimilated by leaves are sent to specific
plant structures such as the trunk, shoots, bearmesroots (Buttrose, 1966). In this list of
structures, the trunk is the first to receive neaegnutrients followed by shoots, berries, and
finally roots. Study information not only showstimportance of adequate leaf area but also
helps broaden knowledge on the effect of canopyagement on total vine health. While root

development is not a primary focus of most managemplans, when developing a management
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plan for cool-climates it is extremely importanteiocourage the accumulation of carbohydrate
reserves in roots to help facilitate overwintering.cool-climate conditions a grape’s ability to
overwinter is critical for consistent year to y@aoduction.

Harvest and Marketing. The proper harvest time for grapes is dependecutiivar,
growing season, and the intended use of the fivibile proper harvest methods can not
compensate for poor growing conditions or imprapétural management, a poorly timed
harvest can greatly diminish the quality of a c{Bfpcher and Parke, 2008). As was previously
mentioned, the rate at which fruit of grape matasewell the time in which they ripen is
controlled by several factors, some of which camiaaipulated by the grower. The earliest
stage of grape maturation can be seen mid-grovaagm when pigments begin to develop in
the skin of the berries, or veraison. Once frag heached veraison, sugars will rapidly begin to
increase, acid will decrease and the fruit willlolger increase in size. To monitor the
progression of grape ripening it is imperative tordgular sampling three to four weeks prior to
the anticipated harvest date. Regular samplingestthg must be consistent each time in order
to effectively evaluate fruit ripening. Since frapening progresses from the cluster base to the
cluster tip, samples must include berries fronpatts of the cluster. With information on sugars
and acid collected at each sampling, a harvestadetde determined by calculating the
sugar/acid ratio. When the ratio has reached rat pleisired by processors, harvesting of that
cultivar should begin. Guidelines for fruit har/parameters vary according to wine and juice
style, and because each cultivar has specifictitag important to be familiar with the specific
characteristics of those traits.

The use of pruning and shade leaf removal methdtbewvthe focus of this project.

Determining the effects of retaining a specific ft@mof nodes per vine and removing a

12



percentage of leaves in the fruit zone on vine ginowuit yield and composition, and

overwintering will give much needed direction t@gers and wine makers.
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MATERIALSAND METHODS

Field Experiments. Experiments were conducted to evaluate which pgimethod
and/or shade leaf removal method would be mosttfeefor maintaining consistent grape yield
and quality. Pruning methods included maintairtfdg30 or 40 primary buds per vine. Leaving
these bud amounts most accurately simulated thenguange recommended by research and
industry experts for our specific climate and gnogvconditions. In combination with the
pruning treatments, two shade leaf removal treatsn@are used to increase the exposure of
ripening fruit to sunlight and create a microclimatore conducive for the ripening of fruit.

Shade leaf removal treatments were implementadgicontrol), 50 or 100 % increase
in relative exposure to sunlight. In the 50 % @syre treatments one of two leaves next to the
fruit cluster were removed approximately three vesesist bloom, when berry size ranged from
0.5 to 0.75 cm, to expose fruit to more direct mog sunlight from the east. Similarly, in the
100 % increase in exposure to sunlight, both leaeas to each cluster were removed. During
shade leaf removal only those leaves that diretthded clusters were removed. Shade leaf
removal was also limited to leaves no farther tfinagnodes from the base of the shoot in order
to maintain the proper number of leaves for carblodite production.

Checks were used in this experiment for comparisdhe pruning and shade leaf
removal methods, the 30 bud pruning treatment niyt gerved as a treatment but also the
industry recommendation and therefore the standhatahing treatments that did not receive a
shade leaf removal treatment provided a compafisoshade leaf removal treatments.

General Procedures. Experiments were initially conducted at four looas in 2011: 1)
Twisted Sisters Vineyard near Clifford; 2) Red Tkdneyard near Buffalo; 3) Dakota Breeze

Vineyard near Wahpeton; and 4) Prairiewood Vineyaadr Lisbon. Experiments were repeated
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at all locations in 2012 except Prairiewood Vinelahich was dropped from the study. All
locations were established vineyards with all gnapes at full production capacity for no less
than two years. Vines at all locations were pruwade dormant in both 2011 and 2012 with
specific pruning dates varying due to seasonal éatpre differences between years.

At each location, vines were arranged in a nartbouth orientation with 2.44 m spacing
between plants, 2.44 m between rows, and 122 mrimng containing 50 vines. Grape cultivars
used in this research were limited to those thdtshdficient growth for treatment replication
and consisted of the main red and white wine gcatevars used for production in ND. Two
cultivars Marquette and Frontenac Gris, both Ursitgof Minnesota introductions, are vines
that have been planted extensively in North Dakothother northern climates in the last 5-10
years (Hatterman-Valenti, personal communicatiddgcause of their extensive planting, and
high production potential, they were chosen fos gtudy.

Plot locations were not irrigated and only minertifization (<5.5 kg N hd) took place
at the Buffalo location in the spring of 2012. Igaeason dormant pruning took place before
bud break and after the threat of a late-seastingitrost had decreased. Pruning of dormant
canes was completed after a measurement of thegonge year-old cane in each direction from
the trunk was taken. After pruning to the cormaamber of retained primary buds, the weight of
pruned wood for each plant was recorded usingitatigrale(A&D SK-1000, A&D
Engineering, Inc., San Jose, CA).

Following bud break and shoot elongation of 5@acfn, a second green pruning was
conducted to remove latent breaking buds, unnegeskaots from secondary and tertiary buds,

and other growth not congruent with treatment pa&tans. This standard of pruning was
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continued throughout the season to remove any grtvett would arise from buds not within the
treatment parameters.

All locations had grass grown between vine rowsthe vine line weed control varied
between locations with the Buffalo and Blanchamkyiards utilizing herbicides such as
glufosinate-ammonium (Rely Bayer CropScience, Research Triangle Park, N&) an
flumioxazin (Chatea® Valent U.S.A. Corporation, Walnut Creek, CA) pelically throughout
the summer in combination with cultural weed congtach as hand removal. Weed control at
the Wahpeton vineyard was carried out primarilyhbaypd in the early spring using a “small”
rotary tillage implement. While weed control isgartant within the vineyard setting, the
threshold level of weed competition as it relatedetrimental effects on grape production has
yet to be studied. Therefore, moderate weed clowae maintained throughout the year as was
proper sucker management and vine training.

Rate of ripening was observed visually duringgh@wving season from veraison until
approximately three weeks prior to anticipated batv At this point eight berry samples were
taken from each vine weekly and analyzed for pHt{lieToledo S20 pH meter, Mettler-Toledo
Inc., Columbus, OH) and for SSC in °Brix (Extechrt@ble Refractometer Extech Instruments,
Nashua, NH). All sample berries were obtained ftbexmiddle of its respective cluster in order
to maintain consistency when sampling and to avarihble ripeness that can exist between the
upper and lower berries of the same cluster.

Grape yields were obtained by harvesting eachegvaye individually. During harvest,
the number of grape clusters per vine was coumtedthe weight of all grapes from each plant
was recorded in the field. A random two-clustangke was collected from each plant following

yield weights for further analysis.
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The experimental design at each location was cetelylrandom block with four
replications. Environments were considered randtiacts, while pruning level, shade leaf
removal percentage, and cultivar were considerextifeffects. Data were subjected to ANOVA
and analyzed by SAS Proc Mixed (Statistical Analy&ystems, SAS version 9.3, Statistical
Analysis Systems Institute, Cary, NC). Treatmerans were separated where appropriate
using Duncan’s Means Separation test at 0.05 didl8vels of significance.

Clifford. The soil was a Gardena silt loam classified aspar§e-silty, mixed, superactive,
frigid Pachic Hapludoll, and Doran clay loam cléissi as a Fine, smectitic, frigid Aquertic
Argiudoll. Prior to vineyard establishment the paity crop grown was an alfalfdédicago
satvia)/smooth bromeBromus inermis) grass mix used for forage production. There leeh
no documented application of fertilizers in any amoduring forage or grape production on this
site. Grape cultivars used at this location wemntenac Gris and Marquette. Frontenac Gris
vines had been planted in 2006 one year earlier Marquette vines. All vines were maintained
in a trellis system that represented the basicjpies of a Vertical Shoot Positioning (VSP)
system with supporting tuck wires. Unfortunatéhere were inconsistencies in maintenance
that needed to be addressed during initial pruning.

Initial dormant cane pruning treatments were cotetleand cane length measurements
and pruning weights were recorded accordingly (@dh! Because of inconsistent vine
management conducted during previous years, extengie manipulation was required to
ensure consistency and proper trellising, whickuiteed removal of multiple trunks, unusable
canes, and suckering shoots were carried out. rAsudt of the extensive work in 2011, dormant

cane data collection and pruning in 2012 requiesg labor input. Green shoot pruning was
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carried out to maintain proper bud number. Prumihgnnecessary shoots, sucker pruning, and

routine maintenance were continued throughoutéhsan as needed.

Table 1. Grape pruning and maintenance dates &lifierd vineyard.

2011 2012

Frontenac Gris Marquette Frontenac Gris Marquette
Dormant 20 April 21-25 April 3 May 4-5 May
Pruning
Green 27 April 27 April 10 May 10 May
Shoot
Pruning
Shade Leaf 22 July 22 July 10 July 10 July
Removal
Pre-Harvest 9 September 9 September 23 August 23 August
Sampling
Harvest 30 September 30 September 6 October 6 October

Following fruit set and initial development, shddaf removal treatments were
conducted. Maintenance practices were continuéd y®ars throughout the growing season.
Pre-harvest samples, consisting of 16 berries, teden from each experimental unit (two
vines) at weekly intervals until harvest. All sdegpwere analyzed for pH and SSC in the lab
within two days after collection. Observations evezcorded and test results were
communicated to the vineyard manager.

Time of harvest was dictated by environmental coowls; a killing frost which signaled
the end of the growing season, and economic coraides, such as a buyer’s request. Time of
harvest in 2012 was dictated primarily by grapemigss, acceptable pH and soluble solid
concentration, and economic considerations. Rahdselected samples were collected at
harvest and further analyzed for pH, °Brix, tittdéaacidity (TA), and berry weight through

recommended laboratory procedures.
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Buffalo. The soils were Hamerly loam classified as a Firagrlp, mixed, superactive,
frigid Aeric Calciaquoll, Barnes loam classifieda&ine-loamy, mixed, superactive, frigid
Calcic Hapludoll, and Vallers loam classified dSime-loamy, mixed, superactive, frigid Typic
Calciaquoll. The land had previously been in dbsay Glycine max), corn gea mays), and
wheat {riticum) crop rotation. No fertilization of the site ocoed from vineyard establishment
until spring 2012 when 28 kg N favas hand applied in the vine line. Sufficient mers of
established Marquette and Frontenac Gris were préseimplementation of all treatments.
Grapevines had been planted five years prior t@lrpruning in 2011 and were well established
with moderate to low levels of production varyingatly from year to year. Trellising followed
the guidelines of an established VSP system withewea for tuck wires because of the low vigor
of the site.

Initial dormant cane pruning of vines occurred rafi@ne length measurements and
pruning weights were recorded (Table 2). Suckedsshoots not following the VSP system
were removed to promote proper vine growth and ldpweent and to maintain consistency
across experimental units. Bud numbers per vine websequently adjusted according to
treatment specifications. Following initial prugirgreen shoot pruning was carried out after
shoot elongation had reached 5-10 cm in size antinted as needed throughout the season to
maintain the treatment specifications. Pruning0t2 was delayed approximately two weeks in
order to discourage bud break and decrease thébfgodamage that a late season frost would
have on swelling buds and elongating shoots. Ogamapruning the second year (2012) was
carried out in much less time than pruning thd ffesar due to increased consistency of
management techniques. However, as a result ehsixe winter dieback in both cultivars at

this location, no green shoot pruning was need@®i?. Sucker pruning and removal of late

19



breaking buds was carried out throughout the 20&¥igg season on both Marquette and
Frontenac Gris cultivars. In 2012 sucker pruniragwnly necessary on the Frontenac Gris
cultivars. As a result of complete dieback on nMatquette vines, all data collection was

discontinued allowing for vine regrowth from thesbaof the vine.

Table 2. Grape pruning and maintenance dates &utfialo vineyard.

2011 2012

Frontenac Gris Marqguette Frontenac Gris Marquette
Dormant Pruning 28 April 27 April 5 May 18 May
Green Shoot 6 May 6 May N/A N/A
Pruning
Shade Leaf 4 August 4 August 15 July N/A
Removal
Pre-Harvest 28 August 28 August 24 August N/A
Sampling
Harvest 9 September 9 September N/A N/A

Maintenance practices were continued both yeaosigiimout the growing season on
grapevines included in the study. Approximatelyrfaveeks after veraison and three weeks
prior to the proposed harvest, pre-harvest samplagan. Samples of 16 berries were taken
from each experimental unit (two vines) at weeklrvals until harvest. All samples were
analyzed in the lab within two days after collentfor pH and SSC. All data collected was
recorded and information was communicated to theyard manager. Random samples were
collected at harvest and further analyzed for p&ICSTA, and berry weight through
recommended laboratory procedures.

Wahpeton. The soil was an Aberdeen silty clay loam classifisd Fine, smectitic, frigid
Glossic Natrudoll. Prior to vineyard establishm#& primary crop grown was an
alfalfa/smooth brome grass mix used for forage petidn. There had been no documented

fertilizer applications in any amount during grageduction at this site. Frontenac Gris was the
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only grape cultivar present in sufficient numberghés location to carry out all treatments and
replications. All vines were maintained in a igeflystem representing the basic principles of a
VSP system with tuck wires to help guide growth apv

Initial dormant cane pruning treatments were cateti28 April 2011 (Table 3).
Measurements of the previous year’s longest granthpruning weights were collected
accordingly. Because of inconsistencies that edist vine management conducted during
previous years, extensive vine manipulation wasired to ensure consistency and proper
trellising and included removal of multiple trunksjyusable canes, and suckering shoots was
carried out. As a result of the extensive workiedrout in 2011 dormant cane data collection
and pruning in 2012 required significantly lessdaimput. Green shoot pruning along with
pruning of unnecessary shoots, sucker pruningyraumithe maintenance were conducted
throughout the growing season as needed.

Table 3. Grape pruning and maintenance dates av#igpeton vineyard.

2011 2012
Frontenac Gris Frontenac Gris
Dormant Pruning 28 April 4 May
Green Shoot Pruning 8 May 11 May
Shade Leaf Removal 27 July 12 July
Pre-Harvest Sampling 28 August 14 August
Harvest 28 September 28 August

Following fruit set and initial development, shdeaf removal treatments were
conducted. Similar to previous locations, desctibleade leaf removal was carried out several
times because of seasonal variations. Maintenaraaices were continued both years
throughout the growing season. Pre-harvest saroplasining 16 berries were taken from each
experimental unit (two vines) at weekly intervafgiliharvest. All samples were analyzed

within two days of collection for pH and SSC. Datdlected was recorded and information was
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communicated to the vineyard manager. Randomécted samples were collected at harvest
and further analyzed for pH, SSC, TA, and berrygethrough additional laboratory
procedures.

Lisbon. The soils were a complex consisting of Hamerly, Keogoil classified as a Fine,
smectitic, frigid Argiaquic Argialbolli, and Pardeloil classified as a Fine, smectitic, frigid
Vertic Argiaquoll. Prior to vineyard establishméhé primary use of the land was for the
production of alfalfa/lbrome grass mix for forageduction. No fertilizer applications had been
documented since the establishment of the vineya2807. Grape cultivars being present in
sufficient numbers at this location were Fronte@Gais and Marquette. Vineyard managers
stated all vines were initially set up to be mamed in a VSP system but had become
excessively overgrown. Many pruning inconsistescieeded to be addressed during initial
dormant cane pruning, because vines were extegsivergrown as a result of the complete
absence of vine management the previous two yaarstéted by vineyard manager). Pruning
and vine manipulation to re-implement the VSP systeere conducted on only the Marquette
vines. Prior to pruning of Frontenac Gris vinesgyard managers withdrew the cultivar from
the study.

Minimal green pruning was needed in 2011 and feitwas extremely poor. Sucker
pruning was carried out throughout the season iati@mpt to maintain the vines.
Unfortunately, because communication difficulties ahe unforeseen early harvest of treatment
vines, harvest sampling and harvest were not chaug and the vineyard was dropped from the
study.

Fruit Analysis. Fruit quality analysis on all berry samples too&qgal within two days of

sample collection. Berries for pre-harvest analygre collected from the center of random
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clusters in each experimental unit. Once collegbee-harvest berries were stored at 7°C until
analysis. A garlic press was used for juice eximac Two to three droplets of juice were placed
on the glass plate of a refractometer (Extech Blataefractometer Extech Instruments, Nashua,
NH) to determine SSC with the remaining juice baisgd to measure pH (Mettler Toledo S20
pH meter, Mettler-Toledo Inc., Columbus, OH). Ploatvest berry samples were collected from
clusters retained at harvest. Collected cluster®wtored at 7°C until berries were hand de-
stemmed for analysis. Fruit samples consisteddabBdomly selected berries. Samples were
juiced in their entirety to determine SCC and pHpeeviously described. In addition TA was
determined on a 2 mL sample using a mini-titraktar{(nah Instruments HI 84102 Mini-titrator

Hannah Instrument§mithfield, RI).
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RESULTSAND DISCUSSION

Phenology. Climatic collected from NDAWN showed late winterda@arly spring
environmental conditions (February — May) differe®011 and 2012 (Table 4). Cold winter
conditions combined with wet and cold spring coodi in 2011 delayed bud swell and
emergence from winter dormancy. Conversely, alawegage winter and spring temperatures in
2012 encouraged early bud break and more accurdul=Hd® (Table 5).

Table 4. Average late winter and early growing saasonthly air temperatures (°C) for 2011
and 2012 at field locations collected from nealI3BAWN weather station (in parenthesis).

Clifford (Galesburg) Wahpeton Buffalo (Prosper)

Month 2011 2012 30yr 2011 2012 30yr 2011 2012 30yr
avg avg avg
____________________________________________ R (S

February -12 -7 -11 -13 -6 -9 -13 -6 -10
March -8 3 -4 -6 5 -2 -8 4 -3
April 5 8 6 6 9 7 5 9 6
May 11 15 13 12 16 15 12 15 13
June 18 20 18 19 20 20 18 21 19
July 23 23 21 23 24 22 23 25 21
August 21 20 20 20 19 18 21 20 19
September 15 14 15 15 15 16 15 15 15

Table 5. Growing degree day data from 2011 and 2012cted from NDAWN weather station
(in parenthesis) nearest field locations and thegarison to the 5-year average.

Clifford (Galesburg) Wahpeton Buffalo (Prosper)

2011 2012 2011 2012 2011 2012
Growing Degree Days (50) 2365 2704 2443 2910 2471 2869
Departure from 5-yr average +19 +383 +99 +401 +71 485+

Therefore, delayed dormant cane pruning was usds¢ourage bud swell and bud
break in 2012. Unfortunately, delayed pruning daubt prevent early emergence from

dormancy by distal buds, and above average spgmg@édratures resulted in an accelerated rate
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of growth and development in 2012 when phenolodgsiavere compared to 2011 regardless of

differences in rainfall over the same time periddlle 6).

Table 6. Monthly rainfall totals from 2011 and 20h2asured for Clifford, Wahpeton, and
Buffalo locations collected from nearest NDAWN west station (in parenthesis).

Clifford (Galesburg) Wahpeton Buffalo (Prosper)
Month 2011 2012 2011 2012 2011 2012
________________________________________________ P
April 3.5 3.6 3.6 8.1 4.5 4.6
May 10.1 2.6 6.9 3.7 8.1 4.6
June 10.2 1.6 8.7 7.5 13.2 6.7
July 10.2 0.7 14.6 4.6 15.1 1.6
August 8.9 1.1 12.2 5.8 8.9 2.3
September 1.3 0.3. 1.3 0.9 0.6 1.5
Total 44.2 9.9 47.3 30.6 50.4 21.3

Cane dieback estimates taken prior to spring pgureinforced suspected late
winter/early spring temperature stress differertigsng 2010-2011 and 2011-2012. Visual
estimates showed 65 to 80% bud and cane diebablk spring of 2011 while the same plants
only had 10 to 20% dieback in the spring of 20Ekhade leaf removal treatments did not
significantly influence growth of one year old canegardless of the cultivar. However,
factorial analysis indicated a significant pruniagel by cultivar interaction (see appendix,
Table 1A). Pruning has a well-documented connedticoverall vine health particularly in
respect to carbohydrate partitioning, vine balaaogl, the vine’s ability to overwinter
successfully and produce fruit the following grog/iseason (Bravdo et al., 1984; Buttrose,

1966; May et al., 1969).
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Both cultivars pruned to retain only 30 buds peevinad shorter canes compared to those
pruned to retain 20 or 40 buds per cane (TablelAg longest one year old canes occurred on
vines which were pruned to retain the highest nurobeetained buds. Marqguette vines pruned
to retain 20 buds per vine had significantly shootege year old canes when compared to vines
pruned to retain 40 buds per vine, but longer e pld canes when compared to vines pruned
to retain 30 buds. The longest one year old Frat&sris canes were approximately 20%
shorter when averaged over pruning levels and coedpa the longest one year old Marquette
canes. The reason for the differences betweenHgsmg the longest one year old cane is not
clear because of the long term impact of pruningioe balance and carbohydrate reserves.
However, vines pruned to 30 buds per vine may eaixttib correct ratio of vegetative to
reproductive growth (Partridge, 1925), while vipesned to 40 and 20 buds per vine are
possibly showing increased vigor to compensateftalanced growth resulting in unmet
carbohydrate needs (Buttrose 1966; Plocher anceP2gk8).

Table 7. Effect of pruning on length of longest gear old cane averaged over shade leaf
removal treatments and both 2011 and 2012.

Buds Retained Frontenac Gris Marquette Mean
_______________________________________ Cm____________________________________
20 209 & 241 b° 226
30 183 b 227 ¢ 206
40 205 a 283 a 244
Mean 199 251 225

“Treatment means followed by the same letter(f)énsame column are not significantly
different according to Duncan’s mean separatidP<di.05

Analysis indicated significant year by cultivar anwdtivar by pruning level interactions.
Year by cultivar significance was directly linkemdignificant differences between the amount
of growth removed from vines in 2011 and the amaiirggrowth removed in 2012. Increased
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training and pruning resulted in an increase irewigor causing significantly higher vegetative
yield in 2012. Frontenac Gris showed more thab% hcrease in pruning weight from 2011 to
2012. Similarly, Marquette showed a 72% increasgruning weight over the same period.
Also, significant differences were seen when shederemoval treatments were compared
within each cultivar. Frontenac Gris vines, whiebeived the highest percentage of shade leaf
removal, had the lowest weight of pruning while Nlatte vines, with the lowest percentage of
shade leaf removal, had the highest weight of mgiiTable 8). Because pruning weights were
taken on dormant canes void of any leaf matetal gffect of shade leaf removal on pruning
weight is once again likely linked to specific pl@arbohydrate accumulation within those one
year old canes (Buttrose, 1966).

Table 8. Effect of shade leaf removal on weightl@fmant cane pruning averaged over pruning
treatment and years 2011 and 2012.

Shade Leaf Removal Percentage Frontenac Gr Marquette Mean
___________________________________ g___________________________________
0 365 & 1031 & 698
50 414 a 883 b 649
100 247 b 925 b 586
Mean 342 947 645

“Treatment means followed by the same letter(f)ésame column are not significantly
different according to Duncan’s mean separatidP<&L05

Yield Components. Grape vine yield was measured by the total wedflgrapes harvest
at the conclusion of one growing season. A sigaift interaction between cultivar, bud
retention, and shade leaf removal percentagesouasl ffor grape yield (see appendix, Table
3A). Since a three-way interaction is difficultitaerpret, the significant shade leaf removal
level by cultivar interaction and significant pragilevel influence on yield will be discussed.
Shade leaf removal significantly affected FronteGais vines when the highest percentage of
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leaves was removed. This high level of leaf rerhoesulted in the lowest total mass of

harvested grapes (Table 9).

Table 9. Effect of shade leaf removal on total nadsarvested grapes averaged over pruning
treatments and years 2011 and 2012.

Shade Leaf Removal Percentage Frontenac Gris Mideque Mean
______________________________________ kg_______________________________
0 27 & 27 & 2.7
50 29 a 29 a 2.9
100 21 b 2.8 a 2.4
Mean 2.5 2.8 2.7

“Treatment means followed by the same letter(f)énsame column are not significantly
different according to Duncan’s mean separatidP<di.05

Significant differences in harvest yield may haeef related to specific pruning levels.
Grape vines with 20 retained buds produced the¢ &asunt of fruit with an average of 1.9
kg/vine, vines with 30 retained buds producing agrage of 2.6 kg/vine, and vines with 40
retained buds produced the most fruit with an ayeat 3.5 kg/vine (Table 10). Results
suggested that increased production was possitdagh the retention of more buds and that
vine vigor, when compared to growth of the longestes or pruning weights, was not affected
by the increase in retained buds. In additiondstaaf removal only slightly influenced yield in
Frontenac Gris and had no influence on Marquettlsysuggesting that the removal of
photosynthetic material did not greatly alter céwymdrate partitioning even though fruit are third
in priority for carbohydrate reserves behind thumkrand canes (Buttrose, 1966). These results

reinforce the importance of proper bud retentiogrepe production (Howell et al., 2001).
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Table 10. Total mass of harvested grapes separgtedmber of retained primary buds
averaged over shade leaf removal treatment, y@€drs @rd 2012, and cultivar.

Buds Retained Mass
_________________ 100 P —

20 1.9 ¢

30 26 b

40 35 a

Mean 2.7

“Treatment means followed by the same letter(sharasignificantly different according to
Duncan’s mean separation B&0.05

In combination with total yield, the cluster weiginid number of clusters per vine at
harvest were also used to determine vine and vidgy@ductivity. A significant interaction
between pruning treatments, shade leaf removahtesds, and cultivar was found for cluster
weight (Table 5A). For Frontenac Gris, vines wBthbuds retained and 50%shade leaf removal
had larger clusters than vines with 20 buds rethare no shade leaf removal. For Marquette,
vines with 20 buds retained and 100% shade leabvahhad larger clusters than all other
treatments except vines with 30 buds retained anshade leaf removal. While significant
differences were found, no correlation between pgitreatments, shade leaf removal
treatments, and cultivar was found for cluster \Wweig

The only significant two-way interaction was betweeiltivar and shade leaf removal
level. Frontenac Gris vines with 50% shade leafaeal had heavier average clusters when
compared to vines with 100% shade leaf removall€Tab). On the other hand, Marquette
vines with 100% shade leaf removal had heavierameeclusters when compared to vines
receiving 50% shade leaf removal. Both Marquatti Brontenac Gris cluster mass averages

were far below the recognized averages of 89 addyl@uster.
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Table 11. Effect of shade leaf removal on clustassrat harvest averaged over pruning
treatments and years 2011 and 2012.

Shade Leaf Removal Percentage Frontenac Gri Marquette Mean
___________________________________ g-----______________________________
0 449 aby 44.3 abf 44.7
50 46.9 a 39.3 b 39.3
100 379 b 495 a 49.5
Mean 43.3 44.4 445

“Treatment means followed by the same letter(f)énsame column are not significantly
different according to Duncan’s mean separatidP<di.05

The average number of clusters per vine was dyreekhted to the number of buds
retained. Even though average cluster numberrdiifees are explained simply by difference in
bud numbers, average cluster weight was not retatbdd retention numbers suggesting vines
may have been able to support additional clusterdditional buds had been retained.

Shade leaf removal treatments did not significaimilpence berry weight regardless of
the cultivar. Analysis indicated a significant pingplevel by cultivar interaction (see appendix,
Table 6A). Vines with the highest number of retdiheids (40) had heavier berries compared to
vines that had only 20 or 30 retained buds (TaB)e This interaction was due to a difference in
magnitude with the number of buds retained sigaifity affecting average berry weight. Berry
masses for Marquette and Frontenac Gris were heaetognized average of 1.1 g/berry.
Results suggested average berry weight was dinettljed to the number of retained buds.
Observed results were counter intuitive to previmsearch on carbohydrate reserves and

pruning methods when yield limits have been rea¢Bedtrose, 1966; Partridge, 1925).
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Table 12. Effect of number of buds retained onyarass at harvest averaged over shade leaf
removal treatments and years 2011 and 2012.

Buds Retained Frontenac Gris Marquette Mean
______________________________________ g_________________________________

20 0.97 b’ 1.00 b’ 0.97

30 097 b 1.02 b 0.99

40 0.99 a 1.04 a 1.02

Mean 0.96 1.02 0.99

“Treatment means followed by the same letter(f)énsame column are not significantly
different according to Duncan’s mean separatioR<0.05

Quality. The progressive ripening of grapes was measurkdlpoillustrate the effect of
pruning and shade leaf removal on the post-veraipeming of grapes. Figures are separated by
cultivar, year, and ripeness characteristics (°BriypH). Fruit ripening figures aid in describing
the ripening process to grape producers and tleasefamiliar with how time affects pH and
SSC. Using line graphs allows for the visual corgom of valuable information allowing grape
quality to be more effectively related to time afteraison (see appendix Figures 1A-16A).
Analysis of SSC measured Brix showed a significant interaction between yaad cultivar
(see appendix, Table 8A). Marquette grapes hatést2012 had significantly higher SSC
compared to grapes harvested from the same virz&lih (Table 13). However, Frontenac
Gris, had similar levels of SSC each year. SS@uifices observed between 2011 and 2012 for
Marquette grape data can be directly correlatedddength of time allowed for fruit ripening.
Marquette is a late maturing cultivar and becabeegteviously mentioned seasonal
temperatures differences, an extended length ehnyg occurred in the fall of 2012 and these
grapes assimilated more soluble solids. SSC lenéd&arquette were near the recognized
average harvest level of 25Brix when averaged across years, Frontenac Gris n@rnear the

recognized average of 2Brix at harvest when averaged across year.
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Table 13. Effect of year on soluble solid concedrdrain grapes at harvest averaged over shade
leaf removal treatments and pruning treatments.

Year Frontenac Gris Marquette Mean
----------------------------------------- OBriX---------
2011 21.40 & 22.95 o 22.18
2012 20.89 a 27.07 b 23.99
Mean 21.15 25.15 23.08

“Treatment means followed by the same letter(f)énsame column are not significantly
different according to Duncan’s mean separatidP<di.05

Continued analysis of fruit quality revealed nongfigant differences in pH levels in
pruning treatments or shade leaf removal treatmeg@rdless of cultivar. Because grape pH is a
measure of free hydrogen ions that decrease dupgaging, a lack of significance shows there
was little to no effect by treatments or by seakwagdation. While not significant Frontenac
Gris pH values were very near the recognized aeehagvest pH of 3.0, Marquette values on the
other hand were much higher than the recognizedhgeeof 2.9. Significant differences were
found between cultivars for juice pH (see appendafle 7A). The lower pH values with
Frontenac Gris were associated with the wine ma&ivagacteristics of the each grape cultivar

instead of environmental conditions (Table 14).

Table 14. Effect of variety on pH of grapes at leatvaverage over shade leaf removal
treatments and pruning treatments.

Year Frontenac Gris Marqguette Mean
___________________________________________ pH_________________________________________
2011 3.01 b’ 3.09 a 3.05
2012 287 Db 3.56 a 3.22
Mean 2.94 3.33 3.13

*‘Means followed by the same letter(s) are not sicaniitly different according to Duncan’s
mean separation 8<0.05
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Titratable acidity was also measured as an indicatgrape ripeness at harvest. Pruning
treatments did not show significant difference$Mm However, further analysis indicated a
significant interaction between shade leaf reminegltments and cultivars (see appendix, Table
9A). Marquette grapes from the 100% shade leabvaitreatment had lower TA levels than
and those receiving 50% and 0% shade leaf remdaal€ 15). Juice from vines which
received the highest shade leaf removal level,¥d@6und clusters), a TA 6.40 g/L followed
by the 50% shade leaf removal treatment with 7/82and 8.19 g/L when no leaves were

removed.

Table 15. Effect of shade leaf removal on titragadotidity at harvest averaged over pruning
treatments and years 2011 and 2012.

Shade Leaf Removal Percentage Frontenac Gris Mideque Mean
---------------------------------- QfL-mmmmmm e e

0 8.17 & 8.19 & 8.18

50 8.02 a 7.82 a 7.92

100 8.40 a 6.40 b 7.41

Mean 8.21 7.47 7.84

“Treatment means followed by the same letter(f)ésame column are not significantly
different according to Duncan’s mean separatidP<&L05

Unfortunately, shade leaf removal did not influeii@elevels in Frontenac Gris
suggesting that this response was cultivar depéndgath Marquette and Frontenac Gris had
TA levels much lower than the recognized averagd2@ and 14 g/L respectively. Also when
years were separated and analyzed the prevaletimndé decreased showing results are highly
dependent on specific annual fluctuations in grgnaanditions with shade leaf removal and

cultivar only playing a specific role in TA leveg[$able 16).
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Lower TA levels when leaves are removed near thiedlusters have been reported in
previous research with Winifera cultivars (Bavaresco et al., 2008; Tardaguila.e2810).
However, the significance found with Marquettelegt highest level of shade leaf removal
suggests that one can manipulate TA levels by &stng sunlight exposure with some hybrid
cultivars. Because the lowest TA level occurrethulie highest shade leaf removal treatment,
one should also evaluate if additional shade keaioval would reduce the TA level with
Marquette. Also, because other fruit quality cleteastics were not influenced, one should be
able to reduce TA levels without detrimentally affeg other quality characteristics essential for

wine production.

Table 16. Effect of shade leaf removal on titrgadridity at harvest averaged over pruning
treatments

Shade Leaf Removal Percentage Frontenac Gris Mean Marquette Mean
2011 2012 2011 2012

----------------------------------- O/l e

0 72 & 91 & 81 106 b* 57 & 8.1

50 65a 94 a 8.0 10.0b 56 a 7.8

100 76 a 91 a 8.4 7.5a 52 a 6.4

Mean 7.1 9.2 8.2 9.4 5.5 7.4

“Treatment means followed by the same letter(f)émsame column are not significantly
different according to Duncan’s mean separatidP<&L05
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SUMMARY

Field experiments were conducted to evaluate vieeatl effectiveness of using pruning
to control the number of retained buds and shaafeéenoval to increase light penetration to
ripening grape clusters. The effect of each treatnon the growth of the vines and the
development of fruit would determine whether or tha& specific training method has potential
to positively influence grape production in NortaKota.

In the study, three pruning treatments were agphevhich vines retained 20, 30, and 40
primary buds. In addition, three levels of shagd Femoval, 0, 50, and 100% were evaluated.
Pruning treatments had a distinct effect on thevgjtef vines. Grape vines pruned to only 30
primary buds per vine showing the least amountoivth when longest one year old canes were
compared. Average length for vines which retaip@dbuds and 40 buds were significantly
greater in both cultivars. Shade leaf removalttneats affected the overall weight of vine
growth with the two cultivars, but the results werxed. There was a year by cultivar
interaction which was attributed to the signifidgrtigher pruning weights in 2012. Also,
Frontenac Gris vines with the lowest levels of ghieéf removal (0 and 50%) exhibited
significantly greater weights, while in Marquetbaly vines which received the lowest treatment
(0%) had significantly higher pruning weights.

Shade leaf removal also had a significant efbecthe weight of harvested grapes with
Frontenac Gris vines receiving the highest shaaferéanoval treatment (100%) having the
lowest weight of harvest grapes observed. Resalified the importance of number of primary
buds in relation to total harvest weight with vimetaining 40 buds yielding the highest and

vines retaining 20 buds yielding the lowest.
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There was a significant three way interaction leefvpruning treatments, shade leaf
removal treatments, and cultivar when cluster wisigiere compared. While significant
differences did exist, they could not be correlatedny specific treatment or treatment
combination to form a trend. Shade leaf removso alffected the average cluster weight with
Frontenac Gris and Marquette, but differing resaliswed no clear conclusion to be drawn.
Number of retained buds had a significant effecy@ape yield, with an increased number of
retained buds having a positive effect on the ayeteerry weight at harvest. Both Frontenac
Gris and Marquette vines showed an increase ity begight as the numbers of retained buds per
vine were increased. This result was countertingito the normal reaction of vines to
increased fruit load.

When °Brix were analyzed there was a significamiry®y cultivar interaction. This
interaction showed that Marquette grapes accunaikgmificantly higher levels of soluble
solids in 2012 than in 2011. Even though Fronteaas did not exhibit the same response,
higher SSC in 2012 were attributed to a longer gngweason. Further analysis of grape quality
showed significant differences in pH but only betweultivars because of obvious differences
in phenology. More interesting significant diffaces were found when titratable acidity was
measured. A significant interaction between fitiode acidity, shade leaf removal, and cultivar
was found. While the significant difference onkisted between the 50 and 100% shade leaf
removal treatments in Marquette, the 0% treatmaidvired the trend. This trend showed grapes
that received more sunlight due to increased sleadeemoval had lower levels of titratable
acids. Low titratable acidity is a desirable closegstic in wine grapes.

The results of this experiment warrant furtheeegsh into the development of a cultural

grape vine maintenance program for wine grapes giovorth Dakota. This research poses
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new questions about the positive and negative sfffqoruning and shade leaf removal on grape
production, vine balance, vine hardiness, and fipetine grape quality attributes. These

results support the use of proper pruning to reguane growth and establish vine balance as
well as shade leaf removal to encourage increasddbt penetration through the grape canopy,
specifically when growing Marquette grape vinesowdver, because of seasonal variation and
the influences of specific weather events on grapes, correct application of pruning and shade

leaf removal must be carefully timed.
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APPENDIX

Table A1. ANOVA for length of longest one year clahe.

Source of Variation df MS F
year 1 38977.00 2.79
PT 2 13738.00 65.32*
year X PT 2 6145.56 5.37
LRY 2 3840.09 1.55
year X LR 2 1692.05 0.54
PT x LR 4 3942.13 0.22
year X PT x LR 4 2317.65 0.24
cultivar 1 61336.00 1.58
year X cultivar 1 21603.00 1.52
PT x cultivar 2 6389.27 20.61 **
year x PT x cultivar z 2174.15 0.22
LR x cultivar 2 13292.00 2.32
year X LR x cultivar 2 2895.63 0.72
PT x LR x cultivar 4 10731.00 0.11
year X PT x LR x cultivar ¢ 2836.18 0.44
rep(year) 6 9840.28 -
Error 135 5905.13 -

*, ** * significant at P< 0.05, 0.01, or 0.001 respectively.

’PT pruning treatment retaining 20, 30, or 40 priyrauds
YLR shade leaf removal treatments 0, 50, and 100%
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Table A2. ANOVA for dormant cane pruning weightadif vines.

Source of Variation df MS F
year 1 14817175 1264.03
PT 2 199995 1.20
year x PT 2 113413 0.11
LRY 2 59982 2.82
year X LR 2 144616 5.22
PT x LR 4 88661 0.47
year X PT x LR 4 115834 1.44
cultivar 1 7967565 0.27 **
year x cultivar 1 5680178 101.85**
PT x cultivar 2 162324 0.02
year x PT x cultivar 2 415013 2.80
LR x cultivar 2 108327 3.38
year x LR x cultivar 2 198405 3.15
PT x LR x cultivar 4 107559 0.87
year X PT x LR x cultivar 4 111517 2.06
rep(year) 8 110164 -
Error 135 1422361 -

* ¥ xek gignificant at P< 0.05, 0.01, or 0.001 respectively.
’PT pruning treatment retaining 20, 30, or 40 priyrizxds
YLR shade leaf removal treatments 0, 50, and 100%
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Table A3. ANOVA for total weight of harvested grape

Source of Variation df MS F
year 1 161246483 0.95
PT 2 24420651 55.78*
year x PT 2 315229 0.37
LRY 2 2844936 6.62
year X LR 2 348194 1.49
PT x LR 4 222846 1.2
year X PT x LR 4 635194 1.75
cultivar 1 2823822 0.09
year x cultivar 1 19019443 0.32
PT x cultivar 2 597021 0.07
year x PT x cultivar 2 9892.25 1.25
LR x cultivar 2 139407 441 *
year x LR x cultivar 2 305863 2.16
PT x LR x cultivar 4 239675 3.07 *
year X PT x LR x cultivar 4 307244 0.74
rep(year) 6 490457

Error 137 1953563

*, ** ** significant at P< 0.05, 0.01, or 0.001 respectively.

’PT pruning treatment retaining 20, 30, or 40 priyrauds
YLR shade leaf removal treatments 0, 50, and 100%
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Table A4. ANOVA for total number of clusters on ailhes at harvest.

Source of Variation df MS F

year 1 58202 4.12
PT 2 10704 12.69
year X PT 2 675.14 5.87
LRY 2 914.45 3.84
year X LR 2 122.09 1.44
PT x LR 4 132.22 291
year X PT x LR 4 142.41 4.03
cultivar 1 3521.85 3.66
year x cultivar 1 105.01 0.18
PT x cultivar 2 369.91 0.09
year x PT x cultivar 2 96.25 3.01
LR x cultivar 2 546.20 0.07
year x LR x cultivar 2 104.64 0.54
PT x LR x cultivar 4 159.37 1.81
year x PT x LR x cultivar 4 107.96 0.89
rep(year) 6 114.09 -
Error 135 312.21 -

* *x kkx gignificant at P< 0.05, 0.01, or 0.001 respectively.
’PT pruning treatment retaining 20, 30, or 40 priyrauds
YLR shade leaf removal treatments 0, 50, and 100%
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Table A5. ANOVA for cluster weight of all grapesriiasted.

Source of Variation df MS F
year 1 5900.06 0.28
PT 2 47.17 0.11
year x PT 2 1843.72 4.6
LRY 2 41.47 0.18
year X LR 2 628.32 1.81
PT x LR 4 318.23 411
year X PT x LR 4 512.03 2.02
cultivar 1 607.41 0.11
year x cultivar 1 1879.08 0.7
PT x cultivar 2 35.12 0.75
year x PT x cultivar 2 698.39 0.47
LR x cultivar 2 318.24 7.57 ***
year x LR x cultivar 2 329.43 1.85
PT x LR x cultivar 4 271.22 2.71 %
year X PT x LR x cultivar 4 482.51 3.12*
rep(year) 6 971.51 -
Error 137 470.58 -

* ¥ *k gignificant at P< 0.05, 0.01, or 0.001 respectively.

’PT pruning treatment retaining 20, 30, or 40 priyrizxds
YLR shade leaf removal treatments 0, 50, and 100%
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Table A6. ANOVA for berry weight of all grapes arliest.

Source of Variation df MS F
year 1 0.067 0.1
PT 2 0.016 16.46 *
year X PT 2 0.023 0.63
LRY 2 0.023 0.34
year X LR 2 0.014 0.84
PT x LR 4 0.013 0.23
year X PT x LR 4 0.009 0.23
cultivar 1 0.189 0.71
year x cultivar 1 0.139 151
PT x cultivar 2 0.013 10.60 **
year x PT x cultivar 2 0.012 1.22
LR x cultivar 2 0.027 0.69
year X LR x cultivar 2 0.025 0.87
PT x LR x cultivar 4 0.020 0.45
year X PT x LR x cultivar 4 0.010 0.33
rep(year) 6 0.037 -
Error 135 0.010 -

*, ** ¥ significant at P< 0.05, 0.01, or 0.001 respectively.

’PT pruning treatment retaining 20, 30, or 40 priyrizxds
YLR shade leaf removal treatments 0, 50, and 100%
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Table A7. ANOVA for pH of all grapes at harvest.

Source of Variation df MS F

year 1 0.321 0.55
PT 2 0.012 0.13
year x PT 2 0.003 0.47
LRY 2 0.005 0.29
year X LR 2 0.014 0.04
PT x LR 4 0.011 0.12
year Xx PT x LR 4 0.004 0.35
cultivar 1 0.527 4.59
year x cultivar 1 0.017 1.96
PT x cultivar 2 0.014 1.86
year x PT x cultivar 2 0.003 -
LR x cultivar 2 0.002 0.51
year x LR x cultivar 2 0.014 -
PT x LR x cultivar 4 0.028 0.41
year X PT x LR x cultivar 3 0.017 -
rep(year) 6 0.035 -
Error 134 0.010 -

* ¥ *k gignificant at P< 0.05, 0.01, or 0.001 respectively.

’PT pruning treatment retaining 20, 30, or 40 priyrizxds
YLR shade leaf removal treatments 0, 50, and 100%
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Table A8. ANOVA for °Brix of all grapes at harvest.

Source of Variation df MS F
year 1 38977.00 0.00
PT 2 13738.00 1.80
year x PT 2 6145.56 0.05
LRY 2 3840.09 0.12
year X LR 2 1692.05 0.38
PT x LR 4 3942.13 2.02
year X PT x LR 4 2317.65 0.36
cultivar 1 61336.00 0.96
year x cultivar 1 21603.00 14.44 ***
PT x cultivar 2 6389.27 0.04
year x PT x cultivar z 2174.15 5.56
LR x cultivar 2 13292.00 1.00
year X LR x cultivar 2 2895.63 0.40
PT x LR x cultivar 4 10731.00 0.40
year x PT x LR x cultivar £ 2836.18 2.97
rep(year) 6 9840.28 -
Error 135 5905.13 -

*, ** F+* gignificant at P< 0.05, 0.01, or 0.001 respectively.

’PT pruning treatment retaining 20, 30, or 40 priyrauds
YLR shade leaf removal treatments 0, 50, and 100%
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Table A9. ANOVA for titratable acidity in all grapeat harvest.

Source of Variation df MS F
year 1 2.43 0.03
PT 2 1.41 0.03
year X PT 2 11.07 0.08
LRY 2 3.18 2.54
year X LR 2 291 0.1
PT x LR 4 6.59 0.11
year X PT x LR 4 11.05 0.48
cultivar 1 44.45 0.51
year x cultivar 1 54.30 2.32
PT x cultivar 2 12.98 0.01
year x PT x cultivar 2 57.32 0.73
LR x cultivar 2 30.50 3.61
year x LR x cultivar 2 18.20 0.2
PT x LR x cultivar 4 28.93 0.65
year X PT x LR x cultivar 4 51.92 0.48
rep(year) 6 25.86

Error 134 19.86

* *x kkx gignificant at P< 0.05, 0.01, or 0.001 respectively.
’PT pruning treatment retaining 20, 30, or 40 priyrauds
YLR shade leaf removal treatments 0, 50, and 100%
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Figure Al. 2011 soluble solids concentration (°Bpre harvest in Frontenac Gris
separated by the number of buds retained.
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Figure A2. 2012 soluble solids concentration (°Bpke harvest in Frontenac Gris
separated by the number of buds retained.
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Figure A4. 2012 pH pre-harvest in Frontenac Grsasated by the number of buds retained.
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Figure A5. 2011 soluble solids concentration (°Bpre-harvest in Marquette separated by
the number of buds retained.
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Figure A6. 2012 soluble solids concentration (°Bpre-harvest in Marquette separated by
the number of buds retained.
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Figure A7. 2011 pH pre-harvest in Marquette sepdral the number of buds retained.
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Figure A8. 2012 pH pre-harvest in Marquette sepdraly the number of buds retained.
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Figure A9. 2011 soluble solids accumulation (°Bpx¢-harvest in Frontenac Gris separated
by percent leaf removal treatment.
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Figure A10. 2012 soluble solids concentration (RBgre-harvest in Frontenac Gris
separated by percent leaf removal treatment.
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Figure A11. 2011 pH in Frontenac Gris separatefdergent shade leaf removal treatment.
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Figure A12. 2012 pH in Frontenac Gris separatefddrgent shade leaf removal treatment.
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Figure A13. 2011 soluble solids concentration (RBpre-harvest in Marquette separated by
shade leaf removal percentage.
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Figure Al4. 2012 soluble solids concentration (RBgre-harvest in Marquette separated by
shade leaf removal percentage.
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Figure A15. 2011 pH in Marquette separated by shemfaemoval percentage.
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Figure A16. 2012 pH in Marquette separated by shemfaemoval percentage.
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