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Abstract: The effects of different applied water amounts on the behavior of parameters derived from trunk diameter
fluctuations were studied during three consecutive seasons (2004 to 2006) in a mature vineyard planted with Vitis
vinifera cv. Tempranillo and cv. Cabernet Sauvignon in Albacete (Castilla-La Mancha, Spain). Maximum daily trunk
shrinkage (MDS) was calculated from trunk diameter fluctuations. The response of MDS to different irrigation
treatments varied in the amplitude of the signal between the two cultivars. Tempranillo MDS was significantly higher
than that of Cabernet Sauvignon in the period before veraison for the three years. MDS decreased in magnitude
after veraison regardless of irrigation treatment and tended to be similar in the two varieties, except for one year
where there were cultivar differences in yield caused by differential effects of a frost. Irrigation treatment differ-
ences in MDS were significant in 2004 and 2005 at pre- and postveraison, while in 2006 they were nonsignificant,
possibly due to the very low yield caused by a late frost which differentially affected the cultivars, suggesting that
yield level may be another factor to consider when attempting to use MDS for irrigation management. It appears
that the use of trunk diameter sensors for irrigation scheduling in winegrapes would require a specific calibration

for the different cultivars.
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The adoption and use of plant-based measurement sensors
in agriculture has increased in recent years as a result of tech-
nological advances and a greater focus on the spatial manage-
ment of crop inputs. Sensors for plant monitoring which were
originally developed for research applications are increasingly
being used for commercial irrigation scheduling (Jones 2004).
Among the plant-based techniques, the use of trunk diameter
variations as an indicator for irrigation scheduling has been
proposed (Huget et al. 1992, Goldhamer and Fereres 2001).
Depending on crop and cultivar, plants can exert a signifi-
cant degree of control over their water status by adapting
their responses to soil moisture availability and evaporative
demand. Hence, plant-based sensors, which either directly
measure plant water status or the response of the plant to the
imposed conditions, have, in theory, an advantage over other
scheduling methods as they provide some integrated measure
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of the plant’s reaction to both soil moisture availability and
evaporative demand.

Variations in stem diameter as an indication of plant water
status have been a topic of study (Klepper et al. 1971). Linear
variable differential transformers (LVDT’s) are currently used
to measure the daily diurnal change of stem diameter (Cohen
et al. 2001). These sensors measure the change in tissue water
status that occurs during the day. Stem shrinkage is the result
of the water loss and the reduction in turgor in the phloem
and cambium tissues as a result of redistribution of water in
response to the imposed water potential gradient (Dobbs and
Scott 1971, Molz and Klepper 1973).

The basis for the use of LVDT sensors and trunk or scaf-
fold diameter measurements in irrigation scheduling is that
trunk shrinkage increases more when the tree is under in-
creasing levels of water deprivation. During the course of a
day, the trunk of a tree deprived of water will shrink more
in the midday and correspondingly will expand more during
the late night and early morning hours of recovery. Therefore,
maximum daily shrinkage (MDS) has been proposed as a
signal to indicate the level of plant water status when using
LVDT sensors to measure trunk or scaffold diameter (Huguet
et al. 1992, Goldhamer and Fereres 2001). The high-frequency
LVDT measurements easily detect the maximum and mini-
mum trunk or scaffold diameter that occurs each day and the
difference is calculated as the MDS.

The use of MDS for irrigation management has been tested
in fruit trees (Goldhamer and Fereres 2001, Moriana and Fe-
reres 2002, Marsal et al. 2002, Fereres and Goldhamer 2003,
Intrigliolo and Castel 2006b, Velez et al. 2007). In general,
the results in the works cited above confirmed that MDS in-
creased with increasing water deficits (Garnier and Berger

Am. J. Enol. Vitic. 63:1 (2012)



86 — Montoro et al.

1986) and protocols were formulated to establish guidelines
for irrigation scheduling based on MDS measurements (Gold-
hamer and Fereres 2001). In grapes, there has been less work
(Myburg 1996, Intrigliolo et al. 2005, Intrigliolo and Castel
2007, Selles et al. 2008), even though there are commercial
applications available.

One problem in using trunk diameter sensors is the plant-
to-plant variability in measurements. In Tempranillo field-
grown grapevines, water potential () determination had a
much lower variability and was more sensitive to water re-
strictions than MDS and trunk growth rate (TGR) (Intrigliolo
and Castel 2007). The ability of both indices to detect plant
water stress varied widely depending upon phenological pe-
riod. For MDS and TGR, researchers were only able to detect
clearly vine water stress during the period before veraison
(Intrigliolo and Castel 2007).

Trunk diameter fluctuation (TDF) depends on many
factors, including phenological state. For young trees, TGR
could be a better indicator than MDS (Goldhamer and Fer-
eres 2001, Moriana and Fereres 2002, Intrigliolo and Castel
2007). TDF is affected by plant age (Goldhamer and Fer-
eres 2001, Moriana and Fereres 2002), crop load (Moriana
et al. 2003), crop management, and degree of water stress,
as has been reported for almond (Goldhamer and Fereres
2004), peach (Marsal et al. 2002), olive (Moriana and Fe-
reres 2002), and grapevine (Intrigliolo and Castel 2007).
One issue that has not been explored is whether MDS re-
sponses to water deficits vary among cultivars of the same
species. For grapevines, differences among varieties in their
responses to water deficits could affect irrigation scheduling
(Schultz 2003); therefore, given the recent interest in using
LVDT sensors for continuous monitoring vine water status,
it would be useful to know whether irrigation scheduling
based on TDF can be used in grapevine regardless of vari-
etal differences.

The objective of this study was to evaluate the use of TDF
for irrigation scheduling of two winegrape cultivars. Differ-
ent watering regimes were established in Tempranillo and
Cabernet Sauvignon to obtain the range of vine water status
needed for the assessment of the technique.

Materials and Methods

Site description. This study was carried for three years,
from 2004 to 2006, at Las Tiesas farm, Albacete, Spain (lat.
39°3'31”N; long. 2°6°04”"W) at an altitude of 695 m. Albacete
is in Castilla-La Mancha, located in the middle of the Iberian
peninsula, occupying the greater part of the vast and uniform
plain. Field trials were conducted in a Vitis vinifera L. (cvs.
Tempranillo and Cabernet Sauvignon) vineyard. Vines were
planted in 1999 on 110R rootstock at a spacing of 3 x 1.5 m.
Vines were pruned to two, 10-node fruiting canes, accord-
ing to standard practice. The trellis consisted of 1.7 m long
aluminum post separated 6 m in the row with four vertical
wires. The basal wire at 0.4 m aboveground supported the
pipeline, the next wire at 0.8 m aboveground supported the
fruiting canes, and two more wires at 1.1 and 1.3 m above-
ground supported the canopy.

The soil is classified as Petrocalcic Calcixerepts (Soil
Survey Staff 2006). Average soil depth of the experimental
plot was 0.4 m, limited by the development of a more or less
fragmented petrocalcic horizon. Soil texture is silty-clay-
loam, with 13.4% sand, 48.9% silt, and 37.7% clay, with a
basic pH. The soil is poor in organic matter and in nitrogen,
with a high content of active limestone and potassium. The
upper and lower limits of available water in this soil were
estimated based on soil texture. The water content at field
capacity and at wilting point were 0.34 m3 m= and 0.21 m?
m>, respectively.

The climate is semiarid continental with 320 mm of an-
nual rainfall, mostly concentrated in spring and fall. Weather
parameters during the experiment were measured daily with
an automated meteorological station located in the plot. Refer-
ence evapotranspiration (ET ) was calculated using the FAO56
Penman—Monteith equation (Allen et al. 1998). Budbreak for
Vitis vinifera in this area occurs around the end of April;
flowering, at the beginning of June; veraison, at the beginning
of August; and harvest, by mid-September.

Experimental design. A randomized complete block de-
sign with four replications was used. Each plot consisted of
24 vines (8 vines x 3 rows), with the middle eight used for
experimental measurements and the remaining as nonexperi-
mental guard vines. Vines were drip-irrigated with 3.5 | h-!
emitters spaced every 0.5 m. Water meters were installed to
measure the amount of water applied to each plot. Irrigation
was applied at night (2100 hr).

Water usage (ET)) by the grapevines was measured with a
monolithic weighing lysimeter (3 x 3 m and 1.7 m in depth)
installed in the middle of a 1 ha plot located next to the field
trials (Montoro et al. 2008). The total mass of the lysimeter ex-
ceeded 18.5 t. The lysimeter was weighed with a balance-beam
scale and load cell configuration, with most of the weight com-
pensated by using a counterweight. The overall resolution of
the system was 250 g or 0.03 mm of water. Sampling fre-
quency was 1 sec, and a reading was registered every 15 min
by a datalogger (CR10X, Campbell Scientific, Logan, UT).

Treatments in 2004 consisted of a full irrigated control
(T1) and two deficit irrigations (T2, T3). T1 applied 100%
ET, as measured in the weighing lysimeter; T2 applied 33%
ET; and T3 was irrigated with 60% ET, when midday leaf
water potential reached -1.3 MPa. Treatments monitored for
MDS in 2005 were T2 and T3 and in 2006 were T1 and T3.

Starting in 2004, the trunk diameter variations were mea-
sured with LVDT sensors (model 2.5 DF; Solartron Metrol-
ogy, Bognor Regis, UK). Sensors were installed in two plants
per cultivar on similar trunk diameters (26 £ 5 mm average
diam) and in the three irrigation treatments. The sensors were
fixed on the vine trunk, 25 cm aboveground. They were ori-
ented northward and mounted on holders made of aluminum
and Invar, an alloy of iron and nickel with minimal thermal
expansion. Measurements were taken every 30 sec, from
which 10-min average values were calculated and stored on
a CR10X datalogger (Campbell Scientific Ltd.) connected to
an AM16/32 multiplexer (Campbell Scientific). In 2005 and
2006, the continuing measurements were carried out through
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the same methodology but, given the plant-to-plant signal
variability, sensors were installed in four plants per cultivar
and only in two irrigation treatments.

Rates calculated from TDF. Shrinkage rates were de-
rived from TDF data. MDS was calculated as the difference
between the daily maximum (MXTD) and the daily mini-
mum (MNTD) trunk diameters as described in Goldhamer
and Fereres (2001).

Water status. Vine water status was determined by
weekly measurement of water potential with a pressure
chamber between early July and harvest, with the pressure
chamber technique (Scholander et al. 1965). Leaf ('¥,) and
stem (¥,) water potential were determined around solar noon
on exposed and bagged leaves covered with aluminum foil
for at least 20 minutes before taking the measurements, on
two leaves per vine, and two vines per treatment. For the ‘¥,
measurements, leaves were enclosed in plastic bags prior to
excision and readings were taken within a few seconds to
minimize leaf water loss during the measurement.

Data analysis. Analysis of variance (ANOVA) was per-
formed using SPSS statistical software (version 10.0; SPSS
Inc., Chicago, IL). Simple linear regression analysis was car-
ried out to explore relationships among parameters, and sig-
nificance levels of the correlation coefficient at 5% or higher
are reported.

Results

Water supply. ET, rainfall, and cumulative water ap-
plied in each treatment are shown (Figure 1), with substantial
differences among the in-season rainfall of the three years.
Rainfall amounted to 114 mm in 2004, 29 mm in 2005, and
73 mm in 2006. In 2004, two of three treatments (T2 and T3)
were similar at the end of the season, but before veraison T3
had 70% less water supply than the control (T1) and 20% less
than T2 (Figure 1). In 2005, T2 and T3 were initially similar
and the treatments differences appeared after veraison. In
2006, T3 received 30% less water than T1 throughout the
season.

Cultivar effects on MDS. Tempranillo MDS was greater
than Cabernet Sauvignon MDS for the three years of study
(Figure 2). Tempranillo MDS oscillated between 0.10 and 0.30
mm at preveraison and Cabernet Sauvignon MDS had lower
values, mostly between 0.05 and 0.20 mm, which in 2005 both
varieties reached similar values. After veraison, the MDS of
both varieties decreased relative to the values observed in
the previous phase, but in Tempranillo MDS decreased more
than in Cabernet Sauvignon, leading to similar values for
both varieties, except in 2006. The standard deviation (SD)
of the measured values in Tempranillo and the decline in
MDS around veraison was generally higher than in Cabernet
Sauvignon (Figure 2A, B).

At preveraison, Tempranillo MDS was greater than Cab-
ernet Sauvignon MDS by ~35%, 15%, and 42% for the three
years of the study (Figure 3). The MDS values at postveraison
of for both varieties were similar in the two first years of
study. In 2006, Tempranillo MDS at postveraison was 36%
higher than Cabernet Sauvignon MDS.
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Differences between varieties were significant (p < 0.1)
in 2004 and 2006; in 2005, they were significant (p < 0.5%)
at preveraison but not statistically significant at postverai-
son. Nevertheless, Cabernet Sauvignon had lower values than
Tempranillo in 2005 (Table 1). Average MDS at preveraison
for Tempranillo ranged from 0.175 mm in 2004 to 0.202 mm
in 2006. By contrast, average preveraison MDS of Cabernet
Sauvignon fluctuated between 0.130 and 0.156 mm during
the three years.

Irrigation treatment effects on MDS. Stem water poten-
tial for treatments over the three years are shown (Figure 4).
Average values indicate differences in ¥ for each irrigation
treatment. In 2004, the rate of full irrigated control (T1) did
not exceed -0.6 MPa for the whole season, and the lowest
value (-1.15 MPa) occurred around day of year (DOY) 220.
The same ¥, was recorded earlier (DOY 190 and 200, respec-
tively) in 2005 and 2006.
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Figure 1 Reference evapotranspiration (ET,, mm/10 days), rainfall (mm),
and cumulative applied water (mm) for 2004 (A), 2005 (B), and 2006 (C).

Am. J. Enol. Vitic. 63:1 (2012)



88 — Montoro et al.

Regression analysis of ¥, over ‘¥ is shown (Figure 5). The
coefficient of determination (R? = 0.74) was highly signifi-
cant (p < 0.001). Stem water potential differed between the
two cultivars and different treatments. Cabernet Sauvignon
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Figure 2 Maximum trunk shrinkage (MDS) for Tempranillo and Caber-
net Sauvignon in 2004 (A), 2005 (B), and 2006 (C). Data are the mean
of six plants in 2004 and eight plants in 2005 and 2006. Bars indicate
standard deviation.

reached lower values than Tempranillo under fully irrigated
conditions (Figure 6).

Irrigation treatment differences in MDS were significant
(p <0.1) in 2004 and 2005 at pre- and postveraison. In 2006,
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Figure 3 Relationship between MDS of Cabernet Sauvignon and MDS
of Tempranillo for the preveraison (A, C, E) and postveraison (B, D, F)
periods for 2004, 2005, and 2006. Linear regression forced through the
origin is depicted in graphs.

Table 1 Analysis of variance and Duncan test of the MDS of each variety at pre- and postveraison in 2004, 2005, and 2006 (n = number).

Preveraison

Postveraison

Plants (n) Observations (n) MDS (mm) Observations (n) MDS (mm)
2004
Tempranillo 6 384 0.175 428 0.136
Cabernet Sauvignon 6 289 0.130 379 0.116
Signfa 6 Kk Kk
2005
Tempranillo 8 402 0.170 261 0.136
Cabernet Sauvignon 8 228 0.156 254 0.132
Signf2 * ns
2006
Tempranillo 8 436 0.202 425 0.134
Cabernet Sauvignon 8 414 0.135 445 0.093
Signfa KKk *kk

ax *** and ns indicate significance at p = 0.05, p = 0.001, and not significant, respectively.
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no significant differences between two irrigation treatments
were detected (Table 2). MDS increased with water deficits;
in 2004, average MDS for both varieties at preveraison was
0.137 mm for the fully irrigated treatment and 0.183 mm for
the deficit irrigation treatments. In 2005, the average MDS for
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Figure 4 Stem water potential (¥,) for different irrigation treatments in
2004 (A), 2005 (B), and 2006 (C). Data are the mean of six plants (three
per cultivar). Bars indicate standard deviation.
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Figure 5 Simple regression analysis of leaf water potential (¥|) over
stem water potential (¥;). Data from all irrigation treatments and cultivars
determined in the three years of study
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the deficit irrigation treatment was 0.204 mm and was only
0.167 mm for the control. The values at postveraison were
generally lower than at preveraison in all irrigation treatments
for the three years of study.

As water deficits increased, the differences in the MDS
between varieties also increased. The MDS differences be-
tween Tempranillo and Cabernet Sauvignon were less in the
fully irrigated treatment (T1) (Figure 7A) than in T3 (Figure
7C).

Relations between MDS, vapor pressure deficit, and
grapevine water status. Contractions of trunk diameter
are a function of evaporative demand, with contractions and
expansions occurring when transpiration was above or below
the soil absorption rate. Before veraison and in both varieties
studied, trunk expansion occurred between 1600 and 0800
hr. Contractions of the trunk began when vapor pressure
deficit (VPD) reached ~1.3 KPa between 0800 and 0900 hr
(Figure 8A). Trunk contractions around veraison, however,
commenced when the VPD was between 0.25 and 0.5 KPa
(Figure 8B).

Day of year
00140 155 170 185 200 215 230 245 260

_010 alssisaniacsnississiiesssrssstissssittrarisensas .Tempranllto T1
-0.20 A ¢Cabernet Sauvignon T1
030 e imissiismiasssiissssssssssssssssssisssssisssss ‘Tempran“!o T2
o 4 Cabernet Sauvignon T2
o
= -050 4 z ; g z A % $ ¢
> 060 1244 4§”5.¥3mmmm

1 I— BN SR, S L -
-0.80 - A % i

Figure 6 Stem water potential (W) for treatments T1 and T2 of Tempra-
nillo and Cabernet Sauvignon in 2004. Bars indicate standard deviation.

Table 2 Analysis of variance and Duncan test of MDS
for each irrigation treatment at pre- and postveraison in 2004,
2005, and 2006 (n = number).

Preveraison Postveraison
Plants Observations MDS Observations MDS
(n) (n) (mm) (n) (mm)
2004
T 4 226 0.137 a 293 0.101 a
T2 4 254 0.147 a 304 0.111 b
T3 4 210 0.183 b 279 0.117 b
Signfe - *xk
2005
T2 8 344 0.167 211 0.129
T3 8 335 0.204 246 0.114
Signfe . *xk
2006
T 8 444 0.167 426 0.113
T3 8 406 0.172 444 0.113
Signfa ns ns

a*** and ns indicate significance at p = 0.001 and not significant,
respectively.
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Even though the relationships between MDS and mean
daily VPD for both cultivars in the three years were statis-
tically significant at preveraison, the correlation was weak
(R?2=0.28), with some differences between the two varieties
(Figure 9). When all data was pooled, the correlation was
even weaker (R? = 0.15).

The relationship between MDS and ¥ for Tempranillo
and Cabernet Sauvignon in three years of study (preveraison)
is shown (Figure 10). For the same level of vine water sta-
tus, Tempranillo MDS was greater than Cabernet Sauvignon
MDS, highlighting the varietal differences in the relations
between trunk shrinkage and plant water status, although the
poor correlation observed (0.28 for Tempranillo and 0.38 for
Cabernet Sauvignon) has an inherent low predictive value.

Yield analysis. In terms of yield per hectare, Cabernet
Sauvignon was more productive than Tempranillo (Table 3).
In 2004 there were no statistically significant differences be-
tween T1 and T2 in Tempranillo and T2 and T3 in Cabernet
Sauvignon. In 2005, both varieties had lower yields than in
the previous year, but the differences between varieties were
not great. The year 2006 was the least productive because
of the differential effects of a frost, with Tempranillo more
affected than Cabernet Sauvignon (Table 3). Yields of the
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Figure 7 Maximum trunk shrinkage (MDS) for Tempranillo and Cabernet
Sauvignon for treatments T1 (A), T2 (B), and T3 (C) in 2004. Data are
the mean of two plants. Bars indicate standard deviation.

full irrigated treatment in 2004 and 2006 were approximate-
ly 11,614 and 2,756 kg/ha, respectively, for Tempranillo and
11,974 and 4,623 kg/ha, respectively, for Cabernet Sauvignon.
In 2006, the differences in yield between T1 and T3 for any
of the two cultivars (Table 3) were not statistically significant
due to the high variability among replicate plots.

Discussion

Diurnal changes in the stem diameter of grapevines have
been documented in potted plants (Escalona et al. 2002) and
in the field (Intrigliolo and Castel 2007). The seasonal trend in
MDS in this study (Figure 2) confirms the pattern described
by Intrigliolo and Castel (2007) with greater amplitude at the
preveraison MDS than at postveraison, independently of water
status. Data here shows that the MDS signal decreases about 10
days before veraison occurs (Figure 2). MDS differences be-
tween Tempranillo and Cabernet Sauvignon were consistently
greater in Tempranillo for the three years of study (Figure 3).
A recent, comprehensive review on the use of stem variations
for irrigation scheduling (Fernandez and Cuevas 2010) does
not report on differential MDS responses among cultivars of
the same species. The differences found in this study could
not be attributed to differences in trunk diameter (Intrigliolo
and Castel 2006a) because the sensors were installed in trunks
of similar size. There were no obvious cultivar differences in
plant size and leaf area (as assessed visually), although, un-
fortunately, no measurements of leaf area or pruning weights
were taken. Furthermore, for the same irrigation treatment,
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Figure 8 Variations in trunk diameter fluctuation (MDS) and vapor pres-

sure deficit (VPD) during selected days in 2006 for. Tempranillo and

Cabernet Sauvignon before (A) and around veraison (B).
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there were no differences between cultivars in yield levels,
except in 2006, due to the differential varietal response to
a frost (Table 3). The cause of trunk diameter variations is
discussed extensively elsewhere (Fernandez and Cuevas 2010)
and is related primarily to the movement of water from the
phloem and other living tissues in response to water potential
gradients generated by the transpirational stream. There is a
reasonable positive correlation between MDS and sap flow in
potted grape plants (Escalona et al. 2002). It is possible that
stomatal behavior differs between the two cultivars, as intra-
specific variability has been found in the stomatal behavior of
a number of grape cultivars (Schultz 1996, 2003). It could be
hypothesized that Tempranillo has a higher transpiration rate
(and hence a higher MDS) than Cabernet Sauvignon, under
the same environmental condition and plant size. Differences
in the diurnal behavior of 'V, of different grape cultivars could
be related to the water-conducting capacity and/or stomatal
behavior, which may respond to hydraulic or chemical signals
(Fuchs and Livingston 1996, Hubbard et al. 2001, Comstock
2002). Vitis vinifera L. cultivars of contrasting genetic ori-
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Figure 9 Relationships between maximum daily shrinkage (MDS) and
mean daily vapor pressure deficit (VPD) for Tempranillo and Cabernet

Sauvignon for the whole season (A) and at preveraison (B) for 2004,
2005, and 2006.
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gin show very different responses of ¥, during water stress,
which suggests that a classification into isohydric and an-
isohydric plants may exist in cultivars for the same specie
(Diiring and Scienza 1980, Schultz 1996). There could also be
varietal differences in osmotic pressure between the bark and
the xylem (Cochard et al. 2001), thus leading to differences
in water potential gradients that would affect differences in
stem contraction under the same conditions. Unfortunately,
our measurements cannot uncover the underlying causes for
the varietal differences in MDS.

While the differential behavior between varieties was con-
sistent during the three years of the study, after veraison in
2006 the MDS of Tempranillo was always greater than that
of Cabernet Sauvignon, contrary to the response observed in
the previous two years. A possible explanation is the differ-
ences in yield of the two cultivars in 2006 (Table 3). In that
year, the yield of Tempranillo was much lower than that of
Cabernet Sauvignon (Table 3). Thus, very low yields may
be another confounding factor when standardizing the MDS
signal to detect vine water status.

MDS
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Figure 10 Relationship between maximum daily shrinkage (MDS) and
midday stem water potential (¥) in Tempranillo and Cabernet Sauvignon
at preveraison. Data from 2004, 2005, and 2006.

Table 3 Yield of two winegrape cultivars under different irrigation
treatments in 2004, 2005, and 2006.

Tempranillo

Cabernet Sauvignon

Year/treatment? (kg/ha) (kg/ha)
2004
T 11,614 a® 11,974 a
T2 8,192 a 9,947 ab
T3 7,693 b 7,765 b
2005
T2 6,064 a 6,207 a
T3 6,277 a 4,511 b
2006
T1 2,756 a 4,623 a
T3 1,328 a 4,095 a

aT1: fully irrigated control, 100% of ET; T2: 33% of ET; T3: 60% of
ET, when midday leaf water potential reached -1.3 MPa.
bDifferent letters indicate significant differences at p = 0.05.
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Previous studies in fruit trees relating MDS to tree water
supply (e.g., Huguet et al. 1992, Simonneau et al. 1993, Gold-
hamer and Fereres 2001) indicate that MDS increases with
the level of water stress. Our results also confirm that MDS
increased with increasing water deficits in both winegrape
cultivars (Table 2), which is the basis for proposing the use
of trunk diameter sensors for irrigation scheduling. In 2006,
the irrigation treatment effects were not as clear, perhaps due
to the very low yield caused by a freeze that particularly af-
fected Tempranillo (Table 3).

The lack of irrigation treatment differences around and
after veraison might be due to the acclimation of woody tis-
sues to cold hardiness, which includes intracellular cell desic-
cation and tissue lignifications. Both features, together with
a decrease in tissue elasticity toward the end of season, may
cause the reductions in the magnitude of MDS after veraison
in winegrapes (Intrigliolo and Castel 2007).

Around veraison the sugar concentration of woody tissues
increases (Weyand and Schultz 2006). That should lead to a
smaller water potential gradient between the phloem and the
xylem and, thus, to less stem contraction for a given stem wa-
ter potential around veraison. The smaller MDS differences
after veraison between irrigation treatments cast doubt on the
use of MDS as a sensitive water stress indicator in grapevines
during that period.

The low correlations between MDS and mean daily VPD
for both cultivars (Figure 9) may have been due to the inher-
ent seasonal trend of the MDS in the grapevine (Figure 2),
where MDS had higher values at the beginning and the end
of the season than at midseason, while VPD is generally less
at the beginning and the end of the season than at midseason.
This weak correlation is another complicating factor for the
use of MDS as an indicator for irrigation scheduling. Gold-
hamer and Fereres (2001) proposed the use of protocols based
on dynamic responses to threshold MDS values for irrigation
management at plot level. The differential varietal responses
and the variations in seasonal trends reported here point to
the difficulties in using MDS as a robust indicator for sched-
uling irrigation in grapevines.

Conclusions

The maximum daily shrinkage of the stem of two wine-
grape cultivars subjected to different irrigation treatments
varied depending on the cultivar, with greater signal ampli-
tude in Tempranillo than in Cabernet Sauvignon for the same
soil and atmospheric conditions. These differences are prob-
ably related to the degree of stomatal regulation of transpira-
tion, which is known also to vary among different cultivars
of the grapevine. The seasonal trends observed in the two
cultivars showed greater amplitude in the preveraison than
the postveraison period, for all irrigation treatments studied.
There were very weak correlations between MDS and evapo-
rative demand, likely due to the intraseasonal variations in
the MDS of the grapevine. Although cultivar differences
in MDS were statistically significant, there was substantial
variability in the MDS signal, requiring several sensors to
detect irrigation treatment differences. That, together with

the variation between cultivars found here, limits the use of
trunk diameter sensors for commercial irrigation scheduling
in winegrapes.
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