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SUMMARY. Vine growth and yield variables were measured for grape (Vitis vinifera)
planted as green-growing and dormant ‘Chardonnay’ benchgrafts during the first
8 years after vineyard establishment. Benchgrafts of ‘Freedom’ and ‘Kober 5BB’
rootstock were evaluated. Vines planted as green-growing benchgrafts had smaller
trunk and cordon diameters and lower pruning weights. Growth variables mea-
sured were higher for ‘Freedom’ benchgrafts than ‘Kober 5BB’. Yields were higher
for vines planted as dormant benchgrafts in three of the first six production years
when compared with vines established with green-growing plants. Productivity was
higher for vines planted with dormant benchgrafts or grafted on ‘Freedom’
rootstock because the permanent framework of vines in these treatments was fully
developed earlier in the training process, which allowed for earlier crop production.

D
uring the mid to late 1980s
in the Salinas Valley (Monte-
rey County) of California,

susceptible own-rooted vineyards
infested with grape phylloxera
(Daktulosphaira vitifoliae) were re-
planted to wine grape cultivars grafted
on resistant rootstocks and the use of
potted green-growing benchgrafts
as planting stock became a more
common practice compared with
the traditional field grown dor-
mant bare rooted benchgrafted
vines. Green-growing plants are
grafted, callused, placed in a pot,
and then are greenhouse grown.
They are acclimated to outdoor con-
ditions before planting in the same
year they are grafted. Dormant bare
rooted benchgrafts are grafted, cal-
lused, and then are field grown in
a nursery row and are dug in the late
fall or winter and are held in cold
storage until delivery to the planting
site (Hartmann et al., 1997; Winkler
et al., 1974). When using green-
growing vines a high percent plant
loss and vines with poor growth
during the first year can increase
the time required to fully train vines,
and the time required to achieve full
production potential of the vineyard.

Poor growth of green-growing bench-
grafts can be attributed to poor root
development, the lack of adequate
hardening-off of the green leaf tis-
sue before planting, high air tem-
peratures at planting, or post-plant
management practices (L.J. Bettiga,
personal observation). Irrigation
practice is critical and both excessive
and insufficient amounts of applied
water can result in poor growth
(Beede and Christensen, 2000).
The extensive winds in the Salinas
Valley are also a major factor in the
stress seen in green-growing bench-
grafted plants. Winds in the Salinas
Valley have been shown to reduce
total vine canopy growth (Bettiga
et al., 1996).

During training, the rate of de-
velopment of the permanent struc-
tures (trunk and cordons) of a vine
and in what year after planting crop
production will begin, depends on
vine vigor and capacity. Vine vigor is
a measure of the rate of vine growth,
whereas, vine capacity is the total
annual vegetative and fruit biomass
produced and reflects the vines ability

for total production rather than rate
of activity (Winkler et al., 1974).
Thus, vine capacity is difficult to
measure since it requires an annual
determination of total vine growth.
In commercial grape production, an-
nual pruning weight is often used to
estimate vine capacity (Reynolds,
2010). Partridge (1925) was an early
proponent of using pruning weight to
indicate a vines capacity in the follow-
ing season. In addition to vigor and
pruning weights, visual assessment of
trunk and cordon diameter at dor-
mancy is a common practice used
during the pruning of young vines
to determine the rate of development
of the permanent framework and thus
the severity of the pruning to be
performed during training (Winkler
et al., 1974).

Viticulture production texts have
stated that the postplanting care of
green-growing benchgrafts is critical
to its successful use in developing
vineyards (Beede and Christensen,
2000; Winkler et al., 1974). Yet,
there are very little published data
on the development of grafted vines
as a function of different nursery
practices, but such data could be very
useful for growers who may now
purchase several types of planting
stock. The purpose of this study was
to evaluate growth and yield of grape-
vines during the initial years after
planting and determine how perfor-
mance was affected by benchgraft
type and vine vigor as influenced by
rootstock.

Materials and methods
This study was conducted from

1990 to 1997 in a commercial vine-
yard southeast of the city of Soledad,
CA (lat. 36�26#21$N, long.
121�18#23$W, altitude 322 ft). The
experimental site was within a com-
mercial vineyard of grapevines of the
same age and all vines were subjected
to cultural practices considered
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typical for a newly planted vineyard in
the Salinas Valley (L.J. Bettiga, per-
sonal observation). The soil at the site
is classified as Chualar loam (U.S.
Department of Agriculture, 1978).
This series is classified as a fine loamy,
mixed, superactive, thermic, Typic
Argixerolls. The monthly and annual
accumulation of degree days above
10 �C (Table 1) was determined by
the single sine method (Zalom et al.,
1983) from the California Irrigation
Management Information System
Weather Station no. 114 (California
Department of Water Resources) lo-
cated 10 km from the experimental
site for the 1993 to 1997 growing
seasons. The vineyard was irrigated by
a drip system that had two 0.5-gal/h
pressure-compensating emitters per
vine that were spaced �12 inches
from either side of the vine trunk.
During the years that data were col-
lected, the vines were irrigated on
a weekly schedule as determined by
the grower. Irrigation timing and
volume of applied water was typical
for a developing vineyard in the area

to avoid water becoming a limiting
factor for vine growth and were based
on soil moisture monitoring (using
a soil probe and determining soil
moisture by feel) and visual assess-
ment of growth. The experimental
design was a randomized complete
block with 12 replications of four
treatments using two vine plots. The
two factors evaluated were benchgraft
type (dormant and green-growing)
and rootstock (‘Freedom’ and ‘Kober
5BB’). ‘Kober 5BB’ and ‘Freedom’
rootstock were selected to represent
a moderate and high vigor root-
stock, respectively. The scion culti-
var was Chardonnay (selection UCD
FPS 4). Plant material was obtained
from a commercial grapevine nursery
and the benchgrafts were propagated
as previously described. The dormant
benchgrafts were packed in moist
wood shavings and kept in cold stor-
age at the nursery once they were
removed from the field in early win-
ter. Upon delivery, they were placed
in moist wood shavings for 10 d at
ambient conditions and planted when

the buds began to swell. The green
benchgrafts were acclimated to out-
door conditions at the nursery and
were planted upon delivery. The dor-
mant vines were planted on 10 Apr.
1990 and the green-growing vines on
22 May 1990. Vines were allowed to
grow untrained in 1990 and were
pruned to a single two-bud spur at
dormancy in Dec. 1990. In 1991,
vines were trained to bilateral cordons
on a vertical shoot positioned trellis,
which was composed of a permanent
cordon wire at 42 inches above-
ground level and two pairs of move-
able foliage wires at 53 and 63 inches.
The vine spacing was 6 ft within rows
and 12 ft between rows. The rate of
vine training during 1991 and in
successive years was dependent on
vine size by visually accessing cane
length and diameter during dormant
pruning. When fully trained each cor-
don was �36 inches long and vines
were pruned to a maximum of 40
retained nodes per vine based on vine
capacity by adjusting the number of
two-node spurs.

MEASUREMENTS. Pruning weights
of each vine were measured in the first
winter (Dec. 1990). No growth mea-
surements were collected in the first
year of training (1991) as summer
pruning removed shoots that were
not required to be retained to develop
the vine permanent structures. Begin-
ning in Dec. 1992, at dormancy, the
number of shoots per vine were
counted, the vines pruned, and the 1-
year-old cane prunings from each vine
were weighed. After pruning, the di-
ameter of permanent vine structures
was measured in three locations: on
the trunk at 18 inches below the
cordon wire, between the two proxi-
mal spur positions, and between the
two distal spur positions of each cor-
don using a digital caliper (model CD-
S6CP; Mitutoyo America, Aurora,
IL). As vine trunks and cordons have
asymmetrical cross sections, the maxi-
mum diameter at each measurement
point was recorded. For each vine,
cluster numbers were counted and
fruit yield was determined byweighing
the harvested clusters. Average cluster
weight was calculated by dividing fruit
yield by the number of clusters per
vine. Ravaz index was calculated by
dividing the fruit yield per vine by the
dormant pruning weights (Ravaz,
1911). Fruit composition was deter-
mined from a 100-berry sample that

Table 1. The monthly and total growing degree days (GDD) above 10 �C in
1993–97 at Soledad, CA.

Mo.

GDD (�C)z

Yr

1993 1994 1995 1996 1997

April 184 153 146 199 174
May 254 178 174 211 270
June 277 232 219 227 235
July 276 238 304 302 271
August 310 260 276 276 318
September 254 248 257 234 319
October 234 200 226 196 204
Total GDD (�C) 1789 1509 1602 1645 1791
z(1.8 · �C) + 32 = �F.

Table 2. Effect of rootstock and benchgraft type on pruning weight of
‘Chardonnay’ grapevines collected in Dec. 1990–97 at Soledad, CA.

Treatment

Pruning wt (kg/vine)z

Yry

1990 1992 1993 1994 1995 1996 1997

Rootstock
‘Freedom’ 0.030 0.25 0.76 0.96 2.0 1.50 1.35
‘Kober 5BB’ 0.015 0.08 0.41 0.63 1.6 0.98 0.84

P > F <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benchgraft
Dormant 0.043 0.26 0.78 0.95 2.0 1.40 1.22
Green 0.002 0.07 0.39 0.63 1.6 1.08 0.98

P > F <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02
Rootstock · benchgraft (P > F) <0.01 0.03 0.14 0.523 0.37 0.65 0.16
z1 kg = 2.2046 lb.
yData not collected in the first year of training (1991) as summer pruning removed shoots that were not required to
be retained to develop the vine permanent structures.
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was randomly selected from each two-
vine replicate before harvest. The berry
samples were weighed to calculate
average berry weight. Berries were
macerated in a blender and the filtered
juice was analyzed for soluble solids
using a handheld temperature com-
pensating refractometer (model
10423; Reichert Scientific Instru-
ments, Buffalo, NY). Juice pH was
measured by pH meter (model
920A; ATI Orion, Boston, MA) and
titratable acidity by titration with
0.133 N sodium hydroxide to a pH
endpoint of 8.20. The data were sub-
jected to a two-factor analysis of vari-
ance for each year (SuperANOVA;
Abacus Concepts, Berkeley, CA).

Results and discussion
GROWTH VARIABLES. Pruning

weights were affected by both root-
stock and benchgraft type. The more
vigorous rootstock, ‘Freedom’, had
greater pruning weights than ‘Kober
5BB’ (Table 2) in all years of the
study. In 1990 and 1992, there was
a significant rootstock · benchgraft
interaction; although the ‘Freedom’
green-growing benchgrafts had
higher pruning weights than the
‘Kober 5BB’ green-growing bench-
grafts, the differences were not signif-
icant in 1990 and 1992 as compared
with 1993–97 (data not shown).
Vines planted as dormant benchgrafts
also had greater pruning weights than
green-growing plants (Table 2) for all
years. Figure 1 shows a typical exam-
ple of the growth differences ob-
served between the benchgraft types
during the first growing season. Ob-
servations made on individual vine
development during the first 3 years
of vine training (Table 3) show that
both using a more vigorous rootstock
and dormant benchgrafts resulted in
a greater development of the trunk
and cordons. Scion vine vigor has
been shown to be influenced by root-
stock (Ollat et al., 2003; Pouget,
1987; Rives, 1971). The faster cor-
don and spur position development
allowed for more shoots per vine for
‘Freedom’ in 1993 and for dormant
benchgrafts in 1993, 1994, and 1995
(Table 4). Trunk and cordon diame-
ters at the proximal (Table 5) and
distal (data not shown) ends all were
greater on vines planted with ‘Free-
dom’ rootstock or dormant bench-
grafts for all years. Using pruning
weight and diameter data as an

estimate of vine size demonstrates
the advantage of using dormant
benchgrafts and a more vigorous
rootstock to reduce the time to
achieve fully developed vine perma-
nent structures under the site condi-
tions of this study.

YIELD AND FRUIT VARIABLES.
Yields were higher for vines planted

as dormant benchgrafts in three
(1992, 1993, and 1995) of the first
six production years when compared
with vines established with green-
growing plants (Table 6). Vines on
‘Freedom’ also had higher yields in
1992, 1994, and 1997. In years when
there was a difference in yield, the
increase was because of higher

Table 3. Effect of rootstock and benchgraft type on the progression of trunk and
cordon development during the first 3 years of vine training of ‘Chardonnay’
grapevines in 1991–93 at Soledad, CA.

Factor

Vines in each category at dormancy (%)

Trunk only Partial cordons Full cordons

1991z 1992 1993 1991 1992 1993 1991 1992 1993

‘Freedom’
Dormant 42 4 0 25 4 4 29 92 96
Green 42 9 0 4 23 4 4 68 96

‘Kober 5BB’
Dormant 71 0 0 29 12 4 0 88 96
Green 25 29 0 0 38 4 0 33 96

zThe percentage of vines cut back to a two-bud spur at dormancy of the first training year (1991) was 4%, 50%, 0%,
and 75% for ‘Freedom’ dormant, ‘Freedom’ green, ‘Kober 5BB’ dormant, and ‘Kober 5BB’ green, respectively.

Fig. 1. Comparison of first year (1990) late season growth on green-growing (left)
and dormant (right) ‘Chardonnay’ grapevine benchgrafts on ‘Freedom’ rootstock.

Table 4. Effect of rootstock and benchgraft type on shoot number of
‘Chardonnay’ grapevines in 1993–97 at Soledad, CA.

Factor

Shoots (no./vine)

Yr

1993 1994 1995 1996 1997

Rootstock
‘Freedom’ 22 37 38 39 54
‘Kober 5BB’ 18 35 37 38 50

P > F 0.01 0.18 0.44 0.41 <0.01
Benchgraft
Dormant 25 39 40 39 53
Green 16 33 35 38 51

P > F <0.01 <0.01 <0.01 0.26 0.05
Rootstock · benchgraft (P > F) 0.30 0.20 0.68 0.68 0.30
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number of clusters per vine (Table 7).
Especially in the early production
years, the faster development of the
cordons resulted in more shoots and
clusters per vine for both vines planted
with dormant benchgrafts or grafted
on ‘Freedom’. In 1996, there was
a significant rootstock · benchgraft
interaction; this was the only year
where ‘Kober 5BB’ dormant bench-
graft vines had higher yield than the
other treatment combinations. From

the first production year there was
a trend of increasing yields in succes-
sive years (Table 6) with the exception
of 1995 when low temperatures dur-
ing bloom in May 1994 reduced bud
fruitfulness and May 1995 (Table 1)
reduced fruit set, which is reflected in
the lower cluster numbers and weights
for that year (Table 7). Cluster weights
for vines grafted on ‘Kober 5BB’ were
higher than those on ‘Freedom’ in the
first two production years (1992 and

1993). There were no differences in
cluster weights between the dormant
and green-growing benchgrafts.

For most of the years of the study
the Ravaz index (Table 6) was within
the value of 5–10 optimal range as
suggested for an ideal wine grape
canopy that is balanced to the crop
load and capable of fully ripening the
crop (Kliewer and Dokoozlian, 2005;
Smart and Robinson, 1991). Vines
grafted to ‘Kober 5BB’ had higher

Table 5. Effect of rootstock and benchgraft type on trunk and cordon diameter of ‘Chardonnay’ grapevines in 1992–97 at
Soledad, CA (n = 24).

Factor

Diam [mean ± SD (mm)]z

1992 1993 1994 1995 1996 1997

Rootstock Trunk Cordon Trunk Cordon Trunk Cordon Trunk Cordon Trunk Cordon Trunk Cordon
‘Freedom’ 15 ± 3 11 ± 2 21 ± 3 18 ± 3 25 ± 3 21 ± 3 29 ± 3 26 ± 3 31 ± 3 29 ± 3 34 ± 4 32 ± 3
‘Kober 5BB’ 13 ± 3 9 ± 2 18 ± 2 15 ± 3 22 ± 2 19 ± 2 27 ± 2 22 ± 2 28 ± 2 25 ± 3 30 ± 3 28 ± 2

P > F <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benchgraft
Dormant 16 ± 2 12 ± 2 21 ± 2 18 ± 3 25 ± 2 22 ± 3 28 ± 3 26 ± 3 31 ± 3 28 ± 3 33 ± 4 31 ± 4
Green 11 ± 2 9 ± 2 18 ± 2 15 ± 2 22 ± 2 19 ± 2 26 ± 2 23 ± 3 28 ± 3 25 ± 3 31 ± 4 29 ± 3

P > F <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01
Rootstock · benchgraft (P > F) 0.74 0.76 0.24 0.43 0.17 0.70 0.58 0.88 0.79 0.66 0.74 0.68
zTrunk diameter taken 18 inches (45.7 cm) below the cordon wire. Average cordon diameter between the two proximal spur positions of each cordon; 1 mm = 0.0394 inch.

Table 6. Effect of rootstock and benchgraft type on yield and Ravaz index (RI) of ‘Chardonnay’ grapevines in 1992–97 at
Soledad, CA.

Factor

Yield (kg/vine) and RI (ratio)z

1992 1993 1994 1995 1996 1997

Rootstock kg/vine RI kg/vine RI kg/vine RI kg/vine RI kg/vine RI kg/vine RI
‘Freedom’ 1.1 3.0 5.9 9.7 6.6 8.4 4.6 2.5 7.0 5.3 15.1 12.6
‘Kober 5BB’ 0.6 8.6 4.8 12.4 5.8 10.2 4.3 2.7 7.5 8.2 13.5 17.8

P > F 0.02 <0.01 0.06 0.08 0.02 0.08 0.15 0.16 0.10 <0.01 <0.01 <0.01
Benchgraft
Dormant 1.5 9.5 6.4 9.5 6.2 7.2 4.8 2.5 7.4 6.1 14.5 13.7
Green 0.2 12.6 4.3 12.6 6.2 11.4 4.0 2.6 7.0 7.4 14.1 16.7

P > F <0.01 <0.01 <0.01 0.04 0.98 <0.01 <0.01 0.51 0.23 0.01 0.33 0.02
Rootstock · benchgraft (P > F) 0.16 0.08 0.10 0.04 0.28 0.59 0.51 0.34 0.02 0.88 0.20 0.87
z1 kg = 2.2046 lb, RI = ratio of yield (kg/vine) to pruning weight (kg/vine).

Table 7. Effect of rootstock and benchgraft type on cluster number and weight of ‘Chardonnay’ grapevines in 1992–97 at
Soledad, CA.

Factor

Cluster (no./vine) and wt (g)z

1992 1993 1994 1995 1996 1997

Rootstock no./vine wt (g) no./vine wt (g) no./vine wt (g) no./vine wt (g) no./vine wt (g) no./vine wt (g)
‘Freedom’ 6 142 40 144 46 146 44 105 47 148 85 180
‘Kober 5BB’ 3 223 29 165 42 139 42 103 48 157 79 171

P > F 0.01 <0.01 <0.01 <0.01 0.04 0.17 0.19 0.56 0.63 0.06 0.08 0.17
Benchgraft
Dormant 8 187 40 159 44 141 46 104 50 150 84 174
Green 1 178 29 150 43 144 39 103 45 155 80 177

P > F <0.01 0.50 <0.01 0.12 0.53 0.65 <0.01 0.75 0.02 0.30 0.18 0.67
Rootstock ·
benchgraft (P > F)

0.12 0.06 0.11 0.67 0.56 0.30 0.55 0.72 0.05 0.28 0.14 0.02

z1 g = 0.0353 oz.
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Ravaz index values for 3 of the first
6 years the plants were cropped. Vines
planted as green benchgrafts had
lower Ravaz values in the first crop-
ping year (1992) because of low
cluster numbers from the reduced
number of retained nodes on spurs;
however, higher values occurred in
four of the remaining years. Grape
maturity as measured by percent sol-
uble solids was higher for vines
grafted on ‘Kober 5BB’ or planted
as green benchgrafts in 1994, 1995,
and 1996 (Table 8). The higher sol-
uble solids of vines on ‘Kober 5BB’
was not related to crop load. Vines
planted as green-growing benchgrafts
had consistently lower yield and in
general higher Ravaz index values. In
the years when higher soluble solids
occurred there was a corresponding
increase in juice pH and a lower titrat-
able acidity (data not shown).

Conclusion
The results from this study show

that vine development can be has-
tened by planting dormant bench-
grafts as compared with a green-
growing benchgrafts under the cool
windy conditions of the Salinas Val-
ley. Dormant plant material devel-
oped larger plants as measured by
pruning weight and trunk and cordon
diameters. The March and April
planting period that is possible with
dormant plant material allows for
earlier canopy development that is
conditioned to the site environment
and avoids the stresses of wind and
temperature that can adversely affect

green-growing vines planted in May
and June. The reduced total growth
of the green-growing plants in the
first year resulted in a delay in the
development of the trunk, cordons,
and spur positions. These vines there-
fore produced a smaller yield during
the first 8 years after planting. For
sites where low vigor delays vine de-
velopment, the use of a rootstock that
induces greater plant vigor was shown
to reduce the time to develop the vine
and achieve full production capacity.
The delay in vine development using
green-growing benchgrafts was con-
sistent for both the moderate and
higher vigor rootstocks tested. Be-
cause green-growing benchgrafts
continue to be used as planting stock,
growers who are establishing vine-
yards need to be aware of environ-
mental conditions that can result in
early growth and yield advantages
using dormant plant material.
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Table 8. Effect of rootstock and benchgraft type on juice soluble solids of
‘Chardonnay’ grapevines in 1992–97 at Soledad, CA.

Factor

Soluble solids (%)

Yr

1992 1993 1994 1995 1996 1997

Rootstock
‘Freedom’ 21.8 23.6 22.1 22.8 24.3 23.1
‘Kober 5BB’ 22.0 23.4 22.7 23.2 24.9 23.0

P > F 0.14 0.39 <0.01 <0.01 <0.01 0.48
Benchgraft
Dormant 21.8 23.5 22.2 22.9 24.4 23.1
Green 22.0 23.4 22.6 23.1 24.7 23.0

P > F 0.08 0.71 <0.01 0.03 0.01 0.46
Rootstock · benchgraft (P > F) 0.56 0.86 0.47 0.03 0.04 0.61
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