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The use of cover crops in young vineyards is not widely accepted in the Pacific 

Northwest due to concerns of water and nutrient competition between the cover crop and 

vines. The last 2 years of a 4-year study started in 2009 are reported here. The study 

evaluated the use of biomass management of a winter annual cover to enhance growth 

and conserve soil moisture. A winter annual cover crop of cereal rye (Secale cereale) and 

crimson clover (Trifolium incarnatum) was planted each fall in a pre-production Vitis 

vinifera ‘Chardonnay’ vineyard. Cover-cropped treatments were compared to an 

unplanted treatment which was never planted to cover crop and kept free of vegetation by 

tillage and/or herbicides for the duration of the study. In spring, cover crop biomass was 

mowed and residues were placed in the alleys, removed from the alleys, or applied as a 

mulch to the vine row at two densities (one equal to the alley biomass, and one with triple 

the alley biomass). All treatments were tilled and kept free of vegetation during the 

summer. Insufficient residue was produced in 2012 and data collected in that year was 

used to determine residual effects from three prior years of treatments. Higher levels of 

soil moisture were maintained in mulched treatments through the summer of 2011. Soil 

mechanical resistance was decreased under the high level of mulch. Root density was 

increased in mulched vine rows, likely as a result of both increased soil moisture and 

reduced soil mechanical resistance. In 2011, shoot growth was increased by 17% in 

mulch treatments, and fruitfulness was higher in 2011 and 2012. Tissue nitrogen and leaf 



 
 

chlorophyll were increased in mulched treatments at bloom, and potassium and boron 

were higher with the high level of mulch in 2011. Clusters were larger in the high level of 

mulch treatment with more berries per cluster, but berry weight and fruit yield were not 

different. Cover crop and mulch did not alter soluble solids, pH, titratable acidity, or 

yeast assimilable nitrogen. By using a winter annual cover crop, consisting of a mix of 

grasses and legumes, and applying the biomass to the vines in the spring, cover crops can 

be a viable management option for establishing vineyards in the Pacific Northwest. 
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INFLUENCE OF COVER CROP RESIDUE MANAGEMENT ON SOIL MOISTURE, 
VINE GROWTH, AND PRODUCTIVITY IN A PRE-PRODUCTION VINEYARD IN 

THE WILLAMETTE VALLEY 
 
 

CHAPTER 1: INTRODUCTION 

One goal of vineyard floor management in pre-production vineyards is to 

maintain vine rows and alleys free of vegetation in order to reduce competition for water 

and nutrients. This vegetation may be weeds or a planted cover crop. It is typical to use 

cultivation or herbicides to keep both the vine rows and alleys clean of vegetation. When 

competition between the vines and the cover crop is managed, cover crops may be used 

effectively to increase soil organic matter and decrease erosion potential. Additionally the 

use of cover crop residue as a mulch in the vine row can preserve soil moisture and 

increase plant available nutrients. A winter annual cover crop of crimson clover and 

cereal rye was chosen for the combined attributes of nitrogen (N) addition and high 

biomass production. By managing the cover crop residue as a mulch on the vine row, we 

hoped to improve the overall growth of young grapevines during vineyard establishment. 

Effect of Cover Crops on vine growth 

 Cover crops have a long history of use in vineyards to prevent erosion on steep 

slopes and as an alternative method of weed control. The use of cover crops today is 

important for nutrient management, water relations, vine balance, weed management, and 

as a traction surface for machinery and workers. Vineyards in full production in western 

Oregon typically are planted to perennial grass in either all alleys or in alternating alleys. 

Perennial grasses have been intentionally used in mature vineyards to compete for soil 

resources, decreasing the vigor of overly vegetative vines (Vance 2012, Wheeler and 

Pickering 2003, Wheeler et al. 2005). Competition is not favored in pre-production 

vineyards and resident vegetation is traditionally controlled by herbicide applications or 

by cultivation. Reduction of herbicide use is favorable as grapevines are sensitive to 

certain herbicides (Ball et al. 2004), herbicide applications can be costly, and there are 

environmental and safety concerns. Repeated cultivation is damaging to soil structure 

(Elliot 1986), time consuming, increases soil erosion potential, and can lead to compacted 
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soil layers (Lagacherie et al. 2006). Winter annual cover crops can be grown and 

incorporated through tillage as a green manure in spring, thereby contributing organic 

matter to the soil and decreasing competition between the cover crop and the vine. The 

addition of nitrogen-fixing legumes as a cover crop may increase N availability to young 

vines and reduce competition for soil nutrients (Ingels et al. 2005). 

Cover crops can compete with vines for soil moisture (Monteiro and Lopes 2007, 

Tesic et al. 2007, Van Huyssteen and Weber 1980b, Wolpert et al. 1993). Most of these 

experiments were conducted in arid regions and used perennial vegetation. Tesic et al. 

(2007) compared two Australian vineyard sites with different climates and found that 

resident vegetation in the alley decreased vine growth and yield more strongly in the arid 

location. When irrigation is used, young vineyards can be successfully established with 

cover crops even in arid regions. Ingels et al. (2005) found that vines managed with cover 

crops in the San Joaquin Valley, California, had no differences in vine leaf water 

potential, yield, or pruning weights when compared to clean cultivated vines if both vines 

and cover crops had sufficient soil moisture. The proximity of the cover cropped area and 

the age of the vines are important factors in this competition. Zabadal and Dittmer (2001) 

found increased shoot and root growth when the area of vegetation free soil around the 

base of young vines was increased. When compared to vines with a large vegetation free 

area (diameter 152 cm), vines with complete grass cover had a five-fold reduction in dry 

weight. This result is similar to a study of young vines with vegetation growing in the 

vine row (Hatch et al. 2011). In that study, complete cover was found to cause vine shoot 

growth reductions similar as magnitude to vines grown in root-restrictive bags. 

Cover crops can also compete with vines for soil nutrients. Studies found that 

non-leguminous cover crops reduced soil (Smith et al. 2008) and tissue N (Tesic et al. 

2007). Reduction in vigor due to grass cover is consistent with research in orchard 

systems, especially for young trees (Haynes 1980). Research shows that with increasing 

surface area of perennial grass cover there is a decrease in vine yield (Zabadal and 

Dittmer 2001) and also tissue and juice N (Lovelle et al. 2000). Tan and Crabtree (1990) 

found that both mowed and un-mowed perennial rye cover reduced the total content of all 
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grapevine leaf nutrients due to the vines in these treatments having lower total biomass. 

When cultivation was compared to grass cover crops in a California vineyard, Steenwerth 

and Belina (2008) showed that soil nitrate was consistently higher in tilled treatments, 

although soil ammonium was 2 to 3 fold higher in grass cover crop treatments. The 

aforementioned studies used grass cover crops only, but when N-fixing legumes were 

included, nutrient competition was reduced (Ingels et al. 2005). In a study of Willamette 

Valley vineyards, Sweet and Schreiner (2010) found no competitive effect for several 

cover crop mixtures used, including perennial grasses.  

Cover crops can also increase soil and vine nutrients. This effect is usually related 

to the use of nutritive cover crop species such as legumes. Patrick et al. (2004) tracked N 

fixed by leguminous cover crop species, finding that it was taken up by grapevines after 

the cover was incorporated into the alley soil, although at a low rate. In a California study 

by Ingels et al. (2005), a cover crop mix of bell beans, vetch, field peas, and barley 

managed as a green manure increased grapevine petiole N concentration compared to 

native grass cover, no-till annual clover, and a disked control. Over a ten year period, 

Fourie et al. (2007) found total inorganic N in the soil was higher for three out of five 

legume cover treatments as compared to a tilled control. Lejon et al. (2006) showed 

increased soil organic N and soil microbial biomass in alleys planted to clover for twelve 

consecutive years as compared to non-amended treatments.  

Numerous long-term vineyard studies (Fourie et al. 2007, Lejon et al. 2006, 

Morlat and Jacquet 2003, Peregrina et al. 2010) demonstrated a soil organic matter 

increase from cover crops when compared to vegetation-free treatments. In a 17 year 

study that examined perennial grass cover in France, organic matter and soil moisture 

were higher in the grass treatments compared to the herbicide control (Morlat and Jacquet 

2003). The researchers also found higher soil N and potassium (K), lower bulk density, 

and lower mechanical resistance under perennial grass cover. Permanent vegetation was 

correlated with increased soil organic carbon, potentially mineralizable N, and water 

aggregate stability of the top 2.5 cm in soils of a Spanish vineyard (Peregrina et al. 2010). 

In that study, soil dissolved organic carbon, microbial biomass carbon, and CO2 efflux 
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were all substantially higher in two grass cover crops when compared to cultivated alleys. 

Bartoli and Dousset (2011) found that both clover and fescue cover crop treatments led to 

increased soil organic matter and water stabile aggregation as compared to bare soil and 

straw mulch treatments in a 10 year study of vineyard soil. A combination of rye and 

vetch was more effective at increasing soil organic matter in corn fields than rye alone or 

a non-cover control after 15 years of cover crop management (Ding et al. 2006). 

A primary goal of vineyard floor management is to achieve long-term soil health. 

The National Research Council (1993), an agency tasked with setting the nation’s 

research priorities, stated that soil organic carbon may be the most important indicator of 

soil quality and productivity. Increases in soil carbon due to increasing grass cover or 

reduced tillage indicate net carbon sequestration (Post and Kwon, 2000), which will be of 

increasing importance in future years for addressing global climate change. Management 

methods that increase soil organic matter and carbon content such as conservation tillage, 

residue retention, and cover cropping have been shown to increase infiltration (Elliott and 

Efetha 1999, Boyle et al. 1989), soil aggregation (Six et al. 2000, Boyle et al. 1989), and 

plant available water (Hudson 1994). In a study of wheat residue management, Whitbread 

et al. (2000) found that leaving stubble over the summer fallow period led to increased 

soil organic carbon, infiltration, increased aggregate stability, and decreased soil 

mechanical resistance. 

 Vineyards are atypical in comparison to most agricultural systems as they are 

often positioned on hillsides where erosion is of great concern. Cover crops have been 

found to be very effective in reducing water runoff and soil displacement. Marques et al. 

(2010) found that two different grass species, Brachypodium distachyon and Secale 

cereale, reduced soil loss by over tenfold compared to a tilled control in a steep-sloped 

vineyard in Spain. Malik et al. (2000) found that winter annual cover crops outperformed 

perennial cover crops, reducing soil loss by over 60% compared to a clean cultivated 

alley in a young sweet gum (Liquidambar styraciflua) plantation. Having a cover crop in 

place over the winter is highly beneficial in areas of high rainfall as it provides traction 
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for machinery and field crews, and this is an important consideration in western Oregon 

during winter and spring pruning. 

Effect of Mulch on vine growth 
Mulches are used in many crop systems for maintaining soil moisture, as a weed 

control method, and for adding organic matter and nutrients (Guerra and Steenwerth 

2012). Mulches are not traditionally used in vineyards due to the expense of bringing in 

mulch material and the labor required for application. Using cover crop biomass as a 

mulch has been researched as a method for effective weed control in vineyards 

(Fredrikson et al. 2011, Steinmaus et al. 2008), but it is not a widely accepted practice in 

use by the grape industry. By using cover crops grown on-site and applying the biomass 

with a side discharge mower to the vine rows, the costs associated with utilizing mulch 

may be reduced compared to purchasing and transporting off-site mulch materials. 

Mulches can be effective in pre-production vineyards to preserve soil moisture (Van 

Huyssteen and Weber 1980a). It is typical practice in western Oregon to install irrigation 

for use only during establishment, but in some areas of the state water is limited or 

unavailable for irrigation. Mulch may be a viable alternative to temporary irrigation 

needs by conserving soil moisture into the dry summer months during establishment 

years. In addition, mulch composed of cover crop residues could effectively transfer 

nutrients to the vine row and serve as a slow release fertilizer, especially if N-fixing 

legumes are used. 

 Mulch may be a useful management strategy for western Oregon grape growers to 

maintain soil moisture by reducing evaporation from the soil surface. This could preserve 

the moisture that is present in the soil from winter and spring precipitation. The reduction 

in evaporation occurs due to soil surface shading and insulation of the soil from dry 

ambient air. In a non-irrigated vineyard in South Africa, Van Huyssteen and Weber 

(1980a) found that straw mulch retained adequate soil moisture longer than two bare 

ground controls. In the same study, cultivation was found to aggravate soil evaporation, 

likely due to the exposure of moist soil to air. Similar responses were found in other 

cropping systems with various mulches. Granatstein and Mullinix (2008) showed less 

loss of soil water under mowed alfalfa, mowed clover, and wood chip mulch in apple 
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orchards. In grain research, retention of plant residues (Flerchinger et al. 2003) and straw 

mulching (Chen et al. 2007) were both effective at reducing soil evaporation rates 

compared to bare soil. Van Donk et al. (2012) found that residue retained in soybean 

fields retained soil moisture equivalent to 90 mm of additional irrigation over the season.  

Using mulch in the vine row can increase soil nutrients through the decomposition 

and recycling of nutrients present in the mulch. When cover crop residue is used as a vine 

row mulch, nutrients that would have returned to the alley are relocated to the vine row in 

closer proximity to vine roots. Cover crop material high in N will break down quickly 

and become mineralized into ammonium and nitrate, the latter being principle grapevine 

available form of N (Perez and Kliewer 1982). Granatstein and Mullinix (2008) showed 

that alfalfa and clover mulch and a clover cover crop growing as a living mulch increased 

apple leaf N, decreased leaf senescence rate, and increased yield in Washington apple 

orchards. Fresh grass mulch applied at various rates to the base of poplar trees led to 

higher soil N, P, and K, as well as increased tree growth (Fang et al. 2007). Applications 

rates of 2.5 kg m-2 5.0 kg m-2, and 7.5 kg m-2 of fresh grass increased soil available N 

(NO3 + NH4) by 13%, 41%, and 56%, respectively compared to non-mulched plots. All 

N in the mulch was released into the soil 18 months after application with over 50% in 

just the first four months. Pool et al. (1990) showed greatly increased petiole K in vines 

mulched with straw, although magnesium was severely decreased in these same vines. In 

a simulated mulch experiment, Findeling et al. (2007) found that nitrate levels increased 

over nine weeks in the soil matrix below a mulch layer, and this increase was higher 

when mulch was used with greater N concentration. Plant roots will proliferate in 

response to increased soil nutrient concentration (Zhang and Forde, 1998) and soil 

moisture (Polvergiani et al. 2011), both conditions that are favored in mulched vine rows.  

Multiple years of mulch application to the vine row can increase the soil organic 

carbon in the topsoil through decomposition and incorporation into the upper soil layers. 

Lejon et al. (2006) found that one application of straw mulch to vineyard alleys had 

legacy effects, increasing soil organic matter and soil microbial biomass 27 years later. 

External sources of mulch such as olive pomace (Ferrara et al. 2012) and urban biosolids 
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(Pinamonti et al. 1998) have also been found to increase vineyard soil organic matter. 

Pinamonti (1998) found that a mulch of biosolids increased soil N, P, K, soil available 

water, and porosity. These studies illustrate the possibility of using municipal and 

agricultural waste streams as mulch sources for vineyards, but external mulch always 

carries additional transportation costs and some sources carry risks of introducing new 

pests or weed species and residual pesticides or heavy metal contamination (Guerra and 

Steenwerth 2012).  

Weed control can be another benefit of mulch use in vineyards. Mulch forms a 

physical barrier through which seeds in the seed bank have difficulty penetrating and 

prevents newly deposited seeds from contacting soil. Both rye cover crop desiccated with 

herbicides (Bordelon and Weller 1997) and olive pomace (Ferrara et al. 2012) were 

effective at reducing weeds in young vineyards. Fredrikson et al. (2011) found a strong 

reduction in weeds in mulched vine rows using cover crop residue as the mulch source. A 

study of two dry-farmed vineyards in northern California showed a significant reduction 

in weed cover after mulching, with some cover types performing better at weed 

suppression than herbicide and cultivated controls (Steinmaus et al. 2008).  

Mulch can have additional benefits such as temperature buffering, increasing soil 

temperature, and increased solar reflectance. Mulch provides temperature buffering of 

soils by shading, insulating the soil from warm air, and increasing the specific heat 

capacity of the soil as a result of increasing soil moisture. Two different mulching 

strategies evaluated in grain crops by Flerchinger et al (2003) and Chen et al. (2003) 

resulted in a lower range of soil temperature fluctuation under mulch compared to bare 

soil, and this corresponded with reduced evaporation rate in both studies. Reduced soil 

warming may delay bud break at some sites. Non-organic mulch may increase soil 

warming which can lead to earlier vine development and this was found for both plastic 

(Van der Westhuizen 1980) and gravel mulch (Nachergaele et al. 1998). A study where 

white geo-textile mulch was used in grapes showed increased reflectance into grape 

canopies as well as higher yields compared to black geo-textile mulch, bark mulch, and 

bare ground (Hostetler et al. 2007).  



8 
 

Mulch benefits can be significant enough to increase plant growth. Increased 

shoot growth was found in an arid vineyard that benefited from increased soil moisture 

under a mulch layer (Van Huyssteen and Weber 1980a). Plastic mulch was effective at 

increasing young vine pruning weights and yield (Pinamonti et al. 1998), but there were 

high costs associated with purchase and application, and plastic deteriorates over time 

requiring disposal. Research in poplars (Fang et al. 2007) showed increased tree growth 

rate using grass mulch. Merwin and Stiles (1994) found increased trunk cross-sectional 

area, and fruit yield in apple trees when straw mulch was applied, compared to tilled and 

herbicide treatments. Van der Westhuizen (1980) found that vines which experienced 

higher soil moisture due to plastic mulch had up to nine times greater growth, higher 

pruning weights, and greater root weight compared to non-mulched vines in a dry farmed 

vineyard in South Africa. 

Effect of soil moisture on vine growth 
Availability of soil water is critical to grapevine growth and development. Use of 

irrigation is typical in young vineyards so vine growth is not limited by low water 

availability. In water-limited environments, increased soil moisture can lead to increases 

in vine growth (Keller 2005). This is especially the case in young vines when root 

systems are small in volume, and plants have less stored reserves (Van der Westhuizen 

1980). When grapevines experience water deficits, stomatal closure is the primary 

method for water conservation. This closure leads to lowered photosynthetic rate and 

reduced vine growth (Smart and Coombe 1983). The availability of soil moisture has a 

direct impact on many other growth factors, and an indirect effect on nearly all grapevine 

processes. Increased soil moisture results in lower soil mechanical resistance (To and 

Kay 2005) and increased root growth (Bécel et al. 2012). It also influences nutrient 

availability (Keller 2005), both improving the soil conditions for mineralization as well 

as improving solute movement through soil to vine roots. Uneven soil water distribution 

can impact where fine roots are concentrated and long term root distribution patterns 

(Soar and Loveys 2007). The potential maintenance of higher soil moisture under mulch 

through the summer in a dry-farmed Oregon vineyard may increase shoot and root 

growth, nutrient acquisition, and rooting patterns. 
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Water stress has a strong impact on vegetative growth and can also affect fruit 

characteristics. Water stress is defined differently based on measurement method, but it is 

typically associated with midday stem water potential values in the range of -1.3 to -1.6 

MPa (Keller 2005, Lovisolo 2010). Carbohydrate acquisition can be effected by lower 

photosynthetic rates in plants experiencing water stress (Tyerman et al. 2009), and plants 

also need water in excess of transpiration for cell expansion (Keller 2005). Hamman and 

Dami (2000) found increased shoot lengths, pruning weights, and berry weight with 

increasing available water. Poni et al. (2007) demonstrated reduced shoot growth in vines 

subjected to partial root drying. Matthews et al. (1987) found decreased growth rate, 

yield, berry size, and increased periderm formation for vines where irrigation was 

withheld. Deficit irrigation is commonly used as a tool for controlling vine vigor with the 

intention of increasing fruit quality. Deficit irrigation typically reduces vine size and can 

increase soluble solids, reduce berry size, and increase berry anthocyanins if used 

correctly (Williams and Matthews 1990). 

Effect of nutrients on vine growth and productivity 
 Nitrogen is a critical nutrient for plant growth and is one of the most important to 

manage in the vineyard. In pre-production vineyards, it is desirable to have sufficient N 

to ensure healthy vegetative growth. As the vines transition into fruit production, N 

management may be altered to ensure moderation of vine growth and to achieve balance 

between vegetative and reproductive growth. Seasonally, N is taken up by roots with the 

highest rate of uptake occurring soon after bloom (Schreiner et al. 2006, Zapata et al. 

2004). After harvest, uptake slows and N is transported from leaves for storage in the 

trunk and roots (Schreiner et al. 2006). Nitrogen typically has a greater impact on 

vegetative growth characteristics than yield or fruit components (Spayd et al. 1993), and 

vines with high tissue N can become overly vegetative. High vegetative growth leads to 

canopy and fruit shading which can result in bud necrosis and reduced bud fruitfulness 

(Dry and Coombe 1994, Perez and Kliewer 1990). Grapevines limited by N can have 

reduced leaf chlorophyll and photosynthetic assimilation (Keller et al. 2001, Schreiner et 

al. 2013), and can result in reduced fruit set and yield (Keller et al 1998, Spayd et al. 

1993, Wolf and Pool 1988). Schreiner et al. (2013) found increased shoot growth, leaf 
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area, and pruning weights in vines with moderate N supply as compared to vines with 

low N supply in sand culture, but differences were found only after three years of this 

nutrient regime. 

Other nutrients can be very important to fruit development and wine quality. 

Potassium (K) is critical for fruit production and is taken up by the vine in large 

quantities post-bloom (Schreiner et al. 2006). Potassium can impact juice pH (Conradie 

and Saayman 1989b), and inadequate K supply can result in low pruning weights and 

yields (Conradie and Saayman 1989a). Phosphorous (P) is a nutrient that is required in 

smaller amounts and is typically supplied in part by root-associated mycorrhizal fungi. 

While P was not shown to limit growth in sand culture (Schreiner et al. 2013), 

fertilization with P was found to increase pruning weights in native soil (Conradie and 

Saayman 1989a). Boron (B) is needed in small quantities, but it is a concern for Oregon 

growers and is typically applied as a foliar nutrient to address deficiency symptoms such 

as poor growth and variable fruit set (Gärtel 1996). 

The speed of decomposition and rate of nutrient release from residues or mulches 

depends on how organic material is managed. Cover crop residue that is incorporated into 

the soil will decompose at a faster rate due to increased surface area and more available 

water and nutrients for microbial decomposers to utilize (Wolf and Wagner 1999). 

Residue in the form of a mulch layer will decompose more slowly in comparison. Slower 

surface decomposition was found with straw mulch, both with and without supplemental 

nitrogen addition. Fungi played a more important role in surface decomposition than for 

incorporated residue due to their increased access to residue carbon and soil N (Holland 

and Coleman 1987). After deposition of cover crop residue on the soil surface, the soil-

residue interface becomes an active site of microbial growth. Easily metabolized 

compounds such as glucose will be fully processed to carbon dioxide within a period of 

days, while cellulose and hemicellulose will take weeks to months to decompose, and 

complex compounds such as lignin can take years to fully decompose. More stable soil 

organic matter compounds will be produced through the decomposition process that will 
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last years and act as useful soil structure components and sites of nutrient storage (Wolf 

and Wagner 1999). 

Effect of vineyard floor management on roots 
 Grape roots work to acquire water and nutrients from the soil and serve as a 

storage organ for nutrients and carbohydrates to sustain perennial growth. Grapes use 

tendrils for mechanical support, and use roots to explore a large volume of soil vertically 

and horizontally with decreasing density further from the base. While rooting dynamics 

are greatly dependent on rootstock and soil type, most grape roots are within 100 cm x 

100 cm of the soil surface vertically and horizontally from the base of vine trunks (Smart 

et al. 2006). Grapevines store most of their reserve carbohydrates as starch in the roots 

and truck (Bates et al. 2002, Zapata et al. 2004). This carbohydrate reserve is utilized to 

initiate growth of roots and shoots before adequate leaf area is available to be autotrophic 

in the following season. Nitrogen is stored primarily in woody roots and is remobilized 

back to tissues between bud break and véraison (Schreiner et al. 2006).  

 Vineyard floor management techniques can effectively alter vine root growth by 

means of root competition or by involuntary root damage due to cultivation. After 

growing perennial grass for 17 years in vineyard alleys, Morlat and Jacquet (2003) found 

reduced vine root density in the alley while root density in the vine row increased 

compared to bare ground managed by herbicides. A similar trend was found by Celette et 

al. (2005) where higher root density was found in the alley following herbicide 

application compared to the grass cover. In that study, soil water content was found to be 

lower under grass cover despite higher water infiltration. Van Huyssteen and Weber 

(1980b) found higher vine root density in alleys with straw mulch or herbicide control as 

compared to either cultivation or perennial grass cover. In their trial, reduced root density 

in the top 20 cm was evidence for competition in the perennial grass plots, and evidence 

for mechanical root pruning in the cultivated plots.  

A trial of seven cover crop combinations, including winter annuals, legumes, and 

perennial grasses, resulted in no differences in root density between cover cropped and 

clean cultivated alleys in two Oregon vineyards (Sweet and Schreiner 2010). This study 

included both a young vineyard and a mature vineyard, and two seasons that differed 
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greatly in temperature. Differences in soil moisture due to cover crop treatments may also 

influence the patterns observed in grapevine rooting. Increased soil moisture can decrease 

soil mechanical resistance (To and Kay, 2005), and this decrease can lead to increased 

root density due to ease of root elongation (Bécel et al. 2012). 

Effect of repeated applications of residue 

Vineyard floor management practices can have considerable influence on vine 

growth during the pre-production years. Vines are small during the first few years of 

establishment, and they are more sensitive to changes in the soil environment as they 

have not yet built up substantial nutrient or carbohydrate reserves in their trunk and root 

systems. Van de Westhuizen (1980) found that two-year-old vines had increased growth 

under black plastic mulch. Soil moisture continued to show favorable legacy effects for 

three years after the mulch had disintegrated. These young vines were able to reach full 

production one year earlier than vines grown without plastic mulch. Any advantage 

young vines receive from increased soil moisture and nutrients during the growing season 

will continue to impact growth in future years. This is due to additional carbohydrates 

and nutrients stored from previous years and a larger soil area explored and utilized by 

the vine root system.  

Justification of research 
 The benefits of cover crops are highly dependent on site-specific characteristics 

such as environment, soil type, cultivar, rootstock, and vine age. As vineyard acreage 

increases in western Oregon, research on sustainable management practices for pre-

production vineyards is needed. The cool climate of this region is unique from other wine 

growing regions, and high winter rainfall and soil water holding capacity allow for 

different vineyard floor management practices to be used than are typically advised in 

warmer and more arid regions. To determine the influence of cover crop management on 

vine growth and establishment, a four year study was conducted, the last two years of that 

study are reported herein. A grass and legume mixture of cereal rye (Secale cereale) and 

crimson clover (Trifolium incarnatum) was chosen based on regional suitability, N-fixing 

ability, and high biomass production. The study was designed to determine the impacts of 

managing a winter annual cover crop in several ways: both as a typical nutritive cover 
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crop that is tilled in, and as a source of mulch residue for use in the vine row. The effect 

on soil was investigated with the hypothesis that mulch would increase soil moisture, 

decrease soil mechanical resistance, and that both mulch and incorporated cover crop 

would increase soil N, and soil C. The effect on roots was analyzed with the hypothesis 

that increased soil moisture and nutrient supply from mulch would lead to increased root 

growth. The effects on vine growth and nutrition were investigated with the hypothesis 

that the use of mulch in the vine row would increase vine size, fruit yield, and vine 

nutrition. 
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CHAPTER 2: EFFECT OF COVER CROPS AND COVER CROP MULCH ON 
VINE GROWTH, NUTRITION, YIELD, AND FRUIT QUALITY IN A PRE-
PRODUCTION CHARDONNAY VINEYARD 

Pre-production vineyards in Oregon typically maintain vine rows and alleys free 

of vegetation to prevent competition between vines and other vegetation. Cover crops 

growing in the alley have been found to compete with vines for nitrogen (Smith et al. 

2008, Tesic et al. 2007) and available water (Monteiro and Lopes 2007, Tesic et al. 2007, 

Van Huyssteen and Weber 1980b). If managed properly, cover crops can be beneficial 

for limiting erosion (Marques et al. 2010), out-competing weeds (Granatstein and 

Mullinix 2008), and increasing soil organic matter (Fourie et al. 2007, Morlat and Jacquet 

2003, Peregrina et al. 2010, Steenwerth and Belina 2008). When cover crop residue is 

mowed and used as a mulch, it can have the added benefits of preserving soil moisture 

(Van Huyssteen 1980a), increasing plant available nutrients (Fang et al. 2007) as well as 

suppressing weed growth (Fredrikson et al. 2011, Steinmaus et al. 2008). Competition 

between the vines and the cover crops can be limited by keeping the alley free of 

vegetation in the summer, reducing cover crop water and nutrient uptake during the time 

of peak vine growth.  

In most vineyard cover crop research, vines exhibit reduced growth in the 

presence of cover crop vegetation. This is particularly true of studies conducted in arid 

grape growing regions (Monteiro and Lopes 2006, Tesic et al. 2007), when perennial 

grass cover crops were used (Tan and Crabtree 1990, Wolpert et al. 1993), or when vine 

rows and alleys have vegetation cover (Hatch et al. 2011, Zabadal and Dittmer 2001). In 

many of these studies, cover crops reduced available soil moisture and soil nutrients (Tan 

and Crabtree 1990) leading to fewer resources available to the vines. Competition with 

vines can be reduced by irrigation and growth of legume cover crops (Ingels et al. 2005). 

One study in western Oregon showed no negative effects of mowed alleyway cover crops 

(Sweet and Schreiner 2010), but in another study when perennial grass was maintained 

on both alleys bordering the vine row, vigor was reduced after several years (Skinkis 

2009).  
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Mulch is not often used in vineyards but can have beneficial effects. Lack of 

vineyard use is due to high costs associated with bringing in mulch material and 

maintaining the mulch layer. The insulating qualities of mulch allow for preservation of 

stored soil moisture into the growing season (Granatstein and Mullinix 2008, Van 

Huyssteen and Weber 1980a). Research on vineyard mulch typically focuses on its 

efficacy for weed control (Ferrara et al. 2012, Fredrikson et al. 2011, Steinmaus et al. 

2008). Research in grapes (Pinamonti et al. 1998), apples (Granatstein and Mullinix 

2008), and poplars (Fang et al. 2007) has shown increased soil nutrient availability from 

mulch decomposition. Findeling et al. (2007) found that decomposing mulch released 

plant available nitrogen (N) into the topsoil in pulses at times of high soil moisture. Both 

shoot growth (Van Huyssteen and Weber, 1980a) and pruning weight (Pool et al. 1990) 

were increased when straw mulch was used in the vine row.  

Changes in vineyard floor management practices will affect the availability and 

uptake of soil nutrients. Nitrogen is often the most important nutrient in maintaining a 

healthy vine, and reducing N limitation is important for growth in pre-production 

vineyards. Once a vineyard is in production, N management changes. Excessive N levels 

can lead to overly vigorous vine growth, shading, bud necrosis, and low fruit set (Perez 

and Kliewer 1990). Conversely, vines with low nitrogen can experience reductions in 

fruitset (Keller et al. 1998, Wolf and Pool 1988), growth rate, leaf area (Schreiner et al. 

2013), chlorophyll and photosynthetic assimilation (Keller et al. 2001, Schreiner et al. 

2013). Spayd et al. found that N fertilization increased yield only when soil nitrogen was 

limiting, while pruning weight increased with increasing N application up to a very high 

rate. Other nutrients important for healthy vineyards include phosphorus (P), potassium 

(K), and certain micronutrients. Potassium is critical for fruit development and can affect 

juice and wine pH (Conradie and Saayman 1989). Phosphorous is a necessary nutrient 

provided in part by mycorrhizal fungi and was not found limiting to growth even in sand 

culture experiments (Schreiner et al. 2013). Boron (B) is important for growth and for 

adequate fruit set (Gärtel 1996) and is typically applied as a foliar nutrient in Oregon 

where soil B levels are typically low.  
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 As a vineyard transitions from establishment to production in years 3 and 4, 

management priorities shift to moderated vine vegetative growth and support fruit 

development. Most studies that use perennial grass cover crops show decreased yields 

due to competition (Hatch et al. 2012, Morlat and Jacquet 2003, Tesic et al. 2003). 

However, several studies of grass cover crops reported no yield decrease (Baumgartner et 

al. 2008, Ingels et al. 2005, Monteiro and Lopes 2007), including studies in Oregon 

(Sweet and Schreiner 2010, Skinkis 2009). Cover crops can improve fruit quality in 

overly vigorous vineyards because of favorable competition with vines, increasing 

soluble solids (Wheeler et al. 2005) and anthocyanins (Monteiro and Lopes 2007, 

Wheeler et al. 2005), but this competition is not favored during establishment. Mulches 

are not commonly studied in vineyards for their effect on fruit production, but yield 

increases were found for two studies with synthetic mulch (Hostetler et al. 2007, 

Pinamonti et al. 1998). Jacometti et al. (2007) found that berry skin strength and soluble 

solids increased when composted winery waste mulch was used. Yeast assimilable 

nitrogen (YAN) levels in grapes can be limiting (Dukes and Butzke 1998, Hagen et al. 

2008) and this has been shown to be influenced by cover crop use. Cover crop studies 

using perennial grass cover crops can result in lower juice N or lower YAN levels 

(Lovelle et al. 2000, Skinkis 2009, Van Huyssteen and Weber, 1980b, Vance 2012). 

Yeast assimilable N is important for healthy wine fermentations.  

Continued research on sustainable methods is needed for pre-production 

vineyards in Oregon. The cool climate of the region and high soil water holding capacity 

of many vineyard soils may allow for alternative management options which utilize cover 

crops. Benefits may be gained from using cover crop biomass as mulch. Growing mulch 

on-site reduces economic and environmental costs of transporting mulch from off-site.  

A four year study was designed to determine the impacts of managing a winter 

annual cover crop in several ways: both as a typical nutritive cover crop that is tilled in, 

and as a source of mulch residue for use in the vine row. The last two years of the study 

are presented here, with the first two years reported in Fredrikson (2011). The effects on 

vine growth, productivity, and fruit composition were investigated with the hypothesis 
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that the use of mulch in the vine row would increase vine growth, fruit yield and vine 

nutrition status. 
 

Materials and Methods 
 

 This thesis covers research conducted for two consecutive years (2011, 2012) in a 

commercial vineyard located 10 km south of Independence, OR (44.767178 N,                

-123.181889 W). Soil at the site was mapped as an Amity silty loam soil based on the 

NRCS Web Soil Survey. Amity soil is a fine-silty, mixed, superactive, mesic Argiaquic 

Xeric Argialboll. Due to standing water present at the site following periods of high 

winter rainfall, the soil may be more accurately classified as Dayton or Concord. The 

vineyard is at an elevation of 90 m asl and has a slope of less than 3%. The total study 

area encompassed 0.48 hectares. The vineyard was planted in 2008 to Vitis vinifera L. 

’Chardonnay‘ Dijon clone 96 grafted to 3309-C rootstock. Vines were spaced 2.1 m 

between vine rows and 1.5 m spacing between vines (3075 vines per hectare). In both 

years vines were cane pruned to a bilateral Guyot system, but shoots were allowed to 

grow freeform until August when they were hedged and trained vertically based on the 

commercial management schedule. Because vines were in their first production year in 

2011, vines were shoot-thinned to 11 shoots per vine to manage vine size and yields. By 

2012 (year 4), vines were only minimally shoot thinned with an average of 20 shoots per 

vine. The site was not irrigated for the duration of the study and the only fertilizer applied 

was foliar B (Solubor, U.S. Borax Inc, Valencia, CA) with 3 applications of 2.2 kg ha-1 

both years based on typical production guidelines for Oregon vineyards.  

Experimental design 

The study was implemented as a completely randomized design based on initial 

visual site assessment for topographic uniformity. Each experimental unit consisted of 20 

continuous vines and included alleys flanking the vine row. There were five treatments: 

unplanted (UN), mow and incorporate (M), mow and remove (MR), mulch supplement 

one (MS1), and mulch supplement three (MS3). Each treatment was replicated across 

five plots. A buffer vine row was located between treatment rows, and each plot was 

separated from adjacent plots in the vine row by three buffer vines.  
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A winter annual cover crop was planted in the alley between vine rows of each 

cover crop treatment (excluding UN) on 14 September 2010 and 15 September 2011. The 

cover crop contained a mixture of cereal rye (Secale cereale) and crimson clover 

(Trifolium incarnatum) and was planted in a 1.2 m wide strip within the alley. The seed 

bed was prepared by rototilling with a 121 cm tiller (Kubota FS1020, Kubota Tractor 

Corporation, Japan) and plots were seeded using a double roller drop seeder (Brillion 

SSP-5, Brillion Farm Equipment, Brillion, WI.) in 2010 and a no-till seed drill (Tye 124-

531x, AGCO, Duluth, GA) in 2011. The no-till seed drill was used on prepared soil in an 

attempt to ensure better seed to soil contact and enhance cover crop germination in fall 

2011 as problems with seeding rate were observed the previous year (2010). The seeding 

rate was 33.6 kg/ha rye and 22.4 kg/ha crimson clover in 2010 and was increased to 

98.64 kg/ha rye and 29.54 kg/ha crimson clover in 2011. Crimson clover was pre-

inoculated with Rhizobium to promote nodulation. The areas seeded with cover crop were 

allowed to grow through winter and then mowed the following spring (24 May 2011) 

using a Thatch and Catch® mower (KR Manufacturing, Salem, OR). The mowed 

residues of each cover-cropped alley were removed, and weighed. The collected residues 

of all alleys were then bulked and mixed.  

The residue removed at mowing was put back into the vineyard at specific rates 

and locations based on treatment definitions. Residues from the mow and incorporate (M) 

treatment were returned to the alley by hand to reflect the amount of residue that would 

occur with typical mowing practices (1.94 kg·m-2 in 2011). Residues in the mow and 

remove (MR) treatment were collected and removed from each treatment plot entirely. In 

the mulch supplement one (MS1) treatment, residues were applied by hand in a one meter 

wide layer in the vine row at a rate equivalent to applying all residue from one adjacent 

alley (2.5 kg·m-2 in 2011). The mulch supplement three (MS3) treatment had a three-fold 

amount of residue applied as a vine row mulch (7.5 kg·m-2 in 2011). The amount of 

residue applied to the vine row and alley in spring 2011 was standardized across all 

treatments based on the biomass attained in prior years of this research (Fredrikson et al. 

2011). The unplanted control (UN) was never seeded with cover crop for the duration of 
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the study and was maintained as bare ground. Due to very poor cover crop establishment 

in fall 2011, there was not sufficient biomass for mowing and residue was not distributed 

per the outlined treatments in 2012. Rather, the 2012 season was used to evaluate the 

impacts of three prior years of vineyard floor management on soil and vine responses. 

 The vine row and unplanted alleys were kept free of vegetation with two 

applications of glyphosate (Buccaneer Plus 2%, Tenkoz Inc., Alpharetta, GA) during the 

summer and one application in winter. All alleys surrounding treatment vine rows were 

rototilled within one week following treatment imposition in spring of 2011. All alleys 

were rototilled two times during the summer to control weed growth. During 2012 

treatments were rototilled and kept free of vegetation. Standard commercial practices 

were used for powdery mildew and Botrytis bunch rot control both years. Vole bait 

(Quintox, Bell Laboratories, Madison, WI) was used to control vole populations once 

vole holes and burrows were observed in 2011. This was done to prevent potential vine 

damage by voles.  

Prior to implementing treatments in May 2011, cover crop species composition 

was determined by subsampling. A 1 m2 quadrat was placed randomly in each alley 

flanking a treatment row. The above ground biomass was mowed with a power hedger 

(Husqvarna GHT195; Husqvarna AP, Sweden) and removed. Rye, clover, and weed 

residues were sorted and weighed to determine percent of each cover crop type. 

To determine cover crop nutrient composition, four aliquots of 1 L volume were 

taken at random from the bulked residue, stored in plastic bags in coolers, and transported 

to the laboratory. They were dried at 65 °C for 48 hours and ground to fit a 500 μm sieve. 

Tissue N and C were measured by combustion with a CN analyzer (Truspec, LECO 

Corporation, St. Joseph, MI). Concentrations of P, K, B, Cu, Fe, Zn, S, Mg, Ca, and Mn 

were analyzed by inductively coupled atomic emission spectrometry (Optima 4300; 

PerkinElmer, Wellesley, MA) after digestion by microwave (Multiwave 3000; Anton 

Paar, Graz, Austria) in nitric acid. 

Vine growth measurements 
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Shoot lengths were measured throughout each season to track vine growth. Ten 

random vines were selected per plot and one random mid-cane shoot was randomly 

chosen from each vine and tagged. The lengths of these shoots were measured every ten 

days using a flexible measuring tape. Measures began one month post bud break and 

continued until bunch close in 2011 and until hedging commenced in 2012.  

To understand the photosynthetic potential and growth response of vines, leaf area 

was measured. A non-destructive method was used to quantify leaf area at bloom (50% 

cap fall) and véraison (50% berry softening) using a leaf size template. The template 

consisted of concentric circles with diameters: 5.3 cm, 8.9 cm, 12.5 cm, 16.0 cm, and 

18.7 cm. Prior to field measurements, the leaf area values for each circle on the template 

were established by collecting 20 leaves that best fit each circle and scanning them using 

a leaf area meter (LI-COR 3100; LI-COR Biosciences, Lincoln, NE). These twenty 

values were averaged to get a standard leaf area for each circle on the template. The 

template was drawn on a clipboard. Once in the field, the template was used to measure 

all leaves on one randomly selected mid-cane shoot for five randomly chosen vines per 

plot. Each leaf on the shoot was flattened against the clipboard and the leaf outline was 

matched with the best-fit circle. The number of shoots per vine was also recorded. 

Average leaf size was calculated by dividing shoot leaf area by the number of leaves on 

the shoot. Total vine leaf area was calculated by multiplying the leaf area of the shoot by 

the number of shoots per vine.  

Trunk diameter and pruning weight were measured as an estimate of vegetative 

growth and overall vine size. Trunk circumference was measured in early December 

2011 and in late November 2012 10 cm above the graft union on ten randomly selected 

vines using a flexible measuring tape. Trunk diameter was calculated from this measure. 

Whole vine pruning weights were obtained for five randomly selected vines per plot in 

late January 2012 and early February 2013. The number of shoots per vine was counted 

before pruning and only one-year-old dormant canes were weighed. Individual cane 

weights were determined by dividing the total vine pruning weight by number of canes 

per vine.  
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Vine nutrition 

Tissue analysis was conducted to determine the impact of vineyard floor 

management on vine nutrition. Leaf blade and petiole tissues were collected at bloom and 

véraison each year. At bloom, 20 leaves per plot were selected at random from opposite 

clusters. At véraison, 20 pairs of leaves were selected per plot at random, selecting one 

mature leaf from the upper canopy (at the fifth to seventh node from apical in a non-

hedged canopy) and one leaf from opposite a cluster. Leaves were separated from 

petioles in the field and kept separate for analysis. Both tissues were cleaned with 

distilled water and dried at 65 °C for 48 hours and ground to pass a 500 μm sieve. Tissue 

N and C were measured by combustion with a CN analyzer (Truspec, LECO 

Corporation, St. Joseph, MI). Concentrations of P, K, B, Cu, Fe, Zn, S, Mg, Ca, and Mn 

were analyzed by inductively coupled atomic emission spectrometry (Optima 4300; 

PerkinElmer, Wellesley, MA) after digestion by microwave (Multiwave 3000; Anton 

Paar, Graz, Austria) in nitric acid. 

 Leaf chlorophyll was measured as an indicator of photosynthetic potential and 

overall vine health. Chlorophyll was estimated using a SPAD (Single-Photon Avalanche 

Diode) meter (SPAD-502, Konica Minolta, Japan) at both bloom and véraison. Five 

leaves opposite clusters were selected randomly throughout each plot and three 

measurements were taken on each leaf and averaged. 

Fruitfulness and yield 

Fruitfulness, defined as the numbers of clusters per shoot, was determined by 

counting the number of inflorescences and shoots on each vine for all plots in 2011. Due 

to increased shoot number per vine in 2012, ten random vines were selected per plot and 

the inflorescence and shoot number were counted on only these vines. No cluster thinning 

was used in the vineyard during either year of the study so yield effect could be properly 

quantified. 

Fruit set was measured by taking photographs of five tagged inflorescences per 

plot before bloom and again post-fruit set. The method used was modified from Poni et 

al. (2006) to include post-bloom photographs. Each photo was analyzed individually by 
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counting the number of florets or berries visible. The actual number of florets or berries 

was estimated from a standard curve developed using 20 clusters that were collected from 

buffer rows within the experimental block on the same day treatment photos were taken. 

These standard clusters were individually photographed then removed from the vine. 

Actual berry counts were obtained for these standard clusters by manual counting and 

comparing to the photograph taken in the field. The relationship between photo counts 

and actual berry/floret number fitted a linear equation in both 2011 (y=0.518x, r2=0.88, 

p=<0.0001 at pre-bloom, y=0.577x, r2=0.91, p=<0.0001 at post-fruit set) and 2012 

(y=0.682x, r2=0.97, p=<0.0001 at pre-bloom, y=0.685x, r2=0.75, p=<0.0001 at post-fruit 

set).  

Fruit was harvested just prior to commercial harvest. Harvest occurred on 2 Nov 

2011 and on 12 October 2012. All clusters were counted, removed, and weighed from 

three randomly selected vines per plot. 

Fruit Chemistry 

A seven cluster sample was selected randomly from the harvested fruit for each 

plot, placed in a plastic bag in coolers, and transported to the lab where it was stored at 4 

°C prior to analysis for cluster weight, berry number per cluster, rachis weight, rachis 

length, and berry weight. The berries were then crushed and pressed through a double 

layer of cheese cloth. An aliquot of juice was frozen for later analysis of yeast assimilable 

nitrogen (YAN), and the remaining juice was analyzed immediately for total soluble 

solids (TSS) with a digital refractometer (Model 300042, Sper Scientific, Scottsdale, 

AZ), pH with a digital pH meter (Accumet AB 15, Fisher Scientific), and titratable 

acidity by titration with 0.1 N NaOH to an end pH of 8.2 (Zoecklein et al. 1995). Yeast 

assimilable nitrogen was calculated as the sum of total primary amine and ammonia 

nitrogen of the juice. Primary amines were determined by NOPA primary amino acid 

assay (Dukes and Butzke 1998) and ammonia N was determined with an ammonia assay 

(R-Biopharm, Germany). 

Soil and plant water status 
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Volumetric soil moisture was measured to monitor plant available water in the 

rooting zone as influenced by cover crop management treatments. Three access tubes per 

plot were placed within the vine row and spaced evenly along the plot length positioned a 

minimum of 30 cm from the trunk of the vine. Measurements were taken using a 

capacitance probe (Aquapro Sensors, Ducor, CA). Readings were taken at depths of 15 

cm, 23 cm, 30 cm, 46 cm, 61 cm, and 76 cm, starting in early June with data collected 

every 7 to 10 days through late September. A standard curve was developed for 

converting Aquapro values to volumetric soil moisture by analyzing soil collected at the 

research site wetted to known moisture contents. Aquapro readings were compared to 

actual volumetric soil moisture content values (13 volumetric moisture content readings, 

ranging from 3.5% to 36%, controlling for soil bulk density) obtained in polyvinyl 

chloride microcosms with access tubes placed vertically in the center of each. The size of 

the microcosm (20.3 cm in diameter) was previously shown to give accurate Aquapro 

readings. The relationship of Aquapro readings to volumetric soil moisture content fitted 

a second order polynomial equation (y=0.00115x2 + 0.3041x + 3.5, r2=0.982, p<0.0001). 

  Stem water potential (Ψstem) was measured in 2011, approximately every ten days 

from early June to September under clear sunny conditions with a pressure chamber 

(Model #600, PMS Instruments, Albany, OR). Stem water potential was chosen because 

it has been shown to be a more sensitive indicator of grape water status than leaf water 

potential (Choné et al. 2001). In order to look at soil water and plant water interactions, 

these measurements were taken on the same day as soil moisture measurements. Stem 

water potential was measured in 2011 at solar noon on one primary leaf per plot as 

described by Williams and Aruajo (2002) except that foil laminate bags were placed on 

the leaves one hour prior to measurement. In 2012, Ψstem was measured at solar noon on 

two primary leaves in the mid-canopy selected randomly per plot, making sure to select 

from both sides of the canopy. 

Statistics 

Data were analyzed using SAS 9.3 statistics software (SAS Institute Inc., Cary, 

NC) using the General Linear Model procedure. All treatments were compared using 
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one-way analysis of variance (ANOVA). Repeated measures ANOVA were used to test 

parameters with multiple measurements per season. Mean separation was analyzed with 

Tukey’s Honestly Significant Difference (HSD) test with α = 0.05. Linear and 

polynomial regressions were tested with the Regression procedure to establish standard 

curves and test relationships among parameters. 
 

Results 
 

Climatic conditions 

 There were climatic differences between the two years of the study (Table 2.1). 

The summer of 2011 was cooler than the 30 year average (Western Regional Climate 

Center), and this led to 91 fewer growing degree days than in 2012. Rainfall was similar 

between the years, but much of the seasonal rain in 2012 occurred late in the season with 

only 20.7 mm of precipitation from July 1 to October 1. Low heat accumulation in 2011, 

particularly early season, led to a late harvest date (2 November). Bud break occurred 

earlier in 2012 and shoot growth was more rapid compared to 2011, with harvest during 

mid-October in 2012 (12 October). 

Cover crop composition 

The cover crop composition was composed of 60% crimson clover, 28% weeds, 

and 12% cereal rye by fresh weight. The nutrient concentration of the cover crop residue 

was 2.06% N, 1.62% K, and 0.23% P with C:N of 20:1. 

Vine growth 

Shoot lengths were 22% longer in mulched treatments (MS1 and MS3) for the 

2011 season when analyzed with repeated measures (Table 2.2). Shoots were longer in 

MS3 than UN from late June to early August when the canopy was hedged (Figure 2.1). 

Leaf area was not different by treatment at bloom or véraison (Table 2.3). However, 

average leaf size of both mulched treatments was larger than MR at véraison. Pruning 

weights per vine ranged from 2.3 to 4.8 kg across all treatments but were not different by 

treatment in 2011 (Table 2.4). The Ravaz Index, a vine balance parameter calculated 

from the yield per vine divided by pruning weight per vine, ranged from 6.1 to 6.6 across 
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all treatments but did not differ by treatment. Trunk diameter was not different for 2011 

(Table 2.4).  

 There were fewer differences in vine growth in 2012. Shoot lengths were not 

altered by treatment at any time point or when analyzed by repeated measures across the 

2012 season (Table 2.2). Neither leaf area nor average leaf size was altered by treatment 

(Table 2.3). Leaf area per vine in 2012 was almost double that of 2011 at bloom. The 

increase in leaf area was due to an increased number of shoots (10.4 in 2011, 20.7 in 

2012). Pruning weight was not affected by treatment in 2012 with an average increase in 

pruning weight per vine of 0.33 kg over the previous year (Table 2.4). Trunk diameter 

was not affected by treatment in 2012 and showed an increase over 2011 ranging from 

15% to 18%, depending on the treatment.  

Vine nutrition 

 Differences in tissue nutrients were found in 2011 (Table 2.5-2.6). Petiole K and 

B differed by treatment at bloom in 2011.There was a greater concentration of B in the 

MS3 treatment petioles than MR or UN treatments. Potassium concentrations for MS3 

bloom petioles were 30% higher than all non-mulched treatments. Both petiole and leaf 

blade N were higher in the MS3 treatment than the MR treatment at bloom. However, 

neither mulched treatment differed in leaf or petiole N from the control (UN). No nutrient 

differences persisted to véraison in 2011. Leaf chlorophyll estimated by SPAD in 2011 

was higher for both MS1 and MS3 than M at bloom (Table 2.7). Both bloom and 

véraison SPAD showed a positive relationship with leaf and petiole N sampled at the 

same time points (Figure 2.2). Leaf chlorophyll differences were also not found at 

véraison.  

 Despite no residue applied to plots in 2012, differences in tissue nutrients were 

found (Table 2.8-2.9). Petiole N at bloom for both mulched treatments was 15% greater 

than UN. Leaves at bloom in MS1 and MR treatments had higher Cu than UN leaves. 

Zinc was higher in bloom petioles for UN vines than petioles from MR vines. At 

véraison, leaf and petiole B was affected, with a mean separation only evident for 

petioles. Petiole Boron was highest in MR plots with both UN and MS3 treatments 
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having lower B. Vines in MR plots also had higher petiole P concentration at véraison 

than did MS3 vines. Leaf chlorophyll estimated by SPAD in 2012 differed by treatment 

at bloom, with leaves in MS1 having higher values than MR (Table 2.7). A positive 

relationship was found between SPAD and tissue (leaf and petiole) N at bloom, but not at 

véraison. Similar to observations in 2011, leaf chlorophyll was not altered at véraison. 

Yield parameters and fruit composition 

 Fruitfulness differed by treatment in 2011 (Table 2.10). The MS1 treatment had 

7% more clusters per shoot than all non-mulched treatments, despite a similar number of 

total shoots per vine. Fruit set was also affected by treatment, although mean separation 

was not significant by Tukey’s HSD. The MR vines had the lowest fruit set (65%) with 

the other treatments ranging from 73% to 76% (Table 2.11). Fruit yield in 2011 was not 

affected by treatment (Table 2.12) and averaged 14.2 metric tons per hectare. Cluster size 

at harvest differed by treatment with MS3 vines having higher cluster weight and more 

berries per cluster. Berry size was on average 1.05 g at harvest. 

 Fruitfulness was altered by treatments in 2012. MS3 shoots had 9.3% more 

clusters than MR. Fruit set was not affected by treatment in 2012 but was lower than 

2011 with an average set of 65% (Table 2.11). Yield was 14.5 metric tons per hectare 

(Table 2.12) and was not impacted by treatment. There were more clusters per vine in 

2012, with similar fruit set and yield and smaller clusters, with cluster weight close to 

50% that of 2011. 

 Berry composition did not differ by treatment in either year of the study (Table 

2.13). Soluble solids ranged from 18.8 to 19.6 in 2011 and 19.4 to 20.0 in 2012. The pH 

averaged 3.14 in 2011 and 3.03 in 2012, and titratable acidity was similar between years 

with 10.9 and 10.4 g/L in 2011 and 2012, respectively. There was no treatment effect for 

juice YAN in either year despite a trend in 2012 (p=0.054). Yeast assimilable nitrogen 

was positively related to bloom petiole nitrogen and both leaf and petiole N at véraison in 

2011 (Figure 2.3). In 2012 a similar relationship was found between both tissue types at 

bloom and véraison and YAN.  

Soil moisture and plant water status 
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 Soil moisture was influenced by mulching (Table 2.14). The volumetric soil 

moisture content was 11 to 17% greater in mulched treatments when averaged over the 

season compared to non-mulched treatments (Figure 2.4). Soil in the M treatment had the 

lowest moisture content for all dates after 7 June 2011. Despite these differences in soil 

moisture content, stem water potential was not altered by treatment (Table 2.14). In 2011, 

stem water potentials averaged -1.10 MPa at the last measurement of the season (20 

September 2011) with some vines having values as low as -1.25 MPa, but this is 

considered to be mild stress. No visual water stress symptoms were observed. Soil 

moisture was not different across the trial during the 2012 growing season. Repeated 

measures analysis showed no difference in soil moisture across the 2012 season for all 

treatments, whether considering the whole profile or just the upper 30 cm (Table 2.14). 

Similar to 2011, no differences by treatment were found for stem water potential. Higher 

water stress levels were indicated by stem water potential measurements in 2012. The 

stem water potential reached an average -1.31 MPa at the last measurement date (3 

September 2012), with some vines having values of -1.57 MPa. This is considered 

moderate to severe stress, and symptoms such as reduced leaf angle were observed.  
 

Discussion 
 

Poor cover crop establishment from fall 2011 through spring 2012 led to 

insufficient cover crop biomass to allow for treatment applications in the final year of this 

study. Potential reasons for poor establishment include high precipitation following 

planting, competition from the weed grass Poa annua, and a high density soil layer at 

approximately 10 cm depth that was likely due to repeated tillage of the alley. All 

treatments were managed similar to the UN treatment in 2012 to evaluate legacy effects 

of the prior 3 years of cover crop management. Similar soil moisture values across 

treatments in 2012 led to few differences in vine growth measures. In contrast, Van de 

Westhuizen (1980) found increased growth up to 2 years after mulch treatments were 

removed in an arid environment. In that study plastic mulch was used, and soil moisture 

was greatly conserved by the mulch. Lack of shoot growth differences in 2012 despite 
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increased bloom nitrogen levels in mulched treatments shows the importance of soil 

moisture as a factor influencing vine growth. 

 As expected, the winter annual cover crop did not show evidence of competition 

with vines for water or nutrients. This is represented by similar growth and nutrition for 

vines in UN and MR treatments. Timing the peak growth periods of the cover crop and 

the vine so that they were offset allowed the vines and the cover crop increased access to 

soil water and nutrients during their respective peak uptake timings. Two or more crops 

grown in this way have temporal complementarity (Willey 1990), which allows for 

efficient resource use per land area, allowing the cover crop to produce significant 

biomass during a period when the vine was dormant. In this study there was no additional 

benefit from incorporating the alley cover crop based on growth and nutrition measures 

comparing M and UN treatments. This may be due to lower root density for M vines in 

the alley where incorporated residue was decomposing, limiting root access to these 

nutrients (see Chapter 3, pg 58). Also, without the additional soil moisture provided in 

the mulched vine rows, benefits from incorporated residue may not have caused large 

enough differences to detect through plant growth.  

Soil moisture was consistently higher under the mulch layer and is one of the 

most influential factors for vine growth in this study. While an increase in soil nutrients 

due to mulch breakdown and mineralization was not measured in 2012 (see Chapter 3, 

pg. 58), tissue N and SPAD results suggest that mulched vines benefited from increased 

N availability in the soil. This may be due to increased soil N from mulch breakdown, 

increased N access due to higher root density, or improved uptake potential with 

increased soil moisture. The higher rate of mulch did not perform better than the low rate 

in most vine growth measures, which suggests that the cover crop residue produced from 

a single adjacent alley can provide sufficient mulch to enhance vine growth. Mulching 

resulted in higher soil moisture and vine growth, but it did not affect basic fruit ripeness 

or juice nitrogen. 

Vine growth 
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Differences in shoot length due to mulch were present at the time of the first 

measurement in 2011 and continued throughout the season until shoot hedging. The 

magnitude of the mulch effect on shoot length in 2011 was similar to differences reported 

by Van Huyssteen and Weber (1980b) for vines mulched with straw. The greatest 

difference they reported in shoot length was 22% between vines mulched with straw and 

those with herbicide weed control at the last measurement of the season. Shoots in MS1 

and MS3 were 25% and 29% longer than UN, respectively on the last measurement of the 

season (11 November 2011). Treatment effects in previous years were not significant 

enough to have a legacy effect on shoot growth in 2012. Legacy growth effects would be 

due to increased growth post-bud break due to increased carbohydrate or nutrient storage, 

but there was no evidence of this early season growth effect. This may be an important 

result when considering the transition to full production because increased vegetative 

growth is not the goal of most vineyards during production years. This lack of legacy 

effects indicates that cover crop residue mulch can be used in young vineyards without 

having the potentially negative long term impact of creating excess vegetative vigor.   

With differences in vine shoot length, it was anticipated that pruning weights 

would also differ during dormancy in the winter following the 2011 season. However, no 

differences were found, and this was likely due to the canopy management practices that 

were used by the commercial vineyard crew. Shoots were hedged to nearly half of their 

total length and trained vertically in late August 2011 when shoots were more than 200 

cm in length. As a result, a large percent of shoot mass was not able to be quantified in 

dormant pruning weights. Trunk diameters were also measured but did not show 

differences by treatment in either year of the study. In addition, crop load (Ravaz Index: 

yield/pruning weight) did not show differences by treatment. 

Tissue nutrients 

 Both leaf blade and petiole nutrient concentrations at bloom showed differences 

by treatment in 2011, with higher leaf blade and petiole %N in MS3 vines compared to 

MR vines. This was not the case for MS1, indicating a possible nutrition benefit due to 

additional mulch, although MS1 was not found to be different from MS3 in bloom time 
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%N. Both mulched treatments had higher chlorophyll as estimated by SPAD, but this 

only in comparison to M vines. This may indicate a benefit from the breakdown of mulch 

N. Chlorophyll requires a large N investment by plants (Niinemets 2007) and has been 

positively related to leaf nitrogen content (Loh et al. 2002, Percival et al. 2008). In this 

study there was a positive relationship between leaf blade and petiole N and SPAD values 

at both bloom and véraison in 2011. The relationship was also positive between SPAD 

values and both leaves and petioles at bloom in 2012, but no relationships persisted until 

véraison.  

Petioles from MS3 vines were also higher in B and K in 2011, two important vine 

nutrients. Adequate B levels are needed for auxin synthesis, and deficiencies in B can 

lead to poor shoot growth and low fruit set (Gärtel 1996). It was unusual to see 

differences in B since vines were fertilized with B in both years. The MS3 vines also had 

over 30% more K in their petiole tissue than vines in the MR treatment. Potassium is 

needed for cellular solute movement, and clusters require high levels of K for 

development. Pool et al. (1990) found a 34% increase in grapevine petiole K when oat 

mulch was used compared to sod, clean cultivation, and herbicide treatments.  

Research is still being conducted to determine nutrient requirements for 

winegrape vineyards in Oregon (Schreiner et al. 2013). According to current nutrient 

recommendations (Skinkis and Schreiner 2011), some treatments in our study were close 

to deficiency thresholds (Table 2.5 and 2.6). However, there were no visual indications of 

nutrient deficiency of any nutrient (such as foliar chlorosis, necrosis, or fruit set issues). 

In 2012, there was again a difference in bloom petiole N. Both mulched 

treatments had higher %N than UN vines. This shows that mulch treatments had a 

continued effect on nitrogen status, even though treatments were no longer in place. This 

is despite the lack of differences in total soil N measured in 2012 (Chapter 3, pg. 58). 

Treatment differences were also found for copper (Cu), zinc (Zn), B, and P in 2012, 

although no clear patterns were evident to suggest clear field treatment effects on vine 

nutrient status. 
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Tissue nutrient data presented here was reported as concentration and does not 

indicate total vine content or root uptake. There is no effective method for approximating 

total nutrient content except by destructive harvest. The smaller vine size at bloom may 

have been more sensitive to differences in vine nutrition expressed as concentration. At 

véraison the total vine volume is much greater, and nutrient differences, measured as a 

concentration, may have been diluted. This may be why leaf and petiole samples at 

véraison consistently showed no differences for N. Spring et al. (2012) found that 

dilution effects were clear for both vine tissue N and YAN in vines that were hedged to 

different canopy heights, even after several years of treatments. In their study, canopies 

with larger leaf areas showed reduced leaf N concentrations, despite irrigation and crop 

load being held constant.  

For MR, lower leaf and petiole N in 2011 and lower SPAD and fruitfulness in 

2012 shows a reduction in vine N status. This is consistent with current understanding of 

N use by cover crops. Cover crops growing in the alley take up N and other nutrients 

from the soil. This uptake is reduced in legumes due to N fixation of symbiotic bacteria, 

but depending on soil N availability, legume soil N uptake can be substantial (Voisin et 

al. 2002). Residue nutrients were returned to M treatments, and residue was moved into 

the vine row in the mulched treatments, but in the MR plots, there was a net loss each 

year of all above ground cover crop nutrients since residue was removed from the plot. 

Despite the movement of residue, there is not a clear difference in leaf and petiole N 

between M and MR. A cover crop that is repeatedly mowed and removed may be an 

effective method for devigorating vines that are too vegetative.  

 Tissue N and SPAD results from 2011 and 2012 show evidence of an N benefit 

from mulch. The most direct explanation for this was that organic N provided by the 

residue was mineralized and became available as nitrate and ammonia, leading to an 

increased concentration of vine available N in the soil compared to non-mulched 

treatments. This cannot be confirmed by our results since soil N was not measured in 

2011. The soil N tests analysis in 2012 did not show differences in soil N, but this may 

have been performed too late to detect any differences (See Chapter 3, pg. 58). The other 
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possibilities for mulch N benefit include increased root density and increased uptake due 

to higher soil moisture. Increased soil moisture not only creates improved conditions for 

soil biota to mineralize N but can increase nitrate solubility and possibly vine root uptake.  

It is likely that all these factors played a role in improved N nutrition in mulched vines.  

Clusters, fruit yield, and juice chemistry  

Mulched treatments had higher numbers of clusters per shoot in both 2011 and 

2012 when compared to non-mulched treatments. The fruitfulness of buds is determined 

the previous year while the buds are still developing (Pratt 1971). The most important 

factor in determining cluster number is not well understood, but it is most likely based on 

available carbohydrate and nitrogen resources. Bennet et al. (2005) found a strong 

relationship between fruitfulness and carbohydrate reserves in a study utilizing severe 

defoliation treatments in Chardonnay. Other studies relate fruitfulness to N (Baldwin 

1966, Keller and Koblet 1995), although both high and low N levels have resulted in 

reduced fruitfulness. Additionally, high N availability can cause dense canopies which 

can also cause reduced fruitfulness in buds (Perez and Kliewer 1990). 

Yield differences in 2011were expected due to fruitfulness and fruit set 

differences quantified that season. However, yield was not affected by treatment. This is 

likely due to management practices that influenced cluster number and final cluster size, 

including late season leaf pulling and canopy manipulation that exposed the fruit near 

véraison, causing some sunburn, berry desiccation, and cluster abscission in that year. 

This response led to highly variable yields that may have obscured any treatment 

differences that existed. Despite these circumstances, yields were considered high at 14.3 

t/ha and 14.5 t/ha in 2011 and 2012, respectively. Commercial Chardonnay production in 

Oregon has yielded 5.4 metric tons per hectare on average over the past four years 

(Oregon Vineyard and Winery Report). There is no evidence that high yields in 2011 

reduced vine growth or vigor in 2012. All treatments had soluble solids values that were 

lower than commercial targets in both years. Lower soluble solids were in part due to the 

large yields but also due to a cool season (2011). Treatments did not influence berry 

maturity, soluble solids, pH or titratable acidity.  
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Yeast assimilable nitrogen (YAN) is measured in grape to determine any concerns 

for proper wine fermentation. Results from 2011 were highly variable and treatments 

were not different despite 38% higher average YAN concentrations in MS3 juice when 

compared to UN. Linear regression analysis showed a positive relationship between YAN 

and leaf and petiole N (Figure 2.3). Adequate YAN levels are important to allow proper 

alcoholic fermentation which is a concern for many white winegrape varieties. Van 

Huyssteen and Weber (1980) found that Chenin Blanc treatments with perennial grass 

alleys had lower juice N and also experienced stuck fermentations all 3 years of their 

study, as compared to mulch and cultivation treatments. Treatments influenced vegetative 

growth much more than reproductive attributes. 

 This research shows that while mulched vines exhibited increased vine growth, 

grape growers will still need to weigh the costs and benefits of using this management 

technique. Economically, growing the mulch residue on site is more feasible than 

purchasing and transporting mulch materials from off site. This research does not show 

strong evidence for an earlier crop production, higher yields, or greater fruit maturity 

with mulching, so growers will need to find value in other benefits not quantified in the 

final 2 years of this study. These could include vine row weed control (found in years 1 

and 2), winter traction surface, and reduced irrigation costs. This study also shows the 

complexity of the cover crop-vine intercrop system, and how little we can truly impact 

vine growth within the context of the whole system. Soils and environment have a large 

buffering capacity, and vineyard management practices that are sustainable may have less 

impact than direct applications of less sustainable methods such as herbicide use or high 

rate fertilizer application. 
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Tables 

Table 2.1 Phenology, precipitation, and cumulative growing degree days (GDD10) at Olsen Vineyard 
Phenology Date Precipitation 

(mm) 
GDD10 Date Precipitation 

(mm) 
GDD10 

April 1 to bud break 4/27/2011 89 4 4/24/2012 81 39 
Bud break to bloom 7/6/2011 116 79 6/29/2012 141 287 
Bloom to véraison 9/12/2011 36 887 9/4/2012 13 908 
Véraison  to harvest 11/2/2011 83 1090 10/12/2012 128 1133 
April 1to Nov 1 - 324 1090 - 371 1181 
Data obtained from the Corvallis, OR station (CRVO) of the Pacific Northwest Cooperative 
Agriculture Weather Network (Agrimet 2012). Precipitation measured from beginning of year to bud 
break, and then non-cumulatively after this date. 
 
 

 
 
Table 2.2 Shoot length (cm) measured on mid-cane shoots from 
6/22/11 to 8/11/11 and 5/4/12 to 7/19/12 
Treatment 2011 2012 
UN 98 50 
M 105 50 
MR 103 47 
MS1 119 52 
MS3 121 52 
p 0.0015 n.s. 
Values represent means (n=8 in 2011, n=10 in 2012) recorded 
across the season and analyzed by repeated measures ANOVA. 
Shoot length differences between years are due to timing of 
hedging. n.s indicates not significant at p<0.05 
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Table 2.3 Leaf area and average leaf size measured at bloom and véraison  both years 
Sampling Time Treatment Leaf Area per vine (m²) Area of average leaf (cm²) 
    2011 2012 2011 2012 
Bloom UN 1.1 2.3 77 71 

 
M 1.2 2.0 79 70 

 
MR 1.1 2.1 81 69 

 
MS1 1.4 2.9 85 81 

 
MS3 1.4 2.3 85 77 

  P n.s. n.s. n.s. n.s. 
Véraison  UN 1.9 3.4        44 ab 41 

 
M 1.8 3.4        37 b  45 

 
MR 2.0 3.9        46 ab 42 

 
MS1 2.4 3.7        50 a  44 

 
MS3 2.1 3.7        49 a  45 

  P n.s. n.s.  0.0136 n.s. 
Values represent means.  Mean separation by Tukey's HSD. n.s indicates not significant at 
p<0.05 
 

 

 

Table 2.4 Pruning weight per vine (kg), cane weight (g), Ravaz index, and trunk diameter 
(cm) during dormancy 

Treatment Pruning weight 
(kg) 

Cane wt. (g) Ravaz index Trunk diameter 
(cm) 

 2011 2012 2011 2012 2011 2012 2011 2012 
UN 0.68 0.95 63 55 6.26 4.73 2.71 3.13 
M 0.64 0.99 57 61 6.49 4.55 2.73 3.17 

MR 0.61 0.97 58 51 6.64 5.05 2.73 3.22 
MS1 0.70 1.10 67 58 6.57 4.89 2.84 3.27 
MS3 0.79 1.08 70 62 6.12 4.25 2.81 3.27 

p n.s. n.s. n.s. n.s. n.s n.s. n.s. n.s. 
Values represent means. n.s indicates not significant at p<0.05 
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Table 2.7 Leaf SPAD measured at bloom and véraison both years 
  2011 2012 
Treatment Bloom Véraison Bloom Véraison 
UN        37.4 ab 32.9        36.0 ab 36.3 
M        36.7 b 34.6        36.3 ab 36.6 
MR        37.6 ab 33.3        35.3 b 37.5 
MS1         39.3 a 34.9        37.9 a 37.5 
MS3        39.3 a 37.2        36.2 ab 35.9 
p 0.0028 n.s 0.0303 n.s. 
Values represent means. Mean separation by Tukey's HSD. n.s indicates not significant 
at p<0.05 
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Table 2.10 Fruitfulness measured in June of each year 
Treatment 2011 2012 
UN 1.82 b             1.87 ab 
M 1.82 b             1.87 ab 
MR 1.80 b             1.83 b 
MS1 1.96 a             1.94 ab 
MS3   1.92 ab             2.00 a 
p 0.0019 0.0450 
Values represent means.  Mean separation by Tukey's HSD. n.s 
indicates not significant at p<0.05 

 

 

Table 2.11 Percent fruit set and berries per cluster measured post-fruit set in both years 
 Treatment Fruit set (%) Berries per cluster 

 
2011 2012 2011 2012 

UN 75.7 66.2 273 194 
M 65.8 65.9 317 199 
MR 73.4 63.0 277 208 
MS1 76.0 66.4 266 228 
MS3 75.7 69.2 340 221 
p 0.0411 n.s n.s. n.s 
Values represent means. n.s indicates not significant at p<0.05. p value of 2011 fruit set 
shows significance but Tukey’s HSD does not show mean separation. 
 

 

 

Table 2.12 Yield and cluster metrics measured at harvest both study years 
 Treatment Vine Yield (kg) Yield (t/ha) Cluster weight (g) Berry Weight (g) 

 
2011 2012 2011 2012 2011 2012 2011 2012 

UN 4.15 4.48 13.8 13.8      204 ab 124 1.1 1.0 
M 4.05 4.46 13.4 13.7      208 ab 134 1.1 1.1 
MR 4.00 4.79 13.3 14.7      187 b 129 1.0 1.1 
MS1 4.54 5.26 15.1 16.2      218 ab 133 1.1 1.0 
MS3 4.78 4.57 15.9 14.1      225 a 113 1.0 1.1 
p n.s n.s. n.s. n.s. 0.0329 n.s. n.s n.s. 
Values represent means. Mean separation by Tukey's HSD. n.s indicates not significant at 
p<0.05 
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Table 2.13 Fruit chemistry measured at harvest in 2011 and 2012 
Treatment Total Soluble 

Solids (°Brix) 
pH TA           

(g/L) 
YAN         

(mg/L) 

 
2011 2012 2011 2012 2011 2012 2011 2012 

UN 19.2 20.0 3.15 3.04 10.7 10.1 151 149 
M 18.9 19.8 3.15 3.03 11.1 10.3 180 177 
MR 19.6 19.6 3.12 2.99 10.7 10.1 167 146 
MS1 19.7 19.4 3.15 3.03 10.5 10.7 197 175 
MS3 18.8 19.9 3.15 3.07 11.4 10.9 209 199 
p n.s. n.s. n.s n.s. n.s n.s. n.s. n.s 
Values represent means. n.s indicates not significant at p<0.05 

 

 
Table 2.14 Volumetric soil moisture measured in the top 30 cm of the vine row and 
stem water potential measured at solar noon.  
Treatment Volumetric Soil Moisture (%) Stem water potential (Mpa) 

  2011 2012 2011 2012 
UN 25 22 - 0.76 - 0.80 
M 24 22 - 0.73 - 0.81 
MR 25 22 - 0.69 - 0.76 
MS1 28 25 - 0.74 - 0.82 
MS3 28 24 - 0.73 - 0.79 
p 0.0146 n.s.  n.s. n.s. 
Values represent means (n=15 in 2011, n=10 in 2012 for soil moisture and n=7 in 
2011, n=4 in 2012 for stem potential) recorded across the season and analyzed by 
repeated measures. n.s indicates not significant at p<0.05. 

 

 

 

 

 

 

 

 

 

 



55 
 

Figures 

Figure 2.1 Shoot lengths measured on mid-cane shoots in 2011 (mean ± SE).  

   
 

Figure 2.2 Linear regression between SPAD values and leaf nitrogen at véraison in 2011(y=11.21x 
+ 6.18, r²=0.3422, p=0.0021). Véraison petioles (r2=0.2634, p=0.0087), and bloom leaf blades 
(r2=0.2047, p=0.0232) and petioles (r2=0.3031, p=0.0043) also showed a similar relationship in 
2011.  In 2012, bloom leaf blades (r2=0.2274, p=0.0159) and petioles (r2=0.2429, p=0.0123) 
showed a significant relationship, at véraison the relationship was not found. 
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Figure 2.3 Linear regression between yeast assimilable nitrogen (YAN) and leaf nitrogen at 
véraison in 2011(y=286.33x - 528.91, r²=0.5913, p<0.0001). This relatioship was also significant 
for véraison petiole N (r²=0.5251, p<0.0001), and bloom petiole N (r²=0.582, p<0.0001) in 2011 
and bloom leaf (r²=0.2264, p=0.0162) and bloom petiole (r²=0.4267, p=0.0004) in 2012. n.s. at 
véraison  2012. 

 

Figure 2.4 Volumetric soil moisture in the top 30 cm of vine row in 2011 (mean  ± SE). Mulched 
treatments were different from non-mulched treatments at each time point after 6 July 2011 
(p<0.05). 
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CHAPTER 3: EFFECT OF COVER CROP MANAGEMENT ON SOIL 

MOISTURE CONSERVATION AND VINE ROOT GROWTH IN A PRE-

PRODUCTION VINEYARD IN OREGON 

 The wine grape industry in Oregon has increased significantly over the past 

decade. Nearly 10,000 acres of vineyards have been planted in the state since 2000 

(National Ag Statistics). Vineyards have expanded into areas with limited or no available 

water rights. Water resources and water quality are major areas of concern for production 

agriculture and resources will become increasingly limited over the coming years (Parris 

2010). Winegrapes have higher water use efficiency and thus lower demand compared to 

many agricultural crops, particularly when managed for a specific range of yield and 

quality (Tyerman et al. 2009). This is evidenced by grape production in arid regions and 

development of methods such as partial root zone drying that reduce water use without 

decreasing vine productivity (Stoll et al. 2000). Given the ability of grapevines to be 

grown in conditions of low water availability, it may be possible to consider alternative 

methods of soil moisture conservation to develop vineyards in areas with limited water 

resources, particularly in western Oregon where the season begins with considerable soil 

moisture. 

 Typical pre-production management consists of keeping the vineyard floor free of 

all vegetation to reduce competition. Supplemental irrigation is often applied for the first 

few years of establishment, as a lack of summer precipitation in most areas of Oregon can 

lead to vine water stress. Cover crops can compete with young grapevines for soil water, 

negatively affecting growth (Monteiro and Lopes 2007, Tesic et al. 2007, Wolpert et al. 

1993, Van Huyssteen and Weber 1980). By growing a winter annual cover crop and 

keeping the vineyard floor free of vegetation in the summer, competition can be greatly 

reduced. The benefit of a winter annual cover crop is that peak water and nutrient use is 

offset from the peak demand of the growing vines. Cover crop residues may be applied as 

a mulch layer in the vine row to allow for greater soil moisture retention through the 

summer.  
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Mulching with synthetic and organic mulches may be a sustainable management 

practice for use in perennial crops. Mulch can prevent soil moisture depletion during the 

dry season (Van Huyssteen and Weber 1980). Orchard soil mulched with clover residue 

and wood chips showed decreased moisture depletion to a depth of 30 cm (Granatstein 

and Mullinix 2008). Increased soil water availability can increase vine growth (Hamman 

and Dami 2000) and root mass, especially of young vines (Van der Westhuizen 1980). 

Decomposition of mulch can also increase soil nutrients. Pinamonti et al. (1998) found 

increased soil N, P, and K, as well as increased available water and soil organic matter, 

when comparing soil mulched with compost municipal biosolids compost to non-

mulched soil. While the practice of mulching is not well researched in vineyard systems, 

research in apples (Granatstein and Mullinix 2008), poplars (Fang et al. 2007), and 

simulated mulch systems (Findeling et al. 2007) show evidence of increased soil nutrient 

levels under mulch layers and growth benefits to the mulched crop. Other possible vine 

benefits of mulch use are well outlined in a review by Guerra and Steenwerth (2012) and 

include higher yields (Hostetler et al. 2007) and reduced weed growth (Ferrara et al. 

2012, Fredrikson et al. 2011, Steinmaus et al. 2008).  

Grapevine root growth is greatly influenced by soil conditions and vineyard floor 

management practices. Soil moisture has a major impact on grapevine rooting dynamics, 

since increased soil moisture reduces the mechanical resistance that roots experience 

during growth (To and Kay 2005). In woody plants, reduced soil mechanical resistance 

has been shown to greatly increase root proliferation (Becel et al. 2012, Sinnet et al. 

2008). Becel et al. (2012) found soil penetration resistance to be the best indicator of 

peach root diameter and branching density in a variety of soil textures. Cover cropping 

with legumes can also increase total soil N (Fourie et al. 2007). Plant roots preferentially 

proliferate in areas of greater soil moisture (Polverigiani et al. 2011) and N availability 

(Zhang and Forde 2000). Legume cover crops have been shown to increase the available 

N to vines (Patrick et al. 2004), but not at a rate that would greatly affect growth. Most 

studies of cover crops find that alley vegetation lowers vine root density through 

competition (Celette et al. 2005, Morlat and Jacquet 2003), but this was not found in two 
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Oregon vineyards with cover crops species that included perennial grasses (Sweet and 

Schreiner 2010).  

The use of cover crops and vineyard floor management techniques can influence 

arbuscular mycorrhizae fungi (AMF) associations with grapevine roots. Tillage can be 

detrimental to AMF, reducing species diversity and spore counts (Jansa et al. 2002). 

Grapevines are dependent on AMF to acquire adequate levels of certain nutrients, 

especially phosphorous (P), and vine P status is negatively impacted by a lack of 

mycorrhizal associations (Schreiner 2005). Cover crop species can form associations with 

some of the same AMF species that colonize grape roots (Baumgartner et al. 2005). 

Labeled 15N from both legume and grass cover crops was transferred by AMF to vines in 

a greenhouse setting, although this N may have been from cover crop root exudates or 

root breakdown and not from direct cover crop to vine transfer (Cheng and Baumgartner 

2004). 

Maintaining adequate soil moisture, adding nutrient sources, and encouraging root 

growth should allow vines in pre-production vineyards to maximize vine vegetative 

growth and acquire necessary carbohydrate and nutrient reserves for early fruit 

production. By growing a winter cover crop, benefits of the cover crop can be gained 

without creating competition for soil resources. Alternative use of the cover crop residue 

as a mulch was tested for its ability to retain soil moisture and influence root growth. 

These questions were addressed in a research study conducted for four growing seasons 

to determine the effect of alternative cover cropping strategies for pre-production 

vineyards; the last two years are presented herein.  
 

Materials and methods 

 This thesis covers research conducted for two consecutive years (2011, 2012) in a 

commercial vineyard located 10 km south of Independence, OR (44.767178 N,                

-123.181889 W). Soil at the site was mapped as an Amity silty loam soil, according to the 

NRCS Web Soil Survey. Amity soil is a fine-silty, mixed, superactive, mesic Argiaquic 

Xeric Argialboll. Due to standing water present at the site following periods of high 

winter rainfall, the soil may be more accurately classified as Dayton or Concord. The 
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vineyard is at an elevation of 90 m asl and has a slope of less than 3%. The total study 

area encompassed 0.48 hectares. The vineyard was planted in 2008 to Vitis vinifera L. 

’Chardonnay‘ Dijon clone 96 grafted to 3309-C rootstock. Vines were spaced 2.1 m 

between vine rows and 1.5 m spacing between vines (3075 vines per hectare). Vines were 

cane pruned to a bilateral Guyot system, but shoots were allowed to grow freeform until 

August when they were hedged and trained vertically based on the commercial 

management schedule. Because vines were in their first production year in 2011, vines 

were shoot-thinned to 11 shoots per vine to manage vine size and yields. By 2012 (year 

4), vines were only minimally shoot thinned with an average of 20 shoots per vine. The 

site was not irrigated for the duration of the study and the only fertilizer applied was 

foliar B (Solubor, U.S. Borax Inc, Valencia, CA) with 3 applications of 2.2 kg ha-1 both 

years based on typical production guidelines for Oregon vineyards.  

Experimental design 

The study was implemented as a completely randomized design based on initial 

visual site assessment for topographic uniformity. Each experimental unit consisted of 20 

continuous vines and included alleys flanking the vine row. There were five treatments: 

unplanted (UN), mow and incorporate (M), mow and remove (MR), mulch supplement 

one (MS1), and mulch supplement three (MS3). Each treatment was replicated across 

five plots. A buffer vine row was located between treatment rows, and each plot was 

separated from adjacent plots in the vine row by three buffer vines.  

A winter annual cover crop was planted in the alley between vine rows of each 

cover crop treatment (excluding UN) on 14 September 2010 and 15 September 2011. The 

cover crop contained a mixture of cereal rye (Secale cereale) and crimson clover 

(Trifolium incarnatum) and was planted in a 1.2 m wide strip within the alley. The seed 

bed was prepared by rototilling with a 121 cm tiller (Kubota FS1020, Kubota Tractor 

Corporation, Japan) and plots were seeded using a double roller drop seeder (Brillion 

SSP-5, Brillion Farm Equipment, Brillion, WI.) in 2010 and a no-till seed drill (Tye 124-

531x, AGCO, Duluth, GA) in 2011. The no-till seed drill was used on prepared soil in an 

attempt to ensure better seed to soil contact and enhance cover crop germination in fall 
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2011 as problems with seeding rate were observed the previous year (2010). The seeding 

rate was 33.6 kg/ha rye and 22.4 kg/ha crimson clover in 2010 and increased to 98.64 

kg/ha rye and 29.54 kg/ha crimson clover in 2011. Crimson clover was pre-inoculated 

with Rhizobium to promote nodulation. The areas seeded with cover crop were allowed to 

grow through winter and then mowed the following spring (24 May 2011) using a Thatch 

and Catch® mower (KR Manufacturing, Salem, OR). The mowed residues of cover-

cropped alleys were removed, weighed, bulked and mixed.  

The residue removed at mowing was put back into the vineyard at specific rates 

and locations based on treatment definitions. Residues from the mow and incorporate (M) 

treatment were returned to the alley by hand to reflect the amount of residue that would 

occur with typical mowing practices (1.94 kg·m-2 in 2011). Residues in the mow and 

remove (MR) treatment were collected and removed from each treatment plot entirely. In 

the mulch supplement one (MS1) treatment, residues were applied by hand in a one meter 

wide layer in the vine row at a rate equivalent to applying all residue from one adjacent 

alley (2.5 kg·m-2 in 2011). The mulch supplement three (MS3) treatment had 3x the 

residue applied as a vine row mulch (7.5 kg·m-2 in 2011). The amount of residue applied 

to the vine row and alley in spring 2011 was standardized across all treatments based on 

the biomass attained in prior years of this research (Fredrikson et al. 2011). The 

unplanted control (UN) was never seeded with cover crop for the duration of the study 

and was maintained as bare ground. Due to very poor cover crop establishment in 2011, 

there was not sufficient biomass for mowing and residue was not distributed per the 

outlined treatments. Rather, the 2012 season was used to evaluate the impacts of three 

prior years of vineyard floor management on soil and vine responses. 

 The vine row and unplanted alleys were kept free of vegetation with two 

applications of glyphosate (Buccaneer Plus 2%, Tenkoz Inc., Alpharetta, GA) during the 

summer and one application in winter. All alleys surrounding treatment vine rows were 

rototilled within one week following treatment imposition in spring of 2011. All alleys 

were rototilled two times during the summer to control weed growth. During 2012 

treatments were rototilled and kept free of vegetation. Standard commercial practices 
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were used for powdery mildew and Botrytis bunch rot control both years. Vole bait 

(Quintox, Bell Laboratories, Madison, WI) was used to control vole populations once 

vole holes and burrows were observed in 2011. This was done to prevent potential vine 

damage by voles.  

Prior to implementing treatments in May 2011, cover crop species composition 

was determined by subsampling. A 1 m2 quadrat was placed randomly in each alley 

flanking a treatment row. The above ground biomass was mowed with a power hedger 

(Husqvarna GHT195; Husqvarna AP, Sweden) and removed. Rye, clover, and weed 

residue was sorted and weighed to determine percent of each cover crop type. 

To determine cover crop nutrient composition, four aliquots of 1 L volume were 

taken at random from the bulked residue, stored in plastic bags in coolers, and transported 

to the laboratory. They were dried at 65 °C for 48 hours and ground to fit a 500 μm sieve. 

Tissue N and C were measured by combustion with a CN analyzer (Truspec, LECO 

Corporation, St. Joseph, MI). Concentrations of P, K, B, Cu, Fe, Zn, S, Mg, Ca, and Mn 

were analyzed by inductively coupled atomic emission spectrometry (Optima 4300; 

PerkinElmer, Wellesley, MA) after digestion by microwave (Multiwave 3000; Anton 

Paar, Graz, Austria) in nitric acid. 

Soil measurements 

Volumetric soil moisture was measured to monitor plant available water in the 

rooting zone as influenced by cover crop management treatments. Three access tubes per 

plot were placed within the vine row and spaced evenly along the plot length and 

positioned a minimum of 30 cm from the trunk of the vine. Measurements were taken 

using a capacitance probe (Aquapro Sensors, Ducor, CA). Readings were taken at depths 

of 15cm, 23cm, 30cm, 46cm, 61cm, and 76 cm, starting in early June and collected every 

7-10 days through late September. Aquapro values were converted to volumetric soil 

moisture using a standard curve established from soil collected at the research site. 

Aquapro readings were compared to actual volumetric soil water moisture values (13 

volumetric moisture content readings ranging from 3.5% to 36%, controlling for soil bulk 

density) obtained in polyvinyl chloride microcosms with access tubes placed vertically in 
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the center of each. The size of the microcosm (20.3 cm in diameter) was previously 

shown to give accurate Aquapro readings. The relationship of Aquapro readings to 

volumetric soil moisture content fitted a second order polynomial equation (y=0.00115x2 

+ 0.3041x + 3.5, r2=0.982, p<0.0001). 

  Midday stem water potential (Ψstem) was measured in 2011 approximately every 

ten days from early June to September under clear sunny conditions with a pressure 

chamber (Model #600, PMS Instruments, Albany, OR). Stem water potential was chosen 

because it has been shown to be a more sensitive indicator of grape water status than leaf 

water potential (Choné et al. 2001). In order to look at soil water and plant water 

interaction, these measurements were taken on the same day as soil moisture. Stem water 

potential was measured in 2011 at solar noon on one primary leaf each per plot as 

described by Williams and Aruajo (2002) except that foil laminate bags were used and 

put on the leaves one hour prior to measurement. In 2012 Ψstem was measured on two 

primary leaves in the mid-canopy selected randomly per plot, making sure to select from 

both sides of the canopy. 

 Soil mechanical resistance was measured to understand the penetration resistance 

of the soil and the ease of root elongation. Mechanical resistance of soil is related to both 

soil moisture and soil structure, both of which could be impacted by cover crop 

treatments. Soil resistance was measured at three locations per plot midway between 

pairs of random vines using a solid cone hydraulic penetrometer (Hypen1, Pike 

Agriculture, Livermore Falls, ME). Measurements were taken at four depths (7.5 cm, 

12.5 cm, 23 cm, and 30.5 cm) at bloom (11 July) in 2011 and at pre-bloom (17 May) in 

2012.  

 The temperature of the vine row soil may be influenced by different vineyard 

floor management practices, including the presence of a mulch layer. To determine the 

impact of treatments used in this study, soil temperature was measured in the vine row 

once in June 2011 using a digital thermocouple probe (Model CK36PF, Reotemp, San 

Diego, CA). Further measurements were planned, but non-mulched soil was too difficult 

for the probe to penetrate. Measurements were not taken in 2012 since cover crop and 



64 
 

mulch treatments were not present. In 2011, one measure was taken per plot halfway 

between two randomly selected vines and recorded for three depths: 5 cm, 10 cm, and 20 

cm. To account for temperature fluctuations throughout the day, one depth in all plots 

was measured and then the next subsequent depth was measured for all plots. At each 

depth, two measures of temperature were recorded and averaged. 

 Soil carbon (C) and N are important indicators of soil quality and potential 

nutrition. These were measured in 2012 since it was hypothesized that the vineyard floor 

management practices used in this study would alter both soil C and N. Soil C is 

increased by organic matter decomposition and is important in improving soil structure, 

infiltration, and microbial activity. Total soil N may increase due to decomposition of 

mulch materials and may indicate an increase in plant available N. On 3 July, 2012, five 

cores (5.7 cm diameter) were collected halfway between two randomly selected vines in 

the vine row and randomly spaced in the adjacent east side alley. The cores were 

collected from each plot at three depths: 0-20 cm, 20-40 cm, and 40-60 cm. The soil 

cores obtained from one plot at a given depth and location were combined and mixed. A 

125 mL subsample was taken from the bulk sample and dried at 65° C for 48 hours. The 

soil was analyzed for C and N by combustion with a CN analyzer (Truspec, LECO 

Corporation, St. Joseph, MI). 

Root measurements 

To investigate the effect of cover crop treatments on root development, root 

density was measured at véraison in both the vine row and the alley at three depths during 

2011 and 2012. Five cores (5.7 cm diameter) were collected from random locations in the 

vine row and the east-side alley of each plot except MR plots at three depths: 0-20 cm, 

20-40 cm, and 40-60 cm (MR plots were excluded from this analysis due to time 

constraints). Cores collected from each depth in a given plot were combined and mixed. 

A 100 g subsample was collected, air-dried, and stored at ambient temperature in plastic 

vials for later analysis of soil nutrient availability. The remaining soil was wet sieved 

(Böhm 1979) in 1000 g aliquots repeating the washing and decanting step three times. 

Soil was put in a large bucket and covered with cold tap water. This mixture was stirred 
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vigorously and the suspension was poured over a 500 mm sieve. Roots and organic debris 

from the sieve were placed in a white tray and the roots were removed using tweezers. 

Fine roots were further separated from woody roots by hand under a stereomicroscope. 

Fine roots were defined as primary roots with intact cortex varying in color from white to 

brown (class A and B as defined by Mohr [1996]). All other grape roots were considered 

woody (class C, D, and E as defined by Mohr [1996]). Root fresh weight was determined 

after blotting the roots dry on paper towels. Lengths of woody roots were measured with 

a ruler, and fine root length was quantified using the gridline intercept method (Newman 

1966). Vine root density was determined in two ways. Both fine and woody roots were 

quantified as a weight per weight (mg roots/g dry soil) and as a length per weight (mm 

roots/g dry soil). Additionally, total root density (sum of fine and woody) was calculated 

for both density measures. A random selection of fine roots from each sample was placed 

in vials contains FAA (formaldehyde/acetic acid/ethanol, 5%:10%:50%) and stored up to 

four months before clearing and staining for mycorrhizal colonization, ideally with 0.5 to 

0.7 grams of roots per vial.  

 Mycorrhizal colonization was quantified on stained fine roots to see if cover crop 

treatments affected AMF. Each vial was treated and stained similar to Schreiner (2003). 

Colonization was determined by inspecting randomly selected root segments crushed 

between two microscope slides using the method of McGonigle et al. (1990) as modified 

by Schreiner (2003). A vertically lined petri dish (2.5 mm increments) was placed under 

the slide, and each line intersection with a root was quantified for three characteristics. 

The intersection of root and line was considered mycorrhizal if at any place on the 

vertical line there was incidence of arbuscules, vesicles, coils, or non-septate hyphae 

within the cortex. Similarly, each intersection was quantified specifically for arbuscules 

and for vesicles. An average of 142 intersections were examined for each vial.  

Statistics 

Data were analyzed using SAS 9.3 statistics software (SAS Institute Inc., Cary, 

NC) using the General Linear Model procedure. All treatments were compared using 

one-way analysis of variance (ANOVA). Repeated measures ANOVA were used to test 
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parameters with multiple measurements per season. Mean separation was analyzed with 

Tukey’s Honestly Significant Difference (HSD) test with α set at 0.05. Linear and 

polynomial regressions were tested with the Regression procedure to establish standard 

curves and test relationships among parameters. 
 

Results 

Climatic conditions 
 There were climatic differences between the two years of the study (Table 3.1). 

The summer of 2011 was cooler than the 30 year average (Western Regional Climate 

Center), and this led to 91 fewer growing degree days than in 2012. Rainfall was similar 

between the years, but much of the 2012 season rain occurred late in the season, with 

only 20.7 mm of precipitation from July 1 to October 1. Low heat accumulation early in 

2011, particularly early season, led to a late harvest date (2 November), while fruit was 

harvested during mid-October in 2012.  

Soil moisture and plant water status 

 Soil moisture was influenced by mulching treatments. While there were no 

differences when averaging measures across the entire 76 cm depth, differences were 

found within the top 30 cm. Both MS1 and MS3 had higher soil moisture in the top 30 

cm when analyzed by repeated measures in 2011 (Table 3.2). The volumetric soil 

moisture was 11 to 17% greater in mulched treatments when averaged over the season 

compared to non-mulched treatments (Figure 3.1). Soil in M had the lowest soil moisture 

for all dates after 7 June 2011. Despite these differences in soil moisture, there were no 

differences in vine stem water potential by treatment (Table 3.2). In 2011 stem water 

potentials did average -1.10 MPa at the last measurement of the season (20 September 

2011) with some vines having values as low as -1.25 MPa, but this is considered to be 

mild stress. No visual water stress symptoms were observed in 2011. Soil moisture was 

not altered by treatment during the growing season of 2012. Repeated measures analysis 

showed no difference in soil moisture across the season for all treatments, whether 

considering whole profile or just the upper 30 cm (Table 3.2). Similar to 2012, no 

differences by treatment were found for stem water potential. Higher levels of stress were 
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experienced by the vines in 2012. The stem water potential reached an average -1.31 MPa 

at the last measurement (3 September 2012), with some vines having values as low as      

-1.57 MPa. This is considered moderate to severe stress, and symptoms such as reduced 

angle between the leaf and petiole were observed, but not quantified.  

Soil resistance and temperature 

Soil mechanical resistance in the vine row was lower in the top 23 cm in MS3 soil 

compared to the two non-mulched treatments (Table 3.3). The MS1 treatment soil had 

lower mechanical resistance, but only compared to M and only at the 23 cm depth. There 

were no differences in mechanical resistance at the 30.5 cm depth (Figure 3.2). Due to 

lack of mulch, soil mechanical resistance did not follow a similar pattern in 2012. 

Previously mulched treatments were 16% higher in resistance than non-mulched 

treatments when measured in the vine row during late May 2012, opposite of findings in 

2011. Temperature of the soil in mulched treatments maintained a lower temperature on a 

warm day (23 °C) between 5 and 20 cm depth (Table 3.4). At both the 5 and 10 cm 

depth, the soil temperatures in non-mulched treatments were higher than the ambient 

shade temperature, while mulched soil was consistently below ambient temperature at all 

depths (Figure 3.3).  

Soil carbon and nitrogen  

 Total N in the soil during 2012 showed differences, but results did not provide a 

clear pattern consistent with other findings. Both MS1and UN soil had lower total N 

(Table 3.5). There was an effect by depth with the upper profile having greater soil N. 

Increased N was found in the vine row compared to the alley, and there was an 

interaction between treatment and location with more N found in the vine row in mulch 

plots compared to the alleys. Soil C was not affected by treatment or location and differed 

only by depth, with more soil C in the samples collected in the 0 to 20 cm profile 

compared to 20 cm to 60 cm (Table 3.5).  

Root growth 

 Root growth in 2011 was impacted by cover crop treatment, depth, and sampling 

location. Total root density of all roots (mg/g dry soil) was higher in MS1 than UN with a 
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difference of 55% between the two treatments (Table 3.6). The MS1 vines also had more 

woody root length and more woody root weight per gram of soil than UN vines. The 

additional mulch in MS3 did not result in differences in root density and was not different 

from the control. Different treatments were affected differently based on location (Figure 

3.4) with generally lower root growth in the alley for mulched treatments. Total root 

density was greatest in the upper 20 cm of soil. In 2012 there were no differences in root 

density due to cover crop treatment (Table 3.7). Total root density was highest in the 20 

to 40 cm sampling depth due to higher woody root density (mg/g dry soil) at that depth, 

and more woody roots as a percentage of total roots. The woody root to fine root ratio 

increased from 3.7:1 to 7.4:1 between 2011 and 2012, even though total root density did 

not increase. In both years there was higher total root density in the vine row when 

compared to the alley.  

Mycorrhizal colonization 

 Mycorrhizal colonization was not effected by cover crop treatment (Table 3.8). 

There were also no differences in arbuscule or vesicle frequency based on treatment. 

Colonization, arbuscule frequency, and vesicle frequency were highest at the upper 

sampling depth (0 to 20 cm), and lowest at the lower soil depth (40 to 60 cm). All three 

parameters were also higher in the vine row than the alley. This was particularly striking 

for vesicles, with only 6.9% of the vesicles found in the alley. Both colonization and 

vesicle frequency also had a depth by location interaction with the lowest values in the 

lowest depth of the alley, and the highest values in the upper profile of the soil within the 

vine row.  
 

Discussion 

Soil Moisture 
Soil moisture content was consistently higher under the mulch layer in both mulch 

treatments after 22 June 2011 when compared to non-mulched treatments. The thicker 

mulch layer provided by the MS3 treatment was no better at preserving soil moisture than 

the mulch layer in MS1. Increased moisture may be due to soil shading being equal 

between the two residue layers, although from visible observations the MS3 residue layer 
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lasted longer, with the MS1 residue layer no longer visible on the soil surface at the time 

of fruit harvest. There was no difference in vine row soil moisture content between the 

non-mulch cover cropped treatments and UN. This lack of difference provides evidence 

that there was no competition for soil water in the vine row between the cover crop and 

the grapevines going into the season. Lack of competition was expected since a winter 

annual cover crop was chosen for the experiment and was designed to be removed prior 

to periods of high vine water use. Soil moisture did not vary between treatments in 2012. 

This shows that the mulch layer had a direct effect on soil moisture retention through 

shading and insulation in 2011 and that the differences in soil moisture observed in 2011 

were not due to substantial differences in vine water use.  

 For pre-production vineyards, maintaining soil moisture during the growing 

season is critical for vine growth. The lack of summer precipitation can lead to growth 

limitation due to increasing water stress, and there was evidence of water stress levels in 

2012 with symptoms of wilting. Studies of grapes (Stoll et al. 2000) and other plants 

(Yang et al. 2002) suggest that root drying triggers root synthesis of abscisic acid (ABA), 

a plant hormone that signals stomata to close, reducing evaporative loss and slowing 

carbohydrate acquisition. While root drying may not have occurred in 2011 due to the 

cool season and soil moisture available, in drier years establishing vines would be 

susceptible to this effect. Most vineyards in Oregon install drip irrigation systems that are 

only used during establishment and during drought events. The results of this study show 

that mulch can be used to preserve higher levels of soil moisture in the vine row through 

the summer season and may be an appropriate substitute for irrigation systems at some 

sites. Research during particularly dry seasons would be needed to ascertain if the 

preservation of soil moisture content in mulched plots would be sufficient to handle 

drought conditions.  

Soil mechanical resistance was lower in mulched treatments in 2011, likely due to 

higher soil moisture in those treatments. In 2012 when the mulch was absent, soil 

mechanical resistance results were opposite of 2011 results with mulched soils generally 

having higher soil resistance. One possible explanation for this result was the presence of 
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soil cracks in non-mulched treatments. It was observed while taking soil moisture 

measurements that non-mulched soil at this site developed surface cracks up to 23 cm in 

depth across much of the soil surface. Due to reduced precipitation and low soil moisture 

the cracking of the soil was more pronounced in 2012, with previously mulched 

treatments having much fewer and smaller cracks. These cracks may have allowed for 

shifting of the soil during measurement, lowering the measured resistance of the soil, 

although this effect was not quantified. 

Despite higher levels of soil moisture in mulched treatments, there was no 

difference in vine stem water potential at any time during either season. This suggests 

that the vines did not experience differential levels of water status due to treatment 

differences. The higher soil moisture in mulch treatments did not translate to higher stem 

water potential values, but also vines did not experience more than mild stress conditions 

in 2011 when the mulch layer was present. It is logical to assume that different soil 

moisture levels would lead to stem water potential differences if a high enough level of 

water stress was reached as is the case with irrigation Centeno et al. (2010). Similar to the 

findings of this study, Ingels et al. (2005) found few differences in leaf water potential in 

cover cropped treatments, and in both studies an effective weed-free zone was maintained 

during the growing season.  

A lack of difference in stem water potential does not preclude advantages that the 

mulched vines could gain from more available soil water, independent from ease of root 

elongation. Larger vines, or vines with a higher growth rate, would utilize more soil 

water than smaller vines without showing stress symptoms. This is due to more leaf 

surface area for transpiration, and more water allocated to cellular growth. Research with 

partial rootzone drying (Dry and Loveys 1998) suggests that vines can have growth 

benefits from additional soil water availability without differences in vine water status. 

This is due to regulation by ABA, which is produced in the roots during dry soil 

conditions independent of vine water status (Stoll et al. 2000). Mulch was effective in 

altering water status in vines grown in arid regions. Vines mulched vines with olive 

pomace and black geotextile mulch had lower leaf water potential and higher stomatal 
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conductance and CO2 assimilation rate when compared to vines with mowed native 

vegetation or black polyethylene covered vine rows (Ferrara et al. 2012). Greatly 

increased vine water stress in that study (leaf water potential range of -1.97 to -2.32 MPa) 

indicates the importance of mulch in low water conditions. In studies where vineyard 

floor management reduced stem water potential, the effect was due to arid conditions and 

perennial grass cover crops creating competition (Wolpert 1993).  

The mulch layer was able to effectively buffer against high temperatures on a 

warm clear day. The radiant solar gain to the soil of non-mulched vine rows warmed the 

soil to higher than ambient levels, while the soil under the mulch layer remained cooler 

than ambient. Soil that remains cooler is less prone to evaporation and this is one of the 

factors possibly maintaining increased soil moisture under the mulch later. More soil 

temperature measurements were planned for different stages of growth during the 

growing season but were not possible due to limitations of the equipment. Because of 

this, the effect of soil temperature on soil moisture cannot be adequately addressed here, 

but other studies show that evaporation rate decreases with a reduction in soil surface 

temperature (Qiu et al. 1999). 

Soil Carbon 

Mulched treatments and cover cropped alleys were expected to have elevated soil 

carbon due to the decomposition process. However, soil C was not altered by treatment 

when measured in 2012 in either the vine row or the alley. This was unexpected given the 

3 prior years of cover cropping in this study. Soil C was affected by depth with more C in 

the upper soil, which is typical for most soils. Lack of difference in soil C may be due to 

the sampling date. The soil C from the cover crop residue may have been fully 

decomposed and lost as CO2 by the time the soil was measured thirteen months following 

treatment imposition in 2011. It is possible that a temporary increase in soil C occurred 

due to the fact that the C content of the cover crop residue was significant, and 

decomposition generally leads to an increase in soil C as microbial biomass and C-based 

organic matter temporarily increases (Wolf and Wagner 1999). These results suggest that 

soil organic matter did not increase enough to have a lasting effect from any of the 
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treatments put into place in this study. Peregrina et al. (2010) found greatly increased soil 

C under two cover crop treatments after four years, but only in the top 2.5 cm of soil, so it 

is possible that treatment effects may have been present in just the top few centimeters of 

soil. Cover crop studies where a long term increase in soil organic C was measured used 

perennial cover crops (Fourie et al. 2007, Morlat and Jacquet 2003, Peregrina et al. 

2010). While Lejon et al. (2006) found an increase in soil organic matter C many years 

after straw mulch application, straw has a high C: N ratio and would take longer to 

decompose fully than the cover crop residue used in our study. Soil organic matter C is 

also a more sensitive indicator of C additions, and other measures of soil organic matter 

such as microbial biomass C or particulate organic matter may have been valuable in our 

study since the total amount of C in the soil is difficult to impact significantly due to the 

large pool that exists. 

Soil Nitrogen 

The nutrient composition of the cover crop residue, particularly the carbon to 

nitrogen (C:N) ratio, determines how easily N will be released into the soil. The ratio in 

this study was close to 20:1 which is often considered a break-even point between soil 

nitrogen becoming more or less plant-available during decomposition (Myrold 1999). 

Soil microbes will utilize available soil N during organic matter metabolism if there is not 

enough N content in the residue, initially reducing the amount available in the soil for 

vine uptake. Over a longer timescale, the residue would have been a net source of N to 

the soil and residue N would have been mineralized. Other nutrients would also be made 

plant available, especially nutrients high in concentration in the residue such as K and Fe. 

The amount of each nutrient that the residue provided was calculated for each treatment 

by using the amount of residue returned to each plot and the nutrient analysis (Table 3.9). 

These amounts should be interpreted differently for different treatments as residue 

nutrients incorporated into the alley were spread over a larger area of soil than mulch 

nutrients in the vine row. These values represent the quantity the plant could potentially 

gain from the residue if all of the nutrients were mineralized and made available, so 

therefore over-estimate the actual amount contributed. These data do not take into 
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account nutrients in the mowed cover crop roots that may also have decomposed 

following tillage and were not sampled.  

Soil nutrient samples collected in the vine row from the mulched treatments did 

not have higher soil N as expected. Since the soil was analyzed in 2012, it may not 

represent soil levels well as they existed in 2011 when the treatments were present. Both 

the UN and the MS1 treatments had lower soil N, which doesn’t follow other patterns. 

These results may be due to higher vine N uptake in these two treatments in early 2012, 

but this does not statistically relate to tissue N results. Nitrogen dynamics can change 

rapidly over short periods of time (Steenwerth and Belina 2008), and differences in plant-

available N may have occurred during the time of residue breakdown without a lasting 

effect on total N. Nitrate, the principle form of N for vine uptake (Perez and Kliewer 

1982), is easily leached during precipitations events. It is likely that soil nitrate 

differences would not persist into 2012 given the heavy rainfall in Oregon winters. 

Campiglia et al. (2011) found that nitrate leaching was higher from soil mulched with 

legume cover crop residue in a pepper crop compared to herbicide weed control. Winter 

annual cover crops can be used to keep nitrate from leaching, but there was minimal 

winter vegetation cover going into the 2012 season to act in this way. Additionally, the 

timing of soil analysis was not optimum, and the total soil N test may not have captured 

the differences that we had hoped to find. It is difficult to remove vine and weed roots 

from the soil sample prior to analysis, and these sources of organic N may have 

influenced our findings. The total soil N content found for the research site is within the 

range of other Willamette Valley soils ( 0.10 to 0.15% N in the upper 30 cm) (Horneck et 

al. 2011). To adequately monitor changing plant available soil N levels, nitrate N (NO3
--

N), and ammonium (NH4
+-N) N tests would have been needed routinely through each 

season, but this was not performed here and would have been very costly and possibly of 

little value to the overall project goals. 

Increases in vine leaf and petiole N and leaf chlorophyll (Chapter 2) suggest that 

N from the decomposing mulch was used by the vine, despite the lack of response in total 

soil N in 2012. Research using 15N to track cover crop N mineralization and uptake by 
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vines has not shown strong evidence for vine fertilization with cover crop residue. 

Brunetto et al. (2011) found less than 4% of the N from perennial rye and white clover 

residues was recovered in above ground vine tissues 16 weeks after residue application. 

Patrick et al. (2004) found that the amount of N provided to vines from an incorporated 

leguminous cover crop was also small (0.28% of vine N uptake). These two studies are 

not fully representative of vineyard mulch because they did not concentrate the residue 

under the vines. It is also difficult to separate the tissue nutrient benefits of mulch 

decomposition from additional uptake from a more established root system. The high 

levels of organic matter typically found in valley floor soils in Oregon are a good source 

of plant available N without additional inputs, but the vine must have the root system to 

intercept these transient inorganic forms. 

Effect on rooting dynamics 

Vine root growth differences due to mulch application were evident. In 2011 root 

density was increased in the MS1 soil volume overall, but the same was not observed for 

MS3. Root distribution in the different treatments was altered by location (Figure 3.5), 

with MS3 vines having more roots within the vine row compared to other treatments. The 

vine row: alley ratio for total root density was 6.0 for MS3, compared with 2.6 in MS1, 

and only 1.7 in the UN treatment across all depths. Within the top 20 cm of soil, this 

difference is more clear, with MS3 having a ratio of 9.0, compared to 1.1 for MS1, and 

0.76 for the UN treatment. This shows that the mulch was providing beneficial conditions 

for root proliferation in the vine row. This is likely due to increased soil moisture and 

lower soil mechanical resistance allowing for root elongation, but it also may be due to 

increased soil nutrients from the mulch decomposition. Vines in non-mulched treatments 

had root density more evenly distributed across both the vine row and the alley soil. This 

is despite the effect of root damage by tillage in the alley which was not quantified and 

may have caused root mortality in the 0 to 20 cm profile as was found by Van Huysteen 

and Weber (1980). Both Celette et al. (2005) and Morlat and Jacquet (2003) found root 

density differences between vine row and alley, but this was due to competition with 

perennial grass roots. Morlat and Jacquet (2003) found that vines bordered by both 
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perennial grass and bare ground will have much higher density root density in the bare 

ground alley compared to the cover cropped alley. Long term studies may show that 

vines can adapt to perennial grass root competition by exploring soil at deeper depths. 

There were no differences in root density between M and UN treatments in the alleys in 

this study. This suggests that the incorporated cover crop biomass did not provide enough 

nutrients for vines in the M treatment to preferentially grow roots into the alley, at least 

not in the early years of vine development. 

The results of this study suggest that soil moisture is the most important factor 

resulting in root growth differences by treatment. The increased soil moisture resulted in 

decreased soil mechanical resistance which can lead to increased root elongation. It is not 

apparent that root growth was impacted by potential increased soil nutrients in MS3 soil. 

The MS3 root density was not substantially higher than MS1 in the vine row, and it was 

lower overall. Increased soil moisture allows some nutrients, including N, to become 

more soluble and available for vine uptake. Neve and Hofman (2002) found that N 

mineralization from both soil amended with plant residues and not amended soil 

increased with increasing soil moisture. This could lead to preferential growth with 

respect to nutrient concentration as was found in other studies (Robinson 1994, Zhang 

and Forde, 1998). In 2012, root density was not affected by cover crop treatment, 

although depth and location were still affected. Lack of mulch in the 2012 season caused 

previously mulched vines to proliferate into the alley, and in 2012 there was more alley 

root density than in 2011. This shows that the root density differences caused by the 

mulch will not have a long term effect on root location, and the mulched vines were 

adapting by exploring a larger soil volume.  

Mycorrhizal colonization did not show differences based on cover crop or mulch. 

This was somewhat surprising due to shared associations between cover crops and vines 

in other studies (Baumgartner et al. 2005, Cheng and Baumgartner 2004). There was also 

a strong difference in the location of AMF colonization found, with more colonization in 

the vine row than in the alley. This is similar to the overall pattern found by Sweet and 

Schreiner (2010) in vineyards with cover crops. This difference does not seem to be 
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related to cover crop since a similar pattern was found in UN plots. Overall, higher 

mycorrhizal activity was highest in areas of higher average root density (upper profile of 

the vine row).  Vesicles were particularly affected by the effect of depth and location, and 

this may indicate that vines must be colonized for some time before vesicles develop.  

Influence of soil factors 

It is difficult to determine the influence of each soil and nutrient factor on vine 

and root growth. Both soil moisture and available N are highly interrelated, and many 

feedback responses are possible. When the 2011 season average soil moisture and 2011 

bloom petiole nitrogen were both compared with season average shoot length, significant 

relationships were identified (Figure 3.5). The factor responsible for vine growth is often 

the most limiting resource in a particular environment. In arid sites, the growth response 

is often greatest for different water resource levels, and we see this in both cover crop and 

mulch research (Monteiro and Lopes 2007, Van Huyssteen and Weber 1980). When there 

is ample water, either from irrigation or naturally high water holding capacity, N 

management can have the greatest growth impact (Ingels et al. 2005, Vance 2012). 

Additionally, both water and nutrient stress may cause similar symptoms (Keller 2005). 

Limited water and N availability can increase ABA production, closing stomata, and both 

stresses can alter the root to shoot ratio, favoring root growth (Agren and Franklin 2003, 

Barton and Montagu 2006, Chapin et al. 1988). Western Oregon vineyards typically have 

high soil water holding capacity and high soil organic matter capable of mineralizing into 

plant available N. We did not have evidence that either soil N or soil moisture were 

growth limiting at the research site; however, growth was increased by mulch 

applications. Soil moisture was increased by mulch treatments, and there is less evidence 

that soil N was affected. However, based on leaf and petiole nitrogen and chlorophyll 

results, it is likely that vine N also played a role in growth differences. These growth 

effects were relatively small when compared to research in more stressed conditions 

(Tesic et al., 2007, Wolpert et al. 1993). Mulch was effective at improving young vine 

growth and should be considered as a viable management option, especially at dry-

farmed vineyards. 
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Tables 

Table 3.1 Phenology, precipitation, and cumulative growing degree days (GDD10) for the 
growing seasons of 2011 and 2012 
Phenology Date Precipitation 

(mm) 
GDD10 Date Precipitation 

(mm) 
GDD10 

Bud break 4/27/2011 89 4 4/24/2012 81 39 
Bloom 7/6/2011 116 79 6/29/2012 141 287 
Véraison  9/12/2011 36 887 9/4/2012 13 908 
Harvest 11/2/2011 83 1090 10/12/2012 128 1133 
April 1- 
Nov 1 - 324 1090 - 371 1181 
Data obtained from the Corvallis, OR station (CRVO) of the Pacific Northwest Cooperative 
Agriculture Weather Network (Agrimet 2012) 
 

Table 3.2 Volumetric soil moisture of the top 30 cm of vine row soil and stem water potential 
at solar noon measured every 10 days starting in June for soil moisture and July for stem 
potential until fall precipitation 
Treatment Volumetric Soil Moisture (%) Stem water potential (MPa) 

  2011 2012 2011 2012 
UN 25 22 - 0.76 - 0.80 
M 24 22 - 0.73 - 0.81 
MR 25 22 - 0.69 - 0.76 
MS1 28 25 - 0.74 - 0.82 
MS3 28 24 - 0.73 - 0.79 
p 0.0146 n.s.  n.s. n.s. 
Values represent means (n=15 in 2011, n=10 in 2012 for soil moisture and (n=7 in 2011, n=4 in 
2012 for stem potential) recorded across the season and analyzed by repeated measures. n.s 
indicates not significant at p<0.05. Treatments are as follows: UN: Unplanted, M: Mow and 
incorporate, MR: Mow and remove, MS1: Mulch supplement 1, MS3: Mulch supplement 3 
 

Table 3.3 Soil mechanical resistance (MPa) measured on 11 July 2011 and  31 May 2012 at 4 depths 
 Treatment 2011  2012  

 
7.5 cm 12.5 cm 23 cm 30.5 cm 7.5 cm 12.5 cm 23 cm 30.5 cm 

UN  440 a  393 ab  327 abc   267 a 390 ab  300 ab 220 193 b 
M  413 a  418 a  413 a   343 a 397 ab  280 ab 227 180 b 
MR  390 ab  410 a  370 ab   310 a 360 b  273 b 227 177 b 
MS1  379 ab  383 ab  293 bc   270 a 483 a  367 a 220 187 b 
MS3  250 b  287 b  253 c   250 a 423 ab  337 ab 247 230 a 
p  0.0099 0.0127 0.0002 n.s. 0.02 0.02 n.s. 0.0005 
Values represent means. Mean separation by Tukey's HSD. n.s indicates not significant at p<0.05 
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Table 3.4 Soil temperature (°C) measured midday on 24 June 2011 
at three depths in the vine row 
Treatment 5 cm 10 cm 20 cm 
UN 29 a 26 a 21 a 
M 28 a 26 a 20 a 
MR 27 a 25 a 20 a 
MS1 22 b 22 b 19 b 
MS3 21 b 20 b 19 b 
p  <0.0001 <0.0001 <0.0001 
Values represent means. Mean separation by Tukey's HSD. n.s 
indicates not significant at p<0.05 

 

Table 3.5 Total soil nitrogen and carbon measured 3 July 2011 at three depths in the vine 
row and alley 
Factor Treatment Nitrogen (%) Carbon (%) 
Cover crop and mulch UN  0.08 b 1.92 

 
M  0.12 a 1.91 

 
MR  0.12 a 2.00 

 
MS1  0.08 b 1.96 

 
MS3  0.11 a 1.94 

Depth 0-20 cm  0.14 a           2.45 a 

 
20-40 cm  0.11 b           2.00 b 

  40-60 cm  0.06 c           1.40 c 
Location Vine Row  0.11 a 1.97 
  Alley  0.10 b 1.93 

Influence of factor Cover crop and mulch <0.0001 n.s. 
Depth <0.0001 <0.0001 

 
Location   0.0101 n.s. 

 
Cover crop * Depth   0.0054 n.s. 

 
Cover crop * Location <0.0001 n.s. 

 
Depth * Location n.s. n.s. 

  
Cover crop * Depth * 
Location 

n.s. n.s. 

Values represent means.  Mean separation by Tukey's HSD. n.s indicates not significant at 
p<0.05 
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Table 3.6  Measurements of vine roots taken both in the vine row and the alley at three depths at 
véraison  2011 
Factor Treatment Woody root 

density 
(mg/g soil) 

Woody root 
length 
(mm/g soil) 

Fine root 
density 
(mg/g soil) 

Total root 
density 
(mg/g soil) 

Cover 
crop and 
mulch 

UN     0.205 b        0.218 b        0.077     0.282 b   
M     0.350 ab      0.293 ab      0.097     0.448 ab 
MS1     0.417 a        0.303a               0.095     0.512 a   

  MS3     0.345 ab      0.239 ab      0.082     0.427 ab 
Depth 0-20 cm     0.337 ab      0.325 a      0.111 a     0.500 a 

 
20-40 cm     0.419 a        0.247 b      0.081 b     0.448 a 

  40-60 cm     0.233 b        0.219 b      0.072 b     0.305 b 
Location Vine Row     0.500 a      0.339 a      0.108 a     0.606 a 
  Alley     0.160 b      0.188 b      0.068 b     0.229 b 

Influence 
of factor 

Cover crop and 
mulch 

    0.0048      0.0259 n.s.     0.0056 

Depth     0.0019      0.0008      0.006     0.0023 
Location   <0.0001    <0.0001      0.0002   <0.0001 

 
Cover crop * Depth n.s. n.s. n.s. n.s. 

 

Cover crop * 
Location 

    0.009      0.008      0.0164     0.0044 

 
Depth * Location     0.0007      0.0429      0.0346     0.0004 

  
Cover crop * Depth* 
Location 

    0.0214      0.0062 n.s.     0.0154 

Values represent means for all treatments except MR. Means seperation by Tukey's HSD. n.s 
indicates not significant at p<0.05 
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Table 3.7  Measurements of vine roots in both the vine-row and alley at three depths at véraison 
2012 
Factor Treatment Woody root 

density (mg/g 
soil) 

Woody root 
length    
(mm/g soil) 

Fine root 
density 
(mg/g soil) 

Total root 
density 
(mg/g soil) 

Cover 
crop and 
mulch 

UN       0.366        0.326     0.051      0.417 
M       0.420        0.416     0.049      0.469 
MS1       0.278        0.326     0.049      0.327 

  MS3       0.412        0.362     0.049      0.460 
Depth 0-20 cm       0.315 b        0.440 a     0.071 a      0.386 ab 

 
20-40 cm       0.490 a        0.037 ab     0.034 b      0.524 a 

  40-60 cm       0.302 b        0.284 b     0.044 b      0.345 b 
Location Vine Row       0.498 a        0.383     0.056      0.541 a 
  Alley       0.234 b        0.331     0.043      0.296  b 

Influence 
of factor 

Cover crop and  
mulch 

n.s n.s. n.s. n.s. 

Depth 0.0119 0.0006 0.0006 0.0326 

 
Location <0.0001 n.s. n.s. <0.0001 

 
Cover crop * Depth n.s. n.s. n.s. n.s. 

 

Cover crop * 
Location 

n.s. n.s. n.s. n.s. 

 
Depth * Location 0.0022 n.s. n.s. 0.0016 

  
Cover crop * Depth * 
Location 

n.s. n.s. n.s. n.s. 

Values represent means for all treatments except MR. Means seperation by Tukey's HSD. n.s 
indicates not significant at p<0.05. 
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Table 3.8 Mycorrhizal colonization of grape fine roots sampled at véraison 2011 
Factor Treatment Colonization 

(%) 
Arbuscules 

(%) 
Vesicles    

(%) 
Cover 
crop and 
mulch 

UN 38.6          9.5 2.5 
M 37.4          9.0 4.2 
MS1  43.6        13.0 4.4 

 MS3 32.8          7.8 3.3 
Depth 0-20 cm           57.5 a       17.5 a          5.3 a 

 20-40 cm           41.6 b         9.2 b          4.6 a 

 40-60 cm           15.2 c         2.9 c          0.9 b 
Location Vine Row           49.5 a       11.9 a          6.7 a 

 Alley           26.8 b         7.8 b          0.5 b 
Influence 
of factor 

Cover crop and mulch n.s. n.s. n.s. 
Depth <0.0001 <0.0001 0.0015 

 
Location <0.0001 0.0055 <0.0001 

  Cover crop * Depth n.s. n.s. n.s. 
  Cover crop * Location n.s. n.s. n.s. 
  Depth * Location 0.0022 n.s. 0.0067 

  
Cover crop * Depth * 
Location 

n.s. n.s. n.s. 

Values represent means.  Mean separation by Tukey's HSD test.  
n.s indicates not significant at p<0.05.  
 

 

Table 3.9 Nutrient concentration of mowed cover crop residue sampled at mowing in 2011 
N 

(%) 
P 

(%) 
K 

(%) 
S 

(%) 
B 

(ppm) 
Ca 
(%) 

Mg 
(%) 

Mn 
(ppm) 

Fe 
(ppm) 

Cu 
(ppm) 

Zn 
(ppm) 

C 
(%) C:N 

2.1 0.230 1.62 0.138 19.9 0.9 0.16 149 1404 6.3 24.7 41.3 20.0 
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Figure 3.1 Volumetric soil moisture in the top 30 cm of vine row soil in 2011 (mean ± SE).  
Treatments were different at each time point after 6 July 2011 (p<0.05). 

 
 

 

Figure 3.2 Soil Mechanical resistance of vine row soil at four depths in 2011 (mean ± SE).  
Treatments were different at 7.5 to 23 cm depth (p<0.05). 
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Figure 3.3 Soil temperature measured at three depths in 2011 (mean ± SE). Dashed line represents 
the ambient air temperature.  Treatments were different at all depths (p<0.05).  

 

Figure 3.4 Total root density in the vine row and the alley (mean ± SE). Treatment, location and 
treatment by location interactions were significant (p<0.05). 
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Figure 3.5 The relationship between 2011 season average shoot length and two factors: bloom 
petiole nitrogen (y=0.007x + 0.233, r2=0.516, p<0.0001) and season average soil moisture 
(y=0.1379x + 13.062, r2=0.360, p=0.0015). Multiple regression analysis shows a stronger 
relationship with bloom petiole nitrogen than soil moisture.  
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CHAPTER 4: PRACTICAL APPLICATIONS AND FUTURE RESEARCH 

Practical Applications 

Management strategies for young and pre-production vineyards have avoided the 

use of cover crops due to the concern over competition with vines, and mulch due to high 

costs. Our research shows that cover crops can be managed in a way to eliminate 

competition concerns, and provide a cheaper source of mulch residue. This study does 

not show a strong benefit to using cover crops without mulching, or by adding additional 

mulch inputs beyond what an alley cover crop can produce. Use of perennial grass cover 

crops in pre-production vineyards is not recommended based on other studies (Tan and 

Crabtree 1990, Tesic et al. 2007, Zabadal and Dittmer 2001) which have shown a 

consistent decrease in vine growth.  

Mulches that originate outside the vineyard have been used successfully to 

improve either vine growth characteristics (Pool et al. 1990, Van Huyssteen and Weber 

1980b), or reduce weed cover (Ferrara et al. 2012, Hostetler et al. 2007). The 

transportation and application costs of these mulch inputs are difficult to justify (Guerra 

and Steenwerth 2012). Van Huyssteen and Weber (1980b) found that straw mulch was 

not economically feasible due to the high price of straw, despite higher yields and more 

favorable viticultural traits in straw mulched treatments. Mulch created from the vineyard 

and winery waste stream was also not economically practical due to high application 

costs (Agnew et al. 2002), although they stated that there were benefits that could not be 

translated directly into economic terms. The cover crop residue mulch has the advantage 

of being grown on-site, reducing transportation and labor costs. However, there are costs 

associated with seed, planting equipment, mowing equipment and planting and mowing 

labor. With the right equipment or modification of existing equipment, the residue from 

the cover crop could be blown or swept onto the vine row and create conditions similar to 

the MS1 treatment vine rows. The MS3 treatment would be difficult to replicate without 

bringing in additional mulch and therefore would be impractical from an economic point 

of view given the similarity of response between the two mulched treatments. 
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There are still costs associated with growing cover crops on site for mulch. The 

benefits to growth and nutrition in this study did not greatly affect yield or fruit quality. 

There was no evidence that mulch would allow earlier fruit production from our results. 

Therefore, the expense would need to be justified by reduction in costs associated with 

irrigation, weed control, vine fertilization, or erosion control. This cover crop program 

would be useful for organic and biodynamic vineyards, as well as vineyards in the Low-

Input Viticulture and Enology (LIVE) certification program which requires soil cover in 

the winter, and encourages sustainable methods for nutrition and soil management 

including the use of, “biomass-building cover crops, compost, or mulches (LIVE 2012).”  

Future research  

 This study highlights the complexity of vineyard water and nutrient use, 

especially when cover crops are introduced. The vine’s response to soil resources is based 

on many factors, and is difficult to fully understand. These responses change as the vine 

becomes better established, with the vine generally becoming more robust to 

environmental stresses. The response to N is difficult to segregate from the response to 

increased soil water resources. Long term studies using 15N enriched cover crop residue 

could show the quantity of N incorporated into vine biomass, but these studies are very 

difficult to do in a field setting. Understanding how N is cycled and how much is retained 

as organic matter and microbial biomass would be critical, as well as how much is lost in 

the winter as leached nitrate. The difference between cultivation and herbicide use for 

alley and vine row weed control should also be studied in more detail. Several studies 

find differences between these two practices (Pool et al. 1990, Smith et al. 2008, Van 

Huyssteen and Weber 1980a, Van Huyssteen and Weber 1980b), and since both are 

commonly used in Oregon, their long term effects on soil moisture, vine nutrition, and 

vine vigor should be better understood. Prevalence and prevention of soil erosion has not 

been studied adequately for Oregon vineyards, which typically have more that 5% slopes. 

Other cover crop species combinations should be investigated for their use in pre-

production vineyards and as mulch producers. Traits important for mulch production 

include fall germination, winter hardiness, early spring growth rate, and high biomass 
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production. Winter annual grass mixes may not provide as much N, but if managed 

appropriately they would provide residue that would decompose more slowly, providing 

longer term mulch benefits. High biomass forbs like some species of phacelia (Phacelia 

sp.) could be studied, as well as daikon radish (Raphanus sativus), a mustard species with 

a large tap root that has been used to open up tough plow pans. Varying the period of 

cover crop growth may also have interesting results. Some cover crops could be planted 

earlier in the season (mid-summer) and have their peak growth period coincide closer to 

the grape harvest, a time when vine and nutrient acquisition slows considerably 

(Schreiner et al. 2006). This cover crop biomass could be mowed and mulched prior to 

winter but not tilled in, and the regrowth in the spring could yield a second crop of mulch 

residue. This schedule would maintain more winter soil cover and may result in more 

erosion control than planting in fall, but may require initial cover crop irrigation. 

Additional integration of the cover crop and mulch system on a whole vineyard scale 

could lead to interesting management opportunities. Areas of high vigor that have 

perennial cover crops could provide the mulch material for new plantings. This removal 

of residue would decrease total N in these blocks (similar to the reduced N in MR), and 

provide additional residue for mulching, without having to have the additional costs of 

planting winter annuals in the younger blocks. 

 

Literature cited 

Agnew, R., D. Mundy, and M Spiers. 2002. Mulch for sustainable production. 
HortResearch Marlborough District Council, Marlborough, NZ.  

LIVE. 2012. The 2012 vineyard checklist. Low Input Viticulture and Enology. 
www.liveinc.org. 

Pool, R. M., R. M. Dunst, and A. N. Lakso. 1990. Comparison of sod, mulch, cultivation, 
and herbicide floor management practices for grape production in nonirrigated 
vineyards. J. Amer. Soc. Hort. Sci. 115:872-877. 

Schreiner, R. P., C. F. Scagel, and J. Baham. 2006. Nutrient uptake and distribution in a 
mature ‘Pinot noir’ vineyard. HortScience. 41:336-345. 



94 
 

Smith, R., L. Bettiga, M. Cahn, K. Baumgartner, L. E. Jackson, and T. Bensen. 2008. 
Vineyard floor management affects soil, plant nutrition, and grape yield and quality. 
California Agriculture. 62: 184-190. 

Tan, S., and G. D. Crabtree. 1990. Competition between perennial ryegrass sod and 
‘Chardonnay’ wine grapes for mineral nutrients. HortScience. 25: 533-535.  

Tesic, D., M. Keller, and R.J. Hutton. 2007. Influence of vineyard floor management 
practices on grapevine vegetative growth, yield, and fruit composition. Am. J. Enol. 
Vitic. 58: 1-11 

Van Huyssteen, L. and H. W. Weber. 1980a. Soil moisture conservation in dryland 
viticulture as affected by conventional and minimum tillage practices. S. Afr. J. 
Enol. Vitic. 1:67-75. 

Van Huyssteen, L. and H. W. Weber. 1980b. The effect of selected minimum and 
conventional tillage practices in vineyard cultivation on vine performance. S. Afr. J. 
Enol. Vitic. 1:77-83 

Zabadal, T. J. and T. W. Dittmer. 2001. Vegetation-free area surrounding newly planted 
‘Niagara” grapevines affects vine growth. HortTechnology. 11:35-37. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



95 
 

BIBLIOGRAPHY 

 

Agnew, R., D. Mundy, and M Spiers. 2002. Mulch for sustainable production. 
HortResearch Marlborough District Council, Marlborough, NZ.  

Agren, G. I., and O. Franklin. 2003. Root: shoot ratios, optimization and nitrogen 
productivity. Annals of Botany. 92:795-800. Agrimet. 2012. US Department of 
Interior Bureau of Reclamation. Pacific Northwest Region, Boise, ID. 
http://www.usbr.gov/pn/agrimet 

Agrimet. 2012. US Department of Interior Bureau of Reclamation. Pacific Northwest 
Region, Boise, ID. http://www.usbr.gov/pn/agrimet. 

Ball, D.A., R. Parker, J. Colquhoun, and I. Dami. 2004. Preventing herbicide drift and 
injury to grapes. Oregon State University Extension EM 8860.  

Balwin, J.G. 1966. The effect of some cultural practices on nitrogen and fruitfulness in 
the Sultana vine. Am J. Enol. Vitic. 17:58-62. 

Bartoli, F., and S. Dousset. 2011 Impact of organic inputs on wettability characteristics 
and structural stability in silty vineyard topsoil. European Journal of Soil Science. 62: 
183-194. 

Barton, C. V.M., and K.D. Montagu. 2006. Effect of spacing and water availability on 
root:shoot ratio in Eucalyptus camaldulensis. Forest Ecology and Management. 
221:52-62. 

Bates, T.R., R. M. Dunst, and P. Joy. 2002. Seasonal dry matter, starch, and nutrient 
distribution in ‘Concord’ grapevine roots. HortScience. 37:313-316. 

Baumgartner, K., R. F. Smith, and L. Bettiga. 2005. Weed and cover crop management 
affect mycorrhizal colonization of grapevine roots and arbuscular mycorrhizal fungal 
spore populations in a California vineyard. Mycorrhiza. 15: 111-119. 

Bécel, C., G. Vercambe, and L. Pagés. 2012. Soil penetration resistance, a suitable soil 
property to account for variation in root elongation and branching. Plant and Soil. 
353:169-180. 

Bell, S. and A. Robson. 1999. Effect of nitrogen fertilization on growth, canopy density, 
and yield of Vitis vinifera L. cv. Cabernet Sauvignon. Am. J. Enol. Vitic. 50:351-358. 

Bennet, J., P. Jarvis, G.L. Creasy, and M.C.T. Trought. 2005. Influence of defoliation on 
overwintering carbohydrate reserves, return bloom, and yield of mature Chardonnay 
grapevines. Am. J. Enol. Vit. 56:386-393. 

Bohm, W. 1979. Methods of Studying Root Systems. Springer-Verlag, New York.  



96 
 

Bordelon, B.P. and S.C. Weller. 1997. Preplant cover crops affect weed and vine growth 
in first-year vineyards. HortScience. 32: 1040-1043. 

Boyle, M., W. T. Frankenberger, Jr., and L.H. Stolzy. 1989. Influence of organic matter 
on soil aggregation and water infiltration. J. Prod. Agric. 2:290-299. 

Butzke, C. 1998. Survey of yeast assimilable nitrogen status in musts from California, 
Oregon and Washington. Am. J. Enol. Vitic. 49: 220-224. 

Campiglia, E., R. Mancinelli, E. Radicetti, and S. Marinari. 2011. Legume cover crops 
and mulches: effects on nitrate leaching and nitrogen input in a pepper crop 
(Capsicum annuum L.). Nutr. Cycl. Agroecosyst. 89:399-412.  

Capps, E. R. and T. K. Wolf. 2000. Reduction of bunch stem necrosis of Cabernet 
Sauvignon by increased tissue nitrogen concentration. Am. J. Enol. Vitic. 51:319-328. 

Celette, F., W. Jacques, E. Chantelot, J. Celette, and C. Gary. 2005. Belowground 
interactions in a vine (Vitis vinifera L.)- tall fescue (Festuca arundinacea Shreb.) 
intercropping system: water relations and growth. Plant and Soil. 276: 295-217. 

Centeno, A., P. Baeza, and J. R. Lissarrague. 2010. Relationship between soil and plant 
water status in wine grapes under various water deficit regimes. HortTechnology. 
20:585-593. 

Chapin, F. S., C.H.S. Walter, and D.T. Clarkson. 1988. Growth response of barley and 
tomato to nitrogen stress and its control by abscisic acid, water relations and 
photosynthesis. Planta. 173:352-366. 

Chen, S. Y., X. Y. Zhang, D. Pei, H.Y. Sun, and S. L. Chen. 2007. Effects of straw 
mulching on soil temperature, evaporation, and yield of winter wheat: field 
experiments on the North China Plain. Ann. Appl. Biol. 150:261-268.  

Cheng, X. and K. Baumgartner. 2004. Arbuscular mycorrhizal fungi-mediated nitrogen 
transfer from vineyard cover crops to grapes. Biol. Fert. Soils. 40: 406-412. 

Choné, X., C. Leeuwen, D. Dubourdieu, and J. P. Gaudillére. 2001. Stem water potential 
is a sensitive indicator of grapevine water status. Annals of Botany. 87:477-483. 

Conradie, W. J., and D. Saayman. 1989a. Effects of long-term nitrogen, phosphorus, and 
potassium fertilization on Chenin blanc vines. I. Nutrient demand and vine 
performance. Am. J. Enol. Vitic. 40:85-90. 

Conradie, W. J., and D. Saayman. 1989b. Effects of long-term nitrogen, phosphorus, and 
potassium fertilization on Chenin blanc vines. II. Leaf analysis and grape 
composition. Am. J. Enol. Vitic. 40:91-98. 



97 
 

Ding, G., X. Liu, S. Herbert, J. Novak, D. Amarasiriwardena, and B. Xing. 2006. Effect 
of cover crop management on soil organic matter. Geoderma. 130:229-239. 

Dry, P.R. and B.G. Coombe. 1994. Primary bud-axis necrosis of grapevines. I. Natural 
incidence and correlation with vigor. Vitis. 33:225-230.  

Dry, P.R., and B.R. Loveys. 1998. Factors influencing grapevine vigour and the potential 
for control with partial rootzone drying. Australian Journal of Grape and Wine 
Research. 4: 140-148. 

Dukes, B. C. and C. E. Butzke. 1998. Rapic determination of primary amino acids in 
grape juice using an o-Phthaldialdehyde/N-Acetyl-L-Cysteine spectrophotometric 
assay. Am. J. Enol. Vitic. 49:125-134. 

Elliott, E. T. 1986. Aggregate structure and Carbon, Nitrogen, and Phosphorous in native 
and cultivated soils. Soil. Sci. Soc. Am. J. 50: 627-633. 

Elliott, J. A. and A. A. Efetha. 1999. Influence of tillage and cropping system on soil 
organic matter, structure, and infiltration in a rolling landscape. Can J. Soil Sci. 79: 
457-463. 

Fang, S., B. Xie, and H. Zhang. 2007. Nitrogen dynamics and mineralization in degraded 
agricultural soil mulched with fresh grass. Plant Soil. 300:269-280. 

Ferrara, G., M. Fracchiola, Z. A. Chami, S. Camposeo, C. Lasorella, A. Pacifico, A. Aly, 
and P. Motemurro. 2012. Effects of mulching materials on soil and performance of c. 
Nero di Troia grapevines in the Puglia region, Southeastern Italy. Am. J. Enol. Vitic. 
63:269-276.  

Findeling, A., P. Garnier, F. Coppens, F. Lafolie, and S. Recous. 2007. Modeling water, 
carbon and nitrogen dynamics in soil covered with decomposing mulch. European 
Journal of Soil Science. 58:196-206. 

Flerchinger, G. N., T. J. Sauer, and R. A. Aiken. 2003. Effects of crop residue cover and 
architecture on heat and water transfer at the soil surface. Geoderma. 116: 217-233. 

Fourie, J.C., G.A. Agenbag, and P.J.E. Louw. 2007. Cover crop management in a 
Chardonnay/99 Richter vineyard in the coastal region, South Africa. 3. Effect of 
different cover crops and cover crop management practices on organic matter and 
macro-nutrient content of a medium-textured soil. S. Afr. J. Enol. Vitic. 28:61-68. 

Fredrikson, L. 2011. Effects of cover crop and vineyard floor management on young vine 
growth, soil moisture, and weeds, in an establishing vineyard in the Willamette 
Valley of Oregon. MS Thesis, Oregon State University, Corvallis. 



98 
 

Fredrikson, L. 2011. Effects of cover crop and vineyard floor management on young vine 
growth, soil moisture, and weeds, in an establishing vineyard in the Willamette 
Valley of Oregon. MS Thesis, Oregon State University, Corvallis. 

Fredrikson, L., P. A. Skinkis, and E. Peachey. 2011. Cover crop and floor management 
affect weed coverage and density in an establishing Oregon vineyard. 
HortTechnology. 21: 208-216. 

Gärtel, W. 1996. Grapes, pp. 177-183. In Nutrient Deficiencies & Toxicities in Crop 
Plants. W.F. Bennet (ed.), pp. 177-183. APS Press, St. Paul, Minn. 

Granatstein, D., and K. Mullinix. 2008. Mulching options for Northwest organic and 
conventional orchards. HortScience. 43:45-50. 

Grifoll, J., J. M. Gasto, and Y. Cohen. 2005. Non-isothermal soil water transport and 
evaporation. Advances in Water Resources. 28: 1254-1266. 

Gu, S., P. B. Lombard, and S. F. Price. 1996. Effect of shading and nitrogen source on 
growth, tissue ammonium, and nitrate status, and inflorescence necrosis in Pinot Noir 
grapevines. Am. J. Enol. Vitic. 47: 173-180. 

Guerra, B. and K. Steenwerth. 2012. Influence of floor management technique on 
grapevine growth, disease pressure, and juice and wine composition: A review. Am. 
J. Enol. Vitic. 63: 149-164. 

Hagen, K. M., M. Keller, and C.G. Edwards. 2008. Survey of biotin, pantothenic acid, 
and assimilable nitrogen in winegrapes in the Pacific Northwest. Am. J. Enol. Vitic. 
59: 432-436. 

Hamman, R. A. and I. E. Dami. 2000. Effects of irrigation on wine grape growth and fruit 
quality. HortTechnology. 10:162-168. 

Hatch, T.A., C.C. Hickey, T.K. Wolf. 2011. Cover crop, rootstock, and root restriction 
regulate vegetative growth of Cabernet Sauvignon in a humid environment. Am. J. 
Enol. Vitic. 62:298-311. 

Haynes, R. J. 1980. Influence of soil management practice on the orchard agro-
ecosystem. Agro-Ecosystems. 6:3-32. 

Holland, E.A., and D.C. Coleman. 1987. Litter placement effects on microbial and 
organic matter dynamics in an agroecosystem. Ecology. 68:425-433.  

Horneck, D.A., D.M. Sullivan, J.S. Owen, and J.M. Hart. 2011 Soil Test Interpretation 
Guide. Oregon State University Extension. EC1478. 



99 
 

Hostetler, G. L., I. A. Merwin, M. G. Brown, and O. Padilla-Zakour. 2007. Influence of 
undervine floor management on weed competition, vine nutrition, and yields of Pinot 
Noir. Am. J. Enol. Vitic. 58:421-430. 

Hudson, B. D. 1994. Soil organic matter and available water capacity. J. Soil and Water 
Cons. 49: 189-194. 

Ingels, C. A., K.M. Scow, D. A. Whisson, and R.E. Drenovsky. 2005. Effects of cover 
crops on grapevines, yield, juice composition, soil microbial ecology, and gopher 
activity. Am. J. Enol. Vitic. 56: 19-29. 

Jacometti, M. A., S. D. Wratten, and M. Walter 2007. Understory management increases 
grape quality, yield and resistance to Botrytis cinerea. Agric. Ecosyst. Environ. 122: 
349–356. 

Jansa, J., A. Mozafar, T. Anken, R. Ruh, I. R. Sanders, and E. Frossard. 2002. Diversity 
and structure of AMF communities as affected by tillage in a temperate soil. 
Mycorrhiza. 12:225-234. 

Keller, M. 2005. Deficit irrigation and vine mineral nutrition. Am. J. Enol. Vitic. 56:267-
283. 

Keller, M., and W. Koblet. 1995. Dry matter and leaf area partitioning, bud fertility and 
second growth of Vitis vinifera L.: Responses to nitrogen supply and limiting 
irradiance. Vitis. 34:77-83. 

Keller, M., K. J. Arnink, and G. Hrazdina. 1998. Interaction of Nitrogen availability 
during bloom and light intensity during véraison. I. Effects on grapevine growth, fruit 
development, and ripening. Am. J. Enol. Vitic. 49: 333-340. 

Keller, M., M. Kummer, and M. C. Vasconcelos. 2001. Soil nitrogen utilization for 
growth and gas exchange by grapevines in response to nitrogen supply and rootstock. 
Australian Journal of Grape and Wine Research. 7:2-11. 

Lagacherie, P., G. Coulouma, P. Ariagno, P. Virat, H. Boizard, and G. Richard. 2006. 
Spatial variability of soil compaction over a vineyard region in relation with soils and 
cultivation operations.  

Lee, J. and K. L. Steenwerth. 2011. Rootstock and vineyard floor management influence 
on ‘Cabernet Sauvignon’ grape yeast assimilable nitrogen (YAN). Food Chemistry. 
127:926-933. 

Lejon, P.H., J. Sebastia, I. Lamy, R. Chaussod, and L. Ranjard. 2007. Relationships 
between soil organic status and microbial community density and genetic structure in 
two agricultural soils summited to various types of organic management. Microbial 
Ecology. 53: 650-663. 



100 
 

LIVE. 2012. The 2012 vineyard checklist. Low Input Viticulture and Enology. 
www.liveinc.org. 

Loh, F.C.W., J.C. Grabosky, and N. L. Bassuk. 2002. Using the SPAD 502 meter to 
assess chlorophyll and nitrogen content of Benjamin Fig and Cottonwood leaves. 
HortTechnology. 12:682-686. 

Lovelle, B. R., J. P. Soyer, and C. Molot. 2000. Nitrogen availability in vineyard soils 
according to soil management practices. Effects on vine. Proceedings of the V 
International Symposium on Grapevine Physiology. Acta Hort. 526:277-285. 

Lovisolo, C., I. Perrone, A. Carra., A. Ferrandino, J. Flexas, H. Medrano, and A. 
Schubert. 2010. Drought-induced changes in the development and function of 
grapevine (Vitis spp.) organs and their hydraulic and non-hydraulic interactions at the 
whole-plant level: a physiological and molecular update. Functional Plant Biology. 
37:98-116. 

Malik, R. K., T.H. Green, G.F. Brown, and D. Mays. 2000. Use of cover crops in short 
rotation hardwood plantations to control erosion. Biomass and Bioenergy. 18: 479-
487. 

Marques, M. J., S. García-Muñoz, G. Muñoz-Organero, and R. Bienes. 2010. Soil 
conservation beneath grass cover in hillside vineyards under Mediterranean climatic 
conditions (Madrid, Spain). Land Degradation and Development. 21:122-131. 

McGonigle, T.P., M. H. Miller, D. G. Evans, G. L. Fairchild, and J. A. Swan. 1990. A 
new method which gives an objective measure of colonization of roots by vesicular-
arbuscular mycorrhizal fungi. New Phytol. 115:495-501.  

Merwin, I. A., and W. C. Stiles. 1994. Orchard groundcover management impacts on 
apple tree growth and yield, and nutrient availability and uptake. J. Amer. Soc. Hort. 
Sci. 119:209-215. 

Mohr, H.D. 1996. Periodicity of root tip growth of vines in the Moselle valley. Vitic. 
Enol. Sci. 51:83-90. 

Monteiro, A. and C. M. Lopes. 2007. Influence of cover crop on water use and 
performance of vineyard in Mediterranean Portugal. Agriculture Ecosystems & 
Environment. 121: 336-342. 

Morlat, R. and A. Jacquet. 2003. Grapevine root system and soil characteristics in a 
vineyard maintained long-term with or without interrow sward. Am. J. Enol. Vitic. 
54: 1-7. 

Myrold, D.D. Transformations of nitrogen. In Principles and Applications of Soil 
Microbiology. D.M. Sylvia, J.J. Fuhrmann, P. G. Hartel, and D. A. Zuberer (eds.), pp. 
285-332. Pearson Prentice Hall, New Jersey.  



101 
 

Nachtergaele, J., J. Poesen, and B. van Wesemael. 1998. Gravel mulching in vineyards of 
southern Switzerland. Soil Tillage Res. 46:51-59. 

National Research Council. 1993. Monitoring and Managing Soil Quality. In: Soil and 
Water Quality: An Agenda for Agriculture. National Academy Press. 189-236. 

Neve, S. D. and G. Hofman. 2002. Quantifying soil water effects on nitrogen 
mineralization from soil organic matter and from fresh crop residues. Biol. Fertil. 
Soils. 35:379-386. 

Newman, I.E. 1966. A method of estimating the total length of root in a sample. J. Appl. 
Ecol. 3:139-145. 

Niinemets, U. 2007. Photosynthesis and resource distribution through plant canopies. 
Plant, Cell, and Environment. 30:1052-1071. 

Oregon Vineyard and Winery Report. 2011. USDA National Agricultural Statistics 
Service. http://www.nass.usda.gov 

Parris, K. 2010. Sustainable Management of Water Resources in Agriculture. OECD 
Publishing, Paris, France.  

Patrick, A. E., R. Smith, K. Keck, and A. M. Berry. 2004. Grapevine uptake of 15N-
labeled nitrogen derived from a winter-annual leguminous cover-crop mix. Am. J. 
Enol. Vitic. 55: 187-190. 

Percival, G.C., I.P. Keary, and K. Noviss. 2008. The potential of a chlorophyll content 
SPAD meter to quantify nutrient status in foliar tissue of sycamore (Acer 
pseudoplantanus), English oak (Quercus robur), and European beech (Fagus 
sylvatica). Arboriculture and Urban Forestry. 34:89-100.  

Peregrina, F., C. Larrieta, S. Ibáñez, and E. García-Escudero. 2010. Labile Organic 
Matter, Aggregates, and Stratification Ratios in a Semiarid Vineyard with Cover 
Crops. Soil Sci. Soc. Am. J. 74: 2120-2130.  

Perez, J. and W. M. Kliewer. 1990. Effect of shading on bud necrosis and bud 
fruitfulness of Thompson Seedless grapevines. Am. J. Enol. Vitic. 41:168-175. 

Perez, J.R., and W. M. Kliewer. 1982. Influence of light regime and nitrate fertilization 
on nitrate reductase activity and concentrations of nitrate and arginine in tissues of 
three cultivars of grapevines. Am. J. Enol. Vitic. 33:86-93. 

Pinamonti, F. 1998. Compost mulch effects on soil fertility, nutritional status and 
performance of grapevine. Nutrient Cycling in Agroecosystems. 51:239-248. 



102 
 

Polvergiani, S., M. L. McCormack, C.W. Mueller, and D.M. Eissenstat. 2011. Growth 
and physiology of olive pioneer and fibrous roots exposed to soil moisture deficits. 
Tree Physiology. 31: 1228-1237.  

Poni, S., L. Casalini, F. Bernizzoni, S. Civardi, and C. Intrieri. 2006. Effects of early 
defoliation on shoot photosynthesis, yield components, and grape composition. Am 
J. Enol. Vitic. 57:397-407. 

Pool, R. M., R. M. Dunst, and A. N. Lakso. 1990. Comparison of sod, mulch, cultivation, 
and herbicide floor management practices for grape production in nonirrigated 
vineyards. J. Amer. Soc. Hort. Sci. 115:872-877. 

Post, W. M., and K.C. Kwon. 2000. Soil carbon sequestration and land-use change: 
processes and potential. Global Change Biology. 6:317-327. 

Pratt, C. 1971. Reproductive anatomy in cultivated grapes: A review. Am J. Enol. Vitic. 
22: 92-109. 

Qiu, G. Y., J. Ben-Asher, T. Yano, and K. Momii. 1999. Estimation of soil evaporation 
using the differential temperature method. Soil Sci. Soc. Am. J. 63:1608-1614.  

Robinson, D. 1994. The responses of plants to non-uniform supplies of nutrient. New 
Phytologist. 127: 635-674. 

Sanchez, J. E., C. E. Edson, G. W. Bird, M. E. Whalon, T. C. Willson, R. R. Harwood, K. 
Kizilkaya, J. E. Nugent, W. Klein, A. Middleton, T. L. Loudon, D. R. Mutch, and J. 
Scrimger. 2003. Orchard floor and nitrogen management influences soil and water 
quality and tart cherry yields. J. Amer. Soc. Hort. Sci. 128: 277-284. 

Schreiner, R. P., 2003. Mycorrhizal colonization of grapevine rootstocks under field 
conditions. Am. J. Enol. Vitic. 54: 143-149. 

Schreiner, R. P., 2005. Spatial and temporal variation of roots, arbuscular mycorrhizal 
fungi, and plant and soil nutrients in a mature Pinot Noir (Vitis vinifera L.) vineyard 
in Oregon, USA. Plant and Soil. 276:219-234.  

Schreiner, R. P., C. F. Scagel, and J. Baham. 2006. Nutrient uptake and distribution in a 
mature ‘Pinot noir’ vineyard. HortScience. 41:336-345. 

Schreiner, R. P., J. Lee, and P. A. Skinkis. 2013. N, P, K supply to Pinot noir grapevines: 
impact on vine nutrient status, growth, physiology, and yield. Am. J. Enol. Vitic. 
64:26-38. 

Sinnett, D., G. Morgan, M. Williams, and T.R. Hutchings. 2008. Soil penetration 
resistance and tree root development. Soil Use and Management. 24:273-280. 



103 
 

Six, J., K. Paustian, E. T. Elliot, and C. Combrink. 2000. Soil structure and organic 
matter: I. distribution of aggregate-size classes and aggregate-associated carbon. Soil 
Sci. Soc. Am. J. 64:681-689. 

Skinkis, P.A. and R.P. Schreiner. 2011. Grapevine Nutrition. Oregon State University 
Extension Service EM9024. 

Skinkis, P.A., 2009. Managing vineyard cover crop to influence vine vigor and fruit 
quality of Pinot noir in Oregon’s Willamette Valley. ASEV 60th Annual Meeting 23–
26 June 2009, Napa, California. Am. J. Enol. Vitic. 60: 390A. 

Smart, D., E. Schwass, A. Lakso, and L. Morano. 2006. Grapevine Rooting Patterns: A 
comprehensive analysis and a review. Am. J. Enol. Vitic. 57:89-104. 

Smart, R.E. and B. G. Coombe. 1983. Water relations of grapevines. In: Water deficits 
and plant growth. Academic Press. 138-196. 

Smith, R., L. Bettiga, M. Cahn, K. Baumgartner, L. E. Jackson, and T. Bensen. 2008. 
Vineyard floor management affects soil, plant nutrition, and grape yield and quality. 
California Agriculture. 62: 184-190. 

Soar,C. J. and B.R. Loveys. 2008. The effect of changing patterns in soil-moisture 
availability on grapevine root distribution, and viticultural implications for converting 
full-cover irrigation into a point-source irrigation system. Aust. J. Grape. Wine. Res. 
13:2-13. 

Spayd, S. E., R. L. Wample, R. G. Stevens, R. G. Evans, and A. K. Kawakami. 1993. 
Nitrogen fertilization of white Riesling in Washington: effects on petiole nutrient 
concentration, yield, yield components, and vegetative growth. Am. J. Enol. Vitic. 44: 
378-386. 

Spring, J., T. Verdenal, V. Zufferey, and O. Viret. 2012. Nitrogen dilution in excessive 
canopies of Chasselas and Pinot noir cvs. J. Int. Sci. Vigne Cin. 46:233-240. 

Steenwerth, K. and K. M. Belina. 2008a. Cover crops enhance soil organic matter, carbon 
dynamics and microbiological function in a vineyard agroecosystem. Applied Soil 
Ecology. 40: 359-369. 

Steenwerth, K. and K. M. Belina. 2008b. Cover crops and cultivation: Impacts on soil N 
dynamics and microbiological function in a Mediterranean vineyard agroecosystem. 
Applied Soil Ecology. 40: 370-380. 

Steinmaus, S., C. L. Elmore, R. J. Smith, D. Donaldson, E. A. Weber, J. A. Roncoroni, 
and P. R. M. Miller. 2008. Mulched cover crops as an alternative to conventional 
weed management systems in vineyards. Weed Research. 48: 273-281. 



104 
 

Stoll, M., B. Loveys, and P. Dry. 2000. Hormonal changes induced by partial rootzone 
drying of irrigated grapevine. Journal of Experimental Botany. 51: 1627-1634. 

Sweet, R. M., and R. P. Schreiner. 2010. Alleyway cover crops have little influence on 
Pinot noir grapevines (Vitis vinifera L.) in two Western Oregon vineyards. Am. J. 
Enol. Vitic. 61:240-252. 

Sweet, R.M. and R.P. Schreiner 2010. Alleyway cover crops have little influence on 
Pinot noir grapevines (Vitis vinifera L.) in two western Oregon vineyards. Am. J. 
Enol. Vitic. 61: 240-252. 

Tan, S., and G. D. Crabtree. 1990. Competition between perennial ryegrass sod and 
‘Chardonnay’ wine grapes for mineral nutrients. HortScience. 25: 533-535.  

Tesic, D., M. Keller, and R.J. Hutton. 2007. Influence of vineyard floor management 
practices on grapevine vegetative growth, yield, and fruit composition. Am. J. Enol. 
Vitic. 58: 1-11 

Tesic, D., M. Keller, and R.J. Hutton. 2007. Influence of vineyard floor management 
practices on grapevine vegetative growth, yield, and fruit composition. Am. J. Enol. 
Vitic. 58: 1-11. 

To, J. and B. D. Kay. 2005. Variation in penetrometer resistance with soil properties: the 
contribution of effective stress and implications for pedotransfer functions. 
Geoderma. 126:261-276. 

Tyerman, S.D., R.K. Vandeleur, M.C. Sheldon, J. Tilbrook, G. Mayo, M. Gilliham, and 
B.N. Kaiser. 2009. Water transport & aquaporins in grapevine. In Grapevine 
Molecular Physiology & Biotechnology. K.A. Roubelakis-Angelakis (ed.), pp. 73-
104. Springer Science+Business Media, B.V.  

Van der Westhuizen, J. H. 1980. The effect of black plastic mulch on growth, production, 
and root development of Chenin blanc vines under dryland conditions. S. Afr. J. Enol. 
Vitic. 1:1-6. 

Van Donk, S. J., T. M. Shaver, J. L. Peterson, and D. R. Davison. 2012. Effects of crop 
residue removal on soil water content and yield of deficit irrigated soybean. American 
Society of Agricultural and Biological Engineers. 55: 149-157.  

Van Huyssteen, L. and H. W. Weber. 1980a. Soil moisture conservation in dryland 
viticulture as affected by conventional and minimum tillage practices. S. Afr. J. 
Enol. Vitic. 1:67-75. 

Van Huyssteen, L. and H. W. Weber. 1980b. The effect of selected minimum and 
conventional tillage practices in vineyard cultivation on vine performance. S. Afr. J. 
Enol. Vitic. 1:77-83 



105 
 

Vance, A. 2012. Impacts of crop level and vine vigor on vine balance and fruit 
composition in Oregon Pinot noir. Thesis, Oregon State University, Corvallis.  

Voisin, A., C. Salon, N. G. Munier-Jolain, and B. Ney. 2002. Quantitative effects of soil 
nitrate, growth potential, and phenology on symbiotic nitrogen fixation of pea 
(Pisum sativum L.). Plant and Soil. 243:31-42. 

weed coverage and density in an establishing Oregon vineyard. Hort Technology. 21: 
208-216. 

Wheeler, S. J., A. S. Black, and G. J. Pickering. 2005. Vineyard floor management 
improves wine quality in highly vigorous Vitis vinifera ‘Cabernet Sauvignon’ in 
New Zealand. New Zealand Journal of Crop and Horticultural Science. 33:317-328.  

Wheeler, S. J., and G. J. Pickering. 2003. Optimizing grape quality through soil 
management practices. Food, Agriculture & Environment. 1:190-197. 

Whitbread, A.M., G. J. Blair, and R. D. B. Lefroy. 2000. Managing legume leys, residues 
and fertilisers to enhance the sustainability of wheat cropping systems in Australia 2. 
Soil physical fertility and carbon. Soil and Tillage Research. 54: 77-89.  

Wilkinson, S. and W. J. Davies. 2002. ABA-based chemical signaling: the co-ordination 
of responses to stress. 

Willey. R. W. 1990. Resource use in intercropping systems. Agricultural Water 
Management. 17:215-231. 

Williams and Matthews, 1990. Grapevine. In Irrigation of Agricultural Crops. B. A. 
Stewart, and D. R. Nielson (eds), pp.1019-1048. American Society of Agronomy, 
Madison,WI. 

Williams, L. E, and F. J. Aruajo. 2002. Correlations among predawn leaf, midday leaf, 
and midday stem water potential and their correlations with other measures of soil 
and plant water status in Vitis vinifera. J. Amer. Soc. Hort. Sci. 127: 448-454. 

Wiman, M.R, E. M. Kirby, D. M. Granatstein, and T. P. Sullivan. 2009. Cover crops 
influence meadow vole presence in organic orchards. Horttechnology. 19: 558-562. 

Wolf, D. C. and G. H. Wagner. Carbon transformations and soil organic matter 
formation. In Principles and Applications of Soil Microbiology. D.M. Sylvia, J.J. 
Fuhrmann, P. G. Hartel, and D. A. Zuberer (eds.), pp. 285-332. Pearson Prentice Hall, 
New Jersey.  

Wolf, T.K., and R. M. Pool. 1988. Effects of rootstock and nitrogen fertilization on the 
growth and yield of Chardonnay grapevines in New York. Am. J. Enol. Vitic. 39:29-
37. 



106 
 

Wolpert, J. A., P. A. Phillips, R. K. Striegler, M. V. McKenry, and J. H. Foott. Berber 
orchardgrass tested as cover crop in commercial vineyard. California Agriculture. 47: 
23-25. 

Yang, J., J. Zhang, Z. Wang, Q. Zhu, and L. Liu. 2002. Abscisic acid and cytokinins in 
the root exudates and leaves and their relationship to senescence and remobilization 
of carbon reserves in rice subjected to water stress during grain filling. Planta. 215: 
645-652. 

Zabadal, T. J. and T. W. Dittmer. 2001. Vegetation-free area surrounding newly planted 
‘Niagara” grapevines affects vine growth. HortTechnology. 11:35-37. 

Zhang, H., and B.G. Forde. 2000. Regulation of Arabidopsis root development by nitrate 
availability. Journal of Experimental Biology. 51:51-59. 

Zoecklein, B. W., K. C. Fugelsang, B. H. Gump, and F. S. Nury. 1995. Titrametric 
procedure using NaOH. In: Wine analysis and production. pp 511-512. Kluwer 
Academic/Plenum Publishers, New York. 

 


	Chapter 2: Effect of cover crops and cover crop mulch on vine growth, 21
	nutrition, yield, and fruit quality in a pre-production Chardonnay vineyard.
	Chapter 3: Effect of cover crop management on soil moisture conservation 57
	and vine root growth in a pre-production vineyard in Oregon.
	CHAPTER 1: INTRODUCTION
	Effect of Cover Crops on vine growth
	Effect of Mulch on vine growth
	Effect of soil moisture on vine growth
	Effect of nutrients on vine growth and productivity
	Effect of vineyard floor management on roots
	Effect of repeated applications of residue
	Justification of research
	Literature cited
	Materials and Methods
	Results
	Discussion
	Tables
	Figures
	CHAPTER 3: EFFECT OF COVER CROP MANAGEMENT ON SOIL MOISTURE CONSERVATION AND VINE ROOT GROWTH IN A PRE-PRODUCTION VINEYARD IN OREGON
	Materials and methods
	Climatic conditions
	Discussion
	Literature cited
	Tables
	Figures
	CHAPTER 4: PRACTICAL APPLICATIONS AND FUTURE RESEARCH
	Literature cited

