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A two-year study examining the water relations and gas exchange of Vitis riparia Michaux, Vitis vinifera L. cv.
Carignane, and grafted vines comprised of a Carignane scion on V. riparia rootstock was conducted in a non-
irrigated vineyard at the University of California Kearney Agricultural Center, near Fresno, California. During
the two seasons the data was taken (1992 and 1993), soil water content of the trial plot was similar and
decreased during the growing season. Pre-dawn leaf water potential (¥, ), pre-dawn leaf osmotic potential

(¥,), and stem water potential values (¥

stem

) did not differ among the treatments. Net carbon dioxide

assimilation (A), stomatal conductance {(g,), and instantaneous water use efficiency (WUE) were influenced by
treatment, and behaved similarly comparing the two years. Carignane vines had significantly greater gas
exchange values than either V. riparia or the grafted vines, but the latter two were similar to one another. These
results indicate that under non-irrigated conditions, rootstock can modify gas exchange behavior of the scion
cultivar even though vine water status was not altered.
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The prevalence of phylloxera in California has
made the use of resistant rootstocks a necessity. It is
well-known that rootstocks can affect yield [33], rates
of shoot growth {19], mineral nutrition [28] and berry
juice composition [17].

How rootstocks influence grapevine physiology and
water relations, especially under drought or non-irri-
gated conditions, is poorly understood. Studies suggest
that rootstock influences a grape scion’s gas exchange
capabilities [12], leaf water potential [13], and water
stress recovery time [24]. There are studies that claim
that the scion cultivar determines the grafted vines’
ability to withstand drought stress [38], but there are
also reports that the rootstock cultivar can have a
strong influence on vine performance under stress con-
ditions [3].

The objective of this study was to determine how a
V. riparia rootstock influences gas exchange and water
relations of a V. vinifera cv. Carignane scion under non-
irrigated field conditions in California. Non-grafted
vines of V. riparia and Carignane were included for
comparison. Vitis riparia was chosen as the rootstock
in this study because it has been shown to be sensitive
to water stress [4]. Carignane was selected because of
its origins in the semiarid climate of Spain [37], thus
being well-adapted to growth in a warm climate such
as found in the San Joaquin Valley, California [39].
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Materials and Methods

In February 1990, dormant cuttings of Vitis riparia
(USDA DVIT #1444) were taken from the United
States Department of Agriculture National Clonal Ger-
mplasm Repository, near Winters, California, and cut-
tings of V. vinifera cv. Carignane (UCD-01) were taken
from the University of California, Davis vineyards. The
rooted cuttings were planted into 0.95-L milk cartons
using a 1:1:2 (sand/compost, vermiculite, and peat
moss) soil mix and placed in a greenhouse. In June
1990, the grapevines were transplanted into 3.8-L pots,
with coarse sand as the potting medium and tongued,
approach grafts were made (Carignane scion on V.
riparia). The successfully grafted vines along with the
V. riparia and Carignane potted vines were moved into
a shaded lath-house for the remainder of the 1990
season. These three vine types were assigned the fol-
lowing treatment numbers: V. riparia vines - Treat-
ment 1; Carignane vines - Treatment 2; and the grafted
vines - Treatment 3.

The potted vines were moved to the University of
California Kearney Agricultural Center during their
first dormant period (Winter 1990-1991). Treatments 1
and 2 used in this study were part of a larger study
investigating drought tolerance of 17 different Vitis
species [26]. Vines of all 17 species and Treatment 3
were planted March 1991 in a 0.40-hectare vineyard
utilizing a completely randomized block design on a
2.44 X 3.66 m spacing. Each treatment consisted of five
individual vines. The soil was a Hanford fine sandy
loam with a hardpan at a depth of 1.5 m. Standard pest
control measures were used throughout the study. A
single wire trellis, atop a stake at each vine (1.0 m
above the soil surface) was employed to support shoots
of the vines as the season progressed. Clusters were
removed from all vines each year prior to anthesis.
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Vines were pruned to 8 to 12 buds per vine during the
winters of 1991-92, 1992-93, and 1993-94.

During the 1991 growing season, the vineyard was
furrow irrigated weekly. Vines were not irrigated at
any time during the next two growing seasons. Data
collection occurred during the summers of 1992 and
1993. All measurements for gas exchange, water poten-
tial and its components were collected from three repli-
cate grapevines using two leaves per vine. Fully ex-
posed leaves were taken between the seventh and four-
teenth node counting from the base of the shoot for
midday readings. Net CO, assimilation rate and sto-
matal conductance (to water vapor) were measured
with a portable infrared gas analyzer (Analytical De-
velopment Company, Ltd. #D1.2-12744, Hoddeson, En-
gland). Leaf and stem water potentials were measured
with a pressure chamber (PMS Instrument Company,
Corvallis, OR) as described by McCutchan and Shackel
[23]. Leaf samples, for osmotic potential, were taken at
predawn, quick frozen on dry ice, followed by storage at
-80°C. For analysis, the leaf samples were thawed,
brought to 37°C, and osmotic potentials read on a vapor
pressure osmometer (Wescor 5500, Wescor, Inc. Logan

UuD).

Soil water content in the vineyard was monitored
using a neutron probe (Troxler depth moisture gauge,
model #3320). There were five access tube sites, two
tubes per site, placed 0.5 m from the vine’s trunk, both
parallel and perpendicular to the row direction. Two of
the five sites were located at an individual vine of
Treatments 1 and 2. Readings were taken at incre-
ments of 0.3 m, starting 0.3 m beneath the soil surface
down to 1.5 m. In 1992, measurements were taken the
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Fig. 1. Soil water content of the experimental plot during the course of
two growing seasons. Values are the means of 10 access tube sites with
five readings taken from 0.3 to 1.5 m deep. Bars represent + 1 SE.

entire season (Day of Year 118 to 240), while in 1993
measurements were taken sporadically throughout the
season. Temperature, rainfall, and evaporative de-
mand data were obtained from a California Irrigation
Management Information System weather station lo-
cated 300 m from the experimental vineyard.

Statistical analyses of stem water potential, sto-
matal conductance, net CO, assimilation and instanta-
neous water use efficiency included only the late season
(DOY 185 — 255) data both years, collected on compa-
rable days (a total of 5 separate measurement dates
each year). Analyses of variance (ANOVA) was per-
formed using a split-plot design, with the day of year as
the “split”. Least squares means are the combined data
points from both years, five measurement dates and
three replicates.

Results

Precipitation from the first of April until the last
measurement date in 1992 totaled three mm (the rain
fell on 12 April, DOY 102). There were three precipita-
tion events during the same period in 1993; 2, 3, and 5
mm of rain fell on 17 April, 25 May, and 4 June,
respectively. Maximum daily temperature for the
months of July and August (DOY 181 to 243) in 1992
were 33.8°C and 35.8°C, respectively, and in 1993 were
33.4°C and 33.5°C, respectively. Potential ET (ET)
ranged from 6 to 6.7 mm per day during the months of
July and August both years.

The soil water content in the experimental vine-
yard decreased during both growing seasons (Fig. 1).
The soil water content of the vineyard in 1993 was
similar to that in 1992,
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Fig. 2. Midday stem water potential values of the three treatments
measured in 1992. Values represent the means of three vines. Bars
represent + 1 SE.
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osmotic (¥ ) potentials of leaves from vines in the three treatments.

Other information as found in Figure 2.

Midday stem water potential (¥__) of all grape-
vines decreased over time in 1992 (Fig. 2), as did mid-
day leaf water potential (data not given). There were no
significant differences among treatments, or between
years. However, ¥ values differed 51gn1ﬁcantly as a
function of the day of the year that the measurements
were taken (p < 0.0001).

There was a gradual decrease in predawn leaf wa-
ter potential values (¥, ) during the 1992 growing
season, with all three treatments having similar values
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(Fig. 3). The lowest values of predawn ¥,  were -0.60,

-0.43, and -0.44 for treatments 1, 2, and 3 respectlvely

The three treatments’ predawn leaf osmotic potential
(¥, ) and turgor potential also had similar patterns over
the season. Predawn ¥_decreased for all treatments
until day of year 160, then increased until the end of
the season. Turgor potential initially increased and
then decreased from day of year 160 until the last
measurement date. There were no significant differ-
ences among treatments in late season means of pre-
dawn ¥ _, ¥ _, and midday ¥, . The lowest values for
midday ‘¥, Were -1.44,-1.48 and -1.46 for Treatments
1,2, and 3 respectlvely

Early in the 1992 season, stomatal conductance of
all three treatments was high (~500 mmol m?2s?), then
decreased sharply (Fig. 4A). After the third measure-
ment date and continuing until the end of the season,
the own-rooted Carignane vines had significantly
greater stomatal conductance values than either of the
other two treatments; V. riparia and the grafted vines
had comparable stomatal conductance values. Data col-
lection in 1993 again demonstrated differences among
treatments late in the season with results similar to
those in 1992 (Fig. 4B). There were significant differ-
ences among treatments (p < 0.0075), but no differ-
ences between years (data not shown). The day of year
on which measurements were taken was a significant
source of variation (p < 0.0001). Late season (DOY 185
—255) mean stomatal conductance of the Carignane
vines was significantly higher than those of V. riparia
and the grafted vines (Table 1).

The seasonal pattern of net CO, assimilation (A) in
1992 was similar to that of stomatal conductance. Net
CO, assimilation rates were high (~16 pmol m? s7)
early on, and decreased as the season progressed with
significant differences among treatments (Fig. 5A).
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Fig. 4. Stomatal conductance of the three treatments measured during the 1992 growing season (A) and the latter part of the 1993 growing season

(B). Other information as found in Figure 2.
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Fig. 5. Net CO, assimilation rates of the three treatments during the 1992 growing season (A) and the latter part of the 1993 growing season (B). Other

information as found in Figure 2.

Carignane vines maintained the highest A throughout
the latter part of the season. This pattern was repeated
in 1993 (Fig. 5B). There were significant differences
among treatments (p < 0.0001) but not between years.
Carignane vines had the highest A, while there were no
significant differences between V. riparia vines and the

grafted vines (Table 1).

Instantaneous water use efficiency (WUE) is the
ratio of net CO, assimilation to H,O transpired, i.e.,
pmol CO,/ mmol H,O [9]. There were significant differ-
ences among the treatments (p < 0.0016) and between
years (p < 0.0078). The seasonal means demonstrated
that Carignane vines had significantly higher WUE
than either V. riparia or the grafted vines (Table 1).

Pooling data from both years, a regression analysis
of net CO, assimilation rate as a linear function of
stomatal conductance resulted in significant regres-
sions for each of the treatments (data not shown). As g_
decreased, A also decreased. However, contrast analy-
sis of the slopes of these three regressions resulted in
no significant differences among treatments.

Table 1. Comparison of Least Squares Means (1992 and 1993, days
of year 185-255, 5 measurement dates each year, 3 replicates per
date). Treatment 1 is V. riparia, Treatment 2 is Carignane, and
Treatment 3 is the grafted vine unit. Means were separated using
Tukey’s adjustment for multiple comparisons. Different letters following
the means denote a significant difference at p < 0.05.

Treatment  Stomatal Net CO, Water use efficiency
conductance assimilation (umol CO, /
(mmol m? s) (umol m? s) mmol H,0)
1 136.3 b 280 b 0.458 b
2 2295 a 6.07 a 0.683 a
3 137.3 b 331 b 0.550 b

There were no significant differences in pruning
weights among the three treatments at the end of ei-
ther growing season (data not given). Treatment 1 had
the highest pruning weights while those of Treatment 3
had the lowest.

Discussion

The data presented in this paper demonstrated
that there was a gradual decrease in soil water content
throughout both growing seasons, and this was re-
flected in all measures of vine water status and gas
exchange. The lowest values of predawn, stem and
midday ¥, .were -0.60, -1.43, and -1.48 MPa, respec-
tively. The lowest predawn values measured during
this experiment are much less negative than those
reported in several potted vine studies [27,32] and field
studies [31,35] examining water stress in grapevines.
However, the values are similar to those reported in
several other field studies for non-irrigated vines
[5,38]. The minimum ‘¥___ values for the three treat-
ments in this study are similar to the minimum diurnal
value measured on V. labruscana [21]. Lastly, the low-
est values of midday ¥, , measured at the end of the
growing season are comparable to those measured at
this location on Thompson Seedless grapevines
[2,15,35] and in many of the studies cited above.

When data from both years was pooled, stem water
potential was not influenced by treatment. Natali et al.
[24] and Williams and Smith [36] reported that root-
stock did not affect midday leaf water potential (as
opposed to midday stem water potential) of the com-
mon V. vinifera scion used in their experiments. How-
ever, rootstock significantly affected leaf water poten-
tial of grafted V. vinifera cv. Ruby Seedless vines [13].
It was found that rootstock also affected stem water
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potential of apple trees [25]. They reported that an
apple cultivar on dwarfing rootstock types had lower
¥, values than the same cultivar grafted onto a vigor-
ous rootstock. In addition, rootstock cultivar deter-
mined the ¥_, of grafted beans (Phaseolus vulgaris on
P. acutifolius, and vice versa) under drought conditions
[29]. The results from this study would indicate that
rootstock did not affect the scion’s water status. In a
field situation, the ability of the rootstock to explore
more of the soil profile may assist in the extraction of
additional water which would affect vine water status.
In this study, the shallow depth of the soil profile (due
to a hardpan at approximately 1.5 m) would limit root-
ing depth and thus the availability of water. Since
vegetative growth of the treatments was similar and
potential rooting depth the same, there was only a
finite amount of water for each vine. The fact that there
were no significant differences among treatments in
vine water status values should not be surprising.

It has been reported that grapevines can
osmoregulate [11]. Grimes and Williams [15] concluded
that water stressed vines’ ‘¥, declined 0.38 MPa com-
pared to that of no or slightly water stressed vines, a
value similar to that reported by Schultz and Matthews
[32]. Rodriguez et al. {27] demonstrated an active os-
motic adjustment of approximately 0.45 to 0.5 MPa in
potted vines that were water stressed.

Early in the growing season, small changes in
predawn ¥,  were accompanied by large decreases in
¥_for all three treatments. Such a response has been
purported to indicate that osmotic adjustment has
taken place (5). However, there were no significant
differences among the treatments with regards to '¥_at
comparable predawn ¥ _ in this study indicating all
three treatments responded similarly. It is interesting
to note that the osmotic potential of all three treat-
ments increased from day of year 160 until measure-
ments were terminated at the end of the growing sea-
son in 1992 (Fig. 3). Such a response may indicate that
as the season progressed, the ability of the vines to
osmoregulate diminished. Schultz [31] reported that
the osmotic potentials (measured at full turgor) of wa-
ter stressed Grenache and Syrah vines were higher
than those of the control (irrigated) vines. It was hy-
pothesized that lowered carbon assimilation together
with night temperatures favoring increased respira-
tory carbon losses would reduce the active solutes
(principally sugars) found in the leaves. Such may have
occurred in the present study, resulting in an increase
in the osmotic potential as the growing season pro-
gressed.

Stomatal conductances of Carignane vines were
significantly greater than those of V. riparia and the
grafted vines, whereas the grafted vines’ g_values were
similar to V. riparia. This data agrees with the report
of Williams and Smith [36] in that the rootstock af-
fected g, of a common V. vinifera scion. Grapevine
cultivars Orion and Gf. Ga-54-14 grafted onto 5BB
rootstock showed increased g, compared to the same
ungrafted cultivars [12], but g, of the 5BB rootstock was
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not measured. A study on drought-stressed grafted
apple trees reported that the rootstock determined g_ of
the scion [16]. The results of Diiring and Guilivo et al.
agree with those found in this study, in that the grafted
grapevines exhibited stomatal behavior similar to that
of the rootstock.

Carignane had the highest A late into the season. A
of the grafted vines and V. riparia were similar to each
other, but significantly lower than Carignane. Will-
iams and Smith [36] reported that rootstock did not
affect the photosynthetic rate of a V. vinifera scion;
however, Diiring [12] did show that several cultivars’
rates of photosynthesis were increased when grafted to
5BB rootstock. Rootstock was shown to affect the pho-
tosynthetic rate of apple [30].

Instantaneous WUE, as measured in this study has
been shown to be correlated with integrated time scale
measures of WUE (leaf carbon isotope discrimination,
D) [9]. Carignane had a higher mean late season WUE
than either V. riparia or the grafted vines; Vitis riparia
and Carignane grafted onto V. riparia had similar
WUE values.

There have been numerous reports indicating that,
under dry soil conditions, gas exchange is controlled by
a chemical signal that originates in the roots and is
sent via the transpiration stream to the shoots [7,8,34].
It has been suggested that abscisic acid (ABA) is that
signal [14,18]. Abscisic acid has been shown to decrease
stomatal conductance of grapevines [10]. There are
reports that water-stressed grapevines have higher
levels of leaf ABA, ultimately affecting gas exchange
[20,22]. Another study examining V. vinifera vines
showed that afternoon stomatal conductance was
highly correlated with ABA concentration in the xylem
sap [6]. ABA, sent as a root signal may be a more
sensitive indicator of water stress than leaf water po-
tential, and thus would control stomatal conductance
before a drop in ¥, .[8]. This would effectively uncouple
¥, from ¥ if stomatal conductance can be con-
troiled by a root signal, then ‘¥, ., would not necessarily
continue to become more negative. Perhaps this finding
would explain why the ¥ values among the treat-
ments in this study were not different, whereas the gas
exchange values among treatments differed signifi-
cantly. The high correlation between A and g found in
this study would indicate that any reduction in g would
decrease the carbon assimilation of the vine. Future
work on whether ABA levels in the transpiration
stream vary among Vitis species under varying levels
of drought stress is needed. It has been demonstrated
that ABA in leaves will differ for different V. vinifera
cultivars [1].

The apparent uncoupling of ‘¥, from ¥_, may also
be explained by the different rooting habits of V. ri-
paria and V. vinifera cv. Carignane in this study. Root
distributions of both species were mapped from
trenches dug both parallel and perpendicular to the
row direction (n = 3 for each direction) in 1993 down to
the hardpan. Approximately 65% of V. riparia’s roots
were found in the upper 0.5 m of soil (the remaining 0.5
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to 1.5 m deep) while only 45% of Carignane’s roots were
in the upper 0.5 m [26]. Measurements of soil water
content indicated that the upper portion of the rooting
profile (0 to 0.5 m deep) dried out much more rapidly
and was lower than the 0.5 to 1.5 m depth at the end of
the season. Thus the exposure of a greater proportion of
V. riparia’s roots to rapidly drying soil could also have
stimulated that species to produce a greater amount of
ABA when compared to Carignane. Unfortunately,
roots were not mapped for the grafted vine treatment
but one could probably assume that the rooting habit of
the grafted vine would be similar to that of V. riparia.

The results of this study indicate that under non-
irrigated or drought conditions, V. riparia influenced
the gas exchange of the scion cultivar grafted onto it.
However, the rootstock did not significantly affect vine
water status (e, ¥, , predawn ¥, W, or ¥ __ )
under the conditions of this study. As California viticul-
ture gradually moves onto more marginal (drier) land
with less available water and as human population
pressures make agricultural water more costly, farm-
ing with less water may become more common. Root-
stock choices for farming under these constraints be-

come even more critical.

Conclusions

This study was conducted to determine how two
Vitis species and a grafted vine of the two (Carignane
on V. riparia) responded to a gradual decrease in soil
water content under environmental conditions in the
San Joaquin Valley. All measures of vine water status
did not differ among treatments. This was probably the
result of the limited amount of water available in the
soil profile, due to a hardpan at a depth of 1.5 m in the
experimental vineyard. Therefore, any morphological
adaptation of the root system of either species that
might favor drought tolerance, such as the ability of the
vine’s roots to explore the soil to greater depths, would
not be expressed. However, the rootstock of the grape-
vines significantly influenced gas exchange. Stomatal
conductance, photosynthetic rates, and instantaneous
water use efficiency of the grafted vines were similar to
those of the rootstock vines and different from those of
the scion cultivar vines. One drought tolerance mecha-
nism found in this study was a greater WUE for the V.
vinifera cultivar used.
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