Figure 1: High watering regime in Eastern Washingfon vineyard.

i

Figure 2: Low walering regime in same vineyard,

When Understanding Irrigation—
Many things are to be considered!

ththcr it is because we would
like to maintain (or increase)
the yield of our grapevines, or we are
concerned with the production of
higher quality grapes for fresh market
or processing, irrigation is becoming
a topic of discussion around the
world. Even in areas where irrigation
has historically been prohibited, it is
now being considered as a viable prac-
tice under certain circumstances. For-
tunately, other viticultural regions of
the world have been exploring the in-
fluence of irrigation on grape produc:
tion. The results of these efforts are
not entirely conclusive, but they have
provided some insights regarding the
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conditions under which irrigation is

~needed, or is at least beneficial.

Most of the wine, raisin and table
grapes (Yitis vinifera) grown in the
world evolved in the relatively arid Mid-
dle East and therefore have developed
good drought tolerance or drought
avoidance characteristics. Juice grapes
(Vitis labrusca), especially those used
for unblended grape juice drinks, jams
and jellies, are primarily of a North
American origin and are more sensitive
to drought stress. Despite these differ-
ences, viticulturists have clearly recog-
nized that even the drought tolerant
vines are often more productive and
produce higher quality fruit with the
careful use of irrigation to supplement
nataral, although unpredictable, precip-
jtation patterns.

In considering the guestion of
whether or not to irrigate and if so,
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how and how much, it is necessary to
undesstand the factors that contribute
to vine water stress and what the ef
fects of different water management
strategies have on grapevine develop-
ment and productivity,

Grapevine Stress: Timing
and Symptoms

Grapevine water stress develops
when the supply of water from the
soil through the root system to the
growing shoots is less than the evapo-
rative demand. The cause for this im-
balance may be low available soil
moisture, poorly developed or injured
root system, an unbalanced develop-
ment of shoot and root systems,
and/or high evaporative demand con-
ditions. Salts, either in the irrigation
water or in the soil, can also reduce
the water available to vines. Also, ex-




tensive trellis systems may contribute
to more leaf exposure and conse-
quently to a higher rate of transpira-
tion than can be supplied by the roots,
This latter type of stress is more likely
to be transient in nature and less of a
comncern,

Grapevines—especially Vitis vinif-
era—generally do not show immediate
signs of water stress, but will show the

effects of repeated stress by cumula-

tive effects on shoot or fruit develop-
ment. For a review of reports on the
effects of water stress and other envi-
ronmental effects on grapevines, the
reader is directed to a review by
Williams, Dokoozlian and Wample
(1994). The following is a brief sum-
mary of the symptoms associated with
water stress at different stages of
grapevine development.

Bud break to flowering. Al-
though water stress is infrequent dur-
ing this stage of development due to
the vine's low vine water use, if it oc-
curs, bud break will be uneven and
shoot growth will be stunted. Itis also
possible that flower cluster develop-
ment and pistil and pollen viability
can be reduced. Under severe condi-
tions, nutritional deficiencies might
also become evident, This is poten-
tially due to reduced root growth in
dry soil. Most of the nutrients re-
quired by grapevines early in the sea-
son are derived from stored sources,
thus reducing the likelihood of early
season deficiency symptoms. Early
season zin¢ (Zn) and boron (B) defi-
ciency are often the result of water
stress the previous season and re-
duced root growth and nutrient up-
take from the soil.

Flowering to fruit set, Poor pollen
and pistil viability and hence poor
fruit set are associated with water
stress during flowering. Severe water
stress during this time is associated
with hormone changes that may con-
tribute to flower abortion and cluster
abscission, Water stress during this
stage of development could, if left un-
corrected, result in reduced canopy
development and consequently insuf-
ficient leaf arca to adequately supporr
fruit development and maturation. For
spur pruned vines, inidation of clus-
ters in nodes 1-4 for the following sea-
son begins about 2 weeks prior to full
bloom and continues for about 2
weeks, Water stress during this stage
thus has the potential of reducing the
following season's crop potential. The
predominant effect at this stage is be-
lieved to be a reduction in the number

of clusters per shoot, not the number
of flowers per cluster, which develop
[ater in the season and perhaps
throughout the dormant season as
conditions permit.

Fruit set to veraison. Cell division
and early cell enlargement in berries,
that occurs immediately after fruit set,
will be reduced under water stress,
Hence, the potential berry size at har-
vest will be reduced and may signifi-
cantly reduce yield. The “lag phase”
which foilows this early berry devel-
opment is much less susceptible to
detrimental effects of water stress,
However, shoot development, which
pormally continues during this stage
of development, would be reduced by
water stress, If sufficient canopy has
not developed prior to this time, the
photosynthetic capacity of the vine
will be limited and potentially restrict
fruit development and quality. Aside
from reduced yield potential and fruit
soluble solids accumutfation, we might
anticipate higher pH, decreased acid-
ity and color development in red vari-
eties and possible sunburn in white
varieties. Insufficient leaf area could
alse inhibit vine acclimation and in-
crease the susceptibility to fall frosts
and low winter temperatures,

Veraison to harvest. Water stress
at this time results in rapid senes-
cence of lower leaves, followed by leaf
abscission and progressive loss of can-
opy. Sudden fruit exposure due 10 loss
of canopy would result in sunburn of
both red and whiie varieties. If the
stress developed slowly there would
be a loss of acidity and a rise in pH
and soluble solids. With more rapid
stress onset these processes would be
arrested as fruit raisining occurred.
Acclimation of one-year-old wood is
accelerated by stress at this time and
begins from the base towards the tip.
High levels of stress will result in ab-
scission of shoot tips. If this is fol-
lowed by over irrigation it can result
in lateral shoot growth, creating a
competitive sink for the products of
photosynthesis and delaying fruit mat-
uration and harvest. Such late irriga-
tion following water stress could also
reduce cane and vine acclimation,
Such vines are unlikely to have ade-
quate viable buds the following season
and if exposed to extreme low tem-
peratures often show reduced sur-
vival of buds, trunks and cordons.,

Harvest to dormancy. Reduced
root growth is perhaps the most
detrimental effect of water stress fol-
lowing harvest. Boron deficiency

symptoms the following spring have
also been associated with late season
water stress. Cane and vine matura-
tion are often promoted by mild and
slow developing water stress follow-
ing harvest. This may occur at the ex-
pense of more distal portions of canes,
However, poor vine acclimadon is ex-
pected if severe stress occurs at this
time and prior to cane and vine hard-
ening and is associated with excessive
die-back of canes and significant re-
duction in fruiting buds for the follow-
ing season. Low temperature injury of
roots is also a concern if the soil re-
mains dry, thus increasing the depth
of frost during long periods of cold
weather. This is more likely in arcas
with lighter soils and little or no pre-
cipitation prior to winter conditions.
Root injury often expresses itself the
following spring as delayed and erratic
bud break and eventual collapse of the
developing shoots.

The effects of water stress described
above only develop if the stress is se-
vere and prolonged for most Vitis vi-
nifera. The response of American
varieties and hybrids is similar but
often at lower levels of stress. The
other ochservation that has been made
is that American varicties, especially
concord, do not like mid-season stress
followed by high levels of irrigation.
Under these conditions, this variety
fails to show good cane maturation
and consequently has a low crop po-
tential the following year.

Under more moderate and slowly
developing stress, the response of
vines to water is less severe. In fact, it
is now recognized that careful water
management can be used as a tool to
achieve desired canopy and fruit chae-
acteristics. This management strategy
may involve moderate stress at differ-
ent stages of development to achieve
specific resuits.

The decision to irrigate requires, of
course, that you have well-defined
goals for your vineyard with respect
to vield, quality, harvest date, canopy
structure, and winter survival. To
achieve these goals in the face of ever-
variable weather conditions demands
a good understanding of the factors
that can be contrelled—and those that
can’t. Since this article’s focus is on
irrigation, it will not address factors
such as pruning level, treilis type, nu-
trition, pest and disease management
and others that can be controlled, but
will focus on those factors associated
with grapevine water use and its
management.
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Deciding on Irrigation?
Begin at The Beginning
Understanding the soil as the reser-
voir from which vines get their water
and nutrients is essential in develop-
ing a water management strategy for
your vineyard. Contact your local soil
conservation office for information
about the soil types and profiles in
your area. This should include infor-
mation on total and available water
holding capacities for your vineyard
soils and the potential rooting depths.
For instance, sandy loam soils gener-
ally hold about 2 inches of water per
foot of soil. About half of this is avail-
able to the plant. Thus, in a soil of this
type 3 feet deep, there would be ap-
proximately 3 inches of available
water. Recognizing how changes in
soil type and depth can affect the vine
available water is an important part of
the water balance equation. Of course,
this assumes the root system fully oc-
cupies the available depth of the soil
profile being monitored. This can be
determined by simply digging some
pits along the row and observing the
root system, .
Alternatively, if you have soil mois-
ture monitoring devices at various
depths, you can use these to see if the
vines are extracting available water.
Recognize that if you have a cover
crop that this will also use some of
this water, For this reason, you need
to know the effective rooting depth of
the vines and the cover crop. In arcas

where most of the water avaifable to
the plants during root development is
from irrigation water, the distribution
of the roots both vertically and hori-
zontally can be influenced by irriga-
tion practice. Application of large
quantities of water that fill the profile
(34 feet or more) that are followed by
several weeks without further irriga-
tion will encourage deep root develop-
ment. On the other hand, frequent,
low volume irrigation will have the
tendency to promote shallow root sys-
tems. Rootstocks used to deal with
phylloxera and nematodes may zlso
have characteristic rooting patterns
with which vineyard managers should
be familiar. 7

Once the soil and rooting character-
istics are known, it is possible to esti-
mate the total water available to the
vine at any time—the volume of soil oc-
cupied by the roots can be measured
and the percent of available water can
be estimated by several techniques
(neutron probe, tensiometers, resis-
tance blocks), Knowing this and being
familiar with procedures used to esti-
mate vine water use allow us to esti-
mate the time before the vines will
begin to experience water stress,

One method of estimating vine
water use involves the use of crop co-
efficients (K¢) and measurements or
calculations of the evaporation and
transpiration potential for a given time
period. Grapevine crop cocfficients
have been developed in several differ-
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ent locations (Evans et.al. 1993;
Grimes and Williams, 1990; Dooren-
bos and Pruitt, 1977) and reflect the
development of leaf surface area and
vine water demand as the growing sea-
son progresses. Since they represent
the fraction or percentage of the po-
tential evapotranspiration, their values
are typically less than one. Further-
more, because of the varability in de-
velopment in different years, they are
usually associated with accumulated
growing degree days (GDD) rather
than day of the year. The base temper-
ature for GDD accumulation is 50° F
(10" C) and in north temperate cli-
mates begins in April. The calculation
of daily GDD is based on the daily
maximum plus the daily minimum
temperature divided by 2 minus the
base temperature ((max F + min F)/2)
- 50" F . The use of GDD helps over-
come year to year variation in vine de-
velopment since vine growth is
heavily influenced by temperature.
Figure 1 represents the Kc devel-
oped for mature vines of cabernet
sauvignon, white riesling and chenin
blanc grown in Washington state. As
expected, early in the season the Kc
is low due to the small feaf area and
hence low vine water use. The Kc ap-
proaches one as the canopy reaches
maximum development in July and
August in northern climates and ear-
fier in more southern locations. The
reference crop typically used to esth
mate maximum water use is a well-wa-
tered and mowed grass area and the
values are represented by ETP. Hence
the calculation of daily water use
(OWU) would take the published Kc
for the appropriate accumulated GDD
times the ETP (DWU = ETP x Kc). The
availability and use of computers make
these calcnlations and record keeping
easy and facilitate better water man-
agement than in the past. Knowing
the available water and the rate of
water use makes it possible to sched-
ule irrigation before vine water stress
develops. These calculations must also
take into consideration any rainfall
that occurs during the icrigation inter-
vals, In considering rainfall, it is im-
portant to recognize that not all
rainfall reaches the vine’s root zone.
Some reasons for this include inter-
ception by cover crops and vine can-
opy, light rainfall followed by
sufficient evaporative demand to pre-
vent movement into the seil, insuffi-
cient rainfall to fill more than the
upper part of the soil profile, and poor
infiltration due to surface barriers,

e e i e
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and/or rates of rainfall that are too
high for the infiltration rate of the soil
that result in high runoff,

A part of the decision to irrigate
must be based on the delivery capac-
ity of the irrigation system. This is par-
ticularly true for large acreage where
it would be unlikely that it could ail be
irrigated simultancousty. Recognizing

that in a hypothetical situation it may

take 24 to 48 hours to apply the nec-
essary amount of water to bring one-
third of the vineyard to the desired
soil moisture level means it will take 3
to 6 days to complete the irrigation
cycle,

On deeper soils with higher water
holding capacity this would not pres-
ent as much of a problem because of
the “buffering capacity” of the deeper
soil. However, on shallow soils with
low water holding capacity, during
high evaporative demand conditions,
this could mean that some vines
would experience significant water
stress. This scenario would suggest
that the irrigation design was insuffi-
cient to meet the peak demand of this
vineyard. This situation often develops
when an initial irrigation system is
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used to service acreage that is dcvcl
oped at a later date,

Knowing when and how much irrd-
gation will be reguired are important
factors to be considered in choosing
the method of irrigation. Vineyards
planted on hillsides or with rolling ter-
rain are not amenable to furrow or
flood irrigation practices, Soils with
low infiltration rates and with a signif-
icant slope also present runoff prob-
lems for overhead sprinkler systems
with high delivery rates. Drip irriga-
tion can accommodate all of these sit-
uations, but has a higher initial capital
investment cost and is generally con-
sidered to require a higher level of
management. These and other consid-
erations such as water quality, filtra-
tion requirements, system automation,
and local availability of equipment,
supplies and support make drip irriga-
tion not something to approach
lightly. Because of the number of vari-
ables involved, it is recommended that
vineyard managers contact local irriga-
tion design and equipment companies
for recommendations tailored to their
vineyard.

Good Water Stress?

The principal focus of this article up
to this point has been an understand-

ing of the conditions that result in

water siress of grapevines, their re-
sponse to water stress, and how to de-
termine if, when and how much to
irrigate. However, in some situations
it may be advantageous to allow water
stress 0 occur. As mentioned above,
grapevines require a small percentage
of their yearly water requirement dur-
ing the early part of the growing sea-
son. This is associated with the severe
pruning practices used for grapevines
and the subsequent slow canopy de-
velopment. However, it is relatively
well recognized that grapevines and
particularly European wine grapes, if
provided with an abundance of water
and fertilizer, will grow vigorously and
perhaps excessively. Development of
such excessive shoot growth has been
associated with several problems:
poor fruit set and fruit bud initiation
for the following season; abortion of
buds for the next season’s crop; early
bunch stem necrosis; increased pow-
dery and downy mildew pressure; in-
creased pressure from Botrytis and
other bunch rot disease organisims;
and a more desirable habitat for in-
sects such as leaf hoppers. Large can-
opies therefore require more inputs to
produce the quality fruit demanded by
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wineries and processors. Therefore,
recognizing the water needs of vines
early in the season and estimating the
soil moisture levels may provide an op-
portunity to control grapevine canopy
growth. This approach to vine water
management is clearly much easier in
regions with little or no rainfall during
the growing season. However, vine-
yards on shallow soils that are cur-
rently irrigated might also benefit
from considering this approach to can-
opy control, )

The following is a brief summary of
research that has used irrigation to
control grapevine growth, The study
began in 1992 with the support and
cooperation of Stimson Lane Vine-
yards and Estates, Washington Associ-
ation of Wine Grape Growers,
Washington Wine Grape Advisory
Board, Northwest Center for Small
Fruit Research and Washington State
University.

Four irrigation strategies have been
applied since 1992 to a 6d-acre
sauvignon blanc vineyard located at
the Columbia Crest Vineyard in south
central Washington. They involve high
and low rates of irrigation defined re-
spectively as 2.2 and 1.2 inches of
water per foot of soil in the top 3 feet
of the soil profile. The strategies are:

HIL. High irrigation applied early in
the growing season followed by low
irrigation from the point where con-
trol of canopy development has been
achieved in the low irrigation treat-
ment. The high irrigation treatment
phase typically occurs from bud break
to early or mid July. This is similar to
the irripation practice that had been
established as the standard for wine
grapes in Washington State,

HH. High irrigation maintained
throughout the growing season, This
extreme treatment is being applied
primarily for comparative purposes,

LL. Low irrigation applied through-
out the growing season. This extreme
treatment is also being applied primar-
ily for comparative purposes,

LH. Low irrigation applied early in
the growing scason until control of
canopy development has been
achieved, which typically occurs by
early to mid July, followed by high ir-
rigatien through harvest.

At the end of each season, all treat-
ments were irrigated to bring the top
18-24 inches of soil to near field ca-
pacity. This was to provide winter pro-
tection of the root system and provide
adequate moisture for early season
growth the following year. It was




'anticipated that there would be suffi-

cient precipitation during the dor-
mant season to fill the soil profile to
the 3-foot level,

Each treatment was replicated 4
times with 4 acres each. Treatments
were randomized within each 16-
acre replicate. Each 4-acre block was
irrigated independently and
equipped with a flow meter. Sixteen
fieutron probe sites within each
block (128 rotal) were read weekly
during the growing season. Vines
were spur pruned, leaving an aver-
age of 36-40 buds per vine for all
treatments.

The number of growing-degree-days
(GDD degrees F) accumulated at the
vineyard site has averaged 2,875, with
extremes of around 2,600 to 3,195,
The average cumulative irrigation over
5 years for the HH vines is about 20
inches. The average for the LH vines
is about 16 inches, while the 1L vines
received about 12 inches and the HL
vines about 14 inches. The HL vines
only received about 1-2 inches more
than the LL vines, because of the low
irtigation requirement early in the sea-
son (the Kc and ETP values are lower
during April-June than in July-August,)
Although the HH vines received 20
inches of water, this is still consider
ably less than the 30-36 inches typi-
cally used previously in the Yakima
Valley.

Soil moisture measurements taken
over the 5 years of the study during
the third week of April indicated no
differences between treatments in the
top 3 feet of the soil. This was import-
ant since the soil moisure provided for
carly season growth served as the
starting point for irrigation planning.
Since all treatments started at the
same soil moisture level, and we as-
sumed all other factors were equal, we
expected similar growth from each
set of vines until water became the
limiting factor. Irrigation maintained
the HH and HL soils near 2.2 inches
of water per foot of soil through the
first week of July, while the moisture
in the LL and LH soils declined to 1.2
inches of water per foot of soil in the
top 3 feet of the soil profile. Once it
appeared that shoot growth was stow-
ing down in the LL and LH vines,
based on shoot growth and leaf area
measurements, the transition in irriga-
tion treatment was made. This gener-
ally took place during the first or
second week of July.

In some seasons, because of the hot
weather during late July and early Au-

gust, it took nearly 3 weeks to bring
the LH soils up to' the desired 2.2
inches per foot for the top 3 feet of
soil. However, a significant increase in
soil moisture in the top 2 feet was
achieved within 2 weeks,

Over the first 3 years of the study,
pruning weights were higher in the
carly season, high irrigation treat-
ments (HH). This clearly indicates that
we were able to achieve control of
canopy development, However, late
season high irrigation (LH) in 1993
and 1994 stimulated shoot growth
that increased pruning weights. This
suggests that less water could be ap-
plied once the desired level of canopy
development has been achieved. Thus
a low-to-medium irrigation practice
might be the most desirable for can-
opy control and fruit quality consider-
ations.

Measurements of shoot length and
node number support the pruning
weight analysis, indicating control of
shoot growth by irrigation manage-
ment. Figures 1 and 2 represent the
typical differences in canopy develop-
ment between the HH (Figure 1) and
LL (Figure 2) irrigation treatments
(taken August 1996).

The information indicates that de.
spite the previous year’s irrigation,
there is essentially no difference in
shoot length from bud break until ap-
proximately 30 days after bloom. This
is despite significant differences in
weather conditions over the 4 years
and the lower irrigation in the LL and
LH treatments. This suggests several
things.

First, the similarity in shoot growth
of ail irrigation treatments early in the
season indicates that water was not a
limiting factor at this time.

Second, because there are nearly 20
nodes present by the time differences
in shoot growth begin to occur, it in-
dicates there should be sufficient leaf
area present to mature the crop.

Third, since even the Hi irrigation
treatment showed a change in shoot
length around 30 days after bloom, it
appears that fruit set and carly cluster
development reduce shoot growth. In
general, the HL vines stopped initiat-
ing nodes shortly after the change in
irrigation treatment, while there was
an increase in shoot growth in the LH
vines.

Leaf area measurements also
showed that the sizes of leaves up to
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about leaf number 15 were very similar regardless of irri-
gation treatment. This further supports the suggestion that
carly season soil moisture is not Hmiting, and that there
was little difference in the water status of the irrigation
treatments until late June or early July.

Leaf area development is more sensitive to soil moisture
depletion, with differences in leaf area occurring 10 1o 14
days prior to differences in shoot elongation. Thus,
changes in leaf area enlargement can be used as an early
indicator of soil moisture depletion. If carefully monitored,
they can be used as a means to schedule irrigation. By mid-
to late-August, there was typically interior leaf senescence
and defoliation in the HL treatment associated with water
stress. However, in the LL vines, although less irrigation
was applied, there was less leaf senescence. This indicates
physiological adjustments by the LL vines that probably in-
clude osmetic adjustment, and changes in the cuticle thick-
ness and stomatal regulation to increase water use
efficiency,

From late July through the end of the season, following
the change in irrigation, although there was no difference
in soil moisture between the LH and HH treatments, the
LH vines showed less stress as indicated by leaf and xylem
water potential measurements. This is presumed to be the
result of smaller canopy and physiological adjustments as-
sociated with the carly season low irrigation (LH). Al
though the LL treatment often showed high levels of water
stress, these vines showed less leaf senescence and loss
than the HL vines. There has been little effect of these ir-
rigation treatments on the number of clusters. The similar-
ity in cluster number indicates that early season low
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Table 1
1992 1993 1994 1985 1998
Yield Per Acte HL 4098 6.50A 4.11A 536B 541A
HH 474A 7.20A 409A 7.13A 630A
L 291C 647A 358 5.143B 5924
LH 300C 6.78A 3158 5378 594A

Table 2
1992 1993 1994 1995 1996
% Soluble Salids HL 22.6A 2250A 22.65A 23.25A 22.38A
HH 22.3A 22.20A 22.30A 21.93A 22.08A
LL 22.9A 2300A 23.20A 2333A 22.90A
LH 234A 23.10A 21.80A 22.80A 23.83A

Table 3

1992 1993 1994 1995 1996

TA HL 0.73A 0.75BC 0.60B 0.688 0.76B
HH 0814 0.93A 107A 1.01A 1.0A

LL 0.74A 067C 0598 070B 067C

LH 0.68A 0.788 0.90A 0.96A 0.84B

Table 4
1992 1993 1934 1995 1996
pH HL 3.38A 3.28A 3.40A 341A 3.17AB

HH 331A 311B 3274 3.168 3.108
LL J40A 3.35A 343A 330A 3.20A
LH 341A 3288 329A 3.20B 3.138

irrigation was not detrimental to the cluster initiation
process.

During the first year of the study, which was a very hot
year, the LL and LH vines averaged 11/2 - 2 tons lower yield
per acre than the HH vines (Table 1),

The HL produced about 1 ton less than the HH vines.
In 1993, which was a cooler growing season, there were
no yield diffecences, while in 1994 the LL and LH vines
again had lower yields but closer to the HH vines-than
in 1992. The HH vines had the highest yield (7 tons per
acre) in 1995, while the other treatments produced 5
1/2 tons per acre. There were no significant differences
in yield in 1996, with all treatments producing about 6
tons per acre, Higher yields in the HH vines are due pri-
marily to larger berry size. Throughout the study there
have tended to be more berries per cluster in the LL and
LH treatments.

Fruit and wine quality analysis was based on harvesting
the fruit from the different irrigation treatments at the
same soluble solids, Post-harvest soluble solids measure-
ments were based on samples taken from 3000-gallon tanks
for each of the 4 replicates of each treatment, There were
no differences between treatments in 4 of the 5 years of
the study (Table 2). In 1995 the HH treatment was har-
vested at about 22% soluble solids while the other treat-
ments were all near 23%. Late season high irrigation (HH
and LH) has tended to delay harvest and lower the soluble
solids slightly throughout the study. In 1993 the HH vines
were harvested nearly a week after the LH vines which




;
have tended 1o be the first to reach
23% soluble solids. In cool, wet years
like 1995 earlier harvest can be an ad-
vantage by avoiding fruit rot prob-
lems. Titratable acidity (reported as
milligrams of tartaric acid equivalents
per 100 milliliters of juice) of 1995
tank samples was significantly higher
in the HH and LH must (1.0) than in
the HL and LL must (0.7) (Tablc 3 Al-
though this is undoubtedly duc in part
to the lower soluble solids for the HH
treatment in 1995, this trend can be
seen in at least 4 of the 5 years, The
lack of differences in 1992 is most
likely due to the high temperatures
that occurred throughout the season.
These differences are generally ac-
companied by lower pH in the HH and
LH musts than in the HL and LL musts
(Table 4). Fruit and must analysis over
the past 5 years have shown similar
results. The lack of differences in sol-
uble solids, while consistent differ-
ences occurred in pH and acidity
seem to clearly indicate the effect of
irrigation practices on these fruit and
potentially wine characteristics.

Vine evaluation during early August
typically showed that treatments in-
volving reduced irrigation had more

lignified nodes than the HH treatment.
This has been consistent over the 5
yeacs of the study. This indicates bet
ter cold hardiness during late summer
and carly fall and although this is not
important in most years, it could be a
significant advantage in those years
with exceptionally early killing frost.
Cold hardiness evaluations undertaken
cich year starting in October and con-
tinued through March also indicate no
difference in bud cold hardiness as a
function of irrigation treatment.

The information produced by this
study demonstrates that, given the va-
riety and location, it is possible to pro-
duce a satisfactory crop of wine
grapes with between 12-20 inches
(300 and 500 mm) of water per year
including a post harvest irrigation to
bring the soil to a moisture level that
will protect the root system from cold
injury. Based on this study, there are
several points that are applicable to
vineyard water management in gen-
eral. First, water requirements of
grapevines change as the season pro-
gresses and, second, their response to
changes in water availability at differ-
ent stages of development is an im-
portant consideration.

A grower's decision to adopt the
concept of irrigation as a management
practice for his or her vineyard should
be based on a clear undesstanding of
management objectives and an under
standing of how irrigation manage-
ment will overcome some or all of the
problems to be addressed. If the
“problem” is vine water stress, and ir-
rigation water is available, the ques-
tion is simply one of economics
associated with the installation of an
appropriate irrigation system and the
expected improvement in  vine
growth and productivity. Depending
upon when and why the stress occurs,
soil and site characteristics and the va-
riety of grape being grown, the deci-
sion to irrigate and the choice of
irrigation system will vary signifi-
cantly. If the “problem” is one or more
of the many others discussed earlier,
the question is whether or not vine
water management will be successful
in overcoming these probiems,

Based on this research, the oniy
“vine-related” expense of using regu-
lated deficit irrigation as a manage-
ment ool is a potential loss of yield if
stress becomes excessive. Lighter

© pruning can compensate for this, al-
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" though it would be preferable to do a
better job of water management. The
other costs are those associated with
establishing, maintaining and oper-
ating an irrigation system. These
Costs must be carefully evaluated
based on the potential for more con-
sistent, balanced vine growth and
fruit production of higher quality
that would result in higher net re-
turns to the grower.

While this article has primarily fo-
cused on European wine grape varie-
ties (Vitis vinifera), American varieties
(Vitis labrusca) such as concord, may
require irrigation in many areas where
they are grown. Our experience in
Washington State indicates that these
vines require a more uniform level of
s0il moisture throughour the growing
season than wine grapes. Observa-
tions indicate early season stress that
results in reduced shoot growth,
when followed by high irrigation, re-
sults in poor maturation of the buds
and canes, with a resulting loss of
fruitful wood for the following season.
There also appears to be a strong as-
sociation between mid-season stress
and the development of “Black Leaf™
in concord grapevines. This disorder,
often associated with potassium defi-
ciency, usually is not visibly present
until veraison. Under severe condi-
tions, it can defolate vines and result
in significant crop and vine loss.
Clearly, maintaining higher, more uni-
form soil moisture for American
grapevine varieties may be more criti-
cal than for European varieties.

Summary

The decision to irrigate requires a
comprehensive evaluation by vineyard
managers. Growers need to gather the
information discussed at the begin.
ning of this article and become famil-
iar with the procedures to estimate
soil moisture and its use by the vines
in their vineyard. Furthermore, they
nced to recognize that their manage-
ment practices will have a significant
influence on grapevine canopy devel-
opment, physiclogy and hence evapo-
transpiration. Answers to the
questions regarding irrigation require
careful evaluation of the poals to be
achieved and a good understanding of
the potential benefits and costs associ-
ated with irrigation options available,
Each grower must determine the goals
for his/her vineyard and how irriga-
tion fits into the achievement of those

goals. . -]
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