








Ashley R. Basinger and Edward W. Hellman 11

2003. Ten random shoots on five vines (replications) per treatment plot
were assessed weekly beginning 30 June for thé number of nodes with
periderm and total nodes per shoot. A final assessment of periderm de-
velopment was conducted in September 2003 for all treatment plots.
The number of nodes with periderm and total nodes per shoot were
counted for all shoots on one cordon for one vine per treatment plot.

Primary bud cold hardiness was evaluated by low-temperature exo-
therm analysis (LTE) using methods adapted from Wolf and Cook
(1994) and Lipe et al. (1992). RDI irrigation treatments imposed in
2002 were evaluated every two weeks beginning in December 2002.
Evaluation of 2003 irrigation treatments was initiated earlier, starting in
October 2003 and continuing weekly through December, and then
bi-weekly through January and March 2004.

Dormant canes were randomly collected from treatment plots at each
test date; buds at node positions one to seven were used for analysis.
Buds were excised with approximately 2 mm of the subtending nodal
tissue remaining attached to the bud, and then mounted on therioelec-
tric modules (MELCOR model 44910-OST, Trenton, NJ). For 2002
irrigation studies, each treatment block was represented by one thermo-
electric module (TEM) containing 4 buds for a total of 16 buds per
treatment. The subsample measurement block was used to evaluate
treatment effects in 2003. Out of 5 randomly selected vines (replica-
tions), 4 buds were collected from within each treatment plot. The 4
buds from a single vine were placed together on a TEM for a total of 20
buds per treatment comprising 5 replications.

The TEM were positioned randormly in a programmable freezer (Scien-
temp, Adrian, MI) set to reduce the temperature from 20°C to —35°C at
a rate of 3°C/h. TEM voltage output and corresponding freezer air tem-
perature measured with a thermocouple were recorded every 3 sec with a
data logger (CR-10X, Campbell Scientific, Logan, UT). The average of
the temperatures at which the median LTEs occurred on each of the 4 or
5 TEMs was used as an estimate of the lethal temperature at which 50%
of the buds were killed (LTsg), after the method of Wolf and Cook
(1994).

Statistical analysis. Data were analyzed with SAS statistical software
(SAS 8.2, SAS Institute, Cary, NC). Analysis of variance using the gen-
eral linear models procedure was used to test main treatment effects.
Data were analyzed as arandomized complete block design with 2 treat-
ments and 4 replications in 2002 and as a completely randomized design
in 2003 with 10 single-vine replications.
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RESULTS

Water status. The RDI treatment established vine water deficits in
both years for a period of approximately three weeks prior to veraison.
Midday s, in 2002 (Figure 1) was significantly (o =0.05) more negative
for RDI plots during the 3 weeks prior to veraison, ranging from —1.11
to ~1.17 MPa. Control plots had midday y, ranging from 0.91 to 0.97
MPa during the same period. A more severe deficit was achieved with
RD1in 2003; midday s, was between —1.13 and ~1.25 MPa during the 3
weeks prior to veraison (Figure 2). The Control plots had significantly
higher midday y, than RDI during the same period, ranging from —1.01
to —~1.07 MPa. Both treatment plots experienced two brief periods of
mild to moderate vine water deficit after veraison due to difficulties
with the irrigation system.

Stomatal conductance in 2003 followed a pattern similar to J,, with
no difference among treatments prior to the beginning of the deficit pe-
riod and RDI treatment vines maintaining significantly lower g, during
the pre-veraison deficit treatment period (Figure 3). Following an irri-
gation event at the end of the deficit treatment period, g, of RDI vines
was significantly higher than Control vines on 18 July. Both RDI and
Control vines displayed their highest g  rate on 24 July following a re-
cent irrigation to both treatment plots; Control vines had significantly
higher g, than RD] on this date.

FIGURE 1. Vine water status in 2002 of ‘Cabernet Sauvignon’ receiving RDI
deficitirrigation or a control irrigation treatment. ANOVA significantat P =.05*.
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FIGURE 2. Vine water,status in 2003 of ‘Cabernet Sauvignon’ receiving RDI
deficit irrigation or a control irrigation treatment. ANOVA significant at P = 0.05*

and P =0.01*,
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Yield components. There was no significant effect of RDI on yield,
cluster weight, or berry weight in this study, although a consistent trend
for higher values was apparent for the Control vines (Table 3). Yield
was reduced in all plots by approximately 20% in 2003 due to hail
damage.

Pruning weight. Deficit irrigation significantly reduced pruning
weights in one of the two years. Pruning weight of RDI plots was 46%
less than Control plots in 2002. Yield/pruning weight ratio did not differ
" between treatments in the two years.

Applied water-use efficiency. Production of similar yields with less
applied water led to significantly greater AWUE for RDI in one of two
years (Table 3). RDI plots received slightly less than 50% of the water
applied to Control plots in 2003, but had 72% higher AWUE.

Fruit composition. Deficit irrigation had no effect on fruit-soluble
solids, TA, or pH in both years of this study (Table 3). Fruit composition
was typical for this vineyard and somewhat more favorable for both
treatments in 2003.

Abscisic acid. Leaf xylem sap ABA of RDI vines reached a peak of
0.396 mmol m~3 on 30 June 2003 and was higher than in Control vines
during the early portion of the imposed deficit treatment period (Fig-
ure 4). Subsequent to the peak for the RDI treatment, a general decline
in ABA was observed in both treatments during the period of measure-
ment and ABA of Control vines remained within a fairly narrow range



14 INTERNATIONAL .}OURNAL OF FRUIT SCIENCE

FIGURE 3. Seasonal stomatal conductance of ‘Cabernet Sauvignon' receiv-
ing RDI deficit irrigation or a control irrigation treatment. ANOVA significant at
P =0.05" and P = 0.01**.

450

400 —a—RDI ‘7\
350 | —~Conlral IAX
300

N B A \Y |
N

100 1

Stomatal Conductance {mmol)
(ms™

50

2

F S F S S S S S S S S S
ST ST €T T

2003

TABLE 3. Effect of RDI and a control irrigation treatment on yield components,
pruning weights, applied water-use efficiency, and fruit composition of ‘Caber-
net Sauvignon’ grapevines. '

Irrigation  Yield Cluster Berry Pruning Yield/ Applied Soluble Titratable pH
Treatment (kg/ Wt. Wt Wt. Pruning Water-Use Solids Acidity
vine) (g) (g) (kg/vine) Wt. Efficiency? (%) (g/l)
A {glL)

2002 A
RDI 453 8843 117 056° 9.99 4.8 2455 424 388
Control 543 97.76 125 1.02 576 37 2385 450 387
2003 .

RD! 276 4110 - 040  7.39 6.8 2354 514 359
Control 326 46.96 - 050  7.83 40 2363 435 365

aApplied water-use efficiency is the ratio of fruit yield (g) per unit of applied water (L) (Loveys et al., 1998).
*Treatments significantly different by ANQVA at « =.05.
*~Treatments significantly different by ANOVA at a =.01.

of 0.216 t0 0.319 mmol m~3. The xylem sap ABA concentrations mea-
sured in our study are somewhat lower than those reported by Correia
et al. (1995) for moderately stressed vines (1.08 and 1.79 mmol m~3).

Acclimation and cold hardiness. RDI consistently resulted in signifi-
cantly earlier and more rapidly developing periderm compared with
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FIGURE 4. Xylem sap ABA concentration of ‘Cabernet Sauvignon' receiving
RDI deficit irrigation or a control irrigation treatment. ANOVA significant at P =
0.05" and P = 0.01**.
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~ Control vines. Periderm development had already been initiated by the

time (24 July) the first measurements were taken in 2002, when 58% of
the nodes of the RDI vines had periderm (Figure 5) compared with only
33% for the Control vines. The percentage of ripened nodes in the Con-
trol treatment eventually equaled that of RDI vines by the final sam-
pling date.

Periderm assessments were initiated earlier in 2003 and again RDI
vines exhibited significantly earlier and more rapid periderm develop-
ment than Control vines (Figure 6). The most rapid rate of increase in
periderm development occurred between 30 June and 21 July, corre-
sponding to the period of vine water deficit conditions as indicated by s,
(Figure 2). As in the previous season, periderm development of Control
vines eventually equaled RDI by the final sampling date.

Although RDI vines began the acclimation process earlier and devel-
oped periderm more quickly, there was no measurable improvement in
bud cold hardiness when compared with Control vines (Table 4). Aver-
age median LT, values were similar for RDI and Control vines on all
sampling dates except 19 November 2003 when the Control treatment
was significantly more cold hardy (—14.45°C) than the RDI treatment
(—13.69°C). Bud cold hardiness of both treatments followed a typical
pattern of increasingly lower LTy, values during the fall acclimation pe-
riod until stabilizing in midwinter, and then increasingly higher LTy,
values as vines began to deacclimate in late winter and early spring.
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FIGURE 5. Periderm formation along the shoot in 2002 of ‘Cabernet Sauvi-
gnon’ receiving RDI deficit irrigation or a control irrigation treatment. ANOVA

significant at P = 0.05*,
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FIGURE 6. Periderm formation along the shoot in 2003 of ‘Cabernet Sauvi-
gnon’ receiving RD! deficit irrigation or a control irrigation treatment. ANOVA
significant at P = 0.05* and P = 0.01**.
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DISCUSSION

Mild to moderate water deficits were induced for the period three
weeks prior to veraison by limiting water applications in RD] treatment
plots. Deficit conditions within RDI vines were clearly indicated by
higher midday s, of RDI-treated vines during this time period compared
with the Control treatment. Midday s, is considered to be a good indica-
tor of vine water status (Matthews et al., 1987, Stoll et al., 2000) and soil
water availability (Williams and Trout, 2005) and therefore the pressure
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TABLE 4, Effect of RDI and a control irrigation treatment on dormant bud cold
hardiness of ‘Cabernet Sauvignon’ expressed as median LTgq values (°C).

Sampling Date RDI Control

2002 Treatment Year
20 December 2002 -23.27 —21.88
03 January 2003 —23.56 —-23.80
15 January 2003 ~23.04 -21.76
31 January 2003 -24.75 —24.80
16 February 2003 -23.35 -2293

2003 Treatment Year
08 October 2003 -11.90 -11.60
15 October 2003 -10.77 -11.32
22 October 2003 -12.22 -13.34
29 October 2003 -11.10 -12.35
05 November 2003 -12.47 -12.97
12 November 2003 -13.22 -13.01
19 November 2003 -13.69 —14.45*
26'November 2003 -17.69 -17.53
03 December 2003 -17.42 -17.01
17 December 2003 -14.40 -16.49
07 January 2004 -17.32 ~16.77
21 January 2004 —20.50 -19.62
04 February 2004 -20.24 —21.68
18 February 2004 -21.73 —20.79
03 March 2004 -21.48 —20.18
17 March 2004 -19.53 -17.49
31 March 2004 -9.84 -8.18

>Trealmenls within rows significantly different by ANOVA at a = .05.

chamber has become an important tool for managing deficit irrigation in
commercial vineyards. Stomatal conductance (g,) is another indicator
of vine water status and g, was also reduced compared with Control
vines during the three weeks prior to veraison. -

Regulation of stomatal aperture and thus g  has been demonstrated to
be influenced by increased ABA synthesis within roots under drying
conditions and transport to leaves (Correia et al., 1995; Stoll et al.,
2000). In our study, xylem sap ABA content increased in RDI vines
during the early portion of the deficit period, coinciding with compara-
tively low g¢ and decreasing midday ;. This agrees with reports that
demonstrated higher levels of ABA in roots (Dry et al., 1996; Loveys
et al., 1998) and xylem sap (Correia-et al., 1995; Stoll et al., 2000) in
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water-stressed grapevines. We observed ABA levels of RDI vines reach-
ing a peak relatively early in the deficit period, and then declining.
A similar pattern for ABA production in roots was reported by Loveys
et al. (1998); ABA initially increased in response to water deficit and
then declined despite continued dry soil conditions. The transient nature
of ABA production by drying roots is the reason for the 10-14-day rota-
tional irrigation cycle -of the partial rootzone drying strategy that at-
tempts to continually maintain a portion of the root system in a drying
condition (Loveys et al., 1998). Tardieu and Davies (1992) proposed an
explanation for transient ABA production based on increased stomatal
sensitivity to ABA at lower ;.

It is interesting to note that a rapid increase in shoot periderm devel-
opment occurred immediately after the peak level of xylem sap ABA
was attained. ABA has been implicated as a signal transducer for initiat-
ing the shoot acclimation process (Howell, 2000; Xin and Browse,
2000).

RDI generally resulted in reduced vegetative growth (pruning
weights) compared with Control vines in our study. This is consistent
with other deficit irrigation reports (Van Zyl, 1984; Matthews et al.,
1987; Gomez-del-Campo et al., 2002). Vigor reduction can be an
important component of canopy management practices that attempt to
improve microclimate conditions for enhanced fruit ripening and more
effective disease control.

The overall response of vines to our RDI treatment with respect to
growth, yield, and fruit composition was not large, in contrast to other
reports of deficit irrigation significantly impacting yield components
and fruit composition. This was likely because the comparative Control
treatment did not receive a high irrigation rate and vine water status ({s))
was often closer to deficit rather than abundant levels. RDI could be ex-
pected to have a greater impact when implemented in a vineyard that
has previously received high irrigation rates. The results of our study in-
dicate that the RDI strategy can be successfully implemented in west
Texas to reduce vine vegetative growth and improve the efficiency of
applied water use without sacrificing yield or fruit quality.

Acclimation and Cold Hardiness

Matthews et al. (1987) observed accelerated periderm development
on grapevine shoots in response to moderate water deficits, and our
deficit irrigation treatment elicited a similar response. RDI was con-
sistently associated with earlier and more rapid vine acclimation as




Ashley R. Basinger and Edward W. Hellman 19

indicated by shoot periderm development. Earlier vine acclimation in-
dicates better cold hardiness in early fall (Wample and Wolf, 1997),
which can be important in years with an exceptionally early frost.
Freeze injury resulting from low temperatures prior to adequate vine ac-
climation in the fall is a major production risk for grapes on the Texas
High Plains and other northern production regions (Lipe et al., 1992).
. Although earlier acclimation was clearly achieved with the RDI
treatment, improved primary bud cold hardiness as measured by con-
trolled freezing LTE methods was not evident. Our controlled freezing
apparatus was not functional until December 2002, and so any potential
treatment effects prior to this time could not be evaluated. Wample et al.
(2000) reported that cane cold hardiness differences resulting from irri-
gation treatments were detectable early in the dormant season, but not
by late December. Similarly, our irrigation treatments had no signifi-
cant effect on primary bud cold hardiness for the remainder of the
2002-03 dormant season. Both treatments exhibited typical and similar
bud hardiness levels at all sampling dates. Irrigation treatments in 2003
again did not influence primary bud cold hardiness even at the earlier
evaluation dates conducted in October. All treatments attained adequate
and fairly similar levels of primary bud cold hardiness at sampling dates
throughout the dormant season. It should be noted again that our com-
parative Control treatment did not represent excessive application of
water, which has been reported to reduce vine cold hardiness (Wample
and Wolf, 1997; Wampie et al., 2000).

It is well established that cane maturation (ripening) is a prerequisite
for vine cold hardiness, and field observations suggest that early shoot
acclimation corresponds to better vine cold hardiness (Goffinet, 2000;
Matthews et al., 1987; Wample and Wolf, 1997). But such a relation-
ship has not been demonstrated in the laboratory using the LTE bud cold
hardiness method. The present study found no differences in primary
bud cold hardiness measured by LTE among treatments that produced
significantly earlier shoot acclimation. A similar lack of relationship
was reported by Wample and Wolf (1997)-earlier shoot acclimation
was associated with reduced irrigation rates for ‘Sauvignon blanc’ in
Washington, but no or few differences in bud cold hardiness were de-
tected by the LTE method.

The LTE bud cold hardiness methodology has been demonstrated to
agree well with field survival (Wolf and Cook, 1994), but it has also
been suggested that disparate results may occur because field injury
may be more closely related to cane and trunk tissues than to buds
(Wainple and Wolf, 1997). Supplemental field observations of relative
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cold hardiness could not be obtained in our study because damaging
freeze events did not occur in the test vineyard at any time during the
study. The LTE method was used in Washington to assess both cane and
bud hardiness of ‘Cabernet Sauvignon’ receiving different irrigation
treatments; cane hardiness was increased by low irrigation rates, but no
difference in bud hardiness was detectable (Wample et al., 2000). Cane
hardiness was not evaluated in the present study, but it appears that
continued investigation in this area is warranted.

CONCLUSIONS

Deficit irrigation can be successfully utilized for commercial grape
production in west Texas to reduce vegetative growth and improve the
efficiency of applied water use. The RDI strategy had beneficial effects
without negatively influencing crop yield or fruit composition. These
benefits were attained with mild to moderate levels of vine water stress
(midday {s; between —1.1 and —1.3 MPa) and it should be noted that a
greater or a lesser response to deficit irrigation can likely be induced by
modification of the timing, duration, or extent of the water deficit. Defi-
cit irrigation could influence shoot acclimation, but did not improve pri-
mary bud cold hardiness.
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