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This study integrates various vineyard practices that may improve nitrogen
availability to the vine, particularly during ripening. Different strategies aimed at
increasing yeast assimilable nitrogen in the fruit at harvest have been evaluated.
This study seeks to improve fermentation behavior and wine quality through
vineyard practices used for nitrogen management. The focus of this study is to
optimize fruit quality and maximize the juice nitrogen fraction, while maintaining a
physiologically healthy vine and crop system.

Treatments were applied in a factorial design to vary irrigation, cultivation,
and nitrogen application to Pinot noir and Chardonnay grapevines in two
commercial Oregon vineyards during the 1999 and 2000 growing seasons. Irrigated
vines received supplemental irrigation after lag phase. Cultivation of alternate rows
was performed in early spring to encourage nitrogen utilization and reduce nutrient
and water competition. Nitrogen treatments consisted of soil-applied urea

(39.2kgN/ha), foliar applied urea (2.98kgN/ha), and zero nitrogen. Soil nitrogen



was applied in early spring. Foliar nitrogen was applied once at the onset of
ripening and again at véraison. The trials were established at Knudsen Vineyard
located in the North Willamette Valley and Benton Lane Vineyard in the South
Willamette Valley in 1999.

At Benton Lane Vineyard, photosynthesis, transpiration, water use
efficiency, chlorophyll content, maximum quantum yield of photosynthesis, soil
moisture, leaf petiole nutrition, pruning weights, and carbohydrate reserves were
measured during the 1999 and 2000 growing seasons. Leaf water potentials were
measured during the 2000 growing season. During both seasons irrigated vines
assimilated CO; and transpired at a significantly higher rate than non-irrigated
vines. Similarly, tilled treatments assimilated CO, at a significantly higher rate and
maintained higher water use efficiency. Tilling tended to increase the efficiency of
light driven photosynthetic reactions and chlorophyll content. This response
became more apparent in the second year of the study, which may indicate a
delayed effect of soil cultivation on maximum quantum yield of photosynthesis and
chlorophyll content in grapevines. Nitrogen treatments had little impact on leaf gas
exchange and chlorophyll content. Soil Cultivation had the largest impact on
petiole nutrient content, with significant differences in phosphorus, potassium,
manganese, copper, boron, carbon and total nitrogen. Irrigation increased total
petiole nitrogen in the second year of the study. Pruning weights increased with
cultivation in both years and cane weights were higher after the second year.

Irrigation and nitrogen did not affect vine vigor.



Ripening dynamics, juice composition, and yield components were
measured at both vineyards during the 1999 and 2000 growing seasons. During
both seasons, irrigated Pinot noir vines had lower titratable acidity than non-
irrigated vines and tilled treatments had higher soluble solids than non-tilled
treatments. Tilled Chardonnay vines had lower soluble solids and higher titratable
acidity in 2000. In 1999, from the onset of ripening until harvest, the ammonia
content of Pinot noir fruit decreased from an average of 80 to 30 (mg/L) while the
alpha amino acid content increased from 60 to 150 (mg/L) during ripening. The
YANC of Pinot noir vines increased from 100 to 190 (mg/L), predominately due to
a large increase in alpha amino acid concentration in the last two weeks of
maturation. For both Pinot noir and Chardonnay, the results from 2000 indicate that
tilled treatments tend to have higher YANC at harvest, predominately due to a large
increase in alpha amino acids. Significant effects from tilling suggest that there
may be a delayed benefit from soil cultivation. Irrigated vines tended to have a
higher berry weight, however, yield components differed only slightly between

treatments and year.
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Effect of Soil Moisture Manipulation and Nitrogen Application on Leaf Gas
Exchange, Fruit Composition, and Carbohydrate Storage of Pinot noir and
Chardonnay Grapevines in the Willamette Valley

Chapter 1

Introduction

Wine quality is essential to both winemakers and grape growers. Thus,
optimization of vine health and fruit quality is among the top priorities of premier
grape growing and winemakeing establishments.

Commercial Oregon must samples have often been shown to contain lower
than adequate levels of fermentable nitrogen at commercial ripeness (Watson et al.,
2000). At harvest, low levels of yeast assimilable nitrogen in grape clusters may
affect fermentation behavior and be deleterious to the quality of the finished wine
(Kunkee, 1991; Butzke, 1998).

In nitrogen deficient musts, sulfate and sulfite tend to be reduced to sulfide
as yeast synthesize sulfur-containing amino acids (Zoecklein et al., 1999).
Henschke and Jiranek (1991) suggest that in nitrogen deficient musts, sulfite
reduction is the major source of H,S, an undesirable odor-active compound.

This study integrates various vineyard practices that may improve nitrogen
availability to the vine, particularly during ripening. Different strategies aimed at
optimizing nitrogen partitioning to the fruit have been evaluated. This study seeks

to improve fermentation behavior and wine quality through vineyard practices used



for nitrogen management. The focus of this study is to optimize fruit quality and
maximize the juice nitrogen fraction, while maintaining a physiologically healthy

vine and crop system.



Chapter 2

Literature Review

Nitrogen

Nitrogen is a primary constituent of plant components such as proteins,
enzymes, nucleic acid, chlorophyll, and vitamins (Beevers, 1976; Wermelinger,
1991; Winkler et al., 1974). Nitrogen 1s essential in grapevine establishment and
maintenance, fruit quality, and the conversion of grape juice to wine. Nitrogen
alters plant composition more than any other mineral nutrient (Marschner, 1995,
Roubelakis-Angelakis and Kliewer, 1992; Wermelinger, 1991). When nitrogen is
suboptimal, the vine has poor vegetative growth, premature senescence of older
leaves, limited fruit bud formation, and poor fruit production. Increases in nitrogen
supply not only delay senescence but may change plant morphology. Excess
nitrogen 1n the vineyard can cause vigorous vegetative growth, little or no fruit bud
formation, and poor frﬁit production (Araujo and Williams, 1988; Jackson and
Lombard, 1993; Lohnertz, 1991; Roubelakis-Angelakis and Kliewer, 1992;
Winkler et al., 1974). Thus, fruit quality may be affected due to abundant or

insufficient available nitrogen.



Nitrogen uptake

In grapevines, nitrogen originates either directly from available soil
nitrogen, or indirectly from the mobilization of nitrogen stored as reserve material
in the permanent structure of the vine (Lohnertz et al., 2000). Efficient nitrogen
uptake occurs during periods of active growth and depends oﬁ active
photosynthesis (Huett, 1996). In higher plants, nitrogen is taken up as either
ammonium or nitrate (Hall and Rao, 1994; Marshner, 1995). Nitrate is a highly
mobile nutrient whereas ammonium is less mobile (Marshner, 1995). Ammonium
is incorporated into organic compounds that are used by plants and may be derived
from primary nitrogen sources and metabolic pathways such as photorespiration
and/or deamination of amino acids and other nitrogenous compounds (Milfin and
Lea, 1980; Lea et al., 1990; reviewed by Loulakakis and Roubelakis-Angelakis,
1997). Nitrate must be reduced to ammonium in order to be incorporated into
organic structures and fulfill its essential functions as a plant nutrient (Marshner,

1995).

Seasonal grapevine nitrogen requirement and partitioning

During grapevine dormancy, total soluble nitrogen increases in the roots
and reaches a maximum just prior to budbreak (Conradie, 1983, 1991;
Wermelinger, 1991; Kubota and Kakedai, 1992; reviewed by Roubelakis-

Angelakis and Kliewer, 1992). After budbreak, total nitrogen in the shoots



increases and remains stable until the end of the vegetative growth period. At the
end of the main vegetative growth period there is another increase of nitrogen in the
shoots. This increase 1s due to senescing leaves retranslocating nitrogen back to the
permanent vine structure (Williams, 1987; Wermelinger, 1991; reviewed by
Roubelakis- Angelakis and Kliewer, 1992). Leaves achieve the maximum amount
of nitrogen at full leaf expansion and remain constant until leaf senescence and
nitrogen retranslocation begin. Total leaf nitrogen exceeds total shoot nitrogen for
most of the season (Lohnertz, 1991; reviewed by Roubelakis- Angelakis and
Kliewer, 1992; reviewed by Keller, 1998). Growing shoots serve as a nitrogen sink
until the end of the main vegetative growth. After the main vegetative growth
period, shoots become a nitrogen source for leaves and young inflorescences until
the beginning of maturation. Shoots once again become a sink, during
retranslocation, just prior to grapevine dormancy (Lohnertz, 1988; Wermelinger,
1991; reviewed by Roubelakis-Angelakis and Kliewer, 1992). The total amount of
nitrogen in a young inflorescence starts at the same level as that of vegetative tissue
and slowly decreases as the season progresses. Significant nitrogen partitioning to
growing grape bem'eé begins after bloom (Conradie, 1983, 1991; Lohnertz, 1991;
Williams and Biscay, 1991; reviewed by Roubelakis- Angelakis and Kliewer,
1992; Wermelinger, 1991; reviewed by Keller, 1998).

In grape clusters, nitrogen is found primarily as ammonium cations and

organic compounds such as amino acids, hexose amines, peptides, nucleic acids



and proteins. Trace amounts of nitrate are found in grape berries (Winkler et al.,
1974). As maturation occurs, organic nitrogen increases and ammonia decreases
(Beevers, 1976; Winkler ef al., 1974; Wermelinger, 1991). The synthesis of amino
acids, peptides, and protein, occur during the last 6-8 weeks of berry ripening
(reviewed by Roubelakis-Angelakis and Kliewer, 1992; Wermelinger, 1991;
Lohnertz et al., 2000).

There are two phases of intense nitrogen incorporation in the fruit (reviewed
by Wermelinger, 1991). The first takes place during two weeks prior to the “pea-
size” stage of berries. ‘The second starts one month later at véraison and lasts an
additional two weeks (Léhnertz, 1988; Winkler et al., 1974, reviewed by
Wermelinger, 1991). The amount of nitrogen in the clusters at harvest has been
measured intensively. Container studies using '°N indicate that 34% of the total
nitrogen at harvest 1s recovered in the clusters (Conradie, 1980 and 1991). The
results of container studies have been similar with results from field trials which
report that approximately 40-44% of total available nitrogen is present in the fruit
at harvest (Alexander, 1957; Conradie, 1991; Gutierrez, 1985). Of the total fruit
nitrogen, only 20% is found in the juice. The remaining 80% is found in the skin
and seeds. Only 50% of the nitrogen present in the juice (10% of total fruit
nitrogen) is in the form of free amino acids (Peynaud, 1970; Winkler et al., 1974).

The timing of harvest strongly influences the concentration and form of nitrogen



present in grapes. Early harvests in cool climates have resulted in decreased amino

acid content in grapes (Lohnertz et al., 2000).

Nitrogen application

By altering the amount of nitrogen applied and the timing and method of
application, plants can be managed for both optimum vigor and nitrogen
concentration in various tissues (Khemira et al., 1998).

Soil available nitrogen - In order to meet the nutrient demand of grapevines,
nutrients in the soil must reach the root surface (Marshner, 1995). The
concentration of nutrients in the soil solution is therefore important for nutrient
supply to the roots. Soil solution mineral nutrient concentration depends on soil
type, soil moisture, soil depth, pH, cation-exchange capacity, redox potential,
quantity of soil organic matter and microbial activity, aeration, leaching, time of
year, and fertilizer application (Marshner, 1995; Sanchez et al. 1990).

Foliar applied nitrogen - Foliar application of fertilizer supplies nutrients to
higher plants more rapidly than soil application. It is beneficial to use foliar
nutrient applications when the topsoil is dry, there is low nutrient availability in the
soil, or there is a decrease in root activity during the reproductive stage (Marschner,
1995). Decreased root activity during grapevine ripening results from sink
competition for carbohydrates (Conradie, 1991). This commonly occurs in plants

when nutrient uptake by the roots declines with the onset of the reproductive stage



and maturity, making less nutrients available to the entire plant (Marschner, 1995).
Foliar application of nutrients, specifically nitrogen, has improved the quality of
some crops when applied at later stages of growth when root activity might be low.
Nitrogen supplied to wheat and other cereals during maturation is rapidly
translocated from the leaves and directly transported to the developing grains. This
results in increased protein concentration at harvest (Powlson et al., 1989).
However, supplying nutrients by foliar application has limitations and
problems. Such limitations include: low penetration rate, run-off from hydrophobic
surfaces, washing off by rain, rapid drying of spray solution, limited rates of
retranslocation, limited amounts of nutrient which can be supplied by one spray,

and possible necrosis and burning of the leaves (Powlson et al., 1993).

Irrigation

In Oregon, grapevines are subject to low soil water availability,
accompanied by high levels of solar irradiance, temperature, and air vapor pressure
deficits during the summer. The combination of water stress with high light and
temperatures has been reported to cause progressive reduction in vine growth, fruit
quality, and amino acid concentration in grapes (Lohnertz et al., 2000; Escalona et
al., 1997, Kliewer et al., 1983). It is suggested that optimum growth, yield, and
quality can be obtained by integration of controlled irrigation during certain

phenological stages of vine growth (Matthews et al., 1990; Van Zyl, 1984).



In grapevines, there is low vine water demand at the beginning of shoot
growth and at the end of the vegetative cycle when leaf senescence begins. There is
high water demand when the canopy is fully developed (Reviewed by Gémez-del-
Campo et al., 1997). In spite of grapevines having a deep root system, severe
grapevine water stress may occur during ripening (Chaves and Rodrigues, 1987).
Low soil water content in the topsoil impairs root elongation and can inhibit
actively growing root tips, resulting in a decrease in nutrient uptake (Van Zyl,
1984; Marshner, 1995).

When comparéd to other fruit crops, grapevine survival under non-irrigated
conditions involves root spatial distribution and the ability to extract water from a
large volume of soil (Winkler et al., 1974). Survival also involves the grapevines
ability to change leaf orientation to minimize heat load (Smart and Coombe, 1983).
The grapevines ability to decrease water loss by changing stomatal conductance is
also necessary for survival (Naor et al., 1994; reviewed by Naor and Bravdo,
2000).

There are stomatal and non-stomatal effects in photosynthesis of
grapevines in response to soil water deficit (Escalona et al., 1999). Stomatal effects
are due to stomatal closure, whiéh decreases CO; availability in the mesophyll.
Non-stomatal effects may occur when water stress affects mesophyll metabolism

and consequently reduces photosynthetic capacity (reviewed by Escalona et al.,

1999).
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The changes in tissue nitrogen concentration observed in water-stressed
plants imply that dehydration does affect nitrogen metabolism (Kramer and Boyer,
1995). In cool climates, an increase in temperature and a decrease in soil water
availability during ripening results in very low amino acid concentration in grapes
at harvest (Lohnertz et al., 2000). Lohnertz and coworkers (2000) suggest that the
duration of limited soil water availability strongly influences the amino acid

concentration in the fruit.

Cultivation

Water availability, mineralization rate of soil nitrogen, and plant uptake of
soil available nitrogen may override the effect of nitrogen fertilizers (reviewed by
Rupp, 1996). In clean cultivated vineyards, about 100 kg of nitrogen can be
mobilized per hectare in one year. In vineyards with ground cover, the mobilizable
nitrogen can be four times higher (Perret et al., 1992). Tilling can effectively be
used to optimize mineralization of nitrogen and increase soil water availability
(reviewed by Rupp, 1996).

There are many benefits to soil cultivation. Soil tillage increases microbial
activity, accelerating decomposition of organic matter and mineralization of
organic nitrogen (Schaller, 1991). In addition, soil cultivation has been shown to
increase amino acid concentration in grapes during ripening (Lohnertz et al., 2000).

However, the effects of cultivation are highly variable and depend on soil texture,
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seasonal rainfall, irrigation, the presence of root-limiting soil horizons, and the type
of crop being grown (Holt and Smith, 1998). Soil physical, chemical, and
biological properties are greatly altered by soil cultivation (reviewed by Holt and
Smith, 1998).

In general, the nitrogen demand of grapevines is met in a conventionally
tilled vineyard. If additional permanent grass cover is present in the vineyard, a
nitrogen shortage may develop shortly after budburst (reviewed by Schaller, 1991).
Schaller (1991) suggests that nitrate transport to deeper soil layers is greater in
tilled soils then in non-tilled soils. Nitrate leaching is found to be less under no-till
conditions (Kanwar et al., 1985). Under no-till conditions, much of the water flows
through macropores to the subsoil, leaving most of the remaining nitrate distributed
throughout the soil surface. Under conventional tillage, no large macropores or
channels leading from the soil surface to the subsoil are present. Thus, the
infiltrating water moves down the soil profile as a front, carrying the nitrate with it
(Schaller, 1991).

It is important to avoid nutrient and water competition between the vine and
the covercrop. To minimize or eliminate such competition, it is suggested that the
cover crop be artificially reduced during times of high nitrogen and water uptake by
the vine. Perret et al. (1992) suggest mowing or tilling alternate rows of the cover
crop two to three weeks before bloom when the grapevines maximum N-uptake

rate occurs. Schaller and co-workers (1991) found that, from the beginning of April
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to the end of May in Germany, soil water is depleted in the root zone (0-40cm)
until the wilting point. When this occurs, 20% of the plant-available water can be
found from 0-80cm in the soil. They suggest that excessive loss of soil water is
mainly due to the competing consumption of the cover crop.

In annual crop systems such as maize, soybean, sunflower, and wheat, it has
been reported that soil cultivation has little or no effect on nutrient uptake (Barber

and Navarro, 1994).

Photosynthesis
Plant productivity depends on photosynthesis. Photosynthesis is the process
by which plants synthesize organic compounds from inorganic raw materials in the
presence of sunlight (Hall and Rao, 1994; Salsbury and Ross, 1991). The quality
and quantity of incident light (PAR), temperature, availability and utilization of
water and mineral nutrients, and photorespiration are all factors that affect plant

productivity (Hall and Rao, 1994).

Nitrogen and photosynthesis

The availability of fixed nitrogen is a contributing factor to plant
productivity (Hall and Rao, 1994). Nitrogenous compounds, especially proteins,
are required for all photochemical and biochemical processes of photosynthesis

(Hall and Rao, 1994; reviewed by Cheng, 1999).
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Grapevine photosynthetic capacity is dependent.on total leaf nitrogen.
Approximately 75-80% of the leaf nitrogen is associated with chloroplasts in C3
plants (Buchanan et al., 2000). In fruit crops such as apple, peach, and grape,
photosynthetic capacity and leaf nitrogen per unit area are highly correlated
(reviewed by Cheng, 1999; and McDonald and Davies, 1996). The nitrogen status
of the leaf directly influences its protein and enzyme content and thereby affects the
rate of photosynthesis (Hall and Rao, 1994; reviewed by Cheng, 1999). Net
photosynthetic rate has been shown to be lower when nitrogen application rates are
reduced 1in a given cro\bping system (Gay-Eynard et al., 2000; reviewed by
McDonald and Davies, 1996). In addition, nitrogen deficiency reduces leaf
chlorophyll content which is highly correlated to photosynthetic capacity (Huett,
1996).

Because fruit stimulates leaf photosynthetic rate through its role as a strong
carbohydrate sink, the photosynthetic capacity of leaves is most enhanced by
providing an adequate nitrogen supply to exposed leaves when fruit is present
(Lohnertz et al., 2000). Alternatively, removal of fruit can lead to carbohydrate
accumulation in the leaves, which provides a negative feedback to photosynthesis

(reviewed by Huett, 1996).
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Irrigation and photosynthesis

The photosynthetic metabolism of plants is robust. However, when water
deficit becomes severe, the photosynthetic capacity of plants can be hindered
(Kramer and Boyer, 1995). Water is a major limiting factor for photosynthesis in
many environments. Most metabolic stages in the photosynthetic process can be
inhibited by dehydration (Kramer and Boyer, 1995).

Reduced photosynthesis of water stressed plants can be caused by stomatal
closure, and/or an altered pathway of photosynthetic processes (reviewed by
Peterlunger et al., 1997, and Flexas et al., 1999). It has been reported that stress-
induced photosynthetic reduction is due initially to stomatal closure, but that with
prolonged stress there is an effect on non-stomatal components of photosynthesis,
especially in the rates of key enzyme activity (reviewed by Smart and Coombe,
1983). Reports that stomatal control explain most of the observed decrease in leaf
photosynthesis exist (reviewed by Peterlunger et al., 1997). However, water stress
involves both photochemical and biochemical changes in the photosynthetic
machinery. Other repdrts suggest that the decay in carboxylation efficiency,
measured under water stress and high light intensity, might be explained by a
reduction of the maximum rate of Rubisco activity, photosynthetic electron
transport, and photochemical quenching (Kaiser, 1987; reviewed by Peterlunger et

al., 1997).
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The effects of water stress involve reactions at intracellular, cellular, and
tissue levels. One of the most significant responses to water deficit is a decrease in
the stomatal aperture, which enables the plant to alleviate adverse conditions of
water status (Kramer and Boyer, 1995). It is reported that following depletion of
soil available water, an immediate reduction in stomatal conductance is usually
observed (reviewed by McDonald and Davies, 1996, Kramer and Boyer, 1995). A
decrease in the stomatal aperture also reduces the uptake of CO; and hence
photosynthesis (Kramer and Boyer, 1995; Smart, 1974). However, non-stomatal
effects on photosyntheéié have been observed also. In container grown grapevines,
changes in mesophyll resistance, photoinhibition and photochemical capacity were
found to be determinant of an important part of the water stress induced reduction
of photosynthesis (Liu et al., 1978; Correia et al., 1990).

Photosynthesis is markedly reduced in water-stressed grapevines
(Rodrigues et al., 1993; Schultz, 1996; Naor and Bravdo, 1993). Down regulation
of photosynthesis occurs when water potential begins to drop (McDonald and
Davies, 1996). When studying Shiraz grown under field conditions, Kriedemann
and Smart (1971) found that photosynthesis declined at leaf water potentials below
-0.5 MPa and fell close to zero from -1.3 to -1.5 MPa. Non-irrigated vines were
found to photosynthesize 40-50% less than irrigated vines, but never cease
photosynthesizing completely (Kriedemann and Smart, 1971; Escalona et a/.,

1999).
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Transpiration

Transpiration is the evaporation of water from cell surfaces into intercellular
spaces and its consequent diffusion out of plant tissue (Kramer and Boyer, 1995).
Transpiration occurs most commonly through the stomata and cuticle of woody
plants (Kramer and Boyer, 1995; Salsbury and Ross, 1991). Transpiration can be a
disadvantageous consequence of CO; assimilation, in that it results in loss of water
from the plant. Alternatively, transpiration can be advantageous to a plant due to

its cooling mechanism of leaf tissue (Salsbury and Ross, 1991).

Nitrogen and transpiration

Nitrogen uptake is independent of transpiration (Shaner and Boyer, 1976).
Shaner and Boyer (1976) found that transpiration has little effect on nitrogen
uptake by roots in low external solution concentrations, but has a significant effect
when the external concentrations are high. Thus, as transpiration varies, nutrient
solute depletion or accumulation zones may occur around the root system.

When transpiration is rapid, the concentration of incoming nitrogen is low
because water dilutes the xylem solution. Consequently, root ion uptake is rapid
due to opposing concentration gradients that are small inside the root (Kramer and
Boyer, 1995). When transpiration is slow, nitrogen concentrations build up to high

levels in the xylem because metabolically driven ion uptake proceeds even though
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water flow is slow (Kramer and Boyer, 1995). As xylem nutrient concentrations are
built up, root uptake can be inhibited (Shaner and Boyer, 1976; Kramer and Boyer,
1995). High soil concentrations of mineral nutrients promote high xylem
concentration and increase the tendency for transpiration to affect ion uptake

(Shaner and Boyer, 1976).

Irrigation and transpiration

When transpiration occurs, and soils dry out, a critical soil moisture deficit
1s reached. It is from this point on that it is thought to be very difficult for plants to
extract any remaining water in the profile (Trought and Naylor, 1988). At a critical
soil moisture deficit, a plant will conserve water by stomatal closure. Besides
affecting photosynthesis, stomatal closure will also result in a decrease in
transpiration (Reynolds and Naylor, 1994).

Transpiration plays a very important role in maintaining leaf temperature.
Increased leaf temperature usually results when high stomatal resistance inhibits
transpiration. In cool climates, leaf temperatures over 30°C have been shown to
depress photosynthesis (Kriedemann and Smart, 1971). Millar (1972) found that

leaf temperature of water stressed vines were 7°C higher than irrigated vines.



Water Use Efficiency

Water use efficiency is the ratio of carbon acquired per unit of water loss
(Schultz, 2000). Relative water use efficiency of a plant can be used to determine
how dry matter production will be affected by water availability (Kramer and
Boyer, 1995).

Stomatal closure is the dominant factor changing water use efficiency
during water deficit (Naor and Bravdo, 2000). Thus, changes in water use
efficiency affect the photosynthetic apparatus. Water use efficiency has been
described as an integrator of other physiological mechanisms, such as
osmoregulation, reduction in leaf area, and hormonal signals from the roots which
control stomata and photosynthesis (Schultz, 2000).

Briggs and coworkers (1914), suggest that water use efficiency does not
differ under varying availability of soil water. They suggest that water use
efficiency is more determined by species, climate, season, and mesoclimate
conditions. This work has been supported by more recent work (reviewed by

Kramer and Boyer, 1995).

Photosynthetic Electron Transport
Chlorophyll pigments are responsible for giving plants their characteristic

green color and capturing light quanta. They are one of three major classes of

18
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organic pigments in photosynthetic organisms that are capable of absorbing visible
radiation which will initiate the photochemical reactions of photosynthesis (Hall
and Rao, 1994). Chlorophyll fluorescence occurs when a molecule of chlorophyll
becomes excited to a higher energy state with the absorption of light. Chlorophyll
fluorescence is used to quantify photosynthetic efficiency (Schreiber ef al., 1994;

Genty et al., 1989).

Nitrogen and quantum vield

Although leaf nitrogen concentration and chlorophyll content are directly
proportional, light absorption and chlorophyll content are not (reviewed by Cheng,
1999). When chlorophyll content decreases, it has a relatively small effect on light
absorption at the absorption peaks of chlorophyll. A decrease in chlorophyll
content has a large effect in the far-red region where the chlorophyll absorption
coefficient is low (reviewed by Cheng, 1999).

An in vivo balance between rubisco activity and electron transport exists
and is maintained when leaf nitrogen concentrations are altered. This balance can
be described by the A/Ci curves of leaves with varying nitrogen content (reviewed
by Cheng, 1999). However, the effect of leaf nitrogen on quantum yield and actual

photosynthetic efficiency has not been closely examined.
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Imgation and quantum vield

Evidence suggests that whole chain electron transport and related processes
are very resistant to leaf water deficit. The apparent maximum quantum yield of
photosynthesis does not vary much in most species over a range of 30-40% leaf
water deficit (reviewed by McDonald and Davies, 1996). This may be a stomatal or
non-stomal response. Flexas et al. (1998) report that down regulation of
photochemical reactions is low and that water stress does not induce
photoinhibition in field-grown grapevines, even when stomatal conductance and

photosynthesis are reduced.

Leaf Water Potential

Leaf water potentiai is a commonly used indicator of plant water stress. The
water potential of any given system is the chemical potential of water, expressed in
units of pressure and compared with the chemical potential of pure water at
atmospheric pressure (Salsbury and Ross, 1991). Under Australian conditions,
Smart (1974) demonstrated that diurnal changes of grapevine leaf water potential
follow a general pattern, due primarily to the diurnal variation in solar radiation and
temperature. Because of these diurnal variations, leaf water potential begins to
decrease rapidly in the early moming. This decrease is associated with stomatal
opening in response to increased light, and continues to fall until about midday. In

late afternoon leaf water potential begins to increase (Smart, 1974).
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Irrigation and leaf water potential

Decreased soil moisture availability is known to reduce leaf water potential
(reviewed by Naor and Bravdo, 2000; Escalona ef al., 1999). Some studies suggest
that as leaf water potential drops, photosynthesis and stomatal conductance
decrease (Escalona ef al., 1999). Other studies suggest that stomatal conductance is
not always affected by leaf water potential. Naor and Bravdo (2000) observed that
stomatal conductance of non-irrigated Concord vines decreased as leaf water
potentials decreased. At the same time, stomatal conductance of irrigated vines did
not respond to any decreases in leaf water potential. However, studies indicate that
as leaf water potential drops, water use efficiency decreases (Escalona et al., 1999,
Naor and Bravdo, 2000).

Smart (1974) found that the ambient environment, especially solar
radiation, had a dominating effect on leaf water potential. Water stress induced
stomatal closure was observed at water potentials of -1.3 MPa, though shoot
growth rate was inhibited before negative tensions became that large. Matthews and
co-workers (1987) found that witholding irrigation after vérasion decreased leaf

water potential approximately -0.1 Mpa per week until just before harvest.
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Vegetative Growth

Nitrogen and vegetative growth

A plants response to excessive nitrogen may involve a stimulation of
vegetative growth, accompanied by low fruit yield (reviewed by Huett, 1996). The
nature of deciduous crops is that they have relatively distinct growth phases for
storage and mobilization of nitrogen assimilates (Sanchez et al., 1992). Thus,
vegetative response to nitrogen is highly dependent on the time at which nitrogen is
available. To a certain extent, vegetative growth is desirable as leaves serve as
major sources of amino acids (Lohnertz et al., 2000) and carbohydrates (Winkler et

al., 1962).

Irrigation and vegetative growth

Irrigation has been shown to affect vegetative growth of grapevines. The
combination of soil water deficit with climatic constraints such as high leaf-air
vapor tension, high light, and high temperatures can cause a progressive reduction
of vine growth (Kliewer et al. 1983; Chaves and Rodrigues, 1987; Schultz, 1996).

Vines subjected to extensive water stress tend to have reduced shoot length,
reduced shoot number, and smaller leaf size (Reynolds and Naylor, 1994). Shoot
growth has been shown to be suppressed by water stress during bud burst until
flowering (Van Zyl, 1984). The growth of vegetative organs, such as internodes,

leaves, and tendrils, are inhibited initially at soil water potentials of -0.065 MPa
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and cease completely at —0.54 MPa (Schultz and Matthews, 1988). The sensitivity
of growth to water deficits have not been found to differ among shoot organs
(Schultz and Matthews, 1988).

Schultz and Matthews (1988) demonstrated that the region along the shoot
in which organs expand is reduced during water deficits. Similarly, the regions
within organs in which growth occurs diminishes as water deficits develop.
Although growth is inhibited in all tissues, inhibition is complete in older tissues
while some growth is maintained in younger tissues (Schultz and Matthews, 1988).
Thus, the sensitivity of growth to water deficits increases with ontogeny.

Irrigation during the later part of the season can cause continued active
growth in grapevines, sometimes even from lateral shoots. Additional growth
during this time is undesirable since it delays ripening due to competition with fruit
for assimilates or to shading of fruit by leaves (Hepner et al., 1985). The restricted
vegetative growth of non-irrigated vines reduces shade in the canopy, leaving the
fruit more exposed to direct solar radiation (Millar, 1972).

Regulated Deficit Irrigation (RDI) 1s a strategy based on the concept that
vegetative growth can be limited by low plant water potentials during particular
periods of ripening (Mitchell et al., 1984). The RDI strategy has received much
attention because of its potential for limiting excessive vegetative growth while
increasing water use efficiency (Girona et al., 1993). Another related concept 1s

that shoot growth 1s integrally linked with root growth. Thus, restricting root



growth, through water deficit, will result in restricted shoot growth (Chalmers et

al.,1983).

Vine Vigor and Carbohydrate Storage

Pruning weight, the weight of wood removed at dormant pruning, is a
common viticultural measurement used to determine vine vigor and fruit/shoot
ratio (reviewed by Smart and Coombe, 1983).

Carbohydrate reserves have been found in several parts of the vine,
especially the permanent wood of the trunk and arms (Winkler et al., 1974). It is
generally thought that these reserves may be available for rapid movement to the
fruit at the beginning of ripening. Candolfi-Vasconcelos and coworkers (1996)
reported that grapevines do not use these reserves during ripening unless they
undergo stress. Candolfi-Vasconcelos and Koblet (1990) report a positive
correlation between sugar concentration of must and starch concentration of the

vines permanent structure.

Ripening Dynamics and Fruit Composition
The ripening stage in grapes extends from the beginning of ripening (the
turning point in the development of the berries) until the grapes are ripe for their

given purpose (Winkler et al., 1974). Variety, rootstock, seasonal conditions, and

24
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vineyard management influence the rate at which ripening will occur (Winkler et
al., 1974).

The chemical composition of the fruit is made up of sugars, acids, pH, color
pigments, tannins, pectins, aroma and flavor constituents, enzymes, vitamins and
minerals, and nitrogenous compounds (Winkler ef al., 1974). Sugars, titratable
acid, pH, and nitrogenous compounds all play a very important role in

fermentation, yeast nutrition, and overall wine quality (Zoecklein et al., 1999)

Effect of nitrogen on ripening dynamics and fruit composition

Nitrogen partitioning to the expanding fruit begins after bloom
(Wermelinger, 1991). Nitrogenous compounds, especially amino acids, increase
with fruit maturity (Kliewer, 1969; Kliewer, 1968; Winkler et al., 1974). The
specific amino acids present in the fruit at harvest, and their relative concentrations,
influence the rate of fermentation by yeast and the formation of higher alcohols in

wines (reviewed by Kliewer, 1970).

Effect of irrigation on ripening dynamics and fruit composition

It is unclear exactly how irrigation affects ripening dynamics and fruit
quality. In general, research supports that the major effects of irrigation on yield
and quality are indirect via modifications of vegetative growth and crop load (Noar

et al., 1993; Noar and Bravdo, 2000). There are contradictory results as to whether
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irrigation increases or decreases total soluble solids in grapes at harvest. In many
studies both positive and negative effects on fruit quality are observed with
irrigation. Intensive irrigation may increase soluble solids per berry but dilute total
brix with excessive water or competition by vegetative sinks (Noar et al., 1993).

Irrigation may have specific effects on wine quality via its effect on berry
hydration. Examples of such effects are low skin to flesh ratio due to increased
berry size and dilution of color and flavor constituents (reviewed by Hepner et al.,
1985; Spiegel-Roy and Bravdo, 1964). Anthocyanin and phenolic concentrations in
fruit were found to be greater in water stressed vines, even when expressed on the
basis of berry surface area (Matthews and Anderson, 1988). Van Zyl (1984) reports
that water stress during ripening can have a deleterious effect on berry mass.
However, berry mass is not as sensitive to moisture stress in the ripening period as
in the cell division phase. Severe water stress during ripening may result in wilted
berries which fail to mature, dull fruit color, and sunburn (Winkler et al., 1974).
Hepner and co-workers (1985) report that Cabernet Sauvignon vines that were
irrigated during ripening with a total of 260mm irrigation had repeatedly higher
wine quality ratings than vines irrigated during other physiological stages or not
irnigated at all.

Numerous studies have found that the solute composition of grapes at
harvest was dependent upon the water status of the vines (Williams and Matthews,

1990; reviewed by Matthews et al., 1990). Some results indicate that there is a
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negative effect of excessive water stress on fruit soluble solids (Noar et al., 1993).
This contradicts the common belief that irrigation may be deleterious to fruit and
wine quality. Reynolds and Naylor (1994) found that soluble solid concentration
during maturation and pH at harvest increased with increasing water stress
duration, but titratable acidity was not affected. Alternatively, Noar et al. (1993)
found that intensive irrigation may increase titratable acidity at harvest.

The effect of timing of irrigation on ripening dynamics and fruit quality is
important and has been researched extensively. Mixed results are reported as to
whether pre or post véraison water stress results in soluble solid reduction
(Matthews and Anderson, 1989; Hardie and Considine, 1976). Trought and Naylor
(1988) found that an increase in soluble solids is observed at harvest only when
irrigation is applied early in the growing season before véraison.

It is important to note that reproductive processes of plants are highly
sensitive to water deficits (Bradford and Hsiao, 1983; Matthews and Anderson,
1989). Results indicate that fertility of grapevine buds can be depressed by water
stress. Thus, irrigation during bud formation can be important in influencing
potential crop. (Buttrose, 1974). When water was supplied to six-year-old Cabernet
franc on Ganzin AxRI1 rootstock, at a rate double the standard practice
(90L/vine/week), fruit growth, cluster initiation, and differentiation of buds were
increased (Matthews and Anderson, 1989). In the same study, water deficits

imposed before or after véraison inhibited fruit expansion, and bud development.
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Water deficits imposed before véraison were found to be the most inhibitory to

overall vine health (Matthews and Anderson, 1989).

Yield Components
Yield is an economically important production consideration. In general, the
majority of vineyards producing quality wines tend to be those having low to

moderate yields (Zoecklein et al., 1999).

Nitrogen and vield components

Excessive nitrogen application may increase yield but has been shown to
delay ripening and enhance some disease pressures (Gay-Eynard et al., 2000). In
contrast to normal findings form field crop experiments, in viticulture there is only
a slight to negligible correlation between nitrogen fertilization and yield. The
influence of yearly weather conditions is much more important than nitrogen

fertilization (Schaller, 1991).

Irrigation and yield components

Irrigation has been shown to increase the marketable yield of many fruit and

vegetable crops (Clarke et al.,1992). For grapevines, it has been reported that yield
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increases of 30-40% can be obtained by increasing irrigation above standard
practice (Matthews and Anderson, 1989; Hepner et al. 1985).

Soil water deficit and climatic constraints can cause reduction of grape yield
(Kliewer et al. 1983; Chaves and Rodrigues, 1987; Schultz, 1996). Yield and
quality loss has been reported as results of water deficit (Trought and Naylor,
1988). Results from California indicate that water deficits imposed before or after
véraison inhibit yield of six-year-old Cabernet franc vines, with deficits imposed
before véraison being the most inhibitory (Matthews and Anderson, 1989;
Matthews et al., 1990).

Most studies indicate that the greatest amount of variation in yield is
explained by variation in berries per cluster (Matthews and Anderson, 1989). It has
been reported that generally, pre-véraison water stress tends to have greater effects
on berry size reduction as compared to post-véraison water stress (Smart, 1974;
Hardie and Considine, 1976; Matthews and Anderson, 1988). Poni and co-workers
(1993) found this to be true when looking at the effects of pre-véraison and post-
véraison water stress on yield components of container grown Pinot noir vines.
Reynolds and Naylor (1994) found that berry weights of Pinot noir and Riesling
were less in treatments of vines exposed to a duration of water stress. Hepner et al.
(1985) report that wine quality is best correlated with yield to pruning ratio (more

specifically Ravaz Index) as opposed to yield.
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Cultivation and vield components

In many crops soil cultivation is said to increase crop productivity. Holt and
Smith (1998) suggest that the effect of cultivation on crop yield is more
pronounced during dry years. However, the authors also state that deep tillage
cannot overcome excessively low soil moisture. Yield increases in annual crop
systems, due to cultivation during dry seasons, of 22-63% in beans (Stone, 1982),
8-15% in cotton (Smith, 1995), 37% in wheat (Ouwerkerk and Raats, 1986), and

56% soybeans (Barber and Diaz, 1992) have been reported.
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Chapter 3

Physiological Response to Soil Moisture Manipulation and Nitrogen
Application of Pinot noir in the Willamette Valley -

Abstract

The goal of this study was to observe vine physiological response to various
vineyard practices aimed at increasing nitrogen availability to the vine. Treatments
were applied in a factorial design to vary irrigation, cultivation, and nitrogen
application to Pinot noir grapevines during two seasons. Irrigated vines received
supplemental irrigation after lag phase (82mm in 1999, 90mm in 2000).
Cultivation of alternate rows was performed in early spring to encourage nitrogen
utilization and reduce nutrient and water competition. Niﬁogcn treatments
consisted of soil-applied urea (39.2kgN/ha), foliar applied urea (2.98kgN/ha), and
zero nitrogen. Soil nitrogen was applied in early spring. Foliar nitrogen was
applied once at the onset of ripening and again at véraison. The trial was
established in a commercial vineyard located in the South Willamette Valley in
1999. Photosynthesis, transpiration, water use efficiency, chlorophyll content,
maximum quantum yield of photosynthesis, soil moisture, leaf petiole nutrition,
pruning weights, and carbohydrate reserves were measured in the 1999 and 2000

growing seasons. Leaf water potentials were measured during the 2000 growing



32

season. During both seasons irrigated vines assimilated CO; and transpired at a
significantly higher rate than non-irrigated vines. Similarly, tilled treatments
assimilated CO; at a significantly higher rate and maintained higher water use
efficiency. Tilling tended to increase the efficiency of light driven photosynthetic
reactions and chlorophyll content. This response became more apparent in the
second year of the study, which may indicate a delayed effect of soil cultivation on
maximum quantum yield of photosynthesis and chlorophyll content in grapevines.
Nitrogen treatments had little impact on leaf gas exchange and chlorophyll content.
Soil Cultivation had the largest impact on petiole nutrient content, with significant
differences in phosphorus, potassium, manganese, copper, boron, carbon and total
nitrogen. Irrigation increased total petiole nitrogen in the second year of the study.
Pruning weights increased with cultivation in both years and cane weights were

higher after the second year. Irrigation and nitrogen did not affect vine vigor.

Introduction

In Oregon, grapevines are subject to low soil water availability,
accompanied by high levels of solar irradiance, temperature, and air vapor pressure
deficits during the summer. Under these conditions photosynthesis is greatly
reduced, particularly toward the end of the growing season. Amino acid formation
requires photoassimilated carbon (Buchanan et al., 2000). The inability of vines to

photosynthesize prior to harvest results in a shortage of carbohydrates. This



33

shortage is thought to be responsible for a reduction of nitrogenous compounds in
grapes at harvest (Lohnertz et al., 2000). Commercial Oregon must samples have
often been shown to contain lower than minimal levels of fermentable nitrogen at
harvest (Watson et al., 2000). The goal of this study was to observe vine
physiological response to various vineyard practices aimed at increasing nitrogen
availability to the vine.

Nitrogen is essential in grapevine establishment and maintenance, fruit
quality, and the conversion of grape juice to wine (Marschner, 1995; Roubelakis-
Angelakis and Kliewer, 1992; Wermelinger, 1991). When nitrogen is suboptimal,
the vine has poor vegetative growth, premature senescence of older leaves, limited
fruit bud formation, and poor fruit production. Increases in nitrogen supply not
only delay senescence but may change plant morphology. Too much nitrogen in the
vineyard can cause vigorous vegetative growth, little or no fruit bud formation, and
poor fruit production (Araujo and Williams, 1988; Jackson and Lombard, 1993;
Lohnertz, 1991; Roubelakis-Angelakis and Kliewer, 1992; Winkler et al., 1974).

The changes in nitrogen concentration observed in tissue of water-stressed
grapevines imply that dehydration does affect nitrogen metabolism (Kramer and
Boyer, 1995). In cool climates, an increase in temperature during ripening and a
decrease in soil water availability results in very low amino acid concentration in
grapes (Lohnertz et al., 2000). In addition, combination of water stress with high

light and temperatures has been reported to cause progressive reduction in vine
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growth and quality (Léhnertz et al., 2000; Escalona et al., 1997; Kliewer ef al.,
1983). It is suggested that optimum growth, yield, and quality can be obtained by
implementation of controlled irrigation during certain phenological stages of vine
growth (Matthews et al., 1990; Van Zyl, 1984).

Soil cultivation is another tool that can be used in the vineyard to
manipulate the availability of soil water and mineralized nitrogen. Soil cultivation
has been shown to increase microbial activity, accelerating decomposition of
organic matter and mineralization of organic nitrogen (Schaller, 1991). Soil
cultivation has also been shown to increase amino acid concentration in the fruit at
harvest (Lohnertz et al., 2000).

Typically, vineyards tend not to be nitrogen deficient systems. It is
common practice in Oregon for grape growers to apply nitrogen to the soil in early
spring if soil tests call for it. Foliar application of nitrogen is not a commonly used
practice in Oregon. Most Oregon grape growers will only apply as much nitrogen
as was removed the previous harvest in the fruit to avoid over-application of

nitrogen which can lead to vigor problems in the vineyard.

Materials and Methods

Experimental design

This study was conducted at Benton Lane Vineyard, a commercial Oregon

vineyard, during the 1999 and 2000 growing seasons. It was a factorial of
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irrigation, nitrogen, and soil cultivation (Table 3.1) organized in a randomized
block design. Each treatment was replicated five times in groups of eleven vines.
There were guard rows between each data row, and two guard vines between each
replicate per row. Benton Lane vineyard is located in Monroe of the south
Willamette Valley. Site elevation is approximately 130m. The vines used were
Pinot noir clone FPMS 2A grafted on Teleki 5C rootstock. Vine rows were
oriented north to south. The vines were planted in 1992, trained to a double Guyot,
and are spaced 1.5m x 3m apart on predominately Bellpine soil. Vineyard floor
cover consisted of resident plant species. Alternate rows were mowed after resident
species were allowed to bloom. Powdery mildew control was performed by the

grower.

Table 3.1: Main factors and treatment combinations at Benton Lane Vineyard for
1999 and 2000

Irrigation (I) No Irrigation (D)

Till (T) | No Till(NT) | Till(T) | No Till (NT)

Zero Nitrogen (0N) I-T-ON I-NT-ON D-T-ON D-NT-ON

Foliar Nitrogen (FN) | I-T-FN  I-NT-FN D-T-FN  D-NT-FN

Soil Nitrogen (SN) [-T-SN I-NT-SN D-T-SN D-NT-SN
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Irrigation

Water was applied using drip irrigation during lag phase. A total of 82mm
(1999) and 90mm (2000) irrigation was applied per season at a rate of 1.9 L H,0/h.
Annual precipitation for the vineyard site during both 1999 and 2000 is illustrated

in Fig 3.1 and Fig 3.2.

Nitrogen

Nitrogen treatments include an unfertilized control, 39.2 kg N/ha supplied
to the soil, and 2.98 kg N/ha supplied foliarly. Foliar N fertilizer was split in two
applications of 1.49 kg N/ha. Both soil and foliar nitrogen treatments were applied
manually. Soil nitrogen was applied as urea (46-0-0). The amount of N applied to
each replicate was measured and broadcast by hand. Foliar nitrogen was applied in
the form of wetted urea at a .3% concentration. Using a hand sprayer, the nitrogen
solution was applied to leaves in the fruit zone. Soil nitrogen was applied on May
4, 1999 and May 8, 2000. The first foliar nitrogen application was at the beginning
of color change, and the second application was done at véraison (approximately
14° Brix) for both years. Berries started changing color on August 13, 1999 and

August 30, 2000. Véraison occurred on September 8, 1999 and September 6, 2000.
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Figure 3.1: Seasonal precipitation and irrigation applied at Benton Lane
vineyard during 1999. Total annual precipitation = 184 mm. Total
irrigation applied = 82 mm
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Figure 3.2: Seasonal precipitation and irrigation applied at Benton Lane
vineyard during 2000. Total annual precipitation = 247 mm. Total

irrigation applied = 90 mm
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Soil Cultivation

In row tilling was done in early spring to encourage nitrogen utilization and
reduce nutrient and water competition. Tilling of alternate rows was done on May

24,1999 and May 22, 2000. Tilling depth was 15cm.

Photosynthesis, transpiration, and water use efficiency

One representative vine (data vine) per treatment replicate was selected and
used throughout the two seasons for all field measurements. The tenth leaf from a
representative shoot on each data vine was tagged and used throughout each season
to determine gas-exchange, chlorophyll fluorescence, and chlorophyll content
(Candolfi-Vasconcelos et al., 1994b). Leaf gas-exchange was monitored with a
portable infrared gas analyzer, Ciras-1 (PP SYSTEMS, Hitchin, Herts SG5 IRT
UK). Data leaves were fully exposed to sunlight prior to measurement.
Measurements were taken between 9:00 am and 1:00 p.m., at photosynthetic flux

densities above 1200pumol PAR m2s™.

Chlorophyll content

Leaf greenness was measured non-destructively using a hand-held
chlorophyll meter (SPAD-502, Minolta Co. Ltd., Japan). Chlorophyll content was
calculated using the method suggested by Candolfi-Vasconcelos et al. (1994b). Six

readings were taken per data leaf and then averaged.
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Maximum quantum vield of photosynthesis

Chlorophyll fluorescence emission was measured by a pulse modulated
Fluorescence Monitoring System (Hansatech Instruments LTD, King’s Lynn, UK).
Leaves were dark adapted during 15 minutes prior to measurements. The ratio of
variable to maximum fluorescence (Fv/Fm) was used as a measure of the efficiency

of the light dependent reactions of photosynthesis.

Leaf area and vine vigor

In 1999, three shoots were collected per replicate at mid ripening. Leaf area
was measured destructively using a Li-Cor leaf area meter (LI-3100, Li-cor Inc.,
USA). Leaf area from the main and lateral shoots was measured separately. Shoot
length was measured two times during the season until hedging. Shoot diameter
was measured between the second and third nodes using a digital caliper.

During vine winter dormancy, vines were balanced pruned to 28 buds per
kilogram of one-year old wood. From this weight, cane weight and Ravaz Index

were calculated.

Soil moisture
Soil moisture was measured 40cm from the trunk of each data vine using a

Dynamax Theta Probe ML-2 (Delta-T Devices Ltd., Cambridge). Measurements
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were taken at 30cm and 60cm depths. PVC guide pipes were permanently installed
at a 60° angle in the soil for the probe. This was to insure measurements were taken

in the same soil profile on all dates.

Leaf water potential

In 2000, predawn and midday leaf water potentials were measured using a
pressure chamber (PMS Instrument Co., Corvallis, OR). Predawn measurements
were taken before sunrise and midday measurements were taken between 11:00
a.m. and 1:00 p.m. Leaves were enclosed in a plastic bag before being excised at
the petiole from the vine. Leaves were then immediately placed in the pressure

chamber and water potential was determined.

Leaf petiole analysis

Petiole samples were collected from each treatment plot at bloom and
véraison. Bloom petiole samples were taken from a leaf opposite a cluster from
randomly selected shoots. Véraison petioles were collected from a leaf positioned
in the mid-shoot region from randomly selected shoots. Samples were stored on
ice until delivery (within 24 hours) to the Oregon State University Central
Analytical Laboratory. Petioles were analyzed for phosphorus, potassium, calcium,
magnesium, manganese, iron, copper, boron, zinc, nitrate nitrogen, total nitrogen

and carbon.
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Carbohydrate content

During vine winter dormancy (2000 and 2001) two-year-old wood samples,
one internode in length, and proximal to the trunk, were collected and dried.
Soluble solids and starch were extracted from the dried material and analyzed using

the method described by Candolfi-Vasconcelos and Koblet (1990).

Data analysis

All data was submitted to MANOVA using the general linear model. The
SAS statistical package (SAS Institute, Cary, NC), with mean separation at p< 0.05

was used.

Results and Discussion

Photosynthesis, transpiration, and water use efficiency

Irrigation — In 1999 and 2000, there was a general decline in carbon
fixation capacity throughout the growing season in both irrigated and non-irrigated
vines (Fig 3.3a and Fig 3.4a). Photosynthesis was highest at bloom and then
declined steadily throughout the season as the sampled leaf aged. However,
irrigated vines assimilated CO; at a significantly higher rate than non-irrigated vines

after the implementation of irrigation treatments in both 1999 and 2000. The
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1999 growing season. *, **, and *** indicate statistical significance at the 0.05,

0.01, and 0.001 levels of probability, respectively.
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beneficial effect of irrigation on photosynthesis agrees with previously published
work (Rodrigues et al., 1993; Escalona et al., 1997; and Flexas et al., 1998).

At the same time, the transpiration rate of irrigated vines was significantly
higher than non-irrigated vines in 1999 and 2000 (Fig 3.5a and Fig 3.6a). In 1999
and 2000, there was no significant difference between irrigation treatments in water
use efficiency (Fig 3.7a and Fig 3.8a). However, in 1999, the non-irrigated vines
tended to compensate for having less water (Fig 3.7a). Similar studies on
Tempernillo grapevines have shown that water use efficiency is usually higher in
non-irrigated vines (Flexas et al., 1998). Flexas and co-workers (1998) also
demonstrated that water use efficiency tends to increase through the growing
season whether vines are irrigated or not. In 1999, regardless of treatment, vines
tended to increase their water use efficiency from mid August until harvest (Fig
3.7). In 2000, however, the opposite was observed (Fig 3.8). All vines tended to
decrease their water use efficiency from mid August until harvest. This is most
likely due to increased precipitation during the latter half of the growing season in
2000 (Fig 3.2).

Cultivation —In 1999 and 2000, C0, assimilation rate and water use
efficiency were higher for vines in tilled soil as compared to non-tilled soil (Fig
3.3b, Fig 3.4b, Fig 3.7b, and Fig 3.8b). The effect of tilling on photosynthesis was
less evident than the effect on water use efficiency in 1999 (Fig 3.3b and Fig 3.7b).

These responses reflect the lower level of competition for water and nutrients
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experienced by the vines on tilled ground. It is interesting to note that the effect of
tilling on gas-exchange performance became more pronounced after irrigation
treatments were applied. This suggests that part of the water applied to the non-
tilled treatment was used by the cover crop. In 1999 and 2000, no significant
differences in transpiration rate occurred, although tilled vines tended to transpire
slightly more than non-tilled vines (Fig 3.5b and Fig 3.6b).

Nitrogen — In 1999 and 2000, there were no significant differences among
nitrogen treatments in CO0, assimilation, transpiration, or water use efficiency (Fig
3.3¢, Fig 3.4c, Fig 3.5¢, Fig 3.6¢, Fig 3.7¢c, and Fig 3.8c). A decrease in C0,
assimilation (Fig 3.3c and Fig 3.4c) and transpiration (Fig 3.5¢ and Fig 3.6c¢)
occurred from the beginning of the season to the end of ripening in both 1999 and
2000 for all nitrogen treatments. This decrease, which was observed regardless of
treatment, was probably due to the aging of leaves. In 1999, water use efficiency
was highest during late July for all nitrogen treatments (Fig 3.7c). In 2000, water
use efficiency was highest during mid August for all nitrogen treatments (Fig 3.8c).
During both seasons, an increase in water use efficiency occurred before véraison.
This suggests a sink driven increase on the water use efficiency of the vines. These
results suggest that leaf nitrogen content was not limiting photosynthesis, even on

the vines that did not receive nitrogen fertilizer.



50

Chlorophyll content

Irrigation — Leaf chlorophyll content did not differ significantly between
irrigated and non-irrigated vines in 1999 or 2000 (Fig 3.9a and Fig 3.10a).
However, on all dates in 2000, except July 31, leaves from irrigated vines tended to
be higher in chlorophyll (Fig 3.10a). This is most likely due to irrigation increasing
nitrogen availability to the vines.

Cultivation — In 1999, tilling tended to increase chlorophyll content when
compared to non-tilled vines (Fig 3.9b). In 2000, obvious differences were
observed between tilled and non-tilled treatments with respect to overall
chlorophyll content. On all dates in 2000, tilled vines had significantly higher
chlorophyll content than non-tilled vines (Fig 3.10b). This suggests that tilling
reduced nutrient competition between vines and cover crop, making nitrogen more
available in the tilled treatments. This effect was not as obvious in 1999 and could
possibly be due to a delayed effect of cultivation on vine physiological response.
Extensive literature exists regarding the effects of cultivation on annual crops.
However the effects of cultivation on perennial crop systems has not been closely
examined.

Nitrogen — In 1999 and 2000, differences in chlorophyll content between

nitrogen treatments were not observed (Fig 3.9¢ and Fig 3.10c).
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1999 growing season. *, ** and *** indicate statistical significance at the 0.05,
0.01, and 0.001 levels of probability, respectively.
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Maximum quantum vield of photosynthesis

Irrigation —In 1999, there was no significant difference in the maximum
quantum yield of photosynthesis (Fv/Fm) between irrigated and non-irrigated vines
(Fig 3.11a). In 2000, irrigated vines tended to have a higher Fv/Fm after the onset
of irrigation and had significantly higher efficiency at harvest (Fig 3.12a).

Cultivation — In 1999, tilling tended to increase the efficiency of light
driven photosynthetic reactions (Fig 3.11b). In 2000, similar differences were
observed and the effect was more pronounced, suggesting that cultivation has a
delayed effect on vine physiological response (Fig 3.12b). This is most likely a
result of reduced water and nutrient competition. Flexas et al. (1998) found that
water competition does not induce photoinhibition in field grown grapevines, even
when stomatal conductance and photosynthesis are reduced to very low values.

Nitrogen — There was no clear response of Fv/Fm to nitrogen treatments in

1999 or 2000 (Fig 3.11c and Fig 3.12c¢).

Soil moisture

Benton Lane vineyard has been dry land farmed prior to the implementation
of irrigation treatments in 1999. In 1999 and 2000, there were significant
differences in soil moisture at 30cm depth and 60cm depth, after the application of

irrigation (Fig 3.13a, Fig 3.14a, Fig 3.15a, Fig 3.16a). Irrigated vines tended to
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Figure 3.11: Effect of irrigation, tilling, and nitrogen fertilization on maximum
quantum yield of photosynthesis of Pinot noir grapevines at Benton Lane
vineyard during the 1999 growing season. *, **, and *** indicate statistical
significance at the 0.05, 0.01, and 0.001 levels of probability, respectively.



35

a-Irrigation
5 085
>
5 0.80
g E
5 5075
o > N
g & —— Irrigated -- I
E 070 1 _ .. Dry
S
b

0.65 . . T .
20-Jun  10-Jul  30-Jul 19-Aug 8-Sep

b-Tilling

= @ = NoTill

0.65 L T T T
20-Jun  10-Jul  30-Jul 19-Aug 8-Sep

—— Till I,
0.70 - N I .

Maximum Quantum Yield
(Fv/Fm)
(=]
&

c-Nitrogen

=== Zero Nitrogen
0.70 { = < = Soil Nitrogen

== = Foliar Nitrogen
0.65 U T T T

20-Jun  10-Jul  30-Jul 19-Aug 8-Sep

Maximum Quantum Yield
(Fv/Fm)
(=]
&

Figure 3.12: Effect of irrigation, tilling, and nitrogen fertilization on maximum
quantum yield of photosynthesis of Pinot noir grapevines at Benton Lane
vineyard during the 2000 growing season. *, **, and *** indicate statistical
significance at the 0.05, 0.01, and 0.001 levels of probability, respectively.



0.30

a-Irrigation

0.25 -
0.20 -
0.15 -
0.10

——Irrigated
- @ = Dry

_-"-.-
* I
*k%k I
* k%

Soil moisture at 30cm depth
(m*/m?)

0.05

T 1 L)

20-Jul 9-Aug 29-Aug 18-Sep

0.30

b-Tilling

0.25 -
0.20 -
0.15 1
0.10 -

(m3/m3)

0.05

——Till

= * - NoTill

Soil moisture at 30cm depth

s T T

20-Jul 9-Aug 29-Aug 18-Sep

0.30

c-Nitrogen

0.25 1
0.20
0.15
0.10

0.05

= Zero Nitrogen
= @ = Soil Nitrogen
==+ = Foliar Nitrogen

Soil moisture at 30cm depth
(m3/m3)

20-Jul 9-Aug 29-Aug 18-Sep

Figure 3.13: Soil moisture content at 30cm depth of Pinot noir grapevines at
Benton Lane vineyard during the 1999 growing season. *, ** and *** indicate
statistical significance at the 0.05, 0.01, and 0.001 levels of probability,

respectively.

56



a-Irrigation

0.30
0.25
0.20 -
0.15 -
0.10 1 *kek

0.05 T T . T
20-Jun  10-Jul  30-Jul 19-Aug 8-Sep

——Jrrigated
- @ = Dry

Soil moisture at 30cm depth
(m¥m?)

b-Tilling
0.30

0.25
0.20 A
0.15
0.10 1

0.05 i 1 T t
20-Jun  10-Jul  30-Jul 19-Aug 8-Sep

——Till

= * = No Till

Soil moisture at 30cm depth
(m*/m?)

c-Nitrogen

€ 045

o 0.40 - —— Zero Nitrogen
§ 0.35 1 = = = Soil Nitrogen

a4 0.30 A

% E o5 | —= = Foliar Nitrogen
0 *

5 E 020 -

3 015

E  010-

S 005 . , . ,

20-Jun  10-Jul  30-Jul 19-Aug 8-Sep

Figure 3.14: Soil moisture content at 30cm depth of Pinot noir grapevines at
Benton Lane vineyard during the 2000 growing season. *, **, and *** indicate
statistical significance at the 0.05, 0.01, and 0.001 levels of probability,
respectively.

57



a-Irrigation

S
. 0.35
° «=—o— Irrigated
g 0.30 A
g -
5 & 0.25 - ket
5] (2]
5‘8’020 .__.I._-I
S 0.5 )
g
;)5 0.10 , . .
20-Jul 9-Aug 29-Aug 18-Sep
= b-Tilling
2 0.35
© =—e—Till
§ %01 - - Noin
,&’, \E 025 7] .
“é "8 0.20 -
2 |
2 0.15
3 010 . T T
A
20-Jul 9-Aug 29-Aug 18-Sep
c-Nitrogen
0.40
—o— Zero Nitrogen

0.35 -
0.30 1
0.25 1
0.20 -
0.15

= < = Soil Nitrogen
—= = Foliar Nitrogen

0.10

Soil moisture at 60cm depth
(m’/m*)

20-Jul

9-Aug

29-Aug

L] T

18-Sep

Figure 3.15: Soil moisture content at 60cm depth of Pinot noir grapevines at
Benton Lane vineyard during the 1999 growing season. *, **, and *** indicate
statistical significance at the 0.05, 0.01, and 0.001 levels of probability,

respectively.

58



a-Irrigation

=
a8 035
o —— Irrigated i
g 0.30 -
Q
3 o 0.25 -
s E
53 ~”
E g 0.20
S A5
g 0
:_8‘ 0.10 t 1 T 1
75}
20-Jun  10-Jul  30-Jul 19-Aug 8-Sep
b-Tilling
0.35
——Till
0.30 1 - < - No Till

Soil moisture at 60cm depth

20-Jun  10-Jul  30-Jul 19-Aug 8-Sep

c-Nitrogen
< 040 , _
_§‘ ——e— Zero Nitrogen
§ 0.35 - = - Soil Nitrogen
= g 0307 — = Foliar
£ E 025
€ 020-
S 015 . : . :

20-Jun  10-Jul  30-Jul 19-Aug 8-Sep

Figure 3.16: Soil moisture content at 60cm depth of Pinot noir grapevines at
Benton Lane vineyard during the 2000 growing season. *, **, and *** indicate
statistical significance at the 0.05, 0.01, and 0.001 levels of probability,
respectively.

59



60

maintain higher soil moisture until harvest during both seasons. There were no
significant differences in soil moisture with respect to tilling (Fig 3.13b, Fig 3.14b,
Fig 3.15b, and Fig 3.16b) or nitrogen treatments (Fig 3.13c, Fig 3.14c, Fig 3.15¢,

and Fig 3.16c) during both 1999 and 2000.

Leaf water potential

Irrigation — Leaf water potential was only monitored during the 2000
growing season. Visually, however, it was observed in both 1999 and 2000, that
non-irrigated vines showed changes in leaf angle during the day, which has been
reported to be indicative of water stress (Smart, 1974).

From the onset of irrigation, differences in both predawn and midday leaf
water potential between irrigated and non-irrigated vines were observed (Fig 3.17a
and 3.18a). Irrigated vines had consistently higher predawn and midday leaf water
potential then non-irrigated vines. Hardie and Considine (1976), Smart (1974),
Kliewer et al. (1983), and Matthews et al. (1987) all found similar results in
grapevine irrigation studies. However, leaf water potential values obtained during
this study were consistently higher then the aforementioned studies. Similar to
Matthews and co-workers (1987) midday leaf water potentials of non-irrigated
vines decreased more than -0.1 Mpa per week until just before harvest (Fig 3.18a).

Changes in leaf water potential followed similar patterns as changes in

photosynthesis. This is in agreement with the findings of Kriedemann and Smart
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Figure 3.17: Effect of irrigation, tilling, and nitrogen fertilization on predawn
leaf water potential of Pinot noir grapevines at Benton Lane vineyard during the
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Figure 3.18: Effect of irrigation, tilling, and nitrogen fertilization on midday leaf
water potential of Pinot noir grapevines at Benton Lane vineyard during the
2000 growing season. *, ** and *** indicate statistical significance at the 0.05,
0.01, and 0.001 levels of probability, respectively.
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(1971). They reported that when photosynthesis was reduced by 50%, non-irrigated
Shiraz vines reached midday leaf water potentials of —1.2 MPa when compared to
irrigated vines. In the present study, midday leaf water potentials of non-irrigated
vines ranged from —1.0 MPa to —1.5 Mpa just prior to harvest (Fig 3.18a). The
corresponding photosynthetic rate of non-irrigated vines was approximately 30%
less than that of irrigated vines (Fig. 3.4a).

Cultivation — Tilling had no effect on predawn or midday leaf water
potentials (Fig 3.17b and Fig 3.18b).

Nitrogen — There were no differences in predawn or midday leaf water

potentials with respect to nitrogen application (Fig 3.17¢ and Fig 3.18c).

Leaf area and vine vigor

Leaf area was measured only during the 1999 season. There was no
response to irrigation, tilling, or nitrogen application on leaf area or leaf/fruit ratio
(Table 3.2).

During both seasons tilled vines tended to be more vigorous than non-tilled
vines. In 1999 and 2000, tilled vines had higher cane weights (Table 3.3). Tilled
vines had a smaller Ravaz Index than non-tilled vines in both 1999 and 2000 (Table
3.3). Overall pruning weights of tilled vines were higher than non-tilled vines in

2000 (Table 3.3). This shows that tilling, by reducing water and nutrient



Table 3.2: Leaf area of Pinot noir grapevines at Benton Lane Vineyard in 1999.

Main Leaf Lateral Leaf Main Leaf Lateral Leaf Total Leaf Leaf:Fruit
Size Size Area/Vine Area/Vine Area/Vine ratio
(cm®) (cm®) (m®) (m’) (m”) (cm’/g)
Irrigation
Dry 110.1 31.3 34 1.6 4.8 26.9
Irrigated 103.9 30.7 3.7 1.6 53 26.3
ns ns ns ns ns ns
Nitrogen
Zero Nitrogen 112.7 32,0 3.6 14 5.0 24.0
Foliar Nitrogen 104.9 29.6 38 1.9 5.7 28.2
Soil Nitrogen 103.3 313 32 1.5 4.6 27.7
ns ns ns ns ns ns
Cultivation
No Till 104.2 30.9 35 1.5 5.0 25.3
Till 109.7 31.1 3.6 1.7 5.1 279
ns ns ns ns ns ns

Significant Treatment Interactions
none

ns, *, **, and *** indicate not significant and statistically significant at the 0.05, 0.01,

and 0.001 levels of probability, respectively.
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Table 3.3: Vine vigor and Ravaz Index of Pinot noir grapevines at
Benton Lane Vineyard in 1999 and 2000

Cane wt Pruning wt Ravaz Index
(8) (kg/vine) (kg fruit/kg prunings)
1999
Irrigation
Irrigated 354 0.67 2.69
Dry 38.8 0.69 231
ns ns *k
Nitrogen
Zero Nitrogen  39.7 0.75 2.49
Foliar Nitrogen 37.0 0.68 2.55
Soil Nitrogen 347 0.61 245
ns ns ns
Cultivation
Till 39.7 0.72 232
No Till 345 0.64 2.68
*k ns * %

Significant Treatment Interactions

none
2000
Irrigation
Irrigated 27.1 0.52 8.79
Dry 26.1 0.50 8.47
ns ns ns
Nitrogen
Zero Nitrogen  27.7 0.56 8.48
Foliar Nitrogen 26.3 0.49 9.14
Soil Nitrogen  25.9 0.48 8.26
ns ns ns
Cultivation
Till 294 0.58 7.79
No Till 23.8 0.44 9.47
* % * % * k%

Significant Treatment Interactions
none

ns, *, **, and *** indicate not significant and statistically significant at the 0.05,
0.01, and 0.001 levels of probability, respectively.
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competition, shifts the balance between reproductive and vegetative growth,
increasing vine vigor.

In both 1999 and 2000, irrigation and nitrogen treatments had no significant
effect on vine vigor. In 1999, irrigated vines tended to have a higher Ravaz Index

than non-irrigated vines (Table 3.3).

Leaf petiole analysis

The data presented for the 1999 petiole elemental analysis was extracted
from Hellman (2000).

Bloom — Irrigation treatments were implemented after the bloom sampling
in 1999 (Table 3.4a). Tilling had a small effect on petiole potassium, magnesium,
copper, and manganese concentration during bloom (Table 3.4a). Vines that
received foliar nitrogen had slightly less zinc present in the petioles then vines that
received soil or zero nitrogen (Table 3.4a).

In 2000, petiole nutrient analysis at bloom indicates that phosphorus,
calcium, and boron were higher for vines that had been irrigated during the
previous season (Table 3.5a). Phosphorus content was lowest for vines that
received soil nitrogen fertilization. This agrees with studies which show that

increased nitrogen application in the spring tends to reduce phosphorus in the



Table 3.4a: Petiole nutrient content during bloom at Benton Lane Vineyard

in 1999
P K Ca Mg C N NO,
% % % % % % ppm
Macronutrients
Irrigation
Irrigated 02 2.6 15 0.8 41.4 0.8 201.0
Dry 0.2 2.6 1.5 0.8 413 0.8 263.7
ns ns ns ns ns ns ns
Nitrogen
Zero Nitrogen 0.2 2.6 1.5 0.8 414 0.8 235.6
Foliar Nitrogen 0.2 2.6 1.6 0.8 413 0.8 221.1
Soil Nitrogen 0.2 2.6 1.5 0.8 41.4 0.8 240.3
ns ns ns ns ns ns ns
Cultivation
Till 0.2 2.7 1.6 0.9 41.1 0.8 2389
No Till 0.2 2.6 1.5 0.8 415 0.8 225.8
ns * ns * *x ns ns
Significant Treatment Interactions
none
B Zn Mn Cu
ppm ppm ppm ppm
Micronutrients
Irrigation
Irrigated 37.1 60.0 297.0 13.8
Dry 38.0 66.1 315.6 14.5
ns ns ns ns
Nitrogen
Zero Nitrogen  37.9 65.4a 310.7 14.4
Foliar Nitrogen 37.7 56.8b 3284 14.1
Soil Nitrogen  37.0 67.0a 279.7 14.0
ns * ns ns
Cultivation
Till 37.2 65.0 330.8 14.6
No Till 38.0 61.1 281.8 13.7
ns ns * *

Significant Treatment Interactions

none

ns, *, **, and *** indicate not significant and statistically significant at the 0.05, 0.01,
and 0.001 levelsof probability, respectively. Means followed by different letters are

significantly different.
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Table 3.5a: Petiole nutrient content during bloom at Benton Lane Vineyard
in 2000

P K Ca Mg C N NO,
Y% % % % % % ppm
Macronutrients
Irrigation
Irrigated 0.19 242 1.34 0.53 424 0.53 50.6
Dry 0.14 243 1.24 0.54 42.5 0.53 59.5
*kk ns *kk ns ns ns ns
Nitrogen

Zero Nitrogen 0.17a 2.38 1.32 0.54 42.5 0.53 51.0
Foliar Nitrogen 0.19a 247 1.30 0.55 42.4 0.53 493
Soil Nitrogen  0.14b 242 1.25 0.52 42.5 0.53 64.9

** ns ns ns ns ns ns
Cultivation
Till 0.15 243 1.29 0.55 424 0.54 63.5
No Till 0.18 2.42 1.29 0.52 42.5 0.52 46.6
ns ns ns ns ns ns ns

Significant Treatment Interactions

none
B Zn Mn Cu
ppm ppm ppm ppm
Micronutrients
Irrigation
Irrigated 22.7 53.0 258 9
Dry 22.1 50.3 248 8.93
* ns ns ns
Nitrogen

Zero Nitrogen  22.3 53.6 251 9.15
Foliar Nitrogen 22.8 51.8 266 9.05
Soil Nitrogen 222 49.6 242 8.7

ns ns ns ns
Cultivation
Till 222 523 264 9.17
No Till 22.6 51.0 242 8.77
ns ns ns ns
Significant Treatment Interactions
none

ns, *, **, and *** indicate not significant and statistically significant at the 0.05, 0.01,
and 0.001 levelsof probability, respectively. Means followed by different letters are
significantly different.



69

leaves (Bell, 1991; Spayd et. al., 1993; Larchevéque et al., 1998). In 2000,
cultivation did not affect petiole nutrient content at bloom (Table 3.5a).

Véraison — Imgation had no effect on petiole nutrient content during
véraison in 1999 (Table 3.4b). Tilling had a small effect on petiole manganese
concentration (Table 3.4b). Nitrogen treatments in 1999 produced small differences
in phosphorus, manganese, total nitrogen and carbon (Table 3.4b). However, these
differences were found to be small and may not be of biologically significance.

In 2000, cultivation had the biggest impact on petiole nutrient analysis at
véraison (Table 3.5b). Tilled vines had significantly higher phosphorus, potassium,
manganese, copper, and nitrogen than non-tilled vines. Irrigated vines had
significantly higher phosphorus, calcium, magnesium, and nitrogen at véraison than
non-irrigated vines (Table 3.5b). Non-irrigated vines tended to have higher nitrate
concentration in the petioles than irrigated vines. Vines that were not given any
nitrogen had higher copper than vines which received foliar or soil applied nitrogen
(Table 3.5b).

Significant treatment interactions between irrigation and cultivation were
observed during véraison in 1999 (Table 3.4c). Irrigated and tilled vines had
significantly higher petiole nitrate concentration and non-irrigated and tilled vines

had significantly higher petiole zinc concentration.



Table 3.4b: Petiole nutrient content during veraison at Benton Lane
Vineyard in 1999

P K Ca Mg C N NO,
% % % % % % ppm
Macronutrients
Irrigation
Irrigated 0.04 1.6 1.1 1.0 435 0.3 16.2
Dry 0.04 1.7 1.1 1.0 434 03 14.4
ns ns ns ns ns ns ns
Nitrogen
Zero Nitrogen 0.04 1.7 1.1 1.0 433b 0.3b 17.6
Foliar Nitrogen 0.04 1.6 1.1 1.0 440a 04a 13.1
Soil Nitrogen 0.04 1.6 1.1 1.0 43.5b 03b 15.2
ns ns ns ns * * ns
Cultivation
Till 0.04 1.7 1.1 1.0 433 0.3 17.9
No Till 0.04 1.5 1.1 1.0 434 0.3 12.7
ns ns ns ns ** ns ns
Significant Treatment Interactions
See Table 3.4¢
B Zn Mn Cu
ppm ppm ppm ppm
Micronutrients
Irrigation '
Irrigated 22.6 51.9 228.1 4.7
Dry 229 58.3 222.2 6.0
ns ns ns ns
Nitrogen

Zero Nitrogen 23.0 60.3 252.3a 52
Foliar Nitrogen 23.0 534 220.2ab 5.0
Soil Nitrogen 230 51.6 203.9b 6.3

ns ns * ns
Cultivation
Till 23.0 57.0 240.0 6.2
No Till 23.0 53.0 211.3 45
ns ns * ns
Significant Treatment Interactions
See Table 3.4¢

ns, *, **, and *** indicate not significant and statistically significant at the 0.05, 0.01,
and 0.001 levelsof probability, respectively. Means followed by different letters are
significantly different.



Table 3.5b: Petiole nutrient content during veraison at Benton Lane

Vineyard in 2000
P K Ca Mg C N NO,
Y% Y% % % Y% Y% ppm
Macronutrients
Irrigation
Irrigated 0.04 0.89 1.17 1.23 434 0.35 8.45
Dry 0.03 0.88 1.10 1.21 43.2 0.34 10.31
** ns * ns ns ** ns
Nitrogen
Zero Nitrogen  0.04  0.91 1.16 1.19 43.2 0.34 7.84
Foliar Nitrogen 0.04  0.85 1.15 1.26 432 0.34 10.77
Soil Nitrogen 0.04 0.90 1.09 1.21 435 0.34 9.54
ns ns ns ns ns ns ns
Cultivation
Till 0.04 0.98 1.14 1.23 43.1 0.35 9.5
No Till 0.03  0.79 1.12 1.21 43.6 0.34 9.26
* *% ns ns *% * ns
Significant Treatment Interactions
none
B Zn Mn Cu
ppm  ppm  ppm  ppm
Micronutrients
Irrigation
Irrigated 21.5 603 279 49
Dry 212 595 270 4.8
ns ns ns ns
Nitrogen
Zero Nitrogen 219  60.7 273 5.1a
Foliar Nitrogen 21.1 59.5 283  4.8ab
Soil Nitrogen 21.1 59.6 268 4.6b
ns ns ns **
Cultivation
Till 21.0 61.0 291 5.0
No Till 21.7 589 258 4.7
* ns k& *%

Significant Treatment Interactions

none

ns, *, **, and *** indicate not significant and statistically significant at the 0.05, 0.01,
and 0.001 levelsof probability, respectively. Means followed by different letters are

significantly different.
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Table 3.4c: Petiole nutrient content during veraison at Benton Lane
Vineyard in 1999

Significant Treatment Interactions

P K Ca Mg C N NO,
Y% % Y Y% Y% Y% ppm
Macronutrients
Irrigation x Cultivation
Irrigated x Till 0.04 1.7 1.1 1.0 433 0.3  23.6a
Irrigated x No Till 0.04 1.5 1.1 1.0 43.7 0.3 8.7¢c
Dry x Till 0.04 1.7 1.1 1.0 434 03 123b
Dry x No Till 0.04 1.6 1.1 1.0 435 04 16.6b
ns ns ns ns ns ns **
B Zn Mn Cu
ppm ppm ppm __ ppm
Micronutrients
Irrigation x Cultivation

Irrigated x Till 23.0 502c¢ 2431 5.1
Irrigated x No Till 22.2 540b 2132 42

Dry x Till 23.0 65.0a 236.2 73
Dry x No Till 228 52.0bc  209.3 4.7
ns * ns ns

ns, *, ** and *** indicate not significant and statistically significant at the 0.05, 0.01,
and 0.001 levelsof probability, respectively. Means followed by different letters are
significantly different.
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Wood carbohydrate reserves

There were no measurable treatment differences in the level of carbohydrate
reserves in the permanent vine structure during the winter following the first year
of this study (Table 3.6).

In 2000, irrigation and nitrogen application did not affect carbohydrate
concentration (Table 3.7). However, soil cultivation did impact the amount of
starch, sugar, and total non-structural carbohydrates (TNSC) found in the
permanent structure of the vine (Table 3.7). Tilled vines had significantly higher
starch, sugar, and TNSC then non-tilled vines. This could be related to the
increased rates of photosynthesis and vine vigor that were observed in tilled
treatments in 1999 and which became even more apparent in 2000 (Fig 3.3b, Fig
3.4b, and Table 3.3).

Candolfi-Vasconcelos and co-workers (1994a) found that under non-
stressing conditions, there is no retranslocation of carbon reserves to supplement
fruit ripening. If there is a shortage of photoassimilates due to imbalances between
sinks (fruit) and source tissues (leaves), vines are able to retranslocate carbon from
reserves during the ripening period. In 1999, fruit yields were lower (2kg/vine) than
in 2000 (4kg/vine). The smaller crop load in 1999 allowed vines to fully replenish
the reserves. In 2000, the carbohydrate reserves were about half the levels observed

in 1999, probably as a result of the heavier crop.



Table 3.6: Wood carbohydrate reserves of Pinot noir vines at Benton Lane Vineyard in 1999.

trunk volume starch sugar TNSC starch sugar TNSC
(') (%) (%) (%) (gtunk)  (gtrunk)  (g/trunk)
Irrigation
Irrigated 504.5 10.1 11.3 21.4 24.8 27.6 52.4
Dry 498.9 9.3 10.3 19.6 23.8 26.4 50.2
ns ns ns ns ns ns ns
Nitrogen
Zero Nitrogen 493.8 10.9 12.1 23.0 27.1 30.1 57.1
Foliar Nitrogen 506.8 9.6 10.7 203 24.2 26.9 51.0
Soil Nitrogen 504.5 8.6 9.6 18.2 21.6 24.0 45.7
ns ns ns ns ns ns ns
Cultivation
Till 493.9 9.5 10.6 20.2 22.5 25.0 47.6
No Till 509.5 9.9 11.0 20.8 26.0 28.9 55.0
ns ns ns ns ns ns ns

Significant Treatment Interactions
none

ns, *, **, and *** indicate not significant and statistically significant at the 0.05, 0.01, and 0.001 levels of probability, respectively.
Means followed by different letters are significantly different
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Table 3.7: Wood carbohydrate reserves of Pinot noir vines at Benton Lane Vineyard in 2000.

trunk volume starch sugar TNSC starch sugar TNSC
(cm’) (%) (%) (%) (giunk)  (g/trunk)  (g/trunk)
Irrigation
Irrigated 568.2 4.5 5.0 9.5 14.2 15.8 30.1
Dry 562.0 4.5 5.1 9.6 14.7 16.3 31.1
ns ns ns ns ns ns ns
Nitrogen
Zero Nitrogen 566.7 4.2 4.7 8.9 13.4 14.9 28.3
Foliar Nitrogen 584.1 45 5.0 9.6 15.5 17.2 32.7
Soil Nitrogen 544.7 4.8 5.4 10.2 14.6 16.2 30.7
ns ns ns ns ns ns ns
Cultivation
Till 579.2 4.9 5.5 10.4 16.4 18.2 345
No Till 555.1 4.1 4.6 8.7 12.6 14 26.6
ns * %k * %k &k k * * *

Significant Treatment Interactions
Irrigation x Cultivation

Irrigated x Till 584.0 4.6b 5.1ab 9.6b 14.9 16.6 31.6
Irrigated x No Till 552.5 4.5b 5.0b 9.4b 13.5 15.0 28.6
Dry x Till 574.4 5.3a 5.8a 11.1a 17.8 19.7 37.5
Dry x No Till 549.7 3.8¢ 4.2¢ 8.1¢c 11.7 6.1 24.6
ns *x b e ns ns ns

ns, *, **, and *** indicate not significant and statistically significant at the 0.05, 0.01, and 0.001 levels of probability, respectively.
Means followed by different letters are significantly different

SL
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Chapter 4

The Effect of Soil Moisture Manipulation and Nitrogen Application on
Ripening Dynamics, Juice Composition, and Yield Components of Pinot noir
and Chardonnay in the Willamette Valley

Abstract

The aim of this study was to optimize fruit quality and maximize the juice
nitrogen fraction that can be used by yeast during fermentation. In 1999, various
vineyard practices that may improve nitrogen availability to the vine were
integrated into two replicated trials located in two commercial vineyards, Knudsen
Vineyard in the North Willamette Valley and Benton Lane in the South Willamette
Valley. Treatments were applied in a factonal design to vary irrigation, cultivation,
and nitrogen application to Pinot noir (Benton Lane) and Chardonnay (Knudsen)
grapevines during two seasons. Irrigated vines received supplemental irrigation
after lag phase. Cultivation of alternate rows was performed in early spring to
encourage nitrogen utilization and reduce nutrient and water competition. Nitrogen
treatments consisted of soil-applied urea (39.2kgN/ha), foliar applied urea
(2.98kgN/ha), and zero nitrogen. Soil nitrogen was applied in early spring. Foliar
nitrogen was applied once at the onset of ripening and again at véraison. Ripening

dynamics, juice composition, and yield components were measured in the 1999 and
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2000 growing seasons. During both seasons, irrigated Pinot noir vines had lower
titratable acidity than non-irrigated vines and tilled treatments had higher soluble
solids than non-tilled treatments. Tilled Chardonnay vines had lower soluble solids
and higher titratable acidity in 2000. In 1999, the ammonia content of Pinot noir
fruit decreased from an average of 80 to 30 (mg/L) while the alpha amino acid
content increased from 60 to 150 (mg/L) during ripening. The YANC of Pinot noir
vines increased from 100 to 190 (mg/L), predominately due to a large increase in
alpha amino acid concentration in the last two weeks of maturation. For both Pinot
noir and Chardonnay, the results from 2000 indicate that tilled treatments tend to
have higher YANC at harvest, predominately due to a large increase in alpha amino
acids. Significant effects from tilling suggest that there may be a delayed benefit
from soil cultivation. Irrigated vines tended to have a higher berry weight, however,

yield components differed only slightly between treatments and year.

Introduction

Commercial Oregon must samples have often been shown to contain lower
than minimal levels of fermentable nitrogen at harvest (Watson et al., 2000). At
harvest, low levels of yeast assimilable nitrogen in grape clusters may affect
fermentation behavior and be deleterious to the quality of the finished wine

(Kunkee, 1991; Butzke, 1998). Differences in vine water status have also been
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shown to result in wines with significantly different composition, appearance, and
flavor (Matthews et al., 1990).

The specific amino acids present in the fruit at harvest, and their relative
concentrations, influence the rate of fermentation by yeast and the formation of
higher alcohols in wine (reviewed by Kliewer, 1969). It has been shown that
nitrogenous compounds, especially amino acids, increase with fruit maturity
(Kliewer, 1969; Kliewer, 1968; Winkler et al., 1974).

Numerous studies have found that the solute composition of grapes at
harvest is highly dependent upon the water status of the vine (Williams and
Matthews, 1990; reviewed by Matthews et al., 1990). Thus, in a given growing
season, soil moisture management is important during specific physiological stages
of the vine. There are two phases of intense nitrogen incorporation into the fruit
(reviewed by Weimelinger, 1991). The first takes place during two weeks prior to
the “pea- size” stage of berries. The second starts one month later at véraison and
lasts an additional two weeks (Lohnertz, 1988; Winkler et al., 1974; reviewed by
Wermelinger, 1991).

Water availability, mineralization rate of soil nitrogen, and plant uptake of
soil available nitrogen may override the effect of nitrogen fertilizers (reviewed by
Rupp, 1996). Irrigation is one cultural practice that may increase nitrogen
concentration in the fruit at harvest. It is suggested that optimum vine growth,

grape yield, and grape quality can be obtained by integration of controlled
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irrigation during certain phenological stages of vine growth (Matthews et al., 1990;
Van Zyl, 1984).

In addition, there are many benefits from soil cultivation. In clean cultivated
vineyards, about 100 kg of nitrogen can be mobilized per hectare in one year. In
vineyards with ground cover, the mobilizable nitrogen can be four times higher
(Perret et al., 1992). Soil cultivation can effectively be used to optimize
mineralization of nitrogen and increase soil water availability (reviewed by Rupp,
1996).

This study integrates various vineyard practices that may improve nitrogen
availability to the vine, particularly during ripening. Different strategies aimed at
improving fermentation behavior and wine quality have been evaluated. The focus
of this study is to optimize fruit quality and maximize the juice nitrogen fraction,

while maintaining a physiologically healthy vine and crop system.

Materials and Methods

Experimental design

This study was conducted in two commercial Oregon vineyards during the
1999 and 2000 growing seasons. It was a factorial of irrigation, nitrogen, and soil
cultivation (Table 4.1) organized in a randomized block design. Each treatment

was replicated five times in groups of eleven vines. There were guard rows between
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each data row, and guard vines between each replicate per row (2 guard vines at
Benton Lane Vineyard, 4 guard vines at Knudsen Vineyard).

Site #1 - Knudsen vineyard is located in Dundee of the north Willamette
Valley. Site elevation is approximately 229m. The vines used were Chardonnay
clone FPMS 4 (108) and are own rooted. Vine rows were oriented north to south.
The vines were planted in 1989 and are spaced 1.5m x 2m apart on predominantly
Jory soil.

Site #2 - Benton Lane vineyard is located in Monroe of the south
Willamette Valley. Site elevation is approximately 130m. The vines used were
Pinot noir clone FPMS 2A grafted on Teleki 5C rootstock. Vine rows were
oriented north to south. The vines were planted in 1992 and are spaced 1.5m x 3m
apart on predominately Bellpine soil.

At both sites, vineyard floor cover consisted of resident plant species.
Alternate rows were mowed after resident species were allowed to bloom. Powdery

mildew control was performed by the grower.
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Table 4.1: Main factors and treatment combinations at Benton Lane and Knudsen
Vineyards for 1999 and 2000.

Irrigation (I) No Irrigation (D)

Til(T) { NoTil(NT) | Till(T) No Till (NT)

Zero Nitrogen (ON) I-T-ON I-NT-ON D-T-ON D-NT-ON

Foliar Nitrogen (FN) [ I-T-FN I-NT-FN D-T-FN D-NT-FN

Soil Nitrogen (SN) I-T-SN [-NT-SN D-T-SN D-NT-SN

Irrigation

At both vineyards, water was applied using drip irrigation during lag phase.
A total of 82mm irrigation and 90mm irrigation was applied, in 1999 and 2000
respectively, at Benton Lane Vineyard. At Knudsen Vineyard a total of 51mm
irrigation was applied per season. Both vineyards irrigated at a rate of 1.9-L
H,0/hour. Annual precipitation for both sites during both 1999 and 2000 are

illustrated in Fig 4.1, Fig 4.2, Fig 4.3, and Fig 4.4.

Nitrogen

Nitrogen treatments include an unfertilized control, 39.2 kg N/ha supplied
to the soil, and 2.98 kg N/ha supplied foliarly. Foliar N fertilizer was split in two
applications of 1.49 kg N/ha. Both soil and foliar nitrogen treatments were applied

manually. Soil nitrogen was applied as urea (46-0-0). The amount of N to be
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Figure 4.1: Seasonal precipitation and irrigation applied at Benton Lane
vineyard during 1999. Total annual precipitation = 184 mm. Total
irngation applied = 82 mm
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Figure 4.2: Seasonal precipitation and irrigation applied at Benton Lane
vineyard during 2000. Total annual precipitation = 247 mm. Total
irrigation applied = 90 mm
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Figure 4.3: Seasonal precipitation and irrigation applied at Knudsen
vineyard during 1999. Total annual precipitation = 210 mm. Total
irrigation applied = 51 mm
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Figure 4.4: Seasonal precipitation and irrigation applied at Knudsen
vineyard during 2000. Total annual precipitation = 210 mm. Total
irrigation applied = 51 mm
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applied to each replicate was measured and broadcast by hand. Foliar nitrogen was
applied in the form of wetted urea at a .3% concentration. Using a hand sprayer, the
nitrogen solution was applied to leaves in the fruit zone. Soil nitrogen was applied
on May 4, 1999 and May 8 2000 at Benton Lane Vineyard. Soil nitrogen was
applied on May 5, 1999 and May 10, 2000 at Knudsen Vineyard. At both
vineyards, 50% foliar nitrogen was applied at the beginning of color change and
50% at véraison (approximately 14° Brix) for both years. Berries started changing
color on August 13, 1999 and August 30, 2000 at Benton Lane Vineyard. Véraison
occurred on September 8, 1999 and September 6, 2000 at Benton Lane. Berries
started changing color on August 30, 1999 and September 6 2000 at Knudsen
Vineyard. Véraison occurred on September 22, 1999 and September 13, 2000 at

Knudsen.

Soil cultivation

In row tilling was done in early spring to encourage nitrogen utilization and
reduce nutrient and water competition. Tilling of alternate rows was done on May
12, 1999 and May 15, 2000 at Knudsen. Tilling of alternate rows was done on May
24, 1999 and May 22, 2000 at Benton Lane. Tilling depth was 15cm.

Results from each vineyard are presented separately. One representative
vine (data vine) per treatment replicate was selected and used throughout the two

seasons for all field measurements.
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Ripening dynamics

Ripening surveys began at the onset of ripening. Véraison was determined
by 50% color change in berries. Eight cluster samples were taken from each
replicate between véraison and harvest at approximately one-week intervals. On
each date, five clusters were used for juice analysis and the remaining three clusters
were frozen until further analysis. A sub-sample of 100 berries from the frozen
sample was used to calculate berry weight and determine skin anthocyanin content.
Soluble solids of juice were measured using a digital refractometer (Atago Co.,
LTD, Pelette 100, Honcho, Tokyo). Titratable acidity and pH were measured using

an automatic titrator (Mettler Toledo, DL2] Titrator, Hightstown, NJ).

Yield and fruit composition

Each replicate was harvested separately. Benton Lane vineyard was
harvested on October 22, 1999 and October 12, 2000. Knudsen Vineyard was
harvested on October 25, 1999 and October 19, 2000. A 25-cluster sample was
taken from each replicate and used to determine cluster weight. The 25 clusters
were then crushed and used to determine soluble solids, pH, and titratable acidity as
described above. In addition, a 5-cluster sample was taken from each replicate and

used to determine berry weight and skin anthocyanin concentration.
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Yeast assimilable nitrogen content

Cluster samples taken at two-week intervals from véraison to harvest were
crushed and pressed. The juice was then analyzed for yeast fermentable nitrogen
content. Ammonia content was determined using a Sigma enzymatic diagnostic kit.
Alpha amino acid content was determined using the NOPA spectrophotometric
assay (Butzke, 1998). Yeast assimilable nitrogen content (YANC) is expressed as
nitrogen mg/L and is determined as the sum of the assimilable nitrogen from

ammonia and the assimilable nitrogen from alpha amino acids (Butzke, 1998).

Data analysis

All data was submitted to MANOVA using the general linear model. The
SAS statistical package (SAS Institute, Cary, NC), with mean separation at p< 0.05

was used.

Results and Discussion

Ripening dynamics

Benton Lane Vineyard - Juice soluble solids were significantly higher for
irrigated vines on two dates during ripening in 2000 (Fig 4.5a). A similar trend was
observed in 1999, although differences were not as marked (Fig 4.6a). This could
not be explained by berry size since irrigated vines had larger berries in 1999 (Fig

4.7a and Table 4.2a). However, it is probably a result of higher photosynthetic rates
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Figure 4.5: Effect of irrigation, tilling, and nitrogen fertilization on juice soluble
solids of Pinot noir grapevines at Benton Lane vineyard during the 2000
growing season. *, ** and *** indicate statistical significance at the 0.05, 0.01,
and 0.001 levels of probability, respectively.
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Table 4.2a: Yield components of Pinot noir vines at Benton Lane Vineyard in 1999.

Yield Berries/ Berry wt. Cluster wt.
(kg/vine) cluster (_g) (8
Irrigation
Irrigated 2.2 83.1 1.1 88.7
Dry 2.0 89.0 1.0 86.9
ns * * ns
Nitrogen
Zero Nitrogen 23 87.7 1.0 90.2
Foliar Nitrogen 2.2 86.4 1.1 90.2
Soil Nitrogen 1.9 84.1 1.0 83.0
ns ns ns ns
Cultivation
Till 2.1 86.5 1.0 89.4
No Till 2.1 85.6 1.0 86.3
ns ns ns ns

Significant Treatment Interactions
none

ns, *, **, and *** indicate not significant and statistically significant at the 0.05, 0.01,
and 0.001 levels of probability, respectively.
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(Fig 3.3a) of vines receiving supplemental irrigation. The increase in both soluble
solid concentration and berry size suggests that non-irrigated vines were operating
under drought stress. The concentration of sugar in berries is often decreased as
vine water stress is alleviated, in part, due to larger berry size (reviewed by Smart
and Coombe, 1983). In 2000, on all but one date, juice from tilled vines had higher
soluble solids than non-tilled vines (Fig 4.5b). A similar trend was observed in
1999, although differences were not significant (Fig 4.6b). This may also be
attributed to the higher photosynthetic rates of these vines during both seasons (Fig
3.3b and Fig 3.4b).

At the onset of ripening in 2000, juice from irrigated vines had significantly
higher pH than non-irrigated vines (Fig 4.8a). Prior to harvest in 2000, juice from
tilled vines had higher pH than non-tilled vines (Fig 4.8b). In Australia, Freeman et
al. (1980) found that decreased water stress increased juice and wine pH in Shiraz.
In late September of 2000, juice from vines that received no nitrogen had lower pH
than other nitrogen treatments (Fig 4.8c).

In 1999 and 2000, juice from non-irrigated vines had significantly higher
titratable acidity than irrigated vines at the onset of ripening (Fig 4.9a and Fig
4.10a). This effect is contradictory too much of the reported research. Spiegel-Roy
and Bravdo (1964), Van Zyl and Weber (1977), and Coombe and Monk (1979) all
report that higher water availability causes higher acidity concentration of berries.

In 2000, juice from vines that received zero nitrogen had higher titratable acidity on
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Figure 4.8: Effect of irrigation, tilling, and nitrogen fertilization on juice pH of
Pinot noir grapevines at Benton Lane vineyard during the 2000 growing season.
*, ** and *** indicate statistical significance at the 0.05, 0.01, and 0.001 levels

of probability, respectively.
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two dates prior to harvest (Fig 4.10c). There were no significant differences in juice
soluble solids, pH, or titratable acidity among nitrogen treatments in 1999 (Fig
4.6¢, Fig 4.11c, and Fig 4.9¢).

Knudsen Vineyard — In 1999 and 2000, there were no significant differences
between irrigated and non-irrigated vines with respect to juice soluble solids or
titratable acidity (Fig 4.12a, Fig 4.13a, Fig 4.14a and Fig 4.15a). Two weeks prior
to harvest in 2000, juice pH of non-irrigated vines was significantly higher than
irrigated vines (Fig 4.16a). Juice from Chardonnay vines grown in deep soils in the
cool climate of Salinas Valley, California showed a slight decrease in pH when
irrigated (Wildman et al., 1976). Neja et al. (1977) also showed that Cabernet
Sauvignon, grown in a cool climate, resulted in lower juice pH with increasing
amounts of irrigation.

Vines at this site have been irrigated since establishment and have not
shown signs of drought stress in the past. It is likely that non-irrigated vines were
unaffected by lack of water during two growing seasons. Deep soils and northern
exposure may also be mitigating factors.

In 2000, on all dates except that prior to harvest, non-tilled vines had higher
juice soluble solids than tilled vines (Fig 4.14b). Juice from tilled vines had higher
titratable acidity than non-tilled vines on three dates prior to harvest in 2000 (Fig

4.15b). Differences in ripening dynamics between tilling treatments were not
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observed in 1999 (Fig 4.12b, Fig 4.17b, and Fig 4.13b). No significant differences
in ripening dynamics between nitrogen treatments were observed in 1999 or 2000

(Fig 4.12¢c, Fag 4.17c¢, Fig 4.13c, Fig 4.14c, Fig 4.16¢, and Fig 4.15c¢).

Nitrogenous compounds

During ripening fruit ammonia content decreased while total alpha-amino
acid content increased, agreeing with previously reported studies (Roubelakis-
Angelakis and Kliewer 1992). The extent and at what rate total alpha-amino acid
content in the fruit increases is dependent on many factors (Roubelakis-Angelakis
and Kliewer, 1992).

Benton Lane Vineyard — During the 1999 ripening period (Fig 4.18, Fig
4.19, and Fig 4.20), juice ammonia content of Pinot noir vines decreased from
approximately 80 mg/L to 30 mg/L. At the same time, alpha-amino acid content
increased from approximately 60 mg/L to 150 mg/L. Yeast assimilable nitrogen
(YANC) increased from approximately 100 mg/L to 190 mg/L. The largest percent
of YANC increase occurred during the last two weeks of fruit maturation. This is
thought to be due to the large increases in alpha-amino acid content during this
period.

Overall, juice ammonia content, alpha-amino acid content, and YANC were

lower during the 2000 ripening period (Fig 4.21, Fig 4.22, and Fig 4.23). Juice
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ammonia content decreased from approximately 30 mg/L to 10 mg/L. Alpha-amino
acid content increased from approximately 40 mg/L to 100 mg/L. YANC increased
from approximately 60 mg/L to 120 mg/L.

In 1999, juice from non-irrigated vines had higher alpha-amino acid
concentration (Fig 4.19a) and YANC (Fig 4.20a) than irrigated vines, two weeks
prior to harvest and at harvest. At the onset of ripening, juice from vines that did
not receive nitrogen fertilization had higher YANC than foliar nitrogen or soil
nitrogen treatments (Fig 4.20c). However, this difference was not apparent at
harvest.

In 2000, juice from non-irrigated vines had significantly higher ammonia
content than irrigated vines on one date prior to harvest (Fig 4.21a). Juice from
non-irrigated vines had higher alpha-amino acid concentration at harvest when
compared to irrigated vines (Fig 4.22a). Juice from tilled vines had higher ammonia
content and YANC at harvest than non-tilled vines (Fig 4.21b and Fig 4.23b).

Juice from vines that did not receive nitrogen fertilization had significantly less
alpha-amino acid content on two dates prior to harvest (Fig 4.22c¢) and less YANC
two weeks prior to harvest (Fig 4.23c), when compared to soil nitrogen and foliar
nitrogen treatments.

Knudsen Vineyard — In 1999 (Fig 4.24, Fig 4.25, and Fig 4.26), the juice
ammonia content decreased from approximately 120 mg/L to 80 mg/L in 1999.

From véraison to mid October, juice alpha-amino acid content increased from



a-Irrigation

Juice N from NH;,
(mg/L)
S
(=)

70 - == [rrigated
604 - < =Dry
50 . T .
1-Sep 21-Sep 11-Oct 31-Oct
b-Tilling
140

80 1 w1l

Juice N from NH,
(mg/L)
S
(=]

604 = < - NoTill ‘I
50 + T T

1-Sep 21-Sep 11-Oct 31-Oct

c-Nitrogen

140
130
120
110
100
gg : == Zero Nitrogen
70 1 = * = Soil Nitrogen

gg 1 —- Fo_liar Nitrogen

1-Sep 21-Sep 11-Oct 31-Oct

Juice N from NH;,
(mg/L)
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the 1999 growing season. *, **, and *** indicate statistical significance at the
0.05, 0.01, and 0.001 levels of probability, respectively.
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Figure 4.25: Effect of irrigation, tilling, and nitrogen fertilization on juice
nitrogen from alpha-amino acids of Chardonnay grapevines at Knudsen vineyard
during the 1999 growing season. *, ** and *** indicate statistical significance
at the 0.05, 0.01, and 0.001 levels of probability, respectively.



a-Irrigation 13

—— Irrigated
250 7] - @ = Dry

Juice N as YANC
(mg/L)
N
N
o

130 , . .
1-Sep 21-Sep 11-Oct 31-Oct

b-Tilling

280 | e i} -

250 { - < - No Till
2220 - .
E 190 -

160 -

130 r . T
1-Sep 21-Sep 11-Oct 31-Oct

Juice N as YANC

c-Nitrogen

280 - e=—e— 7ero Nitrogen
250

220
190 A
160 -

130 T . T
1-Sep 21-Sep 11-Oct 31-Oct

= < - Soil Nitrogen
\—‘ = Foliar Nitrogen

Juice N as YANC
(mg/L)

Figure 4.26: Effect of irrigation, tilling, and nitrogen fertilization on juice
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Knudsen vineyard during the 1999 growing season. *, **, and *** indicate
statistical significance at the 0.05, 0.01, and 0.001 levels of probability,
respectively.
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approximately 80 mg/L to 130 mg/L. YANC increased from approximately 190
mg/L, reaching 230 mg/L two weeks prior to harvest. YANC then decreased to
approximately 200 mg/L at harvest. The decrease in YANC just prior to harvest
appeared to be due to the decrease in ammonia content during the same period.

In 2000 (Fig 4.27, Fig 4.28, and Fig 4.29), juice ammonia content increased
slightly from approximately 100 mg/L to 130 mg/L at the onset of ripening. A
decrease from approximately 130 mg/L to 50 mg/L in juice ammonia content was
observed from early September until harvest. At the onset of ripening, alpha-amino
acid content was approximately 60mg/L. Alpha-amino acid content values were
approximately 110mg/L at harvest. YANC increased from approximately 170 mg/L
to 260 mg/L at the beginning of ripening, then decreased to approximately 175
mg/L at harvest.

Juice from tilled vines had significantly higher ammonia (Fig 4.24b) and
YANC (Fig 4.26b) at harvest in 1999. In 2000, juice from irrigated vines had
higher ammonia content than non-irrigated vines early in the season (Fig 4.27a).
However, this difference was not apparent at harvest. Juice from tilled vines had
higher ammonia content than non-tilled vines in early September as well as at
harvest in 2000 (Fig 4.27b). Juice from treatments that received foliar nitrogen had
higher alpha-amino acid content (Fig 4.28c) and YANC (Fig 4.29c) early in the

season. This difference was not apparent at harvest.
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Figure 4.27: Effect of irrigation, tilling, and nitrogen fertilization on juice
nitrogen from ammonia of Chardonnay grapevines at Knudsen vineyard during
the 2000 growing season. *, ** and *** indicate statistical significance at the
0.05, 0.01, and 0.001 levels of probability, respectively.
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Figure 4.28: Effect of irrigation, tilling, and nitrogen fertilization on juice
nitrogen from alpha-amino acids of Chardonnay grapevines at Knudsen vineyard
during the 2000 growing season. *, ** and *** indicate statistical significance
at the 0.05, 0.01, and 0.001 levels of probability, respectively.
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Research indicates that there is a great degree of variation between low and
high juice alpha-amino acid contents. When compared to research done in Germany
(Sponholz, 1991) and California (Kliewer, 1970), total alpha-amino acid values
observed in these two vineyards would be considered low. Total alpha-amino acid
content of Pinot noir grown in Washington has been reported to be around 300
mg/L (Spayd and Andersen-Bagge, 1996). The same study reported total alpha-
amino acid content of Chardonnay grown in Washington to be on average 250
mg/L.

Agenbach (1977) reported that 140 mg/L of YANC was required to
complete fermentation of juices having 25.8° Brix. It was demonstrated that YANC
up to 500 mg/L increased yeast mass and fermentation rate. YANC above 500
mg/L increased fermentation rate but no longer increased yeast mass (reviewed by
Ingledew and Kunkee, 1995). In 1999, both Pinot noir and Chardonnay juices
analyzed, had more than the minimal required YANC (140 mg/L) at harvest (Fig
4.20 and Fig 4.26). In 2000, YANC in Pinot noir was well below the minimal
requirement (Fig 4.23). YANC in Chardonnay was above the minimal requirement

in 2000, but was less than in 1999 (Fig 4.29).

Yield components

Benton Lane Vineyard — In 1999, non-irrigated vines had significantly more

berries per cluster than irrigated vines (Table 4.2a). This result is not considered to
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be a treatment effect because irmgation was not applied until after fruit set. It is
unlikely that this effect is a result of water stress because fruit set most often occurs
under mild spring conditions when soil water status is normally adequate. In 1999,
berry weight was significantly higher at harvest in vines that had been irrigated (Fig
4.7a). This same difference was observed in 2000 on all dates prior to harvest (Fig
4.30a). However, at harvest, berry weights of irrigated and non-irrigated vines were
not significantly different (Table 4.2b). It is reported that water stress may increase
the risk of berry shrivel, thus reducing berry weight (reviewed by Smart and
Coombe, 1983). Smart (1974) and Van Zyl (1984) report that in Shiraz and
Colombard grapevines, water stress induced after véraison reduced final berry
weight less than stress induced prior to véraison which may affect cell division. In
2000, there were no yield component differences between any of the treatments
(Table 4.2b). However, in 2000, there was a clear trend towards higher yields in
irrigated and tilled treatments.

It has been reported that vine yield is mostly increased by irrigation
(reviewed by Smart and Coombe, 1983). With the exception of Chasselas, 13 of 14
varieties studied resulted in yield increase up to 130%, with the largest response
being for climates characterized by low summer rainfall (Smart and Coombe,
1983).

Knudsen Vineyard — In 1999, there were no significant differences in yield

components (Table 4.3a). In 2000, non-tilled vines had more berries per cluster and
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Figure 4.30: Effect of irrigation, tilling, and nitrogen fertilization on berry
weight of Pinot noir grapevines at Benton Lane vineyard during the 2000
growing season. *, ** and *** indicate statistical significance at the 0.05, 0.01,
and 0.001 levels of probability, respectively.
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Table 4.2b: Yield components of Pinot noir vines at Benton Lane Vineyard in 2000.

Yield Berries/ Berry wt. Cluster wt.
(kg/vine) cluster () (8)
Irrigation
Irrigated 44 113.2 1.1 121.2
Dry 4.1 111.6 1.0 111.6
ns ns ns ns
Nitrogen
Zero Nitrogen 4.6 117.3 1.0 1224
Foliar Nitrogen 43 108.8 1.1 117.3
Soil Nitrogen 3.9 111.0 0.1 109.7
ns ns ns ns
Cultivation
Till 44 114.1 1.0 116.8
No Till 4.1 110.7 1.1 116.0
ns ns ns ns

Significant Treatment Interactions
none

ns, *, ** and *** indicate not significant and statistically significant at the 0.05, 0.01,
and 0.001 levels of probability, respectively.
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Table 4.3a: Yield components of Chardonnay vines at Knudsen Vineyard in 1999.

Yield Berries/ Berry wt. Cluster wt.
(kg/vine) cluster (g) (g)
Irrigation ~ -
Irrigated 3.7 115.1 1.4 161.8
Dry 3.6 111.3 1.4 157.2
ns ns ns ns
Nitrogen
Zero Nitrogen 35 114.8 1.4 161.3
Foliar Nitrogen 3.8 112.7 1.4 159.8
Soil Nitrogen 3.6 112.1 1.4 157.5
ns ns ns ns
Cultivation
Till 37 114.5 1.4 163.4
No Till 3.6 111.9 1.4 155.6
ns ns ns ns
Significant Treatment Interactions
none

ns, *, ** and *** indicate not significant and statistically significant at the 0.05, 0.01,
and 0.001 levels of probability, respectively.

(44
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smaller berry weight than tilled vines (Table 4.3b and Fig 4.31b). The release of
nitrogen following cultivation may have shifted soil nitrogen content to values
higher than desirable, promoting vegetative growth. Competition for assimilates
between growing shoot tips and inflorescences may have occurred in response to

tilling, resulting in decreased fruit set.



Table 4.3b: Yield components of Chardonnay vines at Knudsen Vineyard in 2000.

Yield Berries/ Berry wt. Cluster wt.
(kg/vine) cluster (g) (jg)
Irrigation
Irrigated 2.7 104.9 1.5 151.3
Dry 2.8 105.6 1.5 151.7
ns ns ns ns
Nitrogen
Zero Nitrogen 2.8 102.8 1.5 147.6
Foliar Nitrogen 2.8 104.9 1.5 1532
Soil Nitrogen 2.8 108.0 1.4 153.8
ns ns ns ns
Cultivation
Till 2.9 101.3 1.5 149.0
No Till 2.7 109.2 1.4 154.1
ns ** * ns

Significant Treatment Interactions
none

ns, *, ** and *** indicate not significant and statistically significant at the 0.05, 0.01,

and 0.001 levels of probability, respectively.
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Figure 4.31: Effect of irrigation, tilling, and nitrogen fertilization on berry
weight of Chardonnay grapevines at Knudsen vineyard during the 2000 growing
season. *, ** and *** indicate statistical significance at the 0.05, 0.01, and

0.001 levels of probability, respectively.

125



126

Chapter 5

Conclusions

The vineyard is a dynamic system in-which environmental factors interact
with the vast physiological mechanisms of the vine. To fully understand any
system, one must consider all of its parts.

The two vineyards studied responded differently to the treatments applied.
Although the results from the two vineyards were in no way statistically compared
to one another, it is both interesting and important to consider the microclimatic
differences between the sites. At the southern Willamette Valley site, the
temperatures are slightly warmer than the northern Willamette Valley site. During
both years of this study, ripening occurred earlier at the southern site. The soils at
the southern site are shallower and contain less clay than the soils at the northern
site. Consequently, the vines in the southermn Willamette Valley site suffer more
severe summer drought than do the vines in the northern Willamette Valley site.

Irrigation and tilling treatments successfully decreased competition for
water and nutrients between the vines and cover crop at the southem site. These
treatments had a positive effect on both fruit composition and yield components of
Pinot noir. These treatments also had a positive effect on the photosynthetic
capacity of vines at the southern site. All vines at the southem site are grown on

5C rootstock, which has been shown to be sensitive to water stress. Non-irrigated



127

treatments at the southern site may have been more photosynthetically sensitive to
water stress because of the shallow soil and/or rootstock.

The removal of 50% cover crop by tilling reduced nutrient competition
enough that by the second year of the study chlorophyll content in the leaves was
much higher than non-tilled vines. Tilling also increased ammonia concentration
and YANC of juice during ripening and at harvest. This indicates that more
nitrogen was available for the vine to manufacture additional chlorophyll and
allocate more nitrogen to the fruit because a portion of cover crop competition had
been removed.

At the northern Willamette Valley site there was little response to the
irrigation and tilling treatments. It is very likely that this is because the vines had
not beeﬁ subject to drought or sub-optimal nutrient availability since planting.
Availability of water during ripening achieved by supplemental irrigation or
elimination of 50% cover crop was not beneficial for non-stressed vines.

At both sites, responses to irrigation and tilling suggested a shift to “luxury
consumption mode” resulting in either no effect or a potential negative effect on
vine vigor, yield components, and/or fruit composition. At the southern site this
was 1llustrated by a delayed response in chlorophyll content and vine vigor to the
tilling treatments. This may indicate that excess nitrogen was taken up and stored

as reserves during the first year of the study.
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At both the southern and northern site, vines responded very little to
nitrogen fertilization treatments. Nitrogen treatments did not have an impact on leaf
gas exchange, yield components, carbohydrate accumulation, and very little impact
on fruit composition. This may be because Willamette Valley vineyards typically
have high levels of soil organic matter and nitrogen is usually not limiting.
However, the timing of nitrogen availability and uptake throughout the season is
critical with respect to the fate of this nutrient.

With respect to the objectives of this study, Pinot noir grown at the southern
Willamette Valley site benefited from supplemental irrigation and the removal of
50% of the cover crop. However, Chardonnay grown at the northern Willamette
Valley site did not benefit from these treatments. There was no treatment response

to nitrogen fertilization at either site.
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