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A perennial grass grown in strips between the rows of grape- 

vines, with a bare soil herbicide strip under the rows of vines, 

is a common form of vineyard soil management.  Irrigation, though 

not practiced for grape culture in western Oregon at this time, 

could be used to supplement the soil reservoir on shallow soils, or 

during years of drought, to improve productivity.  These two 

management systems were used in an experiment implemented in 1984 

to study their effects on vineyard soil water utilization, and on 

grapevine productivity. 

Perennial ryegrass strip soil management versus overall herb- 

icide soil management, and irrigation (to replace the equivalent 

depth of water lost, every other day) versus no-irrigation were 

the factors in a split plot design experiment in a commercial 

'Pinot noir' vineyard.  Grass strip soil management did not have 

significant effects on vine growth, fruit quality or yield, 

compared to overall herbicide management - whether irrigation,was 

applied or not.  Irrigation was responsible for a significant 



increase in shoot growth rate, resulting in a 29% increase in 

shoot growth and an 8% increase in pruning weight.  There was a 

decrease in the amount of juice soluble solids associated with the 

irrigation/overall herbicide treatment (17.5 pBrix) compared to 

the mean of the other treatments (18.3 "Brix).  Irrigation effects 

on other fruit quality parameters were negligible, although the 

general tendency was for reduced quality (higher acidity, reduced 
* 

anthocyanins, and lower phenolics).  Yield was increased by 24% 

due to irrigation, which was due to an increase in berry size. 

Two adjacent non-irrigated plots, of three vines each, were 

used to evaluate the effect of grass strip soil management and 

overall herbicide management on soil water.  The maximum differ- 

ence in water content between the two treatments occurred by July 

31, which was 70 mm of water (equivalent depth) in the 105 cm deep 

profile.  Most of this difference (48 mm equivalent depth) existed 

on July 9, ten days after the end of precipitation, indicating 

that maximal water use by the grass occurred when water was plenti- 

ful in the soil.  The maximum measured difference between the in- 

row and inter-row areas of the grass strip plot was 15 mm of water 

(equivalent depth) on July 17.  Significant differences in 

soil water depletion rate at all depths, and volume water content, 

between the grass strip and overall herbicide plots occurred when 

the grass was active.  Significant greater depletion rates were 

measured in the inter-row area of the overall herbicide plot 

compared to the grass strip plot when the grass strip plot dried 

down to low soil water potentials, and the vines probably used a 

substantial amount of water from below 105 cm depth.  Greater 



depletion rates of the inter-row versus in-row area of the overall 

herbicide plot could be due to differential soil heating of the 

inter-row area of the overall herbicide plot, or to renewed grape 

root development in the inter-row area.  The former hypothesis can 

be explained by diffusive water flow upwards in the inter-row 

soil, to be driven off in the evaporative stream. 
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RESPONSE OF 'PINOT NOIR' GRAPEVINES TO A PERENNIAL RYEGRASS 

COVER CROP AND IRRIGATION IN THE WILLAMETTE VALLEY 

CHAPTER 1 

INTRODUCTION 

Wine grape production in Oregon is in a period of rapid 

expansion, having grown from a handful of acres in the early 

1960's to over 4000 acres in 1984 (Miles, 1985).  Recent reports 

estimate the retail value of Oregon wine production at $20 million 

for 1985 (Buerkin e* _al, 1984).  From only 1400 tons harvested in 

1978, the production value of Oregon grapes was valued at over 

one-half million dollars (Buerkin et al, 1984), and the most 

recent estimate of the Oregon production was 3000 tons from 1000 

acres (Miles, 1985).  This bearing acreage is only one-third of 

the total acres planted. 

Because of the recent developments in wine-grape production 

in Oregon, and the low inherent productivity of many cultivars, 

there is a need for production oriented research to improve vine- 

yard cultural practices.  The high value of grapes and wine re- 

quires that this research be linked with an evaluation of the 

effects of viticultural practices on fruit quality. 

The research described in this thesis is concerned with 

evaluating a recommended cultural practice: the use of permanent 

grass strips between the rows of vines; and studying the poten- 

tial of irrigation for improving productivity.  Many Oregon 



vineyards are established on hillsides with southerly aspect to 

improve insolation to assure adequate solar warming during the 

cool autumn days during maturation of the grapes.  Perennial grass 

sods are advocated as a means to reduce soil erosion on such 

sites.  As will be developed in the Review of the Literature, 

there are numerous plant responses due to the presence of a grass 

cover crop, the most significant one being the competition for 

soil water.  This is important information when considering vine- 

yards planted on shallow soils, and for vineyards in areas with 

greater environmental demand (higher temperatures, lower humidity). 

Although the popular image of the climate of Oregon's Willam- 

ette Valley is one of gray skies and rain, the summer months are 

quite dry, with only 10% (100 mm) of the yearly rainfall occurring 

from June through September.  The months of July and August com- 

monly have temperatures above 30° C, and relative humidity as low 

as 20% is common.  These are the principle driving forces of water 

through the soil-plant-atmosphere system and as such are important 

causes of water stress.  Without irrigation water available it is 

necessary for tree crops and grapevines to be planted on soils 

with sufficient soil water storage to assure the bearing and 

maturation of an economic yield.  Soil surface management to 

reduce the competition for soil water by weeds is also necessary. 

Even on moderately deep soils (greater than 150 cm) irrigation of 

fruit tree crops in Oregon is common for optimum production. 

This thesis is divided into 4 chapters and an Appendix. 

Chapter 2 contains the literature review pertaining to soil 



management and soil plant water relations.  Chapter 3 describes a 

study of soil water depletion in two systems of vineyard soil 

management - grass strip and overall herbicide application.  Chap- 

ter 4 presents the results of an experiment comparing the growth, 

yield and quality of 'Pinot noir1 grapes and vines, when grown 

under the two systems of soil management, and under drip irriga- 

tion. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

2.1.  Soil Management Practices and Productivity. 

A. Plant performance. 

Soil management practices affect orchard and vineyard vegeta- 

tive and reproductive development (Haynes, 1980).  Generally, 

complete herbicide floor management results in greater growth and 

yield compared to cultivation.  Cultivation in turn results in 

greater growth and yield than systems of partial or seasonal cover 

crops.  Complete orchard floor cover by grass results in the least 

growth and yield.  This general rule holds in the short term, at 

least, but there are long term effects of each of these systems of 

orchard and vineyard management which are less obvious - the 

repercussions of which are not easily observed in terms of plant 

performance.  Some of these effects will be discussed in this 

chapter. 

Three areas of plant performance are of principle concern 

to the fruit grower: vegetative growth, root development and 

fruiting. With respect to vegetative growth, there are numerous 

studies that have found reduced vegetative growth in response to 



grassed or weedy conditions compared to cultivation or overall 

herbicide management.  Research has shown reduced trunk growth in 

apples (Bould jit^ _al, 1972), reduced pruning weight in grapes 

(Fleming and Alderfer, 1957), and reduced shoot growth of tree 

fruits in general (Haynes, 1980).  The basic argument as to the 

principle cause of such reduced growth centers on the competition 

for nitrogen versus the competition for water, although there are 

several other mechanisms in action (Haynes, 1980), which will be 

considered later. 

Goode and Hyrycz (1976) found that nitrogen applications in 

the presence of a perennial ryegrass cover crop did improve growth 

of apple trees, but there was still reduction of growth under 

nitrogen and water regimes considered adequate for trees grown in 

the cover crop.  They cite other studies (Bould and Jarrett, 1962; 

White and Holloway, 1967) which concluded that in the southwest of 

England, where there is adequate soil water through the season, 

reduced growth is due principally to nitrogen competition; whereas 

in the drier southeast, soil water deficits were the cause.  Grasses 

are effective competitors for nitrates in the soil due to their 

fibrous, extensive root system (Delver, 1979). 

Root growth and activity are also affected by soil management 

practices in vineyards and orchards.  Obviously, the root system 

of trees and vines is highly dependent on soil physical and chemi- 

cal properties, as well as on cultural practices.  The principal 

effect of soil cultivation, as a means to control weeds, is to cut 

off many shallow feeder roots of tree fruits and grapes between 



the rows (Richards, 1983; Haynes, 1980).  This method was commonly 

used in the past, and was even advocated as invigorating to the 

plant by its effect on regenerating new, actively growing roots 

(Richards, 1983).  Other studies have shown that root pruning is 

associated with deeper root development of orchard trees, but this 

reduction in root volume is associated with reduced growth (Haynes, 

1980). 

Atkinson (1977, 1980) and Atkinson and Farre (1977) studied 

the growth habit of apples grown in "grass swards" and found that 

grasses inhibited apple root development in the upper 45 cm of 

soil, and forced more roots to grow vertically and to greater 

depths.  Trees grown in a row in an herbicide strip, with the same 

surface area of soil covered by a grass strip between the rows 

("strip culture") creates two dissimilar environments for tree 

roots to develop.  These trees developed deeper root systems than 

trees in overall grass management, and the roots are more concen- 

trated in the herbicide strip (Atkinson, 1977). Morlat (1982) 

found similar development of grape roots (Vitis vinifera L.), of 

vines grown in strip culture with a permanent cover crop of red 

fescue (Festuca arundinaceae L.).  This system of management 

resulted in a weaker, but deeper penetrating root system - which 

was inhibited in the upper 25 cm of soil in the grass strips - 

compared with herbicide treated plots with no cover crop.  The 

latter management system had a more branching root system with 

more small roots (<1 mm in circumference), but was more shallow 

rooted. 



Yield, and some yield components, have been shown to be 

sensitive to the soil management practice.  Robinson and O'Kennedy 

(1978) found that overall herbicide management increased yield by 

20% above the overall grass cultural system.  The yield component 

which most effected yield was percent set of fruit. 

Gormley et^  al^ (1973) found "grassed down" plots of apples 

gave reduced yields compared to clean cultivated plots.  The 

soluble solids of fruits were reduced in 2 of the 4 years; this 

was attributed to lower leaf:fruit ratios, although no data was 

taken on this parameter.  Other effects on fruit sugars have been 

found in soil management studies, for instance by Perret (1982) 

who found increased soluble solids in grapes grown with a cover 

crop compared to those grown under clean cultivation.  However, 

the author did not specify if this could be the result of an 

increase in fruit yield in the clean cultivation treatment, which 

could cause a dilution of sugars into more fruit, or an increase 

in sugar production and translocation to the fruit. 

Yields of 'Concord' grapes (Vitis labruscana L.) were reduced 

by Ladino clover, ryegrass, and "trashy" weed conditions, compared 

to grapes under cultivation, but not every year (Fleming and 

Alderfer, 1957).  This study found that the effects of each 

treatment, compared to a clean cultivated control, were a reduction 

in pruning weights the first year after implementation, followed 

by a reduction in yield the second year.  The year to year re- 

sponses to the treatments were quite variable. 

B. Soil fertility, organic matter, and plant nutrition. 



Soil management practices can affect the availability and 

uptake of mineral ions.  Tillage (cultivation) of the soil to 

remove weeds has been shown to aerate the soil and result in the 

mineralization of organic nitrogen (N), phosphorous (P) and sul- 

fur (S); there is also a reduction in the microbial populations 

associated with these elements (Campbell, 1978). 

Nitrification of the soil in a peach orchard under three soil 

management practices was measured  to determine the nitrifying 

ability (yg NO„-N produced /g soil) of the soil (Stevenson and 

Chase, 1953).  The nitrate-nitrogen (NO,-N) levels were lowest in 

the soil sown to buckwheat, highest in soil mulched with alfalfa 

and straw, and intermediate in cultivated soil.  This implies that 

more N was available to the plants in the mulched and cultivated 

treatments than in the sodded areas.  Goode and Hyrycz (1976) 

found a growth response to nitrogen in newly planted apple trees 

planted with a perennial ryegrass cover crop; these trees had 

visual symptoms of N deficiency. 

Bould et al (1972) found that a white clover "sward" between 

the rows of apple trees, with an 8 x 8 feet square herbicide area 

below the trees, reduced the levels of leaf N and P, and reduced 

the growth increment of the trunks, compared to control trees in 

overall herbicide managed areas. 

Atkinson and White (1980) found that the effect of the perma- 

nent grass strip between rows of apple trees was to confine the 

root distribution to the herbicide area, and restrict the uptake 



of applied nitrogen to that area. 

Miller and Glenn (1985) found that the soil management system 

did affect soil N levels, pH, and the % base saturation in the 

surface 30 cm of soil in an apple orchard.  Cultivated and overall 

herbicide plots gave a greater response to applied N fertilizer, 

in terms of leaf N levels, compared to mowed sod.  Trees in the 

mowed sod required four times the applied N (as Ca(N0„)(.) for the 

same leaf tissue response.  Vegetation-free culture (overall 

herbicide application or cultivation) reduced soil organic matter. 

These treatments also resulted in reduced soil pH after 3 years of 

CadlO-)^ applications, to 6.1 compared to 6.6 in the mowed grass 

system. 

Delver (1979) discusses the relationship of the grass sod/ 

herbicide strip management system with respect to theoretical 

boundaries of mineral nutrient uptake by, and availability to, 

orchard trees.  Strip culture of apple trees in the Netherlands is 

considered to be an improvement over cultivation or complete grass 

culture, partly due to the mechanism of mobilization.  Mobiliza- 

tion, the vertical and horizontal displacement, and accumulation 

of nutrients, is enhanced in the herbicide strip area due to 

better soil structure, increased root activity and growth, and 

also to the cultural practice of placement of fertilizers in this 

region.  The placement of grass clippings onto the herbicide strip 

also increases the amount of nutrient available.  The availability 

of nutrients in the grass strip is reduced due to the reduced soil 

water content, and the fibrous, efficient grass roots which com- 
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pete for these nutrients. 

In spite of this evidence describing the competitive effects 

of permanent cover crops on the availability of nutrients, there 

is evidence to suggest that at least one nutrient is more avail- 

able to the plant in this management system.  Perring (1984) found 

that the elimination of a cover crop in an apple orchard reduced 

the availability of P at least in widely spaced rows.  This author 

attributes this response to better mycorrhizal associations when 

trees are grown in the presence of grass; mycorrhizae have been 

shown to increase water and P uptake by increasing the surface 

area for absorption.  After 3 years of CatNO,)- applications. 

Miller and Glenn (1985) found 170 kg P/ha in mowed sod plots in 

an apple orchard, compared to 129 kg P/ha for overall herbicide 

plots, and 161 kg P/ha for cultivated plots.  The lower quanti- 

ties of soil P were associated with reduced leaf P values of trees 

in the vegetation-free cultural systems in this study.  In spite 

of this evidence for increased P availability in grassed systems 

of soil management, Reich (1985) found that the presence of grass 

reduced the mycorrhizal association of potted apple trees, and 

reduced the P uptake from the soil by those trees. 

C. Soil physical properties and water content. 

Plant roots affect soil structure and thus increase the 

infiltration of water by changing the pore size distribution 

(Hillel, 1982; Haynes, 1980).  Plant decomposition products and 

exudates (polysaccharide gums and mucigels) and microbial byprod- 
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ucts (polysaccharide gums) stabilize soil channels and aggregates. 

Plant roots also bind soil particles together and encourage earth- 

worms and microbial activity - including mineralization of organic 

matter and organic minerals (N, S and P) (Haynes, 1980; Mengel and 

Kirkeby, 1982). Because of these effects, the culture of ground 

covers is advocated to improve mineralization and infiltration, as 

well as to control erosion. 

Cultivation as a means of controlling competitive weeds re- 

sults in a redistribution of organic matter down the profile and 

the breakdown of aggregates (Haynes, 1980; Hillel, 1982).  In the 

short term, cultivation can reduce the bulk density (g-soil/cm 

-soil), especially in the plow layer, but in the long term there 

is an increase in the proportion of aggregated small particles and 

a breakdown of soil structure.  Crusting of soils and increased 

runoff can result.  Long term use of heavy machinery leads to an 

increase in bulk density of soil layers below the surface, these 

are called plow pans. 

Cultivation can also result in increased aeration of the 

organic layers of the soil, creating oxidative conditions, and the 

net loss of organic matter and the oxidative loss of some minerals 

(N, S) (Haynes, 1980). 

The use of herbicides in orchards and vineyards can indirect- 

ly result in the mechanical compaction of the soil particles, by 

increasing traffic and reducing the soil organic matter (Haynes, 

1980).  Because machinery does increase the risk of compaction, 

some researchers have advocated the use of deep rooted annuals and 
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perennials to aerate and loosen the soils which develop plow pans 

(Perret and Koblet, 1980).  Ferret and Koblet (1980) recommend the 

use of deep rooted oilseed rape (Brassica napus) for this purpose. 

The effect of different soil management practices on the water 

status of the soil is of considerable importance.  Delver (1979) 

stated that differences in soil water content between grass strips 

and the herbicide strip can be as much as 40 mm, equivalent depth, 

in the upper 60 cm of soil.  Atkinson (1980) found that depletion 

of soil moisture increased with increasing planting density (in 

the range of 1000 and 3000 trees per hectare), and this deficit 

increased where there were grassed alleys between the rows.  The 

deficit was minimal when the grassed alley was narrow, which was 

attributed to shading of the soil by trees in the narrow row 

treatment.  This would probably be true only in the case of north- 

south rows.  In another study, Atkinson and Farre (1977) found that 

stomatal resistance (measured with a diffusion porometer) was 

greater in apple trees grown in grass. 

Not all the effects noted for the comparison of cultivation 

and permanent cover crops conclude that there is less available 

water in the cover cropped area.  Kenworthy (1953) measured soil 

moisture through the season in a peach orchard that had been 

cropped with fescue or cultivated for two years.  In this orchard 

the cultivated plots had higher average water contents at 8, 24 

and 42 inches soil depth through the season.  In a pear orchard on 

the same soil type which had been cultuvated or cropped with blue- 

rass for twenty-five years, the cropped area had higher average 
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water contents through the season at these same depths.  Kenworthy 

attributes this difference to better water holding capacity in the 

cover-cropped area of the pear orchard, due to reduced loss of 

soil and less compaction. 

D. Miscellaneous effects. 

There are other parameters of the orchard/vineyard agricult- 

ural system that can be affected by soil management.  Microclimate, 

the local environment surrounding the plant, has been shown to be 

affected by the presence of a cover crop (Hamer, 1975).  The 

thermal properties of the soil (conductivity and specific heat) 

are affected by density, organic matter and ground cover.  Loosely 

packed soils have low conductivity and conduct heat back to the 

environment slowly.  Soils high in organic matter have low 

thermal conductivity, and low heat capacity, and therefore have 

low storage and low conduction back to the atmosphere.  Ground 

covers insulate the soil from reception of solar radiation and 

vegetation loses heat back to the atmosphere more rapidly due to 

the large surface area of the leaves. The occurrence of lower 

night temperatures (as much as 3° C) and the greatest chances of 

radiation frosts in orchards occur in the presence of cover crops 

or mulches (Hamer, 1975).  Bare, compact soils have the highest 

heat capacity and conductive qualities, and tend to stabilize 

microclimatic fluctuations the most. 

Diseases in orchards and vineyards can be affected by soil 

management.  Robinson and 0'Kennedy (1978) found there was a 
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tendency towards more storage rots of apples in total herbicide 

management compared to strip or complete cover crop management 

systems.  They attributed this to, and warned against, contamina- 

tion by soil, which carries fungal spores.  Perret (1982) found a 

34% to 59% reduction of Botrytis cinerea L. infection of grapes grown 

with annual cover crops, compared to those grown under clean 

cultivation. 

Soil flora and fauna are also sensitive to the type of orchard 

floor management.  Microbial and fungal activity as well as the 

proportions of these organisms can be altered (Haynes, 1980). 

Cultivation as a rule is a detriment to soil microbes by aerating, 

and thus oxidizing the organic matter.  Undisturbed grasslands 

have the capacity to immobilize high levels of organic nitrogen, 

which is due largely to the large populations of heterotrophic 

bacteria.  There is conflicting evidence whether herbicides affect 

microbial populations directly, although there is some evidence 

that they do (Haynes, 1980). 

Earthworms and arthropods in the soil are protected by 

mulches and living grasses, whereas they can be adversely affected 

by cultivation - which exposes them to a drier, harsher environ- 

ment and reduces the organic matter necessary for their survival. 

Perennial, deep rooted weeds are seen by Oregon vineyardists 

as an invitation for the pocket gopher (Thomomys spp.) (deCalesta, 

1982).  False dandelion (Agoseris spp.) infestations in vineyards 

are often accompanied by these rodents, which use the root as food. 

Finally, the allelopathic effects of certain cover crops have 
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been noted in the literature.  Allelopathy refers to the biochem- 

ical interactions between all types of plants, and between mic- 

robes and plants (Rice, 1984).  These effects may be stimulatory or 

depressing to plant growth and development.  Rice (1984) cites a 

study by Pickering in 1917 in which that scientist observed that 

the leachate from grasses inhibited the growth of apple seedlings. 

Fales and Wakefield (1981) studied the effects of bluegrass 

(Poa spp.), fescue (Festuca spp.) and perennial ryegrass (Lolium 

perenne) on the establishment and growth of flowering dogwood 

(Cornus florida) and forsythia (Forsythia intermedia).  Reduced 

growth in a field trial was partly compensated for by additional 

water and nitrogen, but there was additional growth reduction of 

plants grown in association with the grasses.  In a greenhouse 

study, leachates from flats of perennial ryegrass and fescue 

were shown to reduce shoot and root growth of forsythia.  These 

aqueous leachates were used in a bioassay with forsythia, from 

which it was determined there was no direct effect on the nitrogen 

uptake capacity of the shrub.  These authors concluded that there 

was a direct growth regulating effect. 

2.2.  Grapevine Water Relations. 

A.  General water relations. 

The chemical potential of water in a plant or soil system 

refers to its capacity to do work; the reference for the water in 

a system is pure, free water (Kramer, 1983).  The chemical poten- 

tial of water depends on the mean free energy per molecule in the 
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system, and on the concentration of water molecules (the mole 

fraction of water).  The mole fraction of water can be described 

as the vapor pressure of a solution relative to pure, free water, 

which is represented as e/e0.  Using this quantity it is possible 

to express the chemical potential of water in any system as equa- 

tion I: 

yw -y°  = RT In e/e0   (I) 

where Vw is the chemical potential of water in the solution, Vw is 

the chemical potential of pure, free water, R is the gas constant, 

T is the absolute temperature, and e/e0 is the relative vapor 

pressure.  Pure, free water is defined as having a chemical poten- 

tial of zero since In e/e0 and y  - yO both  equal zero. 

Equation I is in units of energy (erg/mole), but in plant and 

soil sciences, pressure units are more useful.  These are obtained 

by dividing equation I by the partial molal volume of water, Vw 

(cm /mol), giving: 

H'w = yw -yO/Vw = RT/Vw In e/e
0   (II) 

which is termed the water potential of the water in the system, in 

units of pressure (pascal, Pa, where 1 X 10 Pa = 0.1 MPa = 1.0 

bar) . 

Plant tissues and soils can affect the water potential of the 

water stored therein by the forces which trap water or the solutes, 

which lower the mean free energy, and therefore the water poten- 

tial.  The component parts of water potential in these systems are 

defined by the equation: 

^w =[*m  -^s ^g +Vp (III) 
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where w  is the matric forces which bind water to the surface of 

colloids and other solids; v is the component due to the pres- s 

ence of solutes which decrease the activity of water molecules; 

y is the effect due to gravitational forces; y  is the positive 

pressure from cell walls reflecting back on the water, or the 

tension on the water column in the xylem. 

Water movement in the soil-plant-atmosphere continuum (SPAC) 

is down the gradient of water potential.  Hillel (1982) defines 

this as a stream flowing from a source of limited capacity and of 

variable potential (the soil) to a sink of unlimited capacity and 

of variable potential (the atmosphere).  The flow of water in each 

component part of the SPAC system is governed by the various driv- 

ing forces in that system, and the resistances that develop as a 

consequence of the physical properties of the medium through which 

water moves.  Resistance is defined as: 

r = difference in water potential (A^)/water flux   (IV) 

where the units are time (seconds) per distance (cm) (Kramer, 1983). 

In the soil, water potential is due principally to the matric 

forces holding the water in the capillary pores or in the clay 

micelles (Kramer, 1983).  The capillary pores in the range 30 to 

60 ym. are capable of holding water against the force of gravity. 

The quantity of clay in the soil increases the water carrying 

capacity of the soil by: 1) increasing the quantity of smaller pore 

spaces; 2) increasing the surface area available for hydrogen 

bonding; and 3) clay micelle hydration. 

The increase in surface area of a soil allows hydraulic 
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continuity of water molecules in the surface films as the soil 

dries.  When the continuity is broken, as the soil dries, the 

resistance to water flow is increased dramatically.  The hydraulic 

conductivity of soil, K (= flux of water/hydraulic gradient), 

varies with soil texture and water content.  In a clay soil the 

hydraulic conductivity is maintained at moderate values down to 

lower water contents, compared to sandy soils, due to the contin- 

uity of surface films.  In sandy soils the hydraulic conductivity 

falls rapidly with water content, as the pores holding water are 

emptied quickly due to their large size. 

The plant is a complex of several systems through which water 

flows.  The root system of the plant varies in its absorbing 

capacity, its extension in the soil, and the contact with the soil 

solution, all of which determines how much of the soil solution 

can be tapped at a particular moment (Kramer, 1983).  Water moves 

in by mass flow through the tissues of the root, and exists under 

tension in the xylem of the plant, due to the movement of water 

out of the leaves. 

Cuticular waxes on leaves, and thick bark on trunks and 

shoots prevents water loss by plants.  Water movement through the 

plant is controlled by stomata on the leaf surfaces which open in 

response to light, and close in darkness, or when the supply of 

water from the soil is not sufficient to satisfy atmospheric 

demand.  This latter effect results in loss of cellular water from 

woody or succulent plant tissues, with the result that the plant 

closes its stomata to conserve water.  Guard cells adjacent to 
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stomata increase their, internal concentration of solutes in 

response to this stress, which increases their turgor, and shuts 

the stomata (Kramer, 1983). 

The lower limit that water is available to the plant from the 

soil is considered to be about -1.5 MPa, which is the approximate 

limit of the plant0s internal solute potential (Kramer, 1983). 

Beyond this point the plant will not be able to extract water, and 

permanent water loss from plant tissue will result.  The plant has 

an important mechanism by which it can lower its water potential 

and maintain its turgidity: osmotic adjustment, the active uptake 

of solute particles into the cells. 

The water potential of the atmosphere is determined by its 

water carrying capacity, a function of temperature, relative 

humidity and air movement.  Temperature increases the activity of 

water molecules, and increases the quantity of water that the 

air can hold.  Relative humidity is a measure of the existing 

water molecules in the air.  Air movement stirs the air surround- 

ing the plant, carrying away existing water vapor, and thus lower- 

ing the potential. 

The transpirational stream is essential to plant function as 

it supplies the water necessary for bathing and cooling cells, and 

the gas exchange required for photosynthesis (carbon dioxide). 

B. Grapevine responses to the aerial environment. 

The chemical potential of the water in xylem tissues of 

leaves and shoots has been correlated to the functional status of 
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the grapevine (During and Loveys, 1982; Loveys and Kriedeman, 1974; 

Liu et al, 1978; Smart and Coombe, 1983).  Smart and Barrs (1973) 

determined that daily periods of stress associated with stomatal 

closure were highly correlated with solar radiation arid the satur- 

ation water deficit (the vapor pressure gradient between leaf and 

air).  This response appears to be independent of soil water 

conditions, for even well watered vines exhibit diurnal changes in 

leaf water potential to the point of stomatal closure, given a low 

enough (negative enough) atmospheric water potential (Hardie and 

Considine, 1976).  At leaf water potentials of from -1.3 to -1.6 

MPa stomates are completely closed on grape leaves (During and 

Loveys, 1982; Liu, 1978). 

The diurnal and seasonal changes in leaf water potential in 

the grapevine are due to the increase in the solute potential of 

the cells (During and Loveys, 1982).  On a daily basis, the cells 

lose water to the environment, increasing the concentration of 

solute particles relative to the cell water, and they can also 

actively take up solutes in response to the water deficit (Smart 

and Coombe, 1983).  As the environmental demand increases through 

the season, the grapevine can respond to this increasing stress by 

actively taking up solutes to decrease the internal water poten- 

tial of its cells (During and Loveys, 1982).  This response, 

called osmotic adjustment, allows the plant to maintain turgor and 

maintain a transpirational stream at low soil and internal water 

potentials. 

Photosynthesis can be directly affected by stomatal closure 
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by decreasing the diffusion of carbon dioxide vapor to the meso- 

phyll cells (Smart and Coombe, 1983).  Photosynthesis of grape- 

vines has also been shown to be affected indirectly by repeated 

water stresses (Loveys and Kriedeman, 1977).  Loveys and Kriedeman 

(1977) found that a repeated water stress over a period of several 

days resulted in a buildup of a non-stomatal component of photo- 

synthesis inhibition, which reduced photosynthesis even after 

stomatal opening upon rewatering. 

Few studies have attempted to relate grapevine photosynthesis 

directly to soil water status, but Alleweldt and Ruhl (1982) found 

that a water shortage, 40% of the available water in the soil, was 

responsible for reducing photosynthesis by 60%.  Hofacker (1976) 

found a significant reduction in photosynthesis below 50% to 60% 

of the water holding capacity of the soil. 

Evapotranspiration of the grapevine varies considerably 

depending on the water status of the soil and the environmental 

demand (Smart and Coombe, 1983).  Smart and Coombe (1983) cite 

several examples of the evapotranspiration measurements for the 

grapevine, which range from 280 mm in Chile to 1110 mm per season 

in the hot desert of California. When the evapotranspiration of 

the grapevine is related to the evaporation of a United States 

Weather Bureau Class A Pan, the ratio ranges from 0.22 to 0.90. 

The seasonal variation in this ratio indicates that the water 

requirements are not stable. The requirements for water increase 

during the growing season, due to the increase in leaf area and 

the increase in the environmental demand.  There may be decrease 
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in use late in the season as leaves senesce and as the period of 

grand vegetative growth subsides (Smart and Coombe, 1983; Van 

Rooyen et^ al,   1980b) . 

Grapevines grown in cool climates have seasonal water 

requirements in the range of 400 to 500 mm (Winkler et^ ad, 1974). 

Under the growing conditions of the Willamette Valley of western 

Oregon, deciduous tree fruits require 500 to 700 mm for the 

growing season (April to October) (Watts et^ jd, 1968). 

C. The grapevine in the soil environment. 

Root development and function is affected by the soil chemi- 

cal and physical environment.  Texture and structure influence 

root growth directly by their effect on penetration, and indirectly 

by effecting the amount of water available and the aeration pore 

space in the soil (Kramer, 1983).  Gas diffusion is the mechanism 

of oxygen movement into the soil, and carbon dioxide out of the 

soil.  Air pore space (volume pore space expressed as a percentage 

of the total pore space) is determined by the proportion of sand, 

silt and clay (texture), the degree of compaction, and the mois- 

ture content of the soil.  An increase in the clay content reduces 

pore size, increases the number of capillary size pores, and 

results in a greater proportion of pores filled with water when 

drained, compared to a soil with less clay (Kramer, 1983). 

Richards (1983) states that optimum levels of aeration pore 

space for tree fruit development are in the range of 12% to 15%. 

Morita (1955) found that actively growing, young grape plants 
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could survive root oxygen concentrations down to 7%, but died at 

5%, while peaches, apples, pears, and persimmons could survive on 

between 1% and 5% oxygen in the root atmosphere.  Richards (1983) 

concludes from this evidence that grapes are more sensitive to 

reduced oxygen in the soil environment than are other species. 

Others (Smart and Coombe, 1983) believe that the most important 

factor for grape root development is air porosity, and perhaps 

this requirement for oxygen is why. 

Interestingly, Stevenson and Schuster (1940) concluded that 

some western Oregon soils have low aeration, which resulted in 

poor growth and production of walnuts.  On several of the upland 

soil series (including Salkum, Sites and Aiken), the average air 

space at field capacity was less than 5% at depths greater than 

3.5 feet.  They found that only 20% of the total roots less than 

or equal to 2.0 mm diameter were found below this depth.  They 

attribute the variation in the depth of the well aerated surface 

layer between soil types to erosion, and to the leaching of col- 

loidal material into the subsoil.  They recommended a minimum 

aeration pore space of 10% at field capacity for optimum walnut 

productivity. 

Root development is also affected by structural and density 

factors in the soil.  Penkov (1974) found that optimum grape root 

development occurred at soil bulk densities between 1.10 to 1.20 

3 3 g/cm with reduction of growth at 1.50 g/cm .  Freeman (1984) 

stated that grape roots penetrated a soil layer with bulk density 

of 1.80 g/cm when there was a water table and a less dense layer 
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beneath it. 

Grape roots have a temperature optimum for growth in the 

range of 15° C to 30° C, with some development near the extremes 

of 5° C and 35° C (Richards, 1983). 

Richards (1983) concluded from the literature that the 

consensus is that most grape roots occur in the first meter of 

soil, although under certain conditions (low bulk densities and 

light textures) they may penetrate to six meters.  The majority of 

absorptive surface area lies in the top 100 to 600 mm, where the 

fine lateral roots are concentrated. 

The framework of the grapevine root system is formed of new 

root tips arising on first-, second-, third-, or fourth-order 

branches from a thickened frame on the original cutting (Richards). 

Young feeder roots consist of unsuberized terminals, dormant 

branches, and the elongating, partially suberized main axis and 

its branches (Queen, cited in Kramer, 1983, p.241).  Suberization 

occurs in a zone between one and several centimeters from the tip, 

during mid-summer when the temperatures are high and water content 

is low (Richards, 1983). 

The young feeder roots are much more absorptive than the 

suberized main axis, but as Richards (1983) states, the contribu- 

tion to water uptake of the various root types depends not only on 

their absorbing characteristics but on their relative abundance. 

McKenry (1984) and others (cited in Richards, 1983) concluded that 

unsuberized roots and new roots make up a small proportion of the 

total framework, and that the older, even heavily suberized por- 
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tions must take up much of the water and nutrients.  McKenry (1984) 

found that only 5% of new roots formed in the spring could survive 

to become structural roots, and that the primary purpose of these 

new roots was to explore new soil volume.  Other morphological 

features such as root hairs, mycorrhizae and cracks in the bark of 

suberized roots can increase absorption. 

The distribution of roots in time is as important as their 

distribution in space when considering water relations.  Freeman 

and Smart (1976) found that the spring root flush of the grapevine, 

as measured by new, white roots forming against a glass window in 

a root observation laboratory, occurred 10 weeks after budbreak. 

Other workers (cited in Richards, 1983) place this event at 3 

weeks after budbreak, but regardless, this is contrary to what is 

observed in most woody plants which alternate their periods of 

vegetative growth with periods of root growth, with root growth 

occurring before vegetative growth begins in the spring.  Based on 

the studies by Freeman and Smart (1976) and McKenry (1983), the 

spring flush in root growth occurs at about the time of flowering, 

during the period of rapid shoot elongation.  Van Rooyen et al 

(1980b) consider the greatest water requirement of the vine occurs 

between budbreak and veraison, which would coincide with this 

increased level in absorbing surface in the soil. 

Grapevine root resistance to water flow is considered the 

highest of all the resistances in the soil-vine-atmosphere system 

(B.M. Freeman personal communication).  This is attributed to low 

root densities compared to other crops (0.002 to 0.03 cm of 
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3 3 root/cm of soil for grapes, compared to 0.01 to 0.02 cm/cm for 

apples), to a change in the root soil contact, and possibly to a 

change in the root absorbing characteristics during the season 

(Smart and Coombe, 1983). 

Root growth is very sensitive to the soil water supply. 

Smart and Coombe (1983) conclude that drought conditions encourage 

deeper rooting or that roots grow through dry soil to reach wet 

soil.  This review cites evidence that the length of feeder roots 

is positively correlated to the soil moisture content in the top 

meter of soil.  Freeman and Smart (1976) found that excessive soil 

moisture after budbreak reduced new root growth and then caused 

rapid decay of feeder and permanent roots. 

The review by Smart and Coombe (1983) also presents evidence 

of the effect of sprinkler and drip irrigation on the root distri- 

bution of the grapevine.  Sprinkler irrigation resulted in a 

uniformly distributed root system up to a meter away and one-half 

meter below the vine.  The root system of vines under drip irriga- 

tion was restricted to the moist zone under the emitter.  Goldberg 

e£ _cQ (1971) found that for vines grown with drip irrigation in a 

sandy clay soil, the main active soil layer supplying water to the 

roots was restricted to a strip 2.0 meters wide and 120 cm deep 

beneath the rows. 

C. Whole-vine responses to water. 

The grapevine is considered a drought tolerant plant in that 

it is able to survive and bear fruit under conditions of water 
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stress (Smart and Coombe, 1983).  This is thought to be due to its 

deep rooting capacity, low root density, highly conductive tis- 

sues, and low inherent water consumption (Smart and Coombe, 1983; 

Van Rooyen et_ al, 1980b).  Van Rooyen £t al (1980b) place the 

minimum water consumption at 226 mm for the season.  Smart and 

Coombe (1983) cite evidence of the high water-use efficiency (WUE 

= gram of dry weight produced per kilogram of water transpired) 

of the grapevine relative to other C-3 plants.  They attribute 

this to its high photosynthetic capacity; for example maximum 

rates for the grapevine have been measured at 0.8 to 0.9 mg CO 

fixed/m of leaf area /second, compared to 0.6 to 0.7 mg CO./m / 

sec for apples (Myers and Feree, 1983; Smart and Coombe, 1983). 

Photosynthesis is light saturated at about 1/4 of the flux density 

of full sunlight, but transpiration rates continue to increase 

with increasing radiation flux density, which Smart and Coombe 

(1983) interpret that the water-use efficiency is maximal at low 

radiation regimes. 

In spite of this efficient use of water. Van Rooyen et al 

(1980a,b) believe that the grapevine is very sensitive to soil 

water potential in terms of growth and productivity.  They found 

that during the first 115 days from budbreak (until veraison, the 

beginning of ripening) transpiration rate was linearly related to 

soil water potential in the range from zero to -180 kPa, decreas- 

ing with decreasing soil water potential.  After veraison the 

transpiration rate was maximal at a soil water potential of -14 

kPa (about 50% of the available water in the sandy soil used in 
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the experiment).  They conclude that a wet soil water regime after 

veraison will not cause a high rate of water consumption, which 

they attribute to the reduced water requirement, as cell division 

is halted.  Maximum water use was attained at -5.0 soil kPa before 

veraison and -14.0 kPa after veraison (85% and 50% of the avail- 

able moisture, respectively). 

A study by Becker and Zimmerman (1983) found that vines grown 

in large (50 L) containers, under a relatively high soil water 

content (near 0.0 kPa - field capacity) from flowering until verai- 

son, then dry (-200 kPa) conditions until harvest, resulted in 

vigorous growth of the shoots, heavier internodes and larger 

fruit.  Dry conditions during the earlier phase, whether followed 

by the wet regime or the dry regime, resulted in less vegetative 

growth. 

Kobayashi et ad (1963) maintained soil water of potted vines 

at various fractions of the water holding capacity of a sandy loam 

soil.  This study found severe reduction of shoot growth followed 

by death at 35% to 48% of the available water holding capacity of 

the soil, and growth reduction at 50% to 55% available water, 

compared to a treatment of 72% to 83% available water. Leaf area 

was reduced in the 35% to 48% treatment to 19.5 cm , compared to 

82.2 cm2 leaf area in the 72% to 85% treatment. 

Hardie and Considine (1976) withheld water from 3-year old 

potted vines in 5 stages of berry development: pre- and post- 

bloom, pre- and post-veraison, and pre-harvest; for 22 days in the 

first two treatments and 32 days in the latter three treatments. 
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Leaf water potentials dropped significantly in all treatments to 

minimum pre-dawn levels of -0.8, -1.2, -1.6, -1.9, and -1.9 MPa in 

each respective treatment, by the end of the treatment period. 

Stress effects were similar in each treatment with respect to 

shoot growth reduction, and tendril wilting at -0.4 MPa predawn; 

defoliation occurred in the latter three treatments.  Lower fruit 

set occurred in the first treatment, and smaller berry size was 

measured in all treatments, compared to the control (daily wat- 

ered) vines.  Sugar accumulation was retarded by the latter three 

treatments, but resumed upon rewatering, which was attributed to 

reduced photosynthesis. 

Smart and Coombe (1983) believe that the cause of reduced 

vegetative growth is reduced cell turgor.  Shoot and internode 

elongation rates appear to be highly sensitive to the availabil- 

ity of water. Wilting and drying of tendrils and young leaves are 

considered early symptoms of water stress. 

Trunk diameter is sensitive to diurnal variations in water 

status of the vine, owing to this tissue being a water storage 

reservoir (Smart and Coombe, 1983). 

Pruning weights are commonly used to evaluate the vigor and 

crop carrying capacity of the vine (Winkler jet al, 1983).  Smart 

and Coombe (1983) believe this response closely parallels yield 

increases. 

Vine yield is a function of the yield components of cluster 

number (determined by fruitfulness per bud; each shoot from a bud 

can carry from 1 to 3 clusters normally), cluster weight (deter- 
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mined by berry number, a function of flower initiation - in the 

spring preceding bloom), fruit set, and berry size (Winkler et al, 

1983).  The effects of water relations during different periods 

of the year can alter these yield components in different ways 

(as already mentioned in Hardie and Considine's 1983 paper). 

Inflorescence induction of the grapevine occurs during the 

summer prior to flowering, but flower primordia are formed between 

budbreak and bloom (Winkler et^ jil, 1983).  Because of these morph- 

ological factors, stress during these two periods could have an 

effect on the fruitfulness, and therefore yield, of the vine. 

Berry size, either on a volume or weight basis is positively 

correlated to the moisture status of the soil, so is a factor in 

vine yield (Smart and Coombe, 1983). 

High shoot vigor and shading of buds is inhibitory to devel- 

oping inflorescences during the induction period the season prior 

to fruiting (May, 1965). Excessive shoot growth in response to 

irrigation may be inhibitory to fruitfulness, as the buds become a 

less powerful sink for growth substances produced in the leaves, 

and the larger leaf area shades developing buds (May et^ ad, 1982). 

The composition of fruits is effected by vine-water rela- 

tions.  Sugar accumulation can be delayed by water stress (Hardie 

and Considine, 1976), through a reduction in photosynthesis (Smart 

and Coombe, 1983), or leaf drop (Hardie and Considine, 1976). 

Sugar concentration in the fruit can be increased on a per berry 

basis due to dessication, but on a per vine basis it may be less 

as berry size and number may be reduced in response to a water 
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deficit. 

Sugar accumulation may also be reduced by an excess of water 

in the soil, on a per berry or per vine basis (Smart and Coombe, 

1983).  Well watered vines typically have large, leafy canopies 

which prohibit light penetration.  Smart (1982) states that these 

canopies are inefficient and waste the fixed carbon on the new 

leaf growth.  Ripening delays are common in irrigated vines, which 

is in part due to this shading effect, but also to higher yields 

(Smart and Coombe, 1983). 

The acids of the grape berries are principally malic and 

tartaric (Ruffner, 1983).  Juice acidity due to tartaric acid is 

changed little by water deficits or excesses (Smart and Coombe, 

1983), which reflects the stability of this acid when in its 

natural state in the berry (Ruffner, 1983).  Malic acid is re- 

spired during the ripening of the berry, after veraison, and is 

probably used as a supplementary energy source during the dark 

hours (Ruffner, 1983).  The concentration of malic acid increases 

with increasing soil moisture, which Smart and Coombe (1983) 

attribute to shading, and the resulting cooler vine microclimate. 

Van Rooyen «£ al_  (1980a) found that less negative soil matric 

potentials were associated with increased acid formation, but 

failed to specify the acid. 

Meriaux et al^  (1979, 1981) found that grape juice acidity was 

always reduced by water stress.  In this study vines in containers 

were irrigated at either maximum transpiration, or two-thirds of 

maximum, from budbreak until fruit set, then at one—third maximum 



32 

until harvest.  The fruit temperatures in the low transpiration 

treatments were found to be higher than the high transpiration 

vines, with resultant increased respiration rates in the former 

treatment purported to be the cause of the lower acidity. 

Becker and Zimmermann (1983) found lower acidity of fruits of 

vines grown in a dry soil regime (-200 kPa) during the period 

from flowering until veraison, compared to vines grown in a moist 

soil regime (-0.0 kPa) during this period.  Excessive vegetative 

growth in this period will result in shading of the fruit.  Sugar 

increase was delayed when the dry regime occurred during the 

ripening period (veraison) in this study. 

There are reports of improved color in non-irrigated grapes, 

compared to irrigated grapes (Freeman _et ^al^, 1980).  This is 

thought to be due to the effects of a greater skin area to volume 

ratio in the former treatment (i.e. smaller berries) (Hardie and 

Considine, 1976).  Hardie and Considine (1976) measured the effect 

of different stress timings on the pigment formation in red wine 

grapes.  Stress, induced by witholding irrigation water for 32 days 

during ripening, delayed sugar accumulation and decreased anthocy- 

anin formation on the basis of skin area or berry volume.  They 

attributed this to reduced carbohydrate availability, the metab- 

olism of which is thought necessary for pigment synthesis. 

Kliewer (1970) determined that light is necessary for the 

formation of anthocyanin pigments in grapes.  In 'Pinot noir* 

berries that were grown under low light conditions (11-12% of full 

sun) there was a reduction in the optical density of the skin 
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pigment extracts by about 50%, compared to the fruits grown in 

full sunlight. 

Duteau j2t al^ (1981) concluded from their study of soil types 

and the quality of grapes produced, that the ratio of actual 

evapotranspiration (ETR, determined with a neutron probe) to 

potential evapotranspiration (ETP, determined by the Thornthwaite 

formula) was correlated with several quality components.  The 

optimum acidity, sugar, and phenolic compound levels were found on 

soils that maintained ETR:ETP between 0.30 and 0.40 during the 

period immediately following veraison.  Lower phenolic and sugar 

levels, and higher acid levels were found in fruits that matured 

outside this range of ETR:ETP. 

2.3.  Conclusion. 

From the foregoing review of the literature it is apparent 

that although soil management has a profound influence on many 

facets of the soil-plant environmental system, the most important 

effect is on soil water.  The manifestation of soil water effects 

on plant performance can take on many forms, depending on their 

timing and severity. 

The approach to understanding the response of the grapevine 

in the study at hand is to measure the appropriate environmental 

and biological parameters after a treatment is applied, then to 

interpret the responses in physiological or physical terms.  Var- 

iations in the soil water status of vineyards managed with or with- 

out a cover crop must be established, then a plant response must 
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be measured.  A non-destructive method for measuring soil water at 

frequent intervals is the neutron meter.  This instrument produces 

fast neutrons which are "thermalized" by hydrogen ions in the soil, 

and measures the quantity of slow neutrons scattered back to a 

measuring device (Greacen, 1981).  The quantity of water in the 

soil is proportional to the amount of backscatter measured by the 

instrument. 

Plant performance, in terms of growth, yield or quality, are 

important parameters to the viticulturist, and can all be affected 

by the water status of the soil.  The response of the grapevine to 

a cover crop, by way of its competition for water, or to a modifi- 

cation of the soil water regime by irrigation, would be important 

information for the culture of the grapevine in Oregon. 
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CHAPTER 3 

THE EFFECTS OF GRASS STRIP SOIL MANAGEMENT ON SOIL WATER 
DEPLETION IN A 'PINOT NOIR' VINEYARD 

Abstract 

The soil water depletion patterns in a vineyard, under two 

types of soil surface management (grass strip or overall herbi- 

cide), are discussed with reference to the sources of variation 

inherent to the soil and grapevine systems.  The grass strip was 

responsible for reducing the amount of available soil water by 70 

mm.  The greatest part of the depletion (58 mm) developed early, 

after cessation of saturating rainfall.  The water deficit differ- 

ence between the two systems of soil management was maintained 

throughout the season, as similar depletion rates occurred in both 

plots after the grass went dormant.  Higher rates of depletion 

were observed in the grass strip area early in the season before 

the grass strip became dormant; and later in the season higher 

rates were recorded for the inter-row area of the overall herbi- 

cide plot, which was attributed to greater evaporation in the 

exposed area between the rows, and possibly to new root develop- 

ment in this area. 

Introduction 

Permanent grass cover crops grown in strips between rows of 

trees and vines in orchards and vineyards is a common practice as 
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a means of controlling weeds and erosion (Haynes, 1980).  Usually, 

a grass strip is grown in the inter-row area, between the rows of 

trees or vines.  A bare soil strip is created with herbicides in 

the area below the trees or vines.  These grass strips (also called 

sod, grassed alleys or living mulch) control erosion by increasing 

rainfall infiltration and holding soil particles together.  There 

is also the belief that grasses or deeper rooted cover crops can 

reduce the compaction that is the result of heavy orchard machinery 

(Haynes, 1980; Perret and Koblet, 1980). 

The principal disadvantage of permanent cover crops is their 

competition for soil water, but competition for nitrogen and 

allelopathic effects have also been noted (Haynes, 1980; Atkinson, 

1977; Fales and Wakefield, 1981).  Atkinson (1977) found that the 

grass strip soil management system in apples resulted in twice the 

rate of soil water depletion compared to total herbicide soil 

management, when water was abundant in the soil early in the 

season.  Atkinson's (1977) study also found that differences in 

soil water content and depletion rate existed in the soil of the 

grass strip area and the herbicide strip area in the tree row. 

Differences in water depletion between these two areas was due to 

reduced root growth and root activity directly below the grassed 

area (Atkinson, 1977; Atkinson and White, 1980).  Tree roots are 

concentrated in the tree row/herbicide strip area, whereas in the 

grass strip root growth is inhibited to at least 25 cm in apples 

and grapes (Atkinson and White, 1980; Morlat, 1982). 

Several tree responses have been directly attributed to the 
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effects of grass cover crops on soil water; reduced growth, re- 

duced stomatal conductance, reduced root growth, lower yields, and 

earlier maturity have all been observed (Atkinson and Farre, 1977; 

Gormley, e_t al, 1973; Haynes, 1980).  In spite of this evidence, 

perennial cover crops are still advocated over cultivation or 

overall herbicide soil management.  Kenworthy (1957) found that an 

orchard soil which had been cropped with a perennial grass for 25 

years had higher average soil water contents throughout the season, 

compared to an identical orchard soil which had been managed with 

cultivation for the same amount of time.  The author attributes 

this difference to better water holding capacity, which was re- 

duced in the cultivated orchard by erosion and compaction. 

Oregon wine-grape production is concentrated in the Willam- 

ette Valley at the present time.  Although generally considered to 

have more than adequate rainfall and sufficient soil depth to 

supply grapes with water through the season, some vineyards are 

planted on shallow soils, with less than optimum soil water hold- 

ing capacity.  Coupled with a dry summer season (normally only 100 

mm of rain falls from June 1 to September 31 - 10% of the total 

yearly rainfall) with temperatures commonly above 30° C and rela- 

tive humidity as low as 20%, the management of perennial cover 

crops becomes an important consideration for grape culture. 

This is especially true for vineyards on shallow soils ( 150 cm) 

which have reduced water storage capacity. 

This study was implemented in order to understand the degree 

and timing of the competition for soil water by a grass cover 
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crop.  Insights into the nature of the competition could lead to 

management strategies to minimize adverse effects of this form of 

soil management.  The seasonal cycle of water use by the grapevine 

will also become evident in this study. 

Materials and Methods 

An 8-year old commercial 'Pinot noir' vineyard in the central 

Willamette valley of Oregon was selected as the test site to eval- 

uate the effects of a perennial cover crop on soil water deple- 

tion. Vines are spaced vine by row at 8 X 10 feet (2.7 X 3.0 m). 

A moderately vigorous perennnial ryegrass was established in 1980, 

and is grown in strips 5 feet wide between the rows, with herbi- 

cide strips of the same width beneath the vines. 

The soil is a Nekia silty clay loam which varies in depth 

from 60 to 135 cm; it is a well drained and leached residual hill 

soil, underlain by broken basalt.  The water holding capacity 

averages 1.8 mm per cm of depth in the first 105 cm, for a total 

of 188 mm of available water (equivalent depth) in this part of the 

profile. 

In March, 1984, herbicide (glyphosate) was applied to remove 

the grass in several plots, to establish a split-plot design 

experiment to evaluate the effects of a perennial cover crop and 

irrigation on the performance of the vines (W.D. Wilson Thesis, 

Oregon State University, 1985).  As part of that experiment, two 

adjacent 3-vine plots were selected to evaluate the effects of the 

cover crop strip on water depletion patterns.  Aluminum neutron- 
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probe access tubes were placed in a replicated pattern (Figure 3.1) 

to measure the soil water variations vertically and horizontally 

from the vine.  Tubes were placed in several locations: 45 cm from 

the vines in the row; mid-way between the vines, in the row (1.4 m 

from the vine); mid-way between the vines, between the rows (1.5 

m); and diagonally between vines, between the rows (2.0 m).  Each 

tube location was replicated three times in each of the soil 

management systems (grass strip; no-grass), for a completely ran- 

domized factorial experiment with 2 soil management systems, 4 

tube locations, and measurements at 7 depths. 

A neutron moisture meter (Campbell Pacific Nuclear Corp. 

Model 503 DR) was calibrated to the soil at each depth.  This 

instrument was used to monitor the soil water content at weekly 

intervals from July until October.  Based on soil water release 

data and bulk density determinations, the volumetric water content 

and the depletion from a base line (field capacity) were deter- 

mined.  The equivalent depth of water was determined by using the 

volumetric water content as an average for the 15 cm interval at 

which it was measured. 

Results and Discussion 

Variation in the grapevine-soil system.  There are several 

sources of variation inherent in the soil - vine - soil management 

system.  This particular soil is eroded and highly leached, making 

soil depth, structure, texture and chemical composition variable 

with depth, even within short distances.  A small area was desig- 
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nated as the test site to minimize these factors, yet soil depth 

varied from 60 to 135 cm several times within the adjacent plots, 

a distance of 20 meters (8 vines in the row).  Visual observation 

of soil cores revealed that the upper part of the profile - to 75 

cm depth - was uniform between cores, but below this depth broken 

basalt was apparent in some cores.  The performance of the neutron 

probe is affected by soil density and chemical composition (Grea- 

cen, 1981), and so data management and the interpretation of re- 

sults had to take into account this soil variation.  Statistical 

analysis of the observations of water content was complicated by 

this factor, as some observations at the 75, 90 and 105 cm depths 

were not possible due to shallow soil. 

Another possible source of variation in this system is the 

vertical and horizontal variation in root density.  The access 

tube placement was designed to take into account this source of 

variation, by sampling water content at several distances, both in 

the row and between the rows.  The tube placement map (Figure 3.1) 

shows the four tube locations, replicated three times, for the 

grass strip managed plot.  Differences in volumetric water content 

and depletion rate between the two treatments, as well as between 

the tube locations existed on certain occasions (Figures 3.1 and 

3.2; Tables 3.1 and 3.3).  The distance from the vine had little 

or no effect on these quantities, but the location, whether in the 

row or between the rows had a significant effect on certain occa- 

sions.  Table 3.4 presents the mean values of depletion rate 

expressed on a daily basis, and the associated analysis of vari- 



41 

ance, for several time intervals.  Note that within a time inter- 

val, the values for observations taken adjacent to the vines are 

similar to observations for mid-way between the vines, in the row; 

and the values for observations taken between the rows are also 

similar to each other.  The fact that there is little difference 

between the locations, in terms of water content or depletion 

rate, indicates that these vines are probably uniformly rooted in 

the whole soil volume, rather than having their foots restricted 

to the vine row. 

Table 3.2 illustrates the vertical variation in depletion of 

water from the inter-row areas of the two treatments, for three 

time intervals.  The values at each depth show a general tendency 

for a greater proportion of water to come from the upper part of 

the profile for the interval July 17 to 31.  Part of this is due 

to water use by the grass in the case of the grass strip managed 

plot, but evaporative drying of the surface occurs in both treat- 

ments.  During the interval August 15 to 29 more water is coming 

from deeper in the profile in both treatments, as the surface 

layer dries and the vine is forced to extract water from lower in 

the profile. During the last interval (September 24 to October 2) 

surface drying and drainage is responsible for the loss of water 

at the 15 cm depth (replenished by rainfall - see Figure 3.4), but 

virtually no change in water content occurs from the profile in 

the grass strip plot.  Water must be coming from below 105 cm 

depth in this plot in this instance. 

There is also variation in root activity seasonally.  Maximum 
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growth of new white root tips - the most water absorbant tissue of 

the root system - occurs in early summer, coinciding with the time 

of maximum shoot growth (Freeman and Smart, 1976); this is during 

June and July in Oregon.  Maximum water use by the grapevine prob- 

ably occurs in July and August in Oregon, at the time of maximum 

leaf area and the greatest environmental demand. Water require- 

ments decline late in the season; Van Rooyen et jd (1980) found 

that after veraison (September 1 in Oregon) evapotranspiration 

rates declined, which they attribute to reduced cell division.  No 

difference can be reported here with respect to this seasonal 

change in water use.  Although there is a measured difference in 

total use through the season (Table 3.2), an unknown quantity of 

water was being used from below 105 cm. 

Atkinson and White (1980) noted another source of variation 

in the soil system: that a strip of perennial grass in the orchard 

creates two dissimilar environments for root development.  Under 

the grass, root growth and activity is inhibited down to 25 cm in 

apples and grapes (Atkinson and White, 1980; Morlat, 1982). Water 

deficits of up to 50 mm of water, equivalent depth, were found 

between the grass strip and the herbicide strip (Atkinson, 1977). 

In the present study, a significant difference between inter- 

row and in-row areas of the grass strip managed plot existed on 

July 17 (Figure 3.2).  On that date the in-row area maintained 15 

mm (equivalent depth) more water compared to the inter-row area, 

due just to the significant differences at 45 and 60 cm soil 

depth.  Surface drying in the vine row could be responsible for 
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reducing the water content to the same level as the inter-row 

area, at the 15 cm depth. 

In the overall herbicide plot on July 17, a significantly 

lower water content existed in the vine row at 30 cm depth, com- 

pared to the inter-row area of the plot (Figure 3.2).  A possible 

explanation for this is that fewer vine roots occur at this depth 

between the rows, which could be expected due to the presence of 

grass in that region for several years.  The difference between 

the two areas of the plot disappeared by August 29 (Figure 3.3), 

which may have been due to evaporative drying of the exposed soil 

between the vine rows, or perhaps to new root development and 

subsequent water uptake from this region. 

The rate of water use of the grass strip area in the grass 

strip plot is greater than the rates of the in-row area of the 

grass strip plot, and of the overall herbicide plot (2.7 mm/day, 

1.7 mm/day, and 1.4 mm/day respectively) (Table 3.3).  This is in 

agreement with Atkinson's (1977) observation of two-times the rate 

of water use by grassed areas early in the season, relative to 

areas of herbicide-bare soil. 

In spite of the inherent variation in the soil volume within 

the experimental plots, and perhaps due to the random nature of 

this variation spatially in the rooted volume, there was fair 

statistical verification of volume water contents and depletion 

rates in this study. 

Grass strip and tube location effects on soil water.  Figure 

3.4 presents the seasonal decline of available water from the soil 
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profile and the summer rainfall.  The quantity of available water 

(equivalent depth) was calculated from water release characteris- 

tics (determined from measurements on a pressure plate assembly 

and field measurements with the neutron probe) and summed over 

each 15 cm increment of soil depth down to 105 cm.  Although the 

absolute quantities of water available at field capacity (-300 

kPa soil water potential) and the permanent wilting point (-1.5 

MPa) may be in question, the rate of decline and the relative 

quantities of water between treatments should be a fair indication 

of actual soil conditions.  Measurements shown are from mean 

values at each depth (from all tube locations), summed over the 

7 observations from 15 to 105 cm. 

Most notable in Figure 3.4 is the difference between the treat- 

ments of grass strip and overall herbicide soil management.  These 

differences must have developed soon after or during periods of 

precipitation, as they existed on June 5 and July 9, just 6 and 10 

days after heavy rains, respectively.  Water use by perennial 

grasses in June,,when water is freely available, is approximately 

3 mm per day in western Oregon (evapotranspiration rates calcu- 

lated from pan evaporation data - T. Cook, personal communication). 

This is in agreement with the data presented here, from which the 

calculated evapotranspiration rate from the grass during the per- 

iod June 29 (the last day of precipitation in June) to July 17 is: 

58 mm (the equivalent depth of water difference between the grass 

strip plot and the overall herbicide plot on July 17 - Table 3.1) 

18 days = 3 mm per day. 
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The data in Table 3.1 shows the equivalent depth of water 

difference between the overall herbicide plot and the grass strip 

plot (averaged over all tube locations) for July 17 (see Figure 

3.2) and July 31.  The values from each depth represent the quan- 

tity of water difference (mm of water equivalent depth) for the 

respective 15 cm increment of soil, and are all positive - in 

favor of the overall herbicide plot.  Significant effects of the 

grass strip are evident at all depths except 90 cmm on July 17 and 

July 31, indicating that water has been extracted at these depths 

in greater quantity from the soil of the grass strip plot.  The 

lack of difference at 90 cm is due in part to the reduced replica- 

tion with increasing depth, as tubes are dropped due to shallow 

soil.  (At 90 cm r=9; at 105 cm r=6).  The difference at 105 cm 

depth may be consequence of this shallow soil, in which excessive 

drainage may have occurred in lighter textured soil with broken 

basalt. 

The strong evidence of depletion to 75 cm depth indicates 

that the grass has depleted soil water at the surface, forcing the 

grapevines of the grass strip plot to withdraw water from soil 

below the level at which the vines in the overall herbicide plot 

are using water.  During the interval July 17 to July 31, greater 

drying occurred in the grass strip plot at all depths of the 

profile, except 105 cm (Table 3.2).  In the surface layers this is 

undoubtedly due to the presence of the grass roots, but at lower 

points in the soil profile, vines of the grass strip plot are 

extracting water in excess of those vines of the overall-herbicide 
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plot. The presence of the grass strip has resulted in water use 

deeper in the profile relative to the overall-herbicide plot, at 

the same point in time. 

The total difference between treatments on July 17 was 58 mm 

of water, equivalent depth (Table 3.1).  This increased to 69 mm 

on July 31, and was maintained at about this same level for the 

remainder of the season, as the grass became dormant (Figure 3.4), 

indicating similar rates of water depletion in the two systems of 

soil management. 

Depletion rates of the two soil management systems and the 

four access tube locations are presented in Table 3.3.  The values 

are calculated from the total change over the profile for each 

tube location, averaged over the number of days in the interval. 

Significant effects of the grass on the increase in water deple- 

tion rate occurred during the first two intervals listed (July 17 

to July 31, and July 31 to August 15) as the grass remained active. 

This was followed by a period of similar depletion rate between 

soil management treatments (August 15 to August 29).  The overall 

herbicide plot had a higher rate during the last interval measured 

(September 24 to October 2) as the grass strip plot dried out, and 

water was being used from below 105 cm. 

These daily depletion, or evapotranspiration, rates of less 

than 1.0 to greater than 2.0 mm per day are low compared to pub- 

lished results cited in Smart and Coombes' review (1983), which 

were 3 to 5 mm per day.  This may be due, in part, to water use 

below 105 cm in the current study, but environmental conditions in 
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the Willamette Valley (such as temperature, relative humidity and 

air flow patterns) may be different than in those locations cited. 

Also, irrigated vineyards have higher water flux, with larger 

canopies and more freely available water. 

The average tube location affects between management systems, 

and the interaction between management system and tube location, 

were also significant on occasion (Table 3.3).  The principle 

reason for this interaction was the differential drying of the 

inter-row area versus the in-row area of both treatments.  As 

expected the inter-row region of the grass strip plot had the 

highest rate of water loss (2.7 mm per day), when the grass was 

active (July 17 to July 31). 

Significant soil management X tube location interactions 

occurred during the intervals July 31 to August 15, and August 15 

to 29 (Table 3.3).  The rates for these intervals indicate that 

greater drying occurred in the inter-row region of the overall 

herbicide plot.  During the interval July 31 to August 15 (Figure 

3.5) more water is coming from the inter-row area (1.6 mm per day) 

compared to the in-row area (0.9 mm per day) at all depths of the 

profile.  Most of the water is coming from the 15 and 30 cm depths 

during this time, probably because there is more water in this 

area (Figure 3.2). 

This same pattern of differential use as shown in Figure 3.5, 

occurred during the interval August 15 to August 29, with propor- 

tionately more water coming from the 45 and 60 cm depths than any 

other depths (data not presented).  The observation that the inter- 
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row area is drying faster than the in-row area during these two 

time intervals can be explained, if we consider that greater solar 

interception occurs in this area, compared to the area beneath the 

vines.  Part of the net radiation received by the soil is converted 

into heat energy.  Warming of the soil surface would result in 

vapor movement upwards in the profile, ultimately to the soil 

surface where it is driven off in the evaporative stream (Hillel, 

1982). 

The grapevine is considered a drought tolerant plant due to 

its deep, extensive root system and high water use efficiency 

(Richards, 1983; Smart and Coombe, 1983), but it is sensitive to 

changes in the availability of water between soil water potentials 

of zero and -180 kPa (Van Rooyen et al, 1980).  In a companion 

study to this paper (W.D. Wilson Thesis, Oregon State University, 

1985) lower (but non-significant) shoot growth rates were observed 

on vines growing in soil managed with a grass strip, compared to 

rates of growth for vines in overall herbicide management. 

In a season such as 1984, which had abnormally high precipi- 

tation in June and October, the differences that existed in the 

soil water status of the two treatments were not large enough to 

result in differences in vine productivity (W.D. Wilson Thesis, 

Oregon State University, 1985).  If the water release characteris- 

tics used to develop Figure 3.4 are correct, there appears to be 

sufficient water available for plant growth in early October. 

However, this quantity (34 mm for the grass strip plot) might only 

last 17 days at an evapotranspiration rate of 2 mm per day.  The 
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importance of the 70 mm of water difference between the two soil 

management treatments suddenly appears very important.  In a year 

of normal or less than normal summer rainfall the conserving ef- 

fects of herbicide management, flailing or chemical mowing could 

be of prime importance. 
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Figure 3.1.  Neutron probe access tube locations (A) 
locations within a plot.  Tubes are located 45 cm 
from vines (designated by ~^~  ); 1.2 m from vines 
midway in the row; 1.5 m from vines between the rows 
and 1.9m diagonnally from the vines.  Vines are 
spaced (row x vine) 2.4 x 3.0 m.  The cross hatched 
area indicates the location of the grass in the grass 
plot. 
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are significantly different from   inter-row values.  Horizontal 
bars  indicate  the L.S.D.   of   the mean values,  when  significantly 
different   (p=0.05). 
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Figure 3.3.  August 29, 1/985 volumetric water contents at each depth 
for each treatment.  Dashed lines indicate in-row values when they 
are significantly different from inter-row values. Horizontal bars 
indicate the L.S.D. of the mean values, when significantly different 
(p-0.05). 
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Table 3.1. Equivalent depth of water difference between the over- 
all herbicide plot and the grass strip plot (in mm of 
water equivalent depth). ' 

July 31 
5* 
8*** 

13*** 
14*** 
14*** 

0 
    15* 

TOTAL 58 69 

Average of the in-row and inter-row soil water observations.  All 
values are positive, indicating that the overall herbicide plot 
had more water in the soil. 

2 
* indicates a significant difference at p=.05; *** a significant 

Soil Depth (cm) July 17 
15 4* 
30 7*** 

45 10*** 
60 12*** 
75 11*** 
90 0 

105 14* 

1 

difference at p=.001, 
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Table 3.2.  Equivalent depth of water depletion from inter-row 
areas of grass strip and herbicide plots, over three 
time intervals. 

July 17 - 31 Aug. 15-29   Sept. 24 - Oct. 2 

Depth (cm) Grass Herb. Grass Herb. Grass Herb. 
15 . 7 4 2 3 4 3 
30 7 6 3 5 0 1 
45 6 3 3 2 0 2 
60 5 2 2 6 0 2 
75 5 1 3 4 0 2 
90 3 2 5 6 1 1 

105 2 2 2 _4 J_ 2 

MEAN2 5 **** 3 3 ** 5 1 ** 2 

TOTAL 36 20 23 32 12 

millimeters of water equivalent depth calculated from the change 
in volumetric water content, extrapolated over the 15 cm interval 
of the measurement. 

** and **** indicate that the average mm change for each soil 
management system is significantly different at p=.01, and 
p=.0001, respectively. 
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Table 3.3.  Grass cover crop and neutron access tube location effects 
on the rate of water depletion in an Oregon vineyard. 
Mean values (mm per day) and analysis of variance for sev- 
eral time intervals during the 1984 season. 

-TIME INTERVAL- 

TREATMENT 

GRASS PLOT 
In-row 
Inter-row 

HERB. PLOT 
In-row 
Inter-rpw 

SEM 

Grass plot 
Herb, plot 

SEM 

LOCATION 
In-row 
Inter-row 

SEM 

7/17 to 7/31  7/31 to 8/15 8/15 to 8/29 9/24 to 10/2 

1.7 
2.7 

1.3 
1.5 
0.2 

2.2 
1.4 
0.1 

1.5 
2.1 
0.1 

1.7 
1.6 

0.9 
1.6 
0.1 

1.6 
1.3 
0.1 

1.3 
1.6 
0.1 

1.2 
1.6 

0.7 
2.3 
0.1 

1.1 
1.5 
0.1 

1.0 
2.0 
0.1 

0. .5 
0. ,4 

0. .8 
0. 
0. 

.9 

.1 

0. .4 
0. 
0, 

.8 

.1 

0. .6 
0. ,7 
0, .1 

ANOVA" 

Grass 
Location 
Grass Loc, * 

** NS *** 
** **** NS 

*** **** NS 

1 
Rates totalled over all depths (15 to 105 cm) and expressed as 
the mean rate per day during the indicated time interval. 

'SEM is the standard error of the overall mean. 

*> **» ***, **** indicate significant treatment effects at p=.05, 
p=.01, p=.001, and p=.0001 levels of significance, respectively. 
NS indicates a nonsignificant difference. 
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CHAPTER A 

THE EFFECTS OF GRASS STRIP SOIL MANAGEMENT AND IRRIGATION ON THE 

GROWTH, YIELD AND QUALITY OF 'PINOT NOIR' GRAPES AND VINES 

Abstract 

A field study was conducted in the summer of 1984 to evaluate 

the effects of a perennial ryegrass living mulch and drip irriga- 

tion on 'Pinot noir' grapevine growth, yield and fruit quality. 

Perennial ryegrass grown in strip culture had virtually no effect 

on plant performance in 1984, a year with greater than normal 

rainfall during June and October.  Drip irrigation, which replaced 

the quantity of water lost by evapotranspiration as applied every 

other day, resulted in extending the period of rapid shoot elonga- 

tion by about two weeks, although both irrigated and non-irrigated 

treatments essentially ceased growth by September 1.  Irrigation 

resulted in greater accumulation of vegetative growth, and 

subsequent shading of the fruit zone occurred.  Yields increased 

24%, which was attributed to an increase in berry size.  The 

maturation of fruit from irrigated vines was delayed compared to 

non-irrigated vines, with respect to "Brix.  At harvest, fruit 

from irrigated vines was lower in 0Brix.  No significant effect on 

the other components occurred, although there was a tendency for 

fruits from irrigated vines to be adversely affected, with higher 

acidity, lower color, and lower total phenolics. 
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Introduction 

The climate of the Pacific Northwest, west of the Cascade 

mountains is noted for the maritime influence.  The Willamette 

Valley of western Oregon receives about 1000 mm of precipitation 

annually.  In spite of the overall cool, wet conditions, the grow- 

ing season for woody perennial fruit crops in this region is dry 

and warm.  The period from June through September receives only 

10% (100 mm) of the total annual rainfall, and relative humidity 

can be as low as 20%, often with temperatures exceeding 30° C. 

The culture of tree fruits and grapevines in the Willamette 

Valley is successful without irrigation on soils with adequate 

soil water.  The seasonal water requirement for deciduous tree 

fruits in the Willamette Valley is 500 to 700 mm of water, equiva- 

lent depth (Watts et al, 1968).  Estimates of the water require- 

ments of the grapevine under cool climate conditions are in the 

range of 400 to 500 mm of water during the growing season (Smart 

and Coombe, 1983; Winkler et al, 1974).  The long term average of 

April to October rainfall at Corvallis, Oregon is 285 mm; subtrac- 

tion of this average from the water requirements gives: 500 - 285 

= 215 mm, which is an approximation of the minimum soil water 

storage requirements in this region.  This is an imperfect measure 

of water requirements as it does not take into account the chang- 

ing evapotranspirational potential during the season or varietal 

and cultural effects, but it does give a fair guide to minimum 

soil water reserves. 
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Oregon vineyards are typically planted on southerly slopes of 

1 to 4%, with some near 10%, with rows running north-south. 

These vineyards are prone to erosion, and as such, cover crops 

are being planted as a means towards its control.  Grass strip 

soil management, in which a permanent grass strip is grown between 

the rows of vines, with an herbicide/bare-soil strip in the vine 

row, is practiced in many vineyards.  The fibrous root systems of 

grasses binds soil particles together, which reduces erosion and 

improves soil stability for vineyard access during harvest; gras- 

ses also modify the soil surface physical properties to improve 

infiltration (Haynes, 1980).  These factors, and the revival of 

grasses after a few millimeters of rainfall in the autumn, are 

important characteristics which viticulturists have recognized. 

In spite of these advantages, perennial grasses are recog- 

nized as competitors for soil water and nutrients (Atkinson, 1980; 

Atkinson and Farre, 1977;  Delver, 1980).  They have also been 

shown to inhibit rooting of apple trees and grapevines in the 

upper 25 cm of the soil (Atkinson, 1977; Morlat, 1982).  One 

explanation for this last response is the allelopathic effects of 

certain grasses (e.g. perennial ryegrass) on reducing root and 

shoot growth, possibly by some growth regulating chemical (Fales 

and Wakefield, 1981). 

The grapevine is considered a drought tolerant plant (Smart 

and Coombe, 1983).  This is attributed to its extensive rooting, 

high xylem conductivity, and high water use efficiency.  In spite 

of this, the grapevine is sensitive to small changes in the avail- 
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ability of soil water (Van Rooyen et^ ad, 1980a).  Van Rooyen et al 

(1980a) found that prior to veraison the transpiration rate was 

linear, and negatively correlated to the soil water potential in 

the range from zero to -180 kPa. 

Vegetative growth of vines is affected by soil water supply 

(Smart and Coombe, 1983).  Shoot growth is considered a sensitive 

indicator of water stress, as elongation is closely related to 

cell turgor. 

Fruit yield can be affected by soil water status, depending 

on the timing and severity of the stress (Buttrose, 1974; Hardie 

and Considine, 1976).  Buttrose (1974) found that cluster prim- 

ordia initiation, which occurs the season prior to fruiting, was 

reduced by water stress.  However, excessive vine vigor and shad- 

ing during the initiation process can also reduce initiation, 

making it difficult to assess (May, 1965; May et _al, 1976; Smart 

and Coombe, 1983).  Fruit set and berry size can be reduced by 

water deficits (Hardie and Considine, 1976), with the latter 

quantity affected by either reduced cell division prior to verai- 

son, or reduced cell enlargement afterwards. 

The composition of fruits is also affected by different soil 

water regimes (Hardie and Considine, 1976; Van Rooyen et al, 

1980a; Smart and Coombe 1983).  Sugar accumulation can be reduced 

if photosynthesis is affected, and the concentration in the berry 

is affected by berry size.  Differences in other fruit components, 

such as acidity, color and phenolics, have been attributed to soil 

water regimes, but usually indirectly by their effect on canopy 
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size and light penetration (Smart, 1980).  Excessive vigor asso- 

ciated with a high fertility and/or excessive soil water status can 

create a dense canopy with a subsequently darker and cooler micro- 

climate. 

Some Oregon vineyards are planted on shallow soils (less than 

120 cm) with low water holding capacity.  In seasons with low to 

normal precipitation reduced vigor, early growth cessation and 

dying shoot tips has been observed.  Attempts to improve product- 

ivity by irrigation of vineyards on these soils, coupled with an 

evaluation of the responses of the grapes and vines to permanent 

grass strip soil management and irrigation, are central to the 

study described in this paper. 

Materials and Methods 

A commercial vineyard of 8-year old 'Pinot noir' grapevines 

(vine by row spacing = 8 X 10 feet) was selected as the study 

site.  Vines were selected for uniformity based on observation of 

trunk diameter and vegetative vigor.  Vines were cane pruned to 30 

buds, with two canes of equal bud number.  A moderately vigorous 

perennial ryegrass, established in 1980, is grown in strips 5 feet 

wide between the rows, with an herbicide strip 5 feet wide in the 

vine row.  The strip was flailed once, in late July, of the year 

of this experiment. 

The soil on which this vineyard is planted is a Nekia silty 

clay loam which ranges in depth from 60 to 150 cm.  The average 

available water held between -0.3 kPa and -15 MPa is approximately 



63 

1.7 mm equivalent depth per cm of soil. 

In March, 1984, herbicide (glyphosate) was applied to elim- 

inate the grass strips and create a split-plot design experiment 

with three blocks.  Each block consisted of A, three vine plots in 

two adjacent rows (separated by one guard row), to take into 

account variation in soil depth. 

Drip irrigation was applied to two of the plots in each block 

as the main plot treatment.  In mid-July irrigations began, with 

replacement of the amount of water lost by evapotranspiration, as 

calculated by neutron probe measurements.  This amounted to 3 mm 

of water, equivalent depth, every other day.  Irrigations were 

continued until veraison (September 1), to allow sufficient time 

to mature the wood of the current seasons shoots. 

Shoot growth was measured on 5 shoots from two vines in each 

plot throughout the season, at weekly intervals.  Statistical 

analysis of these (and other observations) were done on the mean 

value for each plot - growth rates in this instance. 

The maturation process, with respect to soluble solids 

(0Brix), titratable acidity, and pH, was observed with measure- 

ments on composite samples of 200 berries per plot, taken randomly 

from each vine within the plot, at weekly intervals from veraison 

until harvest.  Samples at harvest were taken from composite berry 

samples taken off 10% of the clusters from each vine in the plot. 

These samples were used for the analysis of malates, anthocyanins 

and total phenols, in addition to 0Brix, titratable acidity and pH. 

Standard procedures were used for analyses for "Brix, titrat- 
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able acidity and pH.  Total phenolics and anthocyanin analyses 

were done on juice which was heat extracted from berries at 45° C 

for 30 minutes, then squeezed through cheesecloth.  Juice from 

these samples and the malate samples (fresh juice) were filtered 

through a 0.45  millipore filter.  Phenols were measured against 

standards of gallic acid, spectrometrically.  Anthocyanins were 

measured as the optical density at 520 and 420 nm at juice pH 

(pH=3.3).  Malates were analyzed enzymatically. 

Yield components were determined from measurements of cluster 

size, berry size and berry number on a minimum of 10% of the clus- 

ters per vine.  Statistics were performed on the mean value per 

plot, or for regression analyses, on the mean values per vine. 

Results and Discussion 

There was no significant effect of grass strip soil manage- 

ment on shoot growth rate for any time interval (Figure 4.1).  Nei- 

ther was there a significant interaction between treatments.  The 

cumulative shoot growth (the average of 10 measurements per plot) 

shows a tendency for increased growth with increasing soil water, 

if we assume there is an increase in the quantity of available 

water by treatment (Figure 4.2).  The lack of significance is 

explained by the fact that variation among vines is quite high 

for shoot growth (coefficient of variation for cumulative shoot 

growth = 0.5).  The response of individual vines can be affected 

by extraneous factors, such as the variation in depth of the 

individual soil peds beneath each vine.  Also, although the vines 



65 

were selected for unifonnity, there may have been differences in 

age of the vines, with replacement vines growing in deep soil 

appearing equal in age and vigor to older vines growing in a 

relatively shallow part of the vineyard. 

Irrigation had the most pronounced effect on shoot growth 

rate or growth accumulation.  The response to irrigation occurred 

immediately upon implementation of the irrigation regime in mid- 

July.  During the intervals 8/3 to 8/10, and 8/10 to 8/31, the 

irrigated treatments had significantly higher growth rates com- 

pared to the non-irrigated treatments (Figure 4.1). 

Irrigation maintains shoot growth longer into the season, 

which results in a larger, denser canopy.  Within one hour of 

solar noon on a clear day at veraison, the percentage of the total 

incoming solar radiation that penetrated to the fruit zone of the 

canopy was 3.3 + 0.7 % for the irrigated treatments, and 5.9 + 1.3 

% for the non-irrigated treatments (measured with a LI-COR model 

LI-188B meter and LI-190SB quantum sensor). 

By veraison (September 7) all treatments had ceased growth, 

which probably represents the point of vegetative maturity, when 

the vegetative growth cycle of the plant has ceased.  There should 

have been adequate water in the soil of the irrigated treatment 

for continued vegetative growth at this point in time, yet even 

the irrigated vines had ceased growth. 

Fruit maturation differences were generally non-significant 

over the course of the ripening period following veraison. One 

exception was the concentration of soluble solids in the juice 
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(Figure 4.3).  As early as 9/26 a small (non-significant) differ- 

ence between the irrigated/no-grass treatment and the other treat- 

ments existed.  Significant interactions with respect to this 

treatment occurred on 10/2 and 10/17.  Since both irrigated treat- 

ments had increased yields over the non-irrigated treatments 

(Table 4.2) it is surprising to find the irrigated/no grass treat- 

ment to respond differently in terms of "Brix.  There was a small 

(non-significant) increase in berry size of the irrigated/no grass 

treatment, relative to the irrigated/grass treatment (Table 4.2), 

which may have been responsible for the dilution of sugars in the 

fruit. 

The harvest samples (10/22) showed a marked decline in "Brix 

from the previous sampling date (10/17) (Figure 4.2).  By this date 

over 80 mm of precipitation had fallen, which was sufficient to 

wet the soil profile of the non-irrigated/grass treatment to 45 

cm (W.D. Wilson Thesis, Oregon State University, 1985). Whether 

the dilution of fruit sugars was the result of direct wetting of 

the fruit or uptake through the roots and xylem pathway cannot be 

determined. Low transpirational demand during this period might 

reduce water flux into the plant, and thus favor the former 

hypothesis.  However, others (cited in Smart and Coombe, 1983) 

hypothesized that the cessation of vegetative growth diverts 

internal water to the ripening fruit, causing this dilution of 

sugars. 

Other maturity parameters at harvest are presented in Table 4.1, 

Although there were no significant differences between the treat- 
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ments with respect to any of these parameters, the general effect 

is for lower quality or maturity values for the fruit in the 

irrigated treatments.  The net result was for a decrease in 0Brix, 

increase in acidity, lower phenolic substances, and lower antho- 

cyanin pigments in the irrigated treatments.  It is impossible to 

relate these last two components to wine quality, based on their 

mode of extraction, however, the fact that on a per gram of berry 

basis they differ would lead to the conclusion that the synthesis 

of these substances was reduced in the irrigated treatments. 

There is a growing body of literature that supports the 

hypothesis that canopy architecture and fruit microclimate 

influence the quality of grapes (Smart, 1980).  The fact that only 

56% of the level of light in the non-irrigated treatments (5.9 + 

1.3% of full sun) light penetrates to the fruit in the irrigated 

treatments (3.3 + 0.7%) of this study supports this contention. 

It is known that pigment formation in 'Pinot noir1 grapes is light 

enhanced (Kliewer, 1970).  Under low light conditions (11-12% of 

full sun) a 50% reduction in anthocyanin pigments occurred, 

compared to full sun (Kliewer, 1970). 

The metabolism of malic acid is an enzymatic process, and as 

such is positively correlated with temperature (Meriaux, et al, 

1981; Ruffner, 1983).  Under Oregon conditions the reduction in 

acidity is an important consideration for quality improvement. 

The results presented here (Table 4.1) show that there is the tend- 

ency for irrigation, possibly by the formation of the dense cano- 

py, to result in higher levels of malic acid in the juice. 
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The yield of fruit in the irrigated treatments was signif- 

icantly higher than that of the non-irrigated treatments, yet no 

single yield component was significantly affected (Table 4.2).  Be- 

cause cluster number was different between treatments - a matter 

of chance since all vines were pruned to the same level (30 buds 

per vine) - it is difficult to conclude from this data the prin- 

ciple cause of the increased yields.  Regression analysis revealed 

that for any single variable, cluster weight reduces the varia- 

bility in yield the most (R =0.55), followed by berry weight 

o 
(R =0.45). Cluster number explains only 19% of the variation 

associated with yield.  These results indicate that in spite of 

differences in crop level, the principle cause of the increased 

yields is the size of the cluster, which is, of course, due prin- 

cipally to berry size. 

It is difficult to conclude specific treatment effects on 

some components of yield and quality.  The relationship between 

berry size and crop load (cluster number) is presented in Figure 

4.4.  Although the statistical associations are weak in this in- 

stance, in which only 27% of the variation associated with berry 

size is explained by cluster number for each equation, each 

regression is significant at the p=0.04 probability level.  The 

general tendencies in these two lines illustrate an interaction 

between treatments and crop level, in which at low crop levels the 

irrigated treatments bore their smallest fruit, and the non- 

irrigated treatments bore their largest. At high crop levels this 

was reversed.  This phenomenon can be explained in physiological 
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terms as a limitation in the supply of water and carbohydrates to 

the non-irrigated vines at high crop levels, and to competition 

for carbohydrates at the low crop levels for irrigated vines, re- 

ducing the size of these fruits. 

To conclude then, no effect in terms of vine performance 

can be reported here, in response to the culture of perennial 

ryegrass in strip management.  The 1984 season was wetter than the 

long term average for the Willamette Valley, with 366% of normal 

June rainfall, and early, saturating rains which brought the soil 

reservoir to field capacity in the upper 45 cm of soil prior to 

harvest.  Soil water measurements showed that the soil profile was 

near -15 MPa down to 75 cm depth on August 29 (W.D. Wilson thesis, 

Oregon State University, 1985), but the season was not long enough 

or dry enough to measure a response in the parameters considered. 

Long term research results may yet show a response to grass strip 

soil management as the vines respond to their new soil environ- 

ment, and seasons with normal or drier than normal precipitation 

occur. 

Shoot growth and pruning weights were both enhanced by irri- 

gation, with the net result that the irrigated vines were denser 

and more shaded than the non-irrigated vines.  The consequence of 

this shading was a reduction in quality of the irrigated fruit. 

Yields were increased with irrigation, with the likely cause 

being an increase in berry size, rather than crop load. 

Variation in crop load appears to be responsible, in part, 

for differences in the response to treatments.  An interaction 
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between treatments and crop load, which can be explained in physi- 

ological terms, complicates interpretations of the response of the 

vines.  This evidence supports the conclusion that there is enough 

variation in cluster number to affect plant response in terms of 

berry size.  It follows that there may be other, unknown, effects 

on the synthesis and allocation of plant compounds, such as sugars, 

acids and phenolics. 
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Table 4.1.  Quality component means and analysis of variance for the effects of irrigation and 
grass strip soil management on 'Pinot noir' harvest quality. 

.1 .1 

TREATMENT "BRIX 

Irrigation 
w/grass 18.2 

w/o grass 17.5 
No Irrigation 

w/grass 18.1 
w/o grass 

SEM 
18.6 
0.2 

Irrigation 17.9 
No Irrigation 18.6 

SEM 0.5 

Grass 
1 
18.2 

No Grass 18.1 
SEM 0.1 

TITRATABLE ACIDITY        MALIC ACID     TOTAL PHENOLS'  ANTIIOCYANIN' 
(g tartaric/liter) pH   (g malate/100 ml)  (GAE/g-berry)   (ppm/g-berry) 

12.0 
12.3 

11.6 
11.3 
0.8 

12.2 
11.5 
1.2 

11, 
11. 
0.5 

3.19 0.71 
3.22 0.68 

3.21 0.67 
3.23 0.51 

0.05 

3.21 0.70 
3.22 0.59 

0.05 

3.20 0.66 
3.23 0.68 

0.04 

131 283 
122 241 

141 296 
148 

6 
310 
25 

126 263 
145 
13 

303 
18 

148 314 
157 

4 
312 
17 

AN0VA 

Irrigation NS NS NS NS 
Grass NS NS NS NS 
Irr * Grass ** NS NS NS 

NS 
NS 
NS 

NS 
NS 
NS 

Phenolic compounds and anthocyanins were heat extracted at 45'' C for 30 minutes; other 
analyses were done on fresh or frozen juice. 

SEM is the standard error of the overall mean. 

on 

** indicates a significant treatment interaction at the p=.01 level.  NS indicates a non- 
significant treatment effect at p=.05. 



Table 4.2.  Yield component means and analysis of variance for the effects of irrigation and 

grass strip soil management on 'Pinot noir* productivity. 

TREATMENT YIELD CLUSTER WT. BERRY WT. BERRY NO. CLUSTER NO. PRUNING WT. 
(kg) (?) (g/100 berries) (#/■ cluster) (#/vin€ s) (kg/vine) 

Irrigation 
w/grass 8.1 111.1 111.4 96 72 2.5 

w/o grass 8.6 120.2 118.8 88 72 2.8 
No Irrigation 

w/grass 7.0 108.0 107.1 95 66 2.6 
w/o grass 

SEM 
6.6 101.9 110.2 97 64 2.4 
0.6 5.9 9.2 9 4 0.4 

Irrigation 8.4 115.7 115.1 92 72 2.7 
No Irrigation 6.8 105.0 108.6 96 65 2.5 

SEM 0.2 10.0 4.1 9 4 0.2 

Grass 7.6 109.6 109.2 96 69 2.6 
No Grass 

SEM 
7.6 
0.4 

111.1 
4.2 

114.5 
6.5 

93 
6 

68 
3 

2.6 
0.3 

ANOVA 

Irrigation 
Grass 
Irr * Grass 

** 

NS 
NS 

NS 
NS 
NS 

NS 
NS 
NS 

NS 
NS 

NS 

NS 
NS 
NS 

NS 
NS 

NS 

1 
SEM is the standard error of the overall mean. 

** indicates that the mean values are significantly different at the p=.01 level.  NS 
indicates that there is no significant difference between the mean values at the p=.05 
level. 

ON 
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GENERAL CONCLUSION 

A significant amount of water was consumed by the grass of 

the grass strip system of soil management in this study, leaving a 

deficit of 70 mm of water (equivalent depth) difference between 

the overall herbicide system of soil management and the grass 

strip system.  This difference had little effect on the perform- 

ance of the grapevines in the year of study.  This is attributed, 

in part, to the rainfall patterns of 1984, in which excessive pre- 

cipitation in June (366% of the 1951 to 1980 average) and early 

fall rains in October abbreviated the season.  Based on water 

release characteristics of the soil, by October 2 less than 40 mm 

of available water remained in the soil (to 105 cm) of the grass 

strip plot, compared to 100 mm in the overall herbicide plot.  If 

June rainfall were normal in 1984, and the onset of October rains 

delayed, the advantage of the 60 mm of soil water may have become 

apparent. 

Because the timing and the severity of stress dictate the 

response of the grapevines, it is not surprising that the grass 

strip effect on shoot growth was negligible.  By September 1, both 

the irrigated and the non-irrigated treatments had ceased growth, 

indicating that a shift in the developmental pattern of the grape- 

vine had occurred, perhaps due to a photoperiodic response result- 

ing in summer bud dormancy, or a hormonal signal for ripening, 

since this is the period of veraison.  Water is limiting in the 

non-irrigated plots, as there is a growth response to applied 
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water, but the severity of the water deficit due to the grass 

strip was not severe enough to inhibit growth in 1984.  It is this 

author's opinion that the most severe effect of the water deficit 

would occur after the period of shoot growth cessation, during the 

period of ripening (post-veraison).  The effects of this stress 

could be on sugar accumulation, pigment synthesis and berry en- 

largement. 

During a year in which precipitation was closer to, or less 

than normal, the onset of symptoms of the water deficit induced by 

the grass strip could occur earlier, and become severe by the end 

of the season.  Severe reduction in shoot growth and cluster pri- 

mordia initiation could occur with the onset of such deficits ear- 

ly.  Later in the season such deficits could lead to low plant 

water potentials and reduced photosynthesis.  It is in years such 

as these that knowledge of the response of the grapevine of irri- 

gation could be used to enhance productivity, while minimizing any 

negative effects on quality. 
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Appendix A.2. Calibration data for the Campbell Pacific Nuclear 
Corporation 'Hydroprobe' Model CPN 503DR. 

In-row area: 

Probe counts/standard counts = 0.33 + 0.046 (Volume water content) 

R2=0.87 

Inter-row area: 

Probe counts/standard counts = 0.67 + 0.042 (Volume water content) 

R2=0.86 
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Appendix A.3.  Water release characteristics of the Bethel Heights 
Vineyard 'Nekia' Silty Clay Loam 

Volume water content (%) 
Depth soil water po tentials o: 
(cm) -10 kPa -1.5 MPa 

15 36 22 

30 38 24 

45 40 24 

60 45 24 

75 48 26 

90 48 26 

105 55 33 

Available water in the 15 
cm increment of soil (mm 
of water equivalent depth) 

21 

21 

24 

32 

33 

27 

TOTAL 
_30 
188~ 

Values of volume water content were established at the given soil 
water potentials with a pressure plate apparatus, and substanti- 
ated with field observations with the neutron probe as the point 
at which no further drying of the soil occurred. 
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Appendix A.4.  Soil fertility data for Bethel Heights Vineyard 
'Nekia' Silty Clay Loam.  Composite sample taken from the 0 to 30 
cm depth, from several locations in the experimental site prior 
to.the initiation of the study. 

Cation Exchange Capacity 
(meq per IQOg)      . j>H.  K (ppm)   Ca (meq/lOOg)   B (ppm) 

9.6 6.3    445       10.0       1.54 
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Appendix A.5.  Plant tissue analysis of leaf blade plus petiole of 'Pinot noir', 
taken on September 1, 1985, and the analysis of variance for a split plot design 
experiment with  three blocks. 

% of dry weight 

Treatments N ? K Ca & _S t Zn Mn 

IRRIGATION 
with grass 2.04 0.17 1.25 2.66 0.63 0.15 43.3 93.7 226 
w/o grass 2.14 0.18 1.34 2.67 0.66 0.14 41.7 71.0 238 

NO IRRIGATION 
with grass 2.01 0.18 1.64 2.59 0.55 0.14 33.3 84.7 234 
w/o grass. 

SEM 
2.02 
0.06 

0.18 
0.01 

1.45 
0.08 

2.63 
0.07 

0.60 
0.03 

0.14 
.002 

37.7 
2.0 

79.0 
7.6 

234 
3 

Irrigation 2.09 0.18 1.29 2.66 0.65 0.15 42.5 82.3 232 
No Irrigation 

SEM 
2.01 
0.04 

0.18 
.002 

1.55 
0.05 

2.61 
0.02 

0.58 
0.01 

0.14 
.004 

35.5 
3.0 

81.8 
4.9 

234 
10 

Grass 2.02 0.18 1.44 2.62 0.59 0.14 38.3 89.2 230 
No Grass 

SEM 
2.08 
0.04 

0.18 
.001 

1.40 
0.06 

2.65 
0.05 

0.63 
0.02 

0.14 
.001 

40.0 
1.5 

75.0 
5.4 

236 
2 

ANOVA 

Irrigation NS NS NSJ NS * NS NS NS NS 
Grass NS NS NS NS NS NS NS NS NS 
Irr * Grass NS NS NS NS NS NS NS NS NS 

SEM is the standard error of the overall mean. 

The analysis of variance; * indicates a significant treatment effect at p=0.05; NS 
indicates non-significant treatment effects at p=0.05. 

Significant at p=0.08 
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Appendix A.6.  Seasonal trends of the titratabable acidity of the 
juice of 'Pinot noir' grapes.  Mean values (g/L) and the analysis 
of variance based on a split-plot design experiment with three 
blocks. 

Sampling Date 

Treatments 9/26 

IRRIGATION 
with grass 21.1- 
w/o grass 22.4 

NO IRRIGATION 
with grass 19.5 
w/o grass 
SEM1 

19.9 
00.9 

Irrigation 21.7 
No Irrigation 19.7 
SEM 00.8 

Grass 20.3 
No Grass 21.2 
SEM 0.06 

10/2 10/12 10/17 

14.6 12.6 12.4 
14.9 12.6 12.8 

13.8 11.9 11.7 
13.5 12.6 11.7 
00.5 00.5 00.4 

14.8 12.6 12.6 
13.6 12.2 11.7 
00.4 00.3 00.2 

14.2 12.2 12.1 
14.2 12.6 12.3 

10/22 

0.03 

12, .0 
12, .3 

11, .6 
11, .5 
00, .8 

12, .2 
11, .5 
01, .2 

11, .8 
11, .9 

0.01 0.03 0.05 

ANOVA 1 

Irrigation NS NS NS NS NS 
Grass NS NS NS NS NS 
Irr * Grass NS NS NS NS NS 

1 SEM is the standard error of the overall mean;  NS indicates a 
non-significant treatment effect at the p=.05 level. 
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Appendix A.7.  Seasonal trends of the pH of the juice of 'Pinot 
noir1 grapes.  Mean values and the analysis of variance based on a 
split-plot design experiment with three blocks. 

Sampling Dates 

Treatments 9/26 

IRRIGATION 
with grass 2.96 
w/o grass 2.99 

NO IRRIGATION 
with grass 2.99 
w/o grass 3.01 
SEM1 0.01 

Irrigation 2.98 
No Irrigation 3.00 
SEM 0.01 

Grass 2.97 
No Grass 3.00 
SEM 0.04 

10/2 10/12 10/17 

3.03 3.05 3.08 
3.01 3.09 3.11 

3.03 3.09 3.12 
3.07 3.07 3.14 
0.02 0.01 0.02 

3.02 3.07 3.09 
3.05 3.08 3.13 
0.01 0.01 0.01 

3.03 3.07 3.09 
3.04 3.08 3.12 
0.01 0.01 0.01 

10/22 

3.19 
3.22 

3.20 
3.23 
0.01 

3.21 
3.22 
0.01 

3.19 
3.23 
0.01 

AN0VAJ 

Irrigation NS . NS NS NS NS 
Grass NS NS NS NS * 

Irr * Grass ** NS NS NS NS 

1 
SEM is the standard error of the overall mean; * and ** indicate 
significant treatment effects at the p=.05 and p=.01 levels re- 
spectively.  NS indicates a non-significant, treatment effect at 
the p=.05 level. 
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Appendix A.8.  Seasonal trends of the soluble solids ('Brix) of 
the juice of 'Pinot noir' grapes.  Mean values (g sucrose equiva- 
lents/100 g juice) and the analysis of variance based on a split- 
plot design experiment with three blocks. 

Sampling Dates 

Treatments 9/26 10/2 10/12 

IRRIGATION 
with grass 14.0 16.9 17.8 
w/o grass 13.3 14.8 18.3 

NO IRRIGATION 
with grass 14.5 16.9 19.1 
w/o grass 
SEM1 

14.5 17.3 19.0 
0.3 0.3 0.2 

Irrigation 13.7 15.9 18.1 
No Irrigation 14.5 17.1 19.1 
SEM 0.1 0.1 0.2 

Grass 14.3 16.9 18.5 
No Grass 13.9 16.1 18.7 
SEM 0.2 0.3 0.1 

10/17 

18.9 
18.0 

18.8 
19.5 
0.2 

18.5 
19.2 
0.6 

18.9 
18.8 
0.1 

10/22 

18.2 
17.5 

18.1 
18.6 
0.2 

17.9 
18.4 
0.4 

18.2 
18.1 
0.1 

ANOVAJ 

Irrigation NS * * NS NS 
Grass NS NS NS NS NS 
Irr * Grass NS * NS * * 

SEM is the standard error of the overall mean; * indicates a 
significant treatment effect at the p=.05 level. 


