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| nfluence of Training System, Pruning Severity, and
Spur Length on Yield and Quality of Six

French-American Hybrid Grape Cultivars
J.R.MORRIS, C. A. SIMS?, J. E. BOURQUE? and J. L. OAKES?

A four-year study was conducted on three red and three white commercially important French-American
hybrid grape cultivars to determine their responses to training systems, pruning severities, and spur lengths. Chelois
and Chancellor, both red, were the highest yielding cultivars, and Chelois was the most vigorous. Verdelet and Aurore,
both white, were the lowest yielding cultivars, but had higher percent soluble solids and lower acidity at harvest than
the higher yielding red cultivars. Regression analysis showed that the Verdelet and Aurore cultivars had a higher pH at
a given percent soluble solids than did Seyval (white), Villard Noir (red), Chelois, and Chancellor cultivars. All
cultivars except Aurore had higher yields on the Geneva Double Curtain (GDC) training system than on the
single-wire, bilateral cordon system. Training system had no effect on pH or acidity, but the GDC training system
produced lower percent soluble solids. There were no differences between the 10 + 10 and 20 + 10 pruning severities
onyield, pruning weight or quality parameters, probably due to the productivity of noncount nodes. No differences
occurred between the two-node spurs and the four-node spurs on yield, pruning weight, or quality parameters.

Extensive research has been conducted on fruit load or pruning severity (2,8,9,10,12,13,14,15,16), training
systems (8,9,16,17) and spur lengths (11,20) of Vitis vinifera and Vitis labrusca cultivars. Although Wagner (18) has
made general characterizations of many French-American hybrid cultivars as to their suitability for wine production,
most research efforts on the French-American hybrids have been largely cultivar evaluations with little research work
on fruit load (3,4,5,19) and training systems (3,6). The French-American hybrid cultivars have allowed for wine grape
production in areas where Vitis vinifera cultivars could not withstand either the climate or disease pressure, and a major
portion of the wine produced in Arkansas is made from these cultivars. This study evaluated six French-American
hybrid cultivars commercially important in Arkansas, on Geneva Double Curtain and single-wire, bilateral cordon
training systems at two balanced pruning levels with two spur lengths.

Materialsand Methods

Thisfour-year (1977-80) study was conducted in avineyard of French-American hybrid grapes established in
1974 at the Arkansas Agricultural Experiment Station, Fayetteville. The vineyard contained six cultivars: three red
cultivars - Chelois (Seibel 10-878), Chancellor (Seibel 7053), and Villard Noir (Seyve-Villard 18-315); and three white
cultivars - Verdelet (Seibel 9110), Seyval (Seyve-Villard 5-276), and Aurore (Seibel 5279). Vines were spaced 2.44
meters within the rows and 3.05 meters between the rows.

Treatments were type of cultivar, pruning severity, level of nodes per spur and training systems. Pruning
severities consisted of 10 + 10 and 20 + 10 schedules: 10 or 20 nodes retained for the first 454 grams of one-year-old
dormant prunings and 10 additional nodes retained for each additional 454 grams of prunings removed. Vines were
pruned to either two or four nodes per spur. The training systems used were a Geneva Double Curtain (GDC) and a
single wire-bilateral cordon system (BC) on a 1.8 meter high trellis. The experimental designwasa2x2x2x 6
factorial with two replications of two-vine plots.

Representative samples of three clusters from count nodes, nodes which were counted during balanced
pruning, were selected from each plot at three separate stages of fruit maturity. The first sample from each cultivar was
taken when the BC, four-node, 20 + 10 treatment vines reached a soluble solids percentage of approximately 12.5. The
next sample was taken about seven days later, and the final sample was taken about 14 days later, at fruit harvest.
Samples were placed in non-vented polyethylene bags and frozen for later quality analyses. In 1978, 1979 and 1980,
fruit from non-count nodes, basal buds which were not counted during balanced pruning, was harvested separately from
fruit from count nodes to determine their respective yields. In 1977, the fruit from count and noncount nodes were not
kept separate.

Quality analyses were conducted by thawing frozen samplesin a cold room at 2°C overnight. Berries were
separated from the stems, and samples were blended for 15 seconds in alaboratory blender and allowed to warm to
20°C. Percent soluble solids was determined using a Bausch and Lomb Abbe refractometer. Beakers containing the
blended samples were covered with watch glasses, placed in awater bath at 85°C for one hour, and then allowed
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to cool to 20°C. To remove pulp and seeds, samples were strained through two layers of grade 50 cheesecloth. A 5-mL
aliquot of centrifuged juice was diluted to approximately 150 mL with deionized water, the initial pH was recorded, and
the samples were titrated to pH 8.4 with 0.1 N NaOH. Titratable acidity was recorded asmL of 0.1 N NaOH used per 5
mL of juice and converted to percent tartaric acid.

All datafor each year and all years together were subjected to analysis of variance and F test using the
University of Arkansas Statistical Analysis System (SAS). Duncan's multiple range test at the 5% level was used to
separate means of the main effects, and least significant difference (LSD) was used to separate means of the
interactions.

Resultsand Discussion
Over four years, Chelois and Chancellor had the highest mean yields followed by Villard Noir and Seyval
(Table 1). Aurore and Verdelet were the lowest yielding cultivars, with the early maturing Aurore having slightly higher
yields than Verdelet. In each of the four years, Aurore was the earliest maturing cultivar and Villard Noir was the |atest
maturing cultivar (data not shown). Y early yields were similar to the four-year mean with the exception of 1977, when
Verdelet had comparable production with Villard Noir and Aurore. After the high yields on Verdelet in 1977 (the first
fruiting year), this cultivar suffered severe winter injury during the winter of 1977-78. The winter injury was so severe
that there were losses of many cordons and some entire vines. Verdelet is the most, cold sensitive of the six cultivars
and, because of thisinjury, had low yields for the remainder of the study. Accurate yield determinations for Aurorein
1979 could not be made due to extensive damage to the fruit by birds. Even the lowest yielding cultivars produced
commercialy acceptable yields (above 12 tonne/ha) for the 4-year mean.
Tabla 1. Aean yiald (t/ha) by cultivar, fraifing Sysbem, pruning
sevarity. and spaer lengeh, 1977 - Igﬂﬂ‘_ 3

Yaar
Treatmeant 1877 1678 1676 1680 1877-BO
Cuitivar
Rad
Chelos 2753 PE9a 19.4p 2E9a 25.8a
Chanceilar 24,780 2410 25.2a ZZ2.4b Z24.7a
Willard Mosr 22.%pc 2140 257a 170c 2160
White
Sayval 23.3h 228p 1B4dp 158c 20.1b
Burore 16.%0 1432 ----¥ 13.8cd 15.0cF
Vardelat 18.8cd 14 3¢ T3¢ 10.7d 12.7d
Traiming Systam
Bilataral Cordon 20.3b 1B.3b 1B6.1a 16.6b 18.5bD

Geneva Double Curtain 2428 23.0a 203a 19.0a 21.7a
Pruning Sewariry

10 + 10 2258 206a 200a 1752 20.1a

20 + 10 2208 21.3a 184a 181a 20.0s
Spur Length

2 nodes 228 21.0a 1882 1782 202a

4 nodes #eBe 208z 1953 17 Ha 20.40a

r hdgang within ireatments and years separated by Duncan’'s mulli-
ple range ieat, 5% leval

¥ Bird damage pravenisd sccuraie yeid datermination. x yeid for 3
yBars gniy

Yields were measured on count positions for three years. During that period, Villard Noir had the greatest
percentage of total yield from count positions, but this was due to the extremely high yields on count positionsin 1979.
Since noncount buds of these cultivars were so productive and there was a mean difference of only 6.9% between the 10
+ 10 and the 20 + 10 pruning schedule (Table 2), it is obvious that these French-American hybrid cultivars cannot be
effectively balanced pruned.

The high-yielding Chelois also had the highest pruning weights for each year and for the four-year mean
(Table 3). In general, the other five cultivars had similar vine vigor for the four-year mean. As aresult of asevere
drought during 1980, extremely low pruning weights were obtained for all cultivars during this growing season. This
season had the lowest rainfall (23 cm), the highest accumulation of degree days (3484), and the most days (19 days)
over 37.8°C (100°F) since 1936.



Table E P;:n;ant total yield from count positions by cultivar,
fraining system, pruning severity, and spur length, 1978-1380.2

Yaar
Treatrmeni 1978 1979 1980 1578-80
Cuinwar
Red
Chelois 52.3aY 46.0bc 63.7a S54.0b
Chancellor 57.2a 239894 482b 43.1d
Villard Moir 51.0a B1.0a 5823 63.4a
White
Seyval 52.9a 37.Bc 448b 45.2cd
Aurara 5218 -—F 3M3ph 45 Tcd
Vardakal 5567 532pb 4B.1b 52.4bc
Traiming System
Bilateral Cordon 5349 46.B8a 55.78 52.4a
Geneva Doubde Curtain 53.2a E0.0a 451b 49.4a
Fruning Severify
10 « 10 50.3b 461a 45.8b 47.5b
20 + 10 FE.Ba 50.Ta 5489a H4.4a
Spur Length
2 nodes R4.2a 44.5a 50.0a 4909a
4 nodes 52.9a 52.3a 508a 52.0a

2 Frult from couni and non-count positicns werg not separated in
1977.

F Mians within treatmants and years separated by Duncan's multi-
ple range test, 5% level.

* Bird damage preventad accurate yield determination

Table 3. Pruning waight (Kg/vine) by cullivar, traiming system,
pruning severity, and spur length, 1877-1980

Year
Traalmaant 1977 18978 1978 1980 1977-80
Cullivar
Red
Chelais 15at 20a »26a 0% 1.8a
Chancallor QBcd 1ib 1.1k 065 050
Villard Mair D4a 116 1.1b  Oded 0.7bed
White
Seyval 1.2b O.7c 1.1 03d 0.8bc
Auroie 0.8c Q.6c 0.8bc 0680 0.7Fcd
Viardelnl O.5d0e 09n O6c Ode 0.6d
Training System
Bilateral Cordon .9a 1.1a 1.3a 0.5a 1.0a
Geneva Double Gurtain 0% 106 1.2a 053 09a
FPruning Savarify
10 + 10 % 1.1a 128 05 08z
20+ 10 D9z 1.1a 128 05 09a
Spur Lenghh
2 nodes 0.59a 1.1a 1.2a 052 0.9a
4 nodes 0% 10a 1.3 05 089a

2 Means within freatments and years separated by Duncan's multi-
ple range test, 5% level.

The lowest yielding cultivars,
Aurore and Verdelet., had the highest
percent soluble solids at harvest during
the four-year study (Table 4). All red
cultivars produced lower percent
soluble solids at harvest than did the
white cultivars in the drought-stress
year of 1980 and for the entire study.

Verdelet had the highest pH
and lowest acidity values at harvest for
two of the years, especially the drought
stress year of 1980, and for the four-
year mean (Tables 5 and 6). Acrossthe
four years, the white cultivars had
higher pH and lower acidity values at
harvest than did the red cultivars. These
overall high pH values of the white
cultivars may have resulted partially
from blending the samples. Carter et al.
(7) has shown that white grape samples
blended in aWaring Blender were 0.2
to 0.3 higher in pH than samples
prepared by grinding in a" Squeezo”
strainer, pressing in alaboratory press
or pressing in a potato ricer. The use of
a nonblending method for sample
preparation of the white cultivars would
have given more representative pH
values.

By harvest each year, all
cultivars, with the exception of
Chancellor in 1977, had devel oped
higher pH values than recommended by
Amerineet al. (1) for red wine (less
than 3.4) and white wine (less than 3.3)
(Table5). Although the pH values were
high for al cultivars by harvest, the
acids were acceptable (above 0.60) for
all years with the exception of Verdelet
during the dry-hot season of 1980
(Table 6).

Theincrease in pH with each
increase in percent soluble solids was
similar in al red cultivars and Seyval as
indicated by regression analysis (Figs.
1 and 2). However, Aurore and
especialy Verdelet had amore rapid
increasein pH with an increase in
percent soluble solids. The declinein
acidity with each increase in percent
solids was greater in Verdelet than in
the other five cultivars (Figs. 1 and 2).
The other cultivarslost acidity at about
the same rate as the percent soluble
solids increased.



The main effects of training system indicated that, across the four seasons, the GDC training system produced
higher yields than the BC system (Table 1). However, Aurore did not benefit from the GDC training system (Fig. 3). In
the high yielding year of 1977, Verdelet produced higher yields on the GDC system, but not during the remainder of the
study where yields were low (data not shown). The GDC training system was a superior training system under
conditions of high fruit loads. Thisincrease in yield from the GDC system was not a result of increased pruning weights
(Table 3).

The GDC training system produced fruit that was lower in percent soluble solids at harvest than the BC system
for two of the years and for the four year mean (Table 4). This result was probably directly related to the higher yields
produced by the GDC system. However, over the four year period, there were no differencesin pH (Table 5) or acidity
(Table 6) at harvest between the training systems.

Tabie 4. Parcent solutle salids by cultivar, training systam,
pruneng severity, and spur lengeh, 197 7-1%80,

W ear
Traatmari 1WTT O18TE 14979 1980 1977-B0
Cutivar
Aad
Chalais 18.2a2 1550 1720 14.Bc 16.4c
Chancelior 17.1b 1638k 166b 148c 16.2c
Willard Mair 1700 1648 16590 15.1c 16.4¢
Winitg
Saywal 18896 17.1a 1760 1750 17.3b
Lurara 19.0a 17.0a 18.8a 1760 1814
Vardelat 1620 17.8a 19.5a 201a 18.3a
Traming Sysiam
Bilateral Cordon 178a 17.2a 178a 17.2a 174da

Gengwa Double Curtain 1728 1610 1789a 16ip 18.Bb
Fruming Severity

10+ 14 i74a "68a "7 %a 18%a 17.1a

20+ 1 174da 164a 976a 18Ba 17.04
Spur Langth

2 nades 17,33 1B7a 17.7a 168a 17.a

4 nodes 17538 16Ta 179a 164a 17.1a

E hbaans within fraatments and years separabad by Duncan’s multi-
ole range test, 5% leval

Table 5. Frost pH by cuttivar, iraining system, pruning Severity, and
spur length, 1977-1880

Yaar
Treatment 1977 1978 1978 1980 18FF-80
Culrivar
Bzg
Chilais 3 Blabt 369 3J6ibc 3TEc ATIbc
Chancallar 3.47d 3 T9abc3.GBab 3.70cd 366
Willard Moir 363 3Tipc 3GBab 3.63d 3.606BC
Whele
Seyval 3750 968 A74a AMb 377E
Aurpre 3853 3.80ab 36Bab A.TEB: 377D
Werdelel 353 3883 3.58c 4322 185a
Training Sysham
Bilateral Cosdan 368a 380a 3663 38Ta ATha
Geneva Double Curlain 38% 3730 366a 383 373
Prunimg Savanty
10+ 10 368a 377a J68a 3BTa ATda
20+ 10 AB9a 3763 J66a dB4a 2 Tda
Epur Lengrh
2 nodas 1B9a 3758 3J64a IBha 3.73a
4 nodas 89 3TBa 3673 ABGa 3THa

* Means within treatments and years saparaled by Duncan's mull-
phe range 1281, 3% lawal



Tabled. Percent tartasic aci i:u-.- cultivar, training syslem, pruning At harvest, there were no differencesin

paverity, and spur length, 187 7-1830. yield (Table 1), pruning weight (Table 3) or
quality attributes (Tables 4,5,6) between the 10 +
Year
e e 1877 1878 1979 1980 1877-B0 10 and 20 + 10 pruning severities nor between the
e — two-node spur length and four-node spur length.
':";:;;"" However, for the four-year mean, the 20 + 10
Chalais 0760 0998 1.07a 06BbL 0.87a pruning severity resulted in greater yield from the
Chancallor 0%2a 080c 083bc 0.74a 0.84a count positions (54.4% of total yield) as compared
s ared R 0.88ab 0.90b 1.00ab 0.75a 0.88a with the 10 + 10 pruning severity (47.5% of total
(=] .
Seyva DElcd 0890 086c 060 0790 yield). _
Aurore 0.77d 0.BOc 0774 DE4e OT4c Conclusions
Werdele 0.83pc 0.76c 0.Bdcd 0350 G E3d All six of the cultivars produced
Tramiag Syatem commercially acceptable yields with an average
Dilataral Cordon 063 0.85a 091a DEJa 080 _ y accep y ag
Geneva Double Curgin 0.8% 0.86a DOoia DE3a 0.80 yield above 12 tonne/ha. However, Verdelet had
Fruning Severify low yields for the last two years of the study due
10 « 10 0.8la DBdb DB0a O g*;ﬂ E-g‘?“ to winter injury. All cultivars had similar pruning
20+ 10 ORa D¥7a Q&5 QS LOW weights with the exception of Chelois, which had
Spur Langhh . . .
3 mccdma g83n 08Ba 0908 063 081a twice the dormant pruning weight of the next most
4 nodes 08 085 092a 062a 0.80a vigorous cultivar.

¢ Means within reatmanls and years separabed by Duncan's mult.
phe range 1est, 5% laval,

The white cultivars had higher percent soluble solids and pH and lower acidity than did the red cultivars. All
cultivars had excessively high pH values and low percent soluble solids, indicating aneed for early harvesting and
amelioration. The pH of Verdelet and Aurore increased at afaster rate during the development of soluble solids than the
pH of the other cultivars.
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All cultivars except Aurore were more productive and had higher percent soluble solids on the GDC system
than on the BC system. Since the yield increases on the GDC system did not result from increased vine vigor, the GDC
system probably resulted in superior bud development and light distribution in the canopy. There were no differencesin
pH or acidity between the two training systems.

There were no differencesin yield, vine vigor, or quality between the 10 + 10 and 20 + 10 pruning severities
and only asmall differencein percent of total yield from count positions between the two pruning severities. The basal
buds that are in non-count positions were highly productive and, thus, prevent the use of the traditional balance pruning
method currently used on Vitis labrusca cultivars. The two-node and four-node spur length also produced no difference
inyield, vinevigor or quality, indicating equal bud development along the spur.
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