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Two experiments were conducted on wine grapes 'Chardonnay' and 

'Gewurtztraminer' (Vitis vinifera L.) in 1986 and 1987 to 

investigate the performance of grapes in competition with perennial 

ryegrass (Lolium perenne L.) 'Manhattan 11' sod, the competition 

between sod and grapes for nutrients and moisture and the effects 

of nitrogen fertilization and water supply on this competition. 

Three vineyard floor vegetation management methods, bare floor, 

mowed sod and unmowed sod, were used to establish three levels of 

competition between sod and grapes.  Nitrogen fertilization at 0, 

137 and 274 kg/ha and soil moisture varied with and without 

irrigation were used to evaluate certain limiting resources. 

Sods, whether mowed or not, significantly reduced grape growth 

in both 1986 and 1987 and yield in 1987.  Fruit soluble solids were 

increased by unmowed sod treatment in 1987.  The sod did not affect 

grape leaf P, K, Mg, Cu and Zn concentrations but reduced grape 

leaf N and Fe in 1986 and S, Ca, B and Mn concentrations in 1987. 

The sod also decreased total amounts of all nutrients measured in 

grape leaves.  Soil moisture within grape rows was not reduced by 



sod in mid-July, but soil moisture measured in late July and 

September between grape rows was reduced by the sod.  Nitrogen 

fertilization enhanced grape growth in 1987 but did not affect 

grape yield and quality.  Nitrogen fertilization increased grape 

leaf N in 1986 and grape leaf Mg and Mn concentrations in 1987, but 

decreased grape leaf P, K, S, B in both 1986 and 1987, Ca in 1986 

and Cu, Zn concentrations in 1987.  Nitrogen fertilization 

increased total amounts of N, S, Ca, Mg, Mn, Fe and Zn but did not 

affect total amounts of P, K, Cu and B in grape leaves. Vineyard 

floor vegetation management and nitrogen fertilization interacted 

significantly when evaluated by measuring grape leaf nitrogen 

concentration in 1987.  Nitrogen fertilization at the rates used 

can compensate for the reduction of nitrogen in grape leaves caused 

by the sod. Nitrogen fertilization and water supply enhanced each 

other in affecting grape growth.  Irrigation had no significant 

effect on grape leaf N, P, Ca, Mg, Mn and Fe concentrations but 

increased K, S, Cu, B and Zn concentrations and total amounts of 

all nutrients except Fe measured in mowed sod plots receiving no 

nitrogen fertilizer.  Grass growth was not reduced by mowing, 

consequently mowed and unmowed sod treatments were not 

significantly different from each other as measured by grape 

growth, yield and nutrient status.  Grass growth was enhanced by 

nitrogen fertilization. 
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VINEYARD FLOOR VEGETATION MANAGEMENT AND 

MINERAL NUTRIENT COMPETITION IN GRAPES 

INTRODUCTION 

The use of sod strips between rows is a common practice of 

vineyard and orchard floor management.  Sods or living mulches in 

vineyards and orchards can reduce soil erosion, increase soil 

organic matter, decrease soil compaction, improve trafficability, 

control weeds and provide good working conditions for growers. 

These and other benefits cause living mulches to be widely accepted 

by fruit growers. However, sod also has detrimental effects on 

fruit crops.  Interference with fruit crop growth and production is 

the major one and the interference between sod and fruit crops has 

been attributed most often to competition.  Competition has limited 

the realization of the benefits of sod in vineyards and orchards 

and is the main barrier to the use of living mulch systems.  How 

well we manage living mulches greatly depends on how well we 

understand and control the competition between sod and crops. 

Although competition is important in determining the 

benefit:detriment ratio and the development of living mulch 

systems, this competition is still not well understood.  Little is 

known of water relationships in competition between crop and sod 

and there is a lack of a good explanation for the nature of 

nutrient competition. Relatively few researchers have investigated 

nutrients other than nitrogen thereby leaving us with little 

knowledge of plant competition with the other elements (65).  Of 



the previous studies in this area most have been with apple trees 

also leaving much to be learned about the competition between sod 

and other orchard crops or wine grapes. 

Wine grape production in Oregon is in a period of rapid 

expansion.  The 1986 Oregon vineyard survey (62) showed an increase 

of 2032 acres between 1982 and 1986 with a total of about 4800 

acres in 1986.  The cultivar 'Chardonnay' represented about 26.5% 

of the total bearing vineyard acres in 1986. Oregon wine 

production in 1987 is estimated to be double that of 1986*3 

reported 730,000 gallons.  Studying the interaction between wine 

grapes and living mulches broadens our understanding of competition 

between sod and fruit crops as well as providing valuable 

information on vineyard floor management.  Even though there is not 

a good understanding of the relationships involved, many vineyards 

of Oregon are currently using sod floor management systems. 

The objectives of this research were to investigate the 

performance of grapes in competition with sod, the influence of sod 

on grape plant nutrient status, the influence of sod on vineyard 

soil moisture and the effect of nitrogen fertilization and water 

supply on grapes, sod and the interaction between grapes and sod. 



LITERATURE REVIEW 

I.  LIVING MULCHES IN FRUIT CROPS 

1.  Orchard and vineyard floor vegetation management 

A living mulch is a cover crop that is grown simultaneously 

with economic crops.  It is usually a grass or legume.  Sometimes 

it is also called a sod, or sward, or referred to as grassing 

down or grassed down. 

The use of a living mulch as a floor management method is 

widely practiced in many orchards and vineyards. In western 

Europe, most recently planted fruit trees are grown in weed-free, 

herbicide-treated strips of bare soil separated by grassed alleys 

(8).  White (59) stated that most of the English orchards are in 

herbicide strips and grassed alleys.  Skroch and Shribbs (53) noted 

many fruit growers in the eastern United States use either an 

overall natural sward or a strip system of a grassed-in alley 

between bare rows maintained with herbicides. Wolf and Hirschfelt 

indicated that east of the Cascade mountains, most vineyards are 

planted to an annual or perennial grass cover crop (64). 

Ahmedullah believed that encouraging some kind of ground cover, 

whether natural vegetation or not, permanent or temporary, was 

absolutely essential for growing grapes in Washington (2). 

Schwendiman (49) discussed the orchard cover crops in Washington 

and pointed out that today it was not a question of having a cover 

crop or not, it was a question of what should be used as the cover 

crop. 



Living mulches have been used in different fruit crops 

including apples, pears, peaches, cherries, apricots (51) and 

grapes (2). The advantages of this type of floor management has 

caused it to be widely accepted by fruit growers (18, 22, 31, 51) 

and with time has won more and more adherents. 

2. Advantages of living mulches 

A living mulch is able to protect soil from water and wind 

erosion, especially on slopes (1, 38, 49, 51, 53).  Sods can supply 

organic matter which when decayed will improve soil structure and 

tilth and protect the soil from leaching of nutrients.  It also can 

improve water intake, particularly in heavy soils. Soil aeration 

can be increased through decay of sod roots (38, 49, 51, 53).  The 

effect of reducing soil compaction associated with the increased 

use of heavy machinery, was reported (49). 

A living mulch was demonstrated to have a beneficial effect 

by competing with weeds; it can retard and control weeds in crops 

(49, 51).  A sward aids in using late-season nitrogen, thereby 

increasing fruit color (46, 49).  It also can improve fruit storage 

quality (59).  The use of late-season nitrogen by sod also hastens 

the dormancy of fruit trees and reduces danger of winter damage 

both to above ground parts and roots of trees (2, 49). 

A living mulch improves trafficability during the wet season 

and reduces dust in the dry season.  It provides good working 

conditions for growers which means a savings in labor costs by 

increasing the efficiency of cultural operations. (18, 49, 59, 60). 

A sod provides a more favorable micro—climate for trees by 



modifying temperature and humidity and limiting the extremes of 

climatic conditions.  It also acts as insulation against frost 

damage to tree roots (31). 

Swards were reported as having some other advantages. They 

reduce pre-harvest dropping of fruit, reduce amount of leaf scorch 

and sunburn of plant tissues (46), reduce soil contamination of 

crops (2, 19), reduce Phytophthora rots due to decreased mud- 

splashing of the fruit (59) and decrease mite infestations.  Living 

mulches can hold snow and leaves which will improve soil conditions 

(49).  Some sod can provides forage for livestock (1) and legumes 

can provide nitrogen. Green, mowed, living mulch strips between 

the rows of trees give orchards a landscaped appearance (22). 

3.  Selection of sod species 

Sods used in Oregon can be classified as nitrogen consumers 

and nitrogen gatherers.  The nitrogen gatherers include vetches, 

alfalfa and other legumes.  Examples of nitrogen consumers are rye, 

oats and other grasses (37). 

Legumes offer a wide array of plant materials, but most are 

too tall or vigorous. Weed control in legumes is more difficult 

than in grasses and vertebrate pests such as gophers are attracted 

to sites with legumes (60).  Ahmedullah stated that alfalfa is not 

recommended as a cover crop for grapes because it is too 

competitive, but it is recommended that it be grown in a field 

before you plant a vineyard. Anderson believed the only type of 

cover crop that should be recommended for orchards is a grass sod 

(3). 



Turfgrasses often exhibit more desirable characteristics for 

horticultural crop interplantings than cereal and forage grasses. 

Many turfgrasses are candidates.  The ideal living mulch grass 

should be quick to become established; dwarf; tolerant of wear, 

drought and low fertility; minimally competitive in nature; of low 

cost to manage; and enhance crop yield and quality (60, 61). 

Several studies indicate that perennial ryegrass (Lolium 

perenne L.) is one of the most promising candidates for use as a 

living mulch (11, 18, 19, 46, 59, 60, 61).  Cook suggested the 

first choice for a grass to grow between trees in the Willamette 

Valley is perennial ryegrass (21).  He reported that perennial 

ryegrass is extremely fast to germinate and become established. It 

is effective in competing with and controlling weeds.  Perennial 

ryegrass is a bunchgrass and does not encroach into crop rows once 

the border is established with chemicals or cultivation.  Its wear 

tolerance is very good.  It also has good drought and shade 

tolerance. The root system of perennial ryegrass is moderately 

competitive and tends to remain near the surface (19, 60). All of 

those are promising characteristics of a grass for orchard or 

vineyard floor cover. 

4.  Sod management 

Management of a living mulch should utilize the advantages of 

sod maximally to meet the special requirements of growers and to 

minimize its detrimental effect. 

The use of natural vegetation as a cover crop is not a 

desirable practice.  It is hard to get a dense, uniform, stand of 



plants and very easy for noxious weeds to get established (2). 

Planting a grass sod is better than using natural vegetation.  For 

a permanent sward there are many types of placements. Most fruit 

growers use herbicide strips in the crop rows and grassed alleys 

between rows (11, 53, 59). 

Sod should be maintained to minimally compete with fruit crops 

without losing its beneficial effects to growers.  Many studies 

indicated that fruit tree vigor was reduced in direct relation to 

grass vigor (53).  The study of Mathias et al. (36) showed that 

water use of sod, in general, was highly correlated with the amount 

of top growth. To reduce sod competition with crops, cultural 

practices that will suppress sod growth are needed. 

Mowing or flailing at frequent intervals is a standard 

practice for managing cover growth in most orchards (61).  Frequent 

grass cutting reduces root growth of the sod and consequently is 

effective in reducing soil moisture consumption by grass (34, 48, 

59).  Chemical mowing is a recent innovation.  Mathias (36) 

revealed that grass growth was reduced to near zero when 

chlormequat [(2-Chloroethyl)trimethylammonium chloride] was 

applied.  Stinchcombe (56) found some growth regulators 

significantly reduced grass dry matter production.  Grass growth in 

an orchard can be satisfactorily controlled with the use of plant 

growth regulators.  Some practices such as varying soil water and 

nutrient availability also can suppress grass vigor (1). 

5. Disadvantages of living mulches 

Although living mulchs have many beneficial effects on fruit 



crops, they also have some detrimental effects. Some of those 

disadvantages greatly limit their uses. 

Sods compete with crops for water and nutrients (19).  Sods 

check tree growth and may reduce fruit production.  Grass in 

orchards or vineyards harbor diseases, insects, mice and other 

rodents. A sod increases the complexity of the management problems 

(49).  The cost of grass seed for use in orchards is an economic 

factor.  A sod was reported to reduce heat absorption during the 

day and reradiation in night and may result in greater frost injury 

to crops, also it reduced winter hardiness of apple. Certain grass 

species may be allelopathic (53).  In drier regions, grass enhances 

fire hazard (11). 

It is still uncertain whether or not sods should be used in 

orchards and vineyards. Although the reasons vary, common issues 

focus on the competition between living mulches and crops.  If a 

sod is used, which grass species are most suitable and how does one 

manage the sod?  This and other questions arise from or are closely 

related to the issue of competition.  Competition is the key point 

for most of the arguments related to cover crops. It is the main 

factor in determining the benefitidetriment ratio of living 

mulches.  How well we use the living mulch to get the highest 

benefit:detriment ratio greatly depends on how well we understand 

the competition between living mulches and fruit crops. 

II.  LIVING MULCH INTERFERENCE WITH FRUIT CROPS 

Interference of living mulches with fruit crops includes two 

aspects: indirect interference and direct interference.  Indirect 



interference includes such things as modifying the microclimate of 

the orchard or vineyard, changing physical properties of soil; 

direct interference includes allelopathy and competition. 

Competition can be divided into above ground competition and 

underground competition. Above ground competition is mainly for 

light, while underground competition is mainly for nutrients and 

water.  In the orchard or vineyard with sod, underground 

competition between the sod and crops is far more important than 

above ground competition. 

1.  Performance of fruit crops in competition with sod 

Three aspects of plant performance are of major concern to the 

fruit grower in sod management: vegetative growth, cropping and 

root development.  Many studies have addressed these topics with 

different tree fruits and shrubs. 

Uaynes (27) compared grassing down with cultivated management 

in apple orchards and found that grassing down, compared with 

cultivation, decreased shoot extension, trunk girth and total dry 

weight of tops of apple trees.  Atkinson (9) noted that the adverse 

effect of sod was usually greatest for young or newly-planted 

trees, although mature trees are also affected.  In another study 

(7), he revealed that both apple growth and cropping decreased with 

increasing area of grass around the tree.  Baxter and Newman (10) 

tested the effect of herbicides on young apple trees in permanent 

pasture and found that an overall sward not only reduced the tree 

growth but also decreased fruit set and yield compared to a sod 

strip treatment.  Bould and Jarrett (15) got similar results from 
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their experiment.  Pieniazek and Siawik (44) investigated effects 

of orchard soil management on apple trees and also saw a similar 

trend. They added that trees in grass tended less to biennial 

bearing and were less damaged by severe winter cold.  Sod was 

reported to improve fruit color of apples (57).  Studies of other 

fruit tree or woody plants showed similar results. Lord and Vlach 

(33) found that peach trees grown with grass, mown four to five 

times during a growing season, generally had a smaller crop and 

increased less in trunk circumference than those managed with 

herbicides or cultivation. Haynes (26) reviewed some orchard soil 

management studies and concluded that trees in a permanent sward 

are usually smaller than those from clean cultivation and, in 

general, tree growth and vigor, trunk growth increment and yield of 

fruit are reduced. 

Although many studies have demonstrated that living mulches 

check tree growth and reduce cropping, some of the reports showed 

no significant differences for tree growth whether in a living 

mulch or managed by cultivation or with herbicides. For instance, 

Haynes studied the effect of mowed grass sod, total herbicide and 

clean cultivation on apple trees and found that shoot length, 

trunk diameter, fruit size and yield were not significantly 

affected by different soil management methods in any year of a 3 

year study (25). 

Although grass, in general, initially depresses tree growth, 

some workers have found this to be only a temporary phenomenon. 

Bould et al. (14) showed that although a sward significantly 

reduced girth increment of apple trees in the first two seasons but 
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the effect gradually decreased until it ceased to be significant 

after 6 years. A sward reduced growth of trees significantly in 

the early years but eventually enhanced growth.  Over a 10 year 

period, Greenham and White (23) compared effects of 3 different 

soil managements on apple trees and found the trees on grass 

swards initially had lower yields but later these increased until 

they were equal to or greater than yield from cultivated plots. 

Roots of fruit trees were also affected by sod management 

since the tree root systems were poorly equipped to compete with a 

graminaceous cover crop (9).  Grass competition reduced the weight 

of tree roots and the root density in the soil, but increased the 

depth of rooting (4).  Coker (20) reported that under grass, many 

apple roots grew up into the surface soil and ramified there; under 

cultivation few roots grew near the surface. Trees growing in 

grass had a more branched root habit and more fibrous roots at all 

depths than those in cultivated orchards.  In a soil management 

review Atkinson (6) stated that the spread of the root system was 

wider under grass and there was more extensive branching.  In young 

apple trees, root growth was greater under the herbicide strip than 

in the grassed alley. As a result, the majority of roots are 

within the herbicide strip. 

In summary, sod generally suppresses the growth of fruit trees 

and may temporarily reduce fruit yield.  In the long term, sod may 

not have a significant effect on tree growth and cropping compared 

with overall herbicide or cultivation.  Most of the work in this 

area has been with apple trees. 



12 

2. Nutritional interaction between living mulch and fruit 

crops 

One of the major interacting factors between living mulches 

and fruit crops is mineral nutrition. Experiments at Long Ashton, 

Great Britain suggest that sward competition with fruit trees is 

mainly for nutrients (57).  Bould and Jarrett (15) stated that sod 

severely restricted apple tree growth and crop yield largely 

because of competition for nitrogen, which was clearly reflected in 

a reduced nitrogen concentration in tree leaves. Grassing down 

resulted in a relative nitrogen shortage as indicated by pale leaf 

color (46).  Johnson's research (30) showed that an overall grass 

cover decreased leaf and fruit N and tended to increase leaf P and 

K concentrations of fruit trees compared with trees grown in a 

herbicide strip treatment.  Greenham and White (23) compared a 

permanent sward of perennial ryegrass to clean cultivation 

management and found that leaf N concentration of apple trees was 

lower in the sward treatment than in cultivation, while leaf P and 

K concentrations were higher in the sward treatment.  Other studies 

have indicated a similar tendency (14).  Neilsen et al. (43) tested 

the effect of soil management on apple trees and found in 

comparison with partial or complete control of vegetation, overall 

sod increased leaf K and Mg concentrations of apple trees, reduced 

leaf N concentration of the trees and had no effect on leaf Ca 

level. Haynes (26) reviewed some studies and concluded that in 

comparison with cultivation, grassing down usually results in a 

lower leaf concentration of total N and often higher concentrations 

of other elements such as P, K, Ca and Mg. 
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However, some studies reported different results for nutrient 

elements other than N.  Baxter and Newman (10) found that apple 

trees grown with an overall sod had a lower leaf P concentration 

while leaf K, Ca and Mg concentrations were normal. Bould (16) et 

al. showed that in the early years after grassing down there was a 

tendency for trees under sward to have lower leaf P and K 

concentrations than trees in clean cultivation.  In later years 

(after 6 years) this trend was reversed.  Atkinson and White (8) 

studied the effects of orchard soil management on the mineral 

nutrition of apple trees and found the leaf P concentration of 

trees was significantly affected by management and was higher in a 

grass strip treatment than that in total herbicide treatment, but 

leaf K and Mn concentrations were lower in the grass treatment. 

All of the above three studies (Baxter, Bould and Atkinson) also 

confirmed that sods depress leaf N concentration of trees.  Lord 

and Vlach (33) showed that sods reduced the leaf N concentration of 

peach trees but had no effect on leaf K, Ca and Mg levels compared 

with a total herbicide floor management. 

Shribbs and Skroch (52) compared the effects of 12 ground 

cover systems on apple tree nutrition and found that leaf N level 

was negatively correlated with leaf P an K content and positively 

correlated with Ca, Mg, Cu and Zn concentrations. P and K values 

were positively correlated with each other.  Haynes (26) cited a 

few studies and discussed that the negative correlation of N with P 

and K contents of trees from various management practices was usual 

and could be partially explained as a concentration effect: the lower 

N content results in reduced leaf and shoot growth with a 
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consequent increased concentration of other elements in the tree as 

a whole.  However, it has also been postulated that a grass sward 

may play a part in the mobilization and release of P and K. 

Zimdahl (65), in his book: "Weed-Crop Competition", pointed 

out that the three most commonly limiting nutrients are N, P and K, 

with N having been investigated extensively and is possibly the most 

important element in plant competition. Competition may occur for 

any element required for plant growth. Science, however, lacks 

definitive explanations for the 'what and why' of nutrient 

competition.  Relatively few nutrients other than N have been 

investigated, thereby leading to insufficient knowledge of plant 

competition with these other elements. 

It is apparent that living mulch floor management reduces 

leaf N concentration of fruit trees as compared with herbicide or 

cultivated management.  Effects of sod on other nutrient elements 

vary from study to study. More work is needed in this area to 

obtain information leading to a better understanding of the 

competition between a living mulch and a fruit crop.  Since most of 

above work has been done on apple trees, there is still much to 

learned about this aspect of grape nutrition.  Using grapes as a 

material to study the competition between crops and sod will 

increase the information to aid in a general understanding of 

competition between sods and crops. 

3.  Moisture interaction between living mulches and fruit 

crops 

Soil management practices influence the moisture availability 
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of orchards and vineyards in two major ways.  The first is the 

degree with which a cover crop competes with trees for use of 

available soil moisture, the second is the effect on the rate at 

which moisture is absorbed by soil and the capacity of the soil to 

hold that absorbed moisture (26).  Sods either compete with fruit 

trees for moisture or enhance water absorption by soil.  Rogers et 

al. (46) noted that in comparison with cultivated soil, the soil 

under grass dried out more quickly in the summer and tended to be 

more easily replenished with water. 

Atkinson and White (4) noted that soil moisture deficits were 

always higher under grassed than under herbicide treated land. 

Wilson (62) studied the effect of a perennial ryegrass sod on soil 

moisture in vineyards and stated that the grass strip was 

responsible for reducing the amount of available soil water. 

Baxter and Newman's research (10) also supported this result. 

Conversely, Kenworthy (32) investigated the effects of sod 

and clean cultivation on soil moisture in orchards and found that 

available soil moisture under a sod was higher than in clean 

cultivated soil.  Soil under the 25-year-old sod contained more 

available moisture than did the soil under the 2-year-old sod. 

There was more available moisture in the soil that was clean 

cultivated for 2 years than in the soil clean cultivated for 25 

years. These differences in available soil moisture were observed 

at all soil depths.  Vomocil (58) studied the effect of cover crops 

on availability of water to grape vines in the Willamette Valley in 

1985. He tested the water use by grape vines and associated ground 

covers in two vineyards and found that the water use amounts for 
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four treatments, clean cultivated, volunteer weeds, perennial 

ryegrass and sheep (or creeping) fescue sods, were not different. 

The water use in rows and between rows for all treatments also were 

the same. 

From his review of soil moisture studies, Haynes (26) 

concluded that competition between grass sod and a tree crop can 

result in severe restrictions in crop growth. The advantage of the 

herbicide strip over the overall grass system is due to reduced 

competition for soil water. During the summer period, soil water 

deficits are normally higher under grassed than under cultivated or 

herbicide treated orchard soil. Although clean cultivation 

initially eliminates soil moisture depletion by grass growth, 

continued cultivation may result in breakdown of soil structure 

with decreased rainfall penetration, increased runoff and reduced 

moisture holding capacity. Thus, in the long term, grass sods 

might increase storage efficiency through decreased runoff where 

dry summers are experienced. 

4. Influence of nitrogen fertilization and irrigation on 

competition between living mulchs and fruit crops 

Since living mulches compete with fruit crops mainly for 

nutrients and water, fertilization and irrigation must have effects 

on competition by providing extra amounts of these limited 

resources. 

Goode and Hyrycz (24) applied nitrogen to apple trees in the 

presence and absence of grass competition to investigate the effect 

of N fertilization on the growth of the apple trees.  They found 
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that both soil and foliar N applications increased growth of trees 

in the grass but tended to reduce growth of trees with clean 

cultivation.  Haynes (27) reported that N fertilization 

significantly increased the growth and total leaf area of apple 

trees under grassed down conditions, but had no significant effect 

on tree growth in cultivated plots. Mason's research indicated 

that nitrogen applied to 30 year old apple trees in a grass sod had 

no effect on total yield, length of terminals, fruit flavor, size, 

titratable acidity, conductivity or soluble solids content although 

the application did increase leaf N content of apple trees from 

2.12% to 2.34% (35).  Johnson (30) also found that applied N 

increased leaf N concentration of apple trees in a sod floor 

management with the effect of applied N being greatest in complete 

grass cover. The applied N treatment tended to decrease P and K 

concentrations in the leaf. Neil sen (43) reported that leaf Ca, Mg 

and K concentrations were not affected significantly by rate of N 

fertilization, but significantly increased leaf Mn was consistently 

measured at the rate of 180 kg/ha N.  Haynes (27) found that 

irrigation had only a small effect on the apple tree growth from 

the grassed down non-fertilized plots. However, there was a large 

positive interaction between N fertilization and irrigation on tree 

growth and fruit size.  The yield of apple trees was also reported 

to be affected by an interaction of N fertilization with irrigation 

(13). 

Nitrogen fertilization and irrigation also had effects on sod 

growth.  Rogers et al. (47) reported that yields of cut material 

obtained from swards were considerably increased by nitrogenous 
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fertilizers. The greatest increase in yield resulted from the 

earliest N application.  Madison and Hagan (34) found that 

frequent irrigation resulted in greater sod plant density and 

smaller root systems of bluegrass. Dry matter yield of sod under 

frequent irrigation (2 day interval) was twice that under 

intermediate irrigation (10 day interval).  Infrequent (20 day 

interval) irrigation caused a further decrease of both clipping 

weights and total growth of grass. 

After reviewing 94 papers, Skroch and Shribbs (53) stated 

that the question still remains as to whether ground cover 

competition for N can be completely overcome with fertilizers, or 

whether fertilizer will simply cause greater competition by a more 

vigorous ground cover. The answer to that question must be based 

on a large amount of information obtained from experiments. 

Fertilization and irrigation are important parts of competition 

studies.  In these studies, the kinds and amounts of limited 

resources can be controlled and make possible the evaluation of sod 

interference with the crop. 

III.  RESPONSE OF GRAPES TO VINEYARD FLOOR MANAGEMENT, NITROGEN 

FERTILIZATION AND IRRIGATION 

1.  Response of grapes to vineyard floor management 

Grape growth was reported to be affected by vineyard floor 

management.  Wilson et al. (63) found that perennial ryegrass as a 

cover crop in a 'Pinot Noir' vineyard reduced shoot growth of 

grapes, but did not affect maturity or yield components.  Muller et 
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al. (41) revealed that the reduction of vine growth was correlated 

with the dry matter produced by the green cover plants. 

Grape cropping was also reported to be affected by floor 

management.  Muller (42) observed that all sward management 

systems, annual or perennial sown green covers and natural covers, 

reduced grape yield significantly compared with conventional soil 

cultivation.  However, he did not find a marked influence on must 

acidity.  The permanent green cover, sown at the time of grape 

planting, had the most adverse effect on both plant vigor and 

yield. Conversely, Scienza and Valenti's experiment (50) indicated 

that grassing increased yield (by about 6%) compared to clean 

cultivation, but a depressing effect on sugar content was much 

greater than the increase in yield. 

2.  Response of grapes to N fertilization 

Muller et al. (41) pointed out that the main cause for the 

correlation between the growth of vines and green cover plants was 

nutrient competition.  Benson et al. (12) observed in their 

experiment that before nitrogen was applied grapes growing with a 

sod were unproductive, unthrifty and some died. After adding 100 

lb/acre N, the grapes in sod cover were in a better state of vigor 

and production than cultivated grapes.  They indicated that N 

deficiency was the chief limiting factor for grapes with a grass 

cover crop.  Bravdo et al. (17) observed that high levels of N 

(280kg/ha) slightly increased yield and quality of Cabernet 

Sauvignon grapes.  Morris et al. (40) studied the effect of nitrogen 

levels on Concord grape by applying N at 0 and 114 kg/ha in April 
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and June. The nitrogen fertilization, at the levels used, had 

little influence on yield or vine size, but tended to increase 

percent solids and pH, and to reduce titratable acidity.  Retamales 

and Razeto (45) applied nitrogen at rates of 0, 110 and 400 kg/ha 

to 3-year-old Thompson grapes and revealed that nitrogen 

application had no significant influence on grape yield, soluble 

solids and total acidity, but berries were larger and shoot length 

was greater as nitrogen rate increased. Levels of nitrate N in 

petioles were proportional to the amount of N applied. 

Sparks and Larsen (54) conducted a nitrogen fertilization 

experiment at each of two vineyards.  The result in one vineyard 

showed that applications of nitrogen resulted in increased growth, 

greater foliage density, and lower soluble solids, while the 

results in the other vineyard indicated that additional nitrogen 

had no direct effect on soluble solids, yield per vine, or vine 

growth.  Stevenson et al. (55) noted that N fertilizer treatments 

did not affect grape yield, cluster weight, berry soluble solids 

and prunning weight.  Muller's study also showed a similar trend 

(42). 

3.  Response of grapes to irrigation 

Hendrickson and Veihmeyer's study showed that the size of 

grapes of several varieties were not affected by irrigation 

treatment. The safe interval between irrigations for grapes during 

the summer was found to be about the same as for tree fruits (28). 

Wilson (62) studied the effect of sod and irrigation on grapes and 

found that irrigation was responsible for a significant increase in 
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shoot growth rate, resulting in a 29% increase in shoot growth and 

an 8% increase in pruning weight.  A yield increase of 24% from 

irrigation was attributed to an increase in berry size.  Bravdo et 

al. (17) pointed out that irrigating all season reduced wine 

quality, increased yield, pruning weight, and berry weight, and 

delayed harvest. Morris et al. (40) stated that supplemental 

irrigation increased yield and was beneficial in attaining 

acceptable quality levels and maintaining vine size when vines were 

less severely pruned.  Muller (48) also found that irrigation often 

increased yield of grapes but this effect was not constant. 

In summary, sod management, N fertilization and irrigation 

affect grape growth, cropping and quality.  Sod depresses grape 

growth and may either increase grape yield or reduce yield 

depending on the vigor of the grape plants. Nitrogen fertilization 

increases grape leaf N content and may or may not increase grape 

growth and yield.  Different studies obtained different results. 

Irrigation generally increases grape yield and may or may not 

increase grape growth. 
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MATERIALS AND METHODS 

Two experiments were conducted at Oregon State University 

Vegetable Research Farm, Corvallis, Oregon in 1986 and 1987.  The 

soil is a Chehalis silty clay loam with 2% organic matter and a pH 

of 6.  The soil varies in depth from 1.22 to 2.31 meter with the 

field capacity of about 45% (volume). 

Wine grapes (Vitis vinifera L.), 'Chardonnay' for Experiment 

One and 'Gewurtztraminer' for Experiment Two, were planted in 

March, 1984 and April, 1986, respectively. Vines were spaced at 

3.5 m X 1.0 m.  The entire vineyard floor was seeded with perennial 

ryegrass (Lo1ium perenne L.) 'Manhattan 11' in September, 1983. 

The plot size for both experiments was 5 m X 3 m with 5 vines in 

each plot. A guard area, including two grape vines, was 

established between the ends of plots. 

Experiment One. 

There were two factors and three replications for Experiment 

One.  Factor one, vineyard floor vegetation management, had three 

levels, interrow sod strip (unmowed sod), interrow sod strip with 

mowing (mowed sod), and total vineyard floor treated with 

herbicide (bare floor).  Factor two, rate of nitrogen (urea) 

fertilization, had three levels, 0, 137 and 274 kg N/ha. A 

randomized block design was used. The experiment was blocked 

according to vigor of grape vines. The factors and treatments of 

the experiment are shown in Table 1. 

In April, 1986, sethoxydim [ (±)-2-(l-(ethoxyimino)buty l)-5- 
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(2-(ethylthio)propyl)-3-hydroxy-2-cyclohexen-one] at a rate of 0.5 6 

kg ai (active ingredient)/ha was sprayed to remove the perennial 

ryegrass in the bare floor treatment plots and in strips centered 

in the grape rows in plots with sod strips with or without mowing 

treatments.  Sod strips were located on both sides of the bare 

strip. On May 9, 1986, 3 rates of urea (48% nitrogen) at 0, 100 

and 200 gram/vine were banded on the soil surface on both sides and 

30 cm from the grape rows. Overhead sprinkler irrigation was used 

to dissolve the urea and move it into the soil. 

The grapes were pruned to 1-4 shoots with 2 buds for each 

shoot in April before the plants started growing.  From May to 

September, the grapes were irrigated once a month with overhead 

sprinklers.  About 10 cm of water were applied each time.  Hoeing 

or glyphosate [N-(phosphonomethyl)glycine] spot treatment at 1.68 

kg ai/ha controlled the weeds in bare areas. The grass in sod 

strips, with mowing as a treatment, were mowed with a lawn mower 3 

times from May to September. 

Grape growth was assessed by measuring vine length once a 

month.  Grapes were harvested on October 10 and yield was recorded. 

Soluble solids of berries were measured with a hand refractometer. 

Grass yield was measured as fresh weight of clippings at each 

mowing time for sod treatment plots.  The pruning weight of grape 

vines was recorded after defoliation. On August 18, grape leaves 

and petioles opposite the first fruit cluster were sampled to 

analyze for leaf nutrient concentrations. The Micro-Kjeldahl 

method was used for total N analysis and an Inductively Coupled 

Argon Spectrometer was used for the analysis of P, K, Ca, Mg, S, 
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Mn, Cu, Fe, Zn and B. 

In 1987, most of the 1986 procedures were repeated with the 

following changes.  On April 3, the soil residual herbicide 

napropamide [2-(d-naphthoxy)-N,N-diethylpropionamide] at the rate 

of 4.48 kg ai/ha was sprayed on the herbicide treated areas of all 

plots.  On April 24, glyphosate at 1.12 kg ai/ha was sprayed to 

remove established weeds in herbicide treated areas. Triadimefon - 

[l-(4-chlorophenoxy)-3,3-dimethyl-l-(lH-l,2,4-trizol-l-yl)-2- 

butanone] wettable powders at 200 mg/1 was sprayed twice in August. 

Nitrogen fertilizer, at the same rates and by the same method as in 

1986 was applied equally on May 8, June 8 and July 8, each time 

before 13 cm of irrigation.  Grapes were pruned to 4-8 shoots in 

April before the vines started growing. Grass in the mowed sod 

strip plots was mowed 4 times from May to October and clipping 

biomass was measured. Grape biomass in terms of leaf, vine and 

fruit fresh and dry weights was also measured in October.  The pH 

of juice from grape fruit samples was measured with a pH-meter 

after harvest.  Grape leaf samples were taken on August 20 in the 

same way as in 1986 to analyze leaf nutrient content. 

Experiment Two. 

Experiment Two was conducted in 1987 with three factors and 

four replications. Factor one was vineyard floor vegetation 

management with two levels, interrow sod strip with mowing (mowed 

sod) and total vineyard floor treated with herbicide (bare 

floor).  Factor two was rate of nitrogen fertilization with the 

same levels as Experiment One.  Factor three was water supply with 
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two levels, with and without irrigation. A randomized block design 

was used.  The experiment was divided into blocks based on soil 

variation. Table 1 shows the factors and treatments of the 

experiment. 

Napropamide and glyphosate were sprayed at the same rates and 

times as Experiment One in 1987 to create and maintain bare areas 

for the bare floor treatment and for the bare strips with sod 

treatments.  The herbicide strip for the mowed sod plots was 1.0 m 

wide and centered over the grape rows. Nitrogen was applied at the 

same rate, times and by the same method as in the 1987 applications 

in Experiment One.  After each nitrogen application 7.5 cm of water 

was applied to the entire vineyard.  Differential irrigation 

treatments with spot sprinklers began on June 15 and ended on 

September 15. The interval between irrigations was 7 days. An 

average of 4.5 cm water was applied at each time resulting in about 

54 cm water applied over the whole summer season. 

Soil samples were taken with a power soil sampler between 

vines in grape rows on July 14 and two other sets of soil samples 

were taken 60 cm from vines between rows on July 31 and September 

16, respectively. Soil moisture was determined gravimetrically. 

Grass in mowed sod strip treatment plots was mowed 3 times from May 

to September.  Grape leaf samples were taken from the middle 

section of grape shoots to analyze nutrient content.  Vine length 

was not measured and triadimefon was not sprayed for this trial. 

Other procedures for this experiment were same as Experiment One in 

1987. 

Statistical analysis of all measurements were done using the 
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mean value for each plot or value for each plant. Three-way 

variance analyses were used.  Means of vineyard floor managements 

were separated by contrast tests and the effect of nitrogen 

fertilization was analyzed with regression analysis. 
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RESULTS AND DISCUSSION 

I.  EXPERIMENT ONE 

1.  Influences of vineyard floor vegetation management and 

nitrogen fertilization on grape growth, yield and quality 

Sod, whether mowed or unmowed, reduced grape shoot length when 

compared with bare floor management in both 1986 and 1987 and the 

effect did not depend on nitrogen fertilization levels (Table 2). 

The grape shoot length in mowed sod strip plots was not 

significantly different from that in unmowed sod strip plots in 

both years.  Grape pruning weights, leaf dry weights and dry matter 

(including shoot, leaf and fruit dry weights) exhibited the same 

trends.  Similarly, Wilson et al. (63) found a perennial ryegrass 

cover crop in a 'Pinot Noir' vineyard reduced shoot growth of the 

grapes. 

In a comparison of 1986 cumulative grape shoot growth rates 

(Figure 1), the influence of vineyard floor vegetation management 

appeared after late July. After that time, grape growth rate in 

sod plots, whether mowed or not, was significantly lower than that 

in bare floor plots. Data of 1987 is presented in appendix Figure 

1.  Difference earlier in 1987 was due to residual effect. 

In 1986, the first year of production, grape yield was 

unaffected by vineyard floor vegetation management (Table 3). In 

1987, the grape yield was affected by floor vegetation management 

with the yield of bare floor plots significantly higher than that 
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of either sod treatment plots.  There was not a significant 

difference between sod treatments' influence on grape yield. 

An analysis of grape yield components showed that berry size 

was not a factor but vineyard floor vegetation management affected 

grape cluster number (Table 3).  Sod management, whether mowed or 

not, significantly decreased grape cluster number in comparison with 

bare floor management.  Fruit soluble solids were not affected by 

vineyard floor management in 1986 (Table 3), but were increased by 

unmowed sod management in 1987. The fruit soluble solids of 

unmowed sod plots were significantly higher than that of mowed sod 

and bare floor plots in 1987. Fruit pH was not affected by 

vineyard floor management. 

It was found that the grape yield, vine dry weight and dry 

matter were negatively correlated with grass clipping dry weight in 

plots receiving no nitrogen fertilizer (Table 4). The presence of 

grass more likely influenced grape shoot weight and dry matter than 

grape yield.  Interference of sod with grape vine growth and yield 

is evident in Table 4.  The result that grape vine weight was 

inversely proportional to the grass dry weight of this study 

supports Muller's finding on several grape varieties and sod 

species that the reduction of grape vine growth was correlated with 

the dry matter produced by the green cover plants (41). 

Grape shoot lengths and pruning weights were unaffected by 

nitrogen fertilization in 1986 (Table 2).  In 1987, grape shoot 

lengths, vine dry weights, leaf dry weights and dry matter had 

linear increases as nitrogen fertilization rates increased from 0 

kg/ha to 274 kg/ha.  Data from 1986 and 1987 (Table 3) showed that 
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grape yield, cluster number, berry size, fruit soluble solids and 

pH were not affected by nitrogen fertilization. 

These results agree with Retamales and Razeto's findings (45) 

on 3 year-old Thompson grapes, with the nitrogen fertilization rates 

of 0, 110 and 400 kg/ha, that nitrogen application increased grape 

shoot length but had no significant influence on grape yield and 

soluble solids.  However, they reported that berries were larger as 

nitrogen rate increased. 

2. Influence of sod and nitrogen fertilization on the nutrient 

status of grape leaves 

(1).  nitrogen 

Managing the vineyard floor with a sod strip, either with or 

without mowing, significantly reduced grape leaf N concentration in 

contrast to bare floor management in 1986 (Table 5).  Grape leaf N 

concentration increased linearly as nitrogen fertilization rates 

increased from 0 kg/ha to 274 kg/ha. These results are similar to 

that of previous work on other fruit crops growing with a sod cover 

(8, 10, 16, 23, 26, 30, 33, 35). In 1987, grape leaf total N 

content was also significantly reduced by either sod management and 

increased linearly by nitrogen fertilization at the rates used 

(Table 6). 

Vineyard floor vegetation management and nitrogen 

fertilization were found to interact significantly when evaluated 

by measuring grape leaf N concentration in 1987 (Figure 2).  When 

no nitrogen was added, the contrast test of no sod vs. sod 

indicated that the grape leaf N concentrations in plots with sod 
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were significantly lower than that of bare floor plots.  As 

nitrogen fertilization rate increased, the difference in grape leaf 

N concentration was smaller and at a rate of 274 kg/ha, no 

significant differences in leaf N concentration existed between sod 

or bare floor plots.  The increase in leaf N concentration by 

nitrogen fertilization compensated for the decrease in leaf N 

concentration caused by sod.  It is apparent that N is one of the 

significant competition factors between sod and grapes. 

With no added nitrogen, the relationship between grass growth 

and grape leaf N level was analyzed (Table 4).  It was found that 

both grape leaf N concentration and total content were negatively 

correlated to grass clipping dry weight. 

(2).  other macronutrients 

Sod reduced the leaf S and Ca concentrations of grapes in 1987 

(Table 5).  Grape leaf P, K and Mg concentrations were not 

influenced by vineyard floor vegetation management in either 1986 

or 1987. Nitrogen fertilization at the rates used significantly 

decreased grape leaf P, K and S concentrations in both 1986 and 

1987 and Ca concentration in 1986, but increased Mg concentration 

significantly only in 1987 (Table 5). 

Total P, K, S, Ca and Mg contents in grape leaves were 

significantly reduced by sod, either with or without mowing when 

compared with bare floor management (Table 6).  Total contents of 

S, Ca and Mg in grape leaves were significantly increased by 

nitrogen fertilization, but total P and K contents in grape leaves 

were unaffected by nitrogen fertilization. 
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(3). micronutrients 

Concentration of Fe in grape leaves from mowed sod and unmowed 

sod plots were significantly lower than that from bare floor plots 

in 1986 (Table 7).  This effect of vineyard floor management on Fe 

concentration was not observed in 1987 but Mn and B responses were 

noted. Grape leaf Mn and B concentrations were reduced by the 

presence of a sod strip between crop rows when compared to bare 

floor management.  In 1986, although the grape leaf Mn and B 

concentrations were also affected by vineyard floor vegetation 

management in a way similar to 1987, the effects were not 

statistically significant.  Grape leaf Cu and Zn concentrations 

were not influenced significantly by vineyard floor vegetation 

management in either 1986 or 1987.  Nitrogen fertilization 

significantly decreased grape leaf B concentration in both 1986 and 

1987 and Cu and Zn concentration in 1987, but increased Mn 

concentration in 1987 (Table 7).  Nitrogen fertilization did not 

affect grape leaf Fe concentration. 

Total Mn, Fe, Cu, B and Zn contents in grape leaves were 

significantly decreased by either sod management when compared with 

bare floor management (Table 6). Total Mn, Fe and Zn contents in 

grape leaves were significantly increased by nitrogen 

fertilization, but total Cu and B contents in grape leaves were 

unaffected by nitrogen fertilization. 

In evaluating the effects of sod on the concentrations of 

nutrients other than N, results have varied from study to study. 

For instance. White (23) found sod increased the leaf P 
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concentration of apple trees, while in contrast, Baxter and Newman 

(10) found that apple trees growing with sod covers had a lower 

leaf F concentration than those under clean cultivation.  While 

Bould et al. (16) reported apple trees with swards had lower leaf P 

concentration in the early years, later (after 6 years) the trend 

was reversed.  These inconsistencies and variable responses in 

different experiments with apple trees indicate that other factors 

may affect the effect of sod on these nutrients or interact with 

sod in affecting these nutrients.  Future studies should be 

directed toward finding how sods influence the nutrient status of 

the crop, directly or indirectly.  These studies should be made 

with well controlled environmental conditions. 

Additionally it should be noted that most of the studies used 

concentrations to measure the effect of sod on crop nutrient status 

and that concentrations are largely dependent on biomass. The 

present study indicated that effects of sod on total contents of 

nutrients in grape leaves were often different from the effects on 

concentrations of those nutrients in the same leaves. Therefore 

when we evaluate the effect of sod on nutrient status in terms of 

concentration, we also need to consider the influence of biomass. 

Nitrogen fertilization did not affect total content of F, K, 

Cu, and B and resulted in an increase in total content of S and Zn 

in grape leaves (Table 6), but at the same time the concentrations 

of all of these elements in grape leaves decreased (Table 5 and 

7). These results may be explained as a growth dilution effect 

with higher nitrogen fertilization rates resulting in increased 

leaf and shoot growth and consequent decrease in other nutrient 
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concentrations even though the total amounts of these elements in 

grape leaves were unaffected or increased by nitrogen 

fertilization. The correlation between nutrient elements in 1987 

is shown in appendix Table A.1. 

More of the measured grape nutrient contents were influenced 

by vineyard floor management and nitrogen application treatments in 

1987 than in 1986. This may be explained by the larger root 

systems of grapes with more grape roots extending under the sod 

area in 1987 than in 1986.  Also, the effects of treatments on 

grapes were accumulative with the greater differences in the second 

year of the experiment. 

3.  Effects of mowing and nitrogen fertilization on grass growth 

Mowing four times during the growing season did not affect 

grass dry weight in comparison with no mowing (Table 8).  The 

increased grass fresh weight in the mowed treatments was a result 

of the higher moisture content of the grass mowed early in the 

season.  This is consistent with the finding that mowed sod and 

unmowed sod treatments were not significantly different from each 

other as measured by grape growth rate, shoot length, pruning 

weights, dry matter (Table 2), yield (Table 3) and nutrient status 

(Table 5, 6 and 7).  Although mowing reportedly decreased water 

consumption of sod (34, 48, 59) and is commonly used in managing 

sod in orchards and vineyards, it seemed not to reduce the 

nutritional competition between sod and grapes and the sod 

influence on grape growth and yield in the present study. Grass 
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fresh and dry weights increased significantly as nitrogen 

fertilization rates increased from 0 kg/ha to 274 kg/ha (Table 8). 

Nitrogen fertilization at the rates used compensated for the 

reduction by sod in grape leaf N level, either concentration or 

total content (Table 5, 6 and Figure 2), but could not compensate 

for the reduction in grape growth (Table 2) and yield (Table 3). 

Increased grass growth from nitrogen fertilization (Table 8) could 

severely affect grapes in other ways such as increasing competition 

for moisture and other nutrients.  Increased nitrogen fertilization 

alone is not a satisfactory approach to resolving all aspects of 

the competition problem. 

A management goal with living mulches is to get the highest 

benefitrdetriment ratio.  In many cases, beneficial effects of sod 

are well defined and limited.  The only thing which can be done 

to increase the ratio is to reduce the detrimental effects of sod. 

Competition is the major one.  The competition between permanent 

sod and fruit crops can be reduced by either supplying extra 

resources of limiting factors or suppressing the use of these 

resources by sod. Adding one limiting resource could compensate 

for the reduction caused by sod for that resource but it may cause 

many other problems. Suppressing sod may be a more effective means 

of meeting this goal. The results of the present study indicate 

that mowing the sod mechanically did not decrease grass growth and 

reduce the competition between sod and grapes.  Other methods such 

as chemical mowing with growth regulators or herbicides have been 

found to be effective and may offer a better solution to reducing 

grass growth (36, 56, 61).  Developing effective sod suppression 
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chemicals is an approach which should be pursued as a means of 

increasing the benefit:detriment ratio of living mulches in fruit 

crops. 

II.  EXPERIMENT TWO 

The influence of sod on vineyard soil moisture and effects of 

irrigation on grape growth and nutrient status were investigated in 

this trial. 

Vineyard floor vegetation management did not significantly 

influence mid-July soil moistures at all depths measured within the 

grape rows (Table 9). This result is in agreement with Vomocil 

(58) who found that water use in grape rows was the same for clean 

cultivated and sod strip plots. 

However, soil moisture was reduced under the sod between the 

grape rows when measured in late July.  The soil moisture in 

samples from bare floor plots was significantly higher than these 

from mowed sod plots for all soil depths measured.  Soil samples 

taken in late September between grape rows also showed the same 

trend.  This is in accord with several studies (4, 10, 62) which 

showed soil moisture deficiency was greater under grassed than 

under herbicide treated land. Precipitation data for Corvallis is 

shown in Appendix Figure A.2. 

When grape growth (pruning weight) was evaluated in the 

treatments, irrigation and nitrogen fertilization interacted 

significantly (Figure 3).  The effect of irrigation on grape 

pruning weights depended on whether nitrogen was applied or not. 

When no nitrogen was added, the effect of irrigation on grape 
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pruning weight was significant but small with an increase of grape 

pruning weight of 0.10 kg/plant compared with no irrigation.  When 

nitrogen was applied (137kg/ha), the effect of irrigation was 

greater with an increase of pruning weight of 0.61 kg/plant. 

Similarly, Uaynes (27) reported that irrigation had only a small 

effect on apple tree growth from grassed-down plots. However, 

there was a large positive interaction between nitrogen 

fertilization and irrigation on tree growth. 

Irrigation did not affect leaf N, P, Ca, Mg, Mn and Fe 

concentrations, but increased leaf K, S, Cu, B and Zn 

concentrations of grapes from mowed sod plots with no nitrogen 

applied (Table 10).  Under the same conditions, irrigation 

significantly increased the total content of all of the above 

nutrients except Fe in grape leaves. 

It should be pointed out that the duration of the present 

experiment was for two years and the results showed only the short 

term effect of sod on grapes.  Some studies (14, 23) on apple trees 

have revealed that the long term effects of sod on trees were 

different from the short term effects.  Sod reduced tree growth and 

yield in the short term, but had no affect or increased growth and 

yield in the long term.  Over a period of time nutrients taken up 

by sod will be released to the soil from the dead or cut grass.  In 

this equilibrium state the net input and output of nutrients for 

sod management plots would be no different from that of bare floor 

plots.  Also in the long term some beneficial effects of sod such 

as increased soil organic matter, reduced nutrients leaching and 

improved water intake may enhance the growth and production of 
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crops.  In the short term these beneficial effects of sod may not 

be detected.  Short term effects of sod may be important in the 

establishment portion of the crop production cycle but to fully 

understand the interaction, investigating longer term effects is 

essential. 
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Table 1.  Experimental factors and treatment designations. 

Vineyard floor Nitrogen fertilization rate (kg/ha) 
vegetation    Irrigation     
management 0 137 274 

Experiment One 

Bare floor 
Mowed sod 
Unmowed sod 

B-0 
M-0 
U-0 

B-137 B-274 
M-137 M-274 
U-137 U-274 

Experiment Two 

Bare floor 
Mowed sod. 
Mowed sod, 

B-0 
not irrigated M-0 
irrigated     MI-0 

B-137 B-274 
M-137 M-274 

MI-137 MI-274 
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Table 2.  Effects of vineyard floor vegetation management and 
nitrogen fertilization on grape growth (Experiment One).x 

Shoot length    Pruning wt  Leaf dry wt Dry matter 
Treatment     (m/plant)      (kg/plant)   (kg/plant)  (kg/plant) 

1986  1987    1986   1987    1987       1987 

Vegetation management^ 

Bare floor 5.04 A 19.25 A 
Mowed sod 3.46 B 11.98 B 
Unmowed sod 3.58 B 11.72 B 

Nitrogen fertilization (kg/h) 

0.28 A 1.54 A 0.44 A 1.38 A 
0.13 B 0.70 B 0.26 B 0.70 B 
0.14 B 0.69 B 0.25 B 0.67 B 

0 3.62 10.88 0.14 0.64 0.20 0.62 
137 4.05 14.71 0.20 0.97 0.30 0.88 
274 4.41 17.35 0.22 1.32 0.45 1.25 

P-value of regression for fertilization 

Linear 0.45 0.02 0.18 0.01 0.00 0.01 
Quadratic 0.96 0.79 0.70 0.96 0.64 0.79 

Linear regression coefficient for fertilization2 

b0 -  11.08       -    0.635   0.192     0.603 
b1 -   0.024      -    0.003   0.0009    0.002 

P-value of interaction 

0.82  0.76      0.98   0.57    0.23      0.31 

x ANOVA for these data is in Table A. 2. 
y Mean separation by contrast tests (no sod vs. sod and 
mowing vs. no mowing) at P=0.01. 

2 For linear regressions with P*O.05 and quadratic 
regressions with P>0.05. 
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Table 3. Effects of vineyard floor vegetation management and 
nitrogen fertilization on grape yield, yield components and quality 
(Experiment One).^ 

Cluster Fruit size  Soluble 
Yield     /plant  (g/100      solids        pH 

Treatment    (g/plant)   (No.)   berries)   ("Brix) 

P-value of ANOVA 

Fertilization 0.15 0.38 

Interaction  0.69 0.10 

1986  1987   1987 1987    1986    1987    1987 

Vegetation management2 

Bare floor  109 a 580 a 11.5 A 134 a 16.71 a 22.98 b 3.16 a 
Mowed sod   157 a 332 b  6.6 B 141 a 16.44 a 22.92 b 3.13 a 
Unmowed sod 141 a 266 b  6.5 B 135 a 16.55 a 23.66 a 3.11 a 

Nitrogen fertilization rate (kg/ha) 

0 93 263 7.5 138 16.25 23.05 3.10 
137 129 345 8.1 142 16.72 23.18 3.12 
274 185 470 9.0 139 16.72 23.33 3.16 

0.54 0.77 0.15 0.56 0.13 

0.39 0.07 0.69 0.37 0.39 

? ANOVA for these data is in Table A.3. 
z Mean separation by contrast tests (no sod vs. sod, mowing vs. no 
mowing and bare floor vs. mowed sod) at F=0.05 (lowercase letters) 
and P=0.01 (uppercase letters). 
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Table 4. Correlation of grape yield, vine dry weight, dry 
matter and leaf N levels with grass clipping dry weight 
in plots receiving no nitrogen fertilizer (Experiment One). 

P-value 

0.039 

0.002 

0.002 

0.002 

0.001 

variable r2 

Grape yield 0.48 

Vine dry weight 0.78 

Dry matter 0.76 

Leaf N concentration 0.78 

Total leaf N content 0.83 



Table 5. Effects of vineyard floor vegetation management and nitrogen fertilization on 
macronutrient concentrations in grape leaves (dry wt basis. Experiment One).x 

Treatment 
N        P 

1986   1986  1987 

K S Ca Mg 

1986 1987 1986  1987 1986 1987 1986 1987 

v      ______ 

Vineyard floor 

Bare floor 
Mowed sod 
Unmowed sod 

vegetation management^ 

2.47 A  0.46 a 0.35 a 
2.14 B  0.56 a 0.48 a 
2.06 B  0.50 a 0.41 a 

0, 
0, 
0, 

.94 a 0.99 a 

.94 a 0.99 a 

.96 a 0.87 a 

A      ______ 

0.18 a 0.19 A 
0.18 a 0.16 B 
0.17 a 0.16 B 

2.80 a 
2.80 a 
2.62 a 

3.68 A 
3.28 B 
3.25 B 

0.58 a 0.68 a 
0.54 a 0.65 a 
0.52 a 0.69 a 

Nitrogen fertilization rate (kg/ha) 

0           2.07 0.73 0.75   1.03  1.17 0.20 0.19 2.84 3.55 0.54 0.64 
137         2.26 0.40 0.28   0.88  0.82 0.16 0.15 2.57 3.30 0.55 0.67 
274         2.34 0.39 0.22   0.95  0.83 0.17 0.16 2.71 3.37 0.55 0.72 

P-value of regression for nitrogen fertilization 
Linear       0.04 0.00 0.00   0.14  0.00 0.04 0.01 0.16 0.25 0.59 0.01 
Quadratic    0.66 0.00 0.00   0.03  0.00 0.04 0.02 0.01 0.26 0.82 0.55 

Linear regression coe fficient for fertilization2 

b0          2.09 - _ - - - - - 0.63 
bl                          0.001 - —      —     — - — — - - 0.0003 

P-value of 
interaction  0.25 0.20 0.24   0.53  0.16 0.30 0.83 0.50 0.68 0.30 0.36 

* ANOVA for these data is in Table A.4. 
y Mean separation by contrast tests (no sod vs. sod and mowing vs. no mowing) at P=0.05 (lowercase 

letters) and P=0.01 (uppercase letters). 
z For linear regressions with P<0.05 and quadratic regressions with P>0.05. 



Table 6.  Effects of vineyard floor vegetation management and nitrogen fertilization on total 
nutrient content of grape leaves per plant (Experiment One, 1987).x 

Treatment 
N 

Macronutnent 

K      S Ca Mg Mn 

Micronutnent 

Fe    Cu     B Zn 

  g/plant 
Vineyard floor vegetation managementy 

Bare floor 
Mowed sod 
Unmowed sod 

10.0 A 
5.7 B 
5.3 B 

1.45 A 
0.87 B 
0.75 B 

4.46 A 
2.23 B 
1.99 B 

0.89 A 
0.39 B 
0.37 B 

16.6 A 
8.4 B 
7.9 B 

3.07 A 
1.70 B 
1.73 B 

151 A 
78 B 
66 B 

139 A 
72 B 
73 B 

mg/plant 

5.5 A 12.8 A 10.2 A 
3.1 B 5.9 B 5.7 B 
2.5 B  5.6 B  5.3 B 

Nitrogen fertilization rate (kg/ha) 

0 
137 
274 

3.7   1.31   2.33   0.41    7.4   1.30    54    60   3.47   6.7    6.1 
6.7   0.78   2.58   0.48   10.1   1.96    91    83   3.26   6.8    5.5 

10.7   0.99   3.77   0.76   15.5   3.24   150   141   4.38  10.8    9.6 

P-value of regression for nitrogen fertilization 
Linear     0.00   0.20   0.07   0.05   0.01 
Quadratic  0.75   0.09   0.48   0.49   0.60 

Linear regression coefficient for fertilization2 

0.37 6.91 
0.0013    0.029 

b0        3.53 - - 
bi        0.025 — — 

P-value of 
interaction 0.34 0.06 0.60 

0.00 
0.48 

0.01 
0.69 

0.00 
0.43 

0.34 
0.43 

0.08 
0.32 

0.37 0.42 

1.20      50.36    53.66 
0.007       0.349    0.299 

0.54   0.67  0.25  0.22  0.37 

0.05 
0.12 

5.32 
0.013 

0.25 

ANOVA for these data is in Table A.5. 
y Mean separation by contrast tests (no sod vs. sod and mowing vs. no mowing) at P=0.01, 
z For linear regressions with P<0.05 and quadratic regressions with P>0.05. ■^ w 
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Table 7. Effects of vineyard floor vegetation management and 
nitrogen fertilization on micronutrient concentrations of grape 
leaves (dry wt basis, Experiment One).x 

Mn        Fe       Cu        B       Zn 
Treatment              

1986 1987  1986 1987 1986 1987  1986 1987  1986 1987 

  ppm   

Vegetation management^ 

Bare floor 73 a 317 a 221 A 311 a 18 a 13 a 32 a 29 a 23 a 23 a 
Mowed sod 73 a 286 ab 185 B 280 a 15 a 14 a 28 a 25 b 23 a 25 a 
Unmowed sod 66 a 252 b 189 B 309 a 13 a 12 a 29 a 25 b 22 a 23 a 

Nitrogen fertilization (kg/ha) 

0 73 252 188 313 16 17 34 33 23 30 
137 66 282 198 284 14 11 27 22 21 19 
274 73 321 209 303 17 10 29 23 23 21 

P-value of regression for fertilization 

Linear    0.85 0.03 0.10 0.75   0.87 0.00 0.02 0.00 0.82 0.00 
Quadratic 0.08 0.87 0.96 0.32   0.26 0.05 0.08 0.00 0.21 0.00 

Linear regression coefficient for fertilization2 

b0        - 250.76  - - 32.33  - 
bj        -   0.25  -    -      - -0.02  - 

P-value of interaction 

0.80 0.99 0.99 0.16   0.77 0.45 0.92 0.37 0.42 0.16 

x ANOVA for these data is in Table A.6. 
? Mean separation by contrast tests (no sod vs. sod, mowing vs. no 
mowing and bare floor vs. mowed sod) at P=0.05 (lowercase letters) 
or P=0.01 (uppercase letters). 

z For linear regressions with P<0.05 and quadratic regressions with 
P>0.05. 



Table 8. Effect of mowing and nitrogen fertilization on 
sod growth (Experiment One, 1987).x 

45 

Grass clipping weight 
Treatment 

Fresh Dry 

.».—._-..-_ kg/plot    - .»__—_ — 

4.48 A 1.89  a 
2.57 B 1.96  a 

Vegetation management^ 

Mowed sod 
Unmowed sod 

Nitrogen fertilization (kg/ha) 

0 
137 
274 

1.62 
3.90 
5.05 

0.95 
2.26 
2.56 

P-value of regression for fertilization 

Linear 
Quadratic 

0.00 
0.48 

0.00 
0.04 

Linear regression coefficient for fertilization2 

b0 1.81 
b, 0.012 

P-value of 
interaction 0.06 0.53 

x ANOVA for these data is in Table A.7. 
y Mean separation by contrast tests at P=0.05 

(lowercase letters) or P=0.01 (uppercase letters) 
z  For linear regressions with P<0.05 and quadratic 

regressions with P>0.05. 



46 

Table 9.  Influence of sod on vineyard soil moisture 
content (Experiment Two, 1987). 

Vineyard floor Soil depth (m) 
vegetation       ~  
management      0.31        0.61 0.91 

Within grape rows (Mid-July) 

Bare floor       20.50 a 23.51 a 25.88 a 

Mowed sod        19.51 a 21.84 a 25.72 a 

Between grape rows (Late July) 

Bare floor       25.97 A 28.44 A 29.72 A 

Mowed sod        17.33 B 21.34 B 26.18 B 

ANOVA for these data is in Table A.8. 
Mean separation in column by contrast tests at P=0.05 
(lowercase letters) or P=0.01 (uppercase letters). 



Table 10.  Effect of irrigation on leaf nutrient status of grapes in mowed sod plots when no nitrogen 
was applied (Experiment Two, 1987). 

Macronutrient Micronutrient 
Irrigation            

N       P     K       S     Ca     Mg    Mn    Fe     Cu      B     Zn 

Concentration 
  %        ppm   

Not irrigated 1.63 a 0.44 a 0.94 B 0.21 B 2.57 a 0.58 a 141 a 241 a 6.25 B 35.25 B  11.5 B 

Irrigated    1.61 a 0.48 a  1.09 A 0.23 A 2.57 a 0.60 a 137 a 213 a 7.50 A 41.00 A 22.0 A 

Total content (in leaves of one plant) 
  g/plant     mg/plant   

Not irrigated 0.83 B 0.22 B 0.47 B 0.11 B  1.30 B 0.29 B  7.2 B  12.5 A 0.32 B  1.77 B  0.58 B 

Irrigated    1.38 A 0.41 A 0.94 A 0.20 A 2.20 A 0.52 A 11.9 A 18.2 A 0.64 A 3.53 A  1.92 A 

ANOVA for these data is in Table A. 9. 
Mean separation by contrast tests at P=0.05 (lowercase letters) or P=0.01 (uppercase letters). 
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Figure 1.  Influence of vineyard floor vegetation management on 
grape shoot cumulative growth rate in 1986 ( + , Bare floor; 
A , Mowed sod;  v . Unmowed sod.  Mean separation of management 
by contrast tests: sod vs. no sod and mowing vs. no mowing at 
P=0.01 for each time.  Different letters indicate that 
difference is significant). 
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Figure 2.  Interaction between vineyard floor vegetation 
management and N fertilization on grape leaf N concentrations 
in 1987 ( + , Bare floor; A , Mowed sod; v , Unmowed sod. 
Mean separation of management by contrast tests at P=0.05 for 
each N fertilization rate.  Different letters indicate that 
difference is significant). 
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Figure 3.  Interaction between irrigation and N fertilization 
on pruning weights of grapes from mowed sod plots of 
Experiment two in 1987 ( + , Not irrigated; A , Irrigated. 
Mean separation of irrigation by contrast tests at P=0.01 
for each N fertilization rate. Different letters indicate 
that difference is significant). 
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APPENDIX 



Table A.1.  Correlation between grape leaf nutrient concentrations in 1987 (values 
at upper right are p-values and values at bottom left are correlation coefficients. 
Experiment One, 1987). 

N      P     K S Ca Mg Mn Fe    Cu B     Zn 

0.00  0.00 0.10 0.51 0.05 0.02 0.65 0.00 0.00 0.00 

0.00 0.02 0.66 0.07 0.04 0.53 0.00 0.00 0.00 

0.72 0.00 0.00 0.02 0.98 0.26 0.00 0.00 0.00 

0.44  0.74 0.00 0.61 0.09 0.10 0.01 0.00 0.03 

0.09  0.55 0.80 0.85 0.00 0.21 0.09 0.00 0.03 

-0.35 -0.45 -0.10 0.04 0.46 0.73 0.19 0.47 0.49 

-0.40  0.00 0.33 0.55 0.15 0.87 0.18 0.43 0.34 

0.13  0.22 0.32 0.25 0.07 0.03 0.88 0.19 1.00 

0.78  0.71 0.47 0.34 -0.26 -0.26 -0.03 0.00 0.00 

0.61  0.82 0.73 0.55 -0.15 -0.16 0.26 0.61         0.00 

0.64  0.69 0.41 0.43 -0.14 -0.19 0.00 0.78 0.69 

N 

P -0.82 

K -0.62 

S -0.33 

Ca -0.13 

Mg 0.39 

Mn 0.43 

Fe -0.09 

Cu -0.67 

B -0.68 

Zn -0.69 
ON 
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Table A.2.  Analysis of variance for grape growth parameters measured 
following treatments of vineyard floor vegetation management and 
nitrogen fertilization (Experiment One). 

Mean squares 

Source df Shoot length 

1986    1987 

Leaf dry Dry 
Pruning wt  weight matter 

1986 1987  1987 1987 

Block 

Vegetation 
management 

Nitrogen 
fertilization 

M X F 

Error 

2 

4 

16 

4251** 10599** 81** 767** 51*   716** 

697** 16406** 56** 2140** 111** 1456** 

141 9543** 16 1056** 140**  888** 

37 243 0.19 58 14     77 

98 759 6.3 78     9     59 

*, ** indicate that F-tests are significant at P=0.05 and P=0.01, 
respectively. 
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Table A.3.  ANOVA for grape yield and quality parameters measured 
following treatments of vineyard floor vegetation management and 
nitrogen fertilization (Experiment One). 

Source df 

Mean squares 

Cluster Fruit 
Yield       number size 

Soluble 
Solids pH 

1986     1987   1987  1987 1986  1987 1987 

Block 2 45965** 472716** 158** 432* 0.125  1.43* 0.003 

Vegetation 
management 3512 246228**  74** 155  0.116 1.51*  0.005 

Nitrogen 
fertilization 2 12973 41272 5 23 0.436 0.18 0.008 

M X F       4 3128 93865 9 233 0.099 0.34 0.004 

Error       16 5352 39613 8 86 0.176 0.29 0.004 

*, ** indicate that F-tests are significant at P=0.05 and P=0.01, 
respectively. 



Table A.4.  ANOVA for grape leaf macronutrient concentrations measured following treatments of 
vineyard floor vegetation management and nitrogen fertilization (Experiment One). 

Mean squares 

N P K S Ca Mg 
Source    df                        

1986 1987   1986 1987    1986 1987    1986  1987   1986  1987  1986 1987 

Block      2 0.3** 0.02*  0.01   0.03  0.022 0.02   0.001  0.0007  0.04 0.29* 0.003 0.002 

Vegetation 
management 2 0.4** 0.12** 0.02  0.04   0.001 0.03   0.000 0.004** 0.07 0.53** 0.007 0.003* 

Nitrogen fer- 
tilization 2 0.2** 1.06** 0.33** 0.76** 0.047* 0.36*  0.005* 0.004** 0.16* 0.15  0.001 0.016 

M X N      4 0.03 0.03*  0.01  0.03   0.011  0.03   0.001  0.0001  0.03 0.03  0.005 0.005 

Error     16 0.02 0.007  0.004 0.021  0.009 0.013  0.0005 0.0003  0.028 0.05  0.003 0.004 

*, ** indicate that F-tests are significant at P=0.05 and P=0.01, respectively. 

en 



Table A.5.  ANOVA for the total nutrient content of grape leaves measured following treatments of 
vineyard floor vegetation management and nitrogen fertilization (Experiment One, 1987). 

Mean squares 
Source     df    

N     P     K.      S     Ca     Mg   Mn     Fe    Cu     B    Zn 

Block      2 24.8*  0.4    5.4*  0.3*   95.1** 2.2* 13.8*  3.8   4.5   34.3* 27.6* 

Vegetation 
management  2 62.0** 1.3** 16.7** 0.8** 215.9** 5.6** 19.0** 13.5** 22.5** 150.0** 67.0** 

Nitrogen fer- 
tilization  2 109.9** 0.7*   5.3*  0.3** 153.4** 8.8** 21.0** 16.0** 3.2   48.5** 44.8** 

M X N       4  6.0   0.3    0.7   0.03   15.6   0.5   1.4   2.4   3.2    8.7   8.7 

Error      16  4.91  0.12   1.02  0.05   15.19  0.59  2.30  1.61  1.94   7.57  5.8 

*, ** indicate that F-tests are significant at P=0.05 and P=0.01, respectively. 

o 
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Table A.6.  ANOVA for grape leaf micronutrient concentrations measured 
following treatments of vineyard floor vegetation management and 
nitrogen fertilization (Experiment One). 

Mean squares 

Source       df    Mn Fe       Cu       B       Zn 

1986 1987  1986 1987 1986 1987 1986 1987 1986 1987 

Block 2 469** 21038** 691  5693 18  5   59* 2 17 

Vegetation 
management   2 147 

Nitrogen 
fertilization 2 163 

M X F        4 24 

Error      16 59 

9351* 3500** 2483 46 10   25 39* 8 

10625* 1014  2054 12 123** 114** 308** 8 313** 

167   32  5648  7  6    4   10  11 35 

1946  500  2981 16  6   15    8  10 19 

*, ** indicate that F-tests are significant at P=0.05 and P=0.01, 
respectively. 



Table A.7.  ANOVA for grass clipping weights measured 
following treatments of mowing and nitrogen 
fertilization (Experiment One, 1987). 

62 

Source df 
Mean squares 

Fresh weight       Dry weight 

Block 2 

Mowing 1 

Nitrogen 
fertilization 2 

M X F 2 

Error 10 

355 139 

16502** 19 

18260** 4367** 

4409 158 

1168 238 

** indicates that F-tests are significant P=0.01. 



Table 8.  ANOVA for soil moisture measurements of 
Experiment Two (1987). 
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Source df 
Mean squares 

In grape rows 
(July 14) 

Between grape rows 
(July 31) 

Block 12.31 6.29 

Vegetation 
management 1 15.98 743.25** 

Nitrogen 
fertilization 2 15.81 9.00 

Soil depth 2 202.14** 238.36** 

M X F 2 0.48 3.82 

M X D 2 3.45 41.24** 

F X D 4 4.44 2.27 

M X F X D 4 3.51 1.51 

Error 51 6.84 6.25 

** indicates that F-tests are significant at P=0.01. 



Table A.9.  ANOVA for nutrient status of grape leaves measured following irrigation treatments in 
non-nitrogen fertilization plots (Experiment Two, 1987). 

Source df 
N K 

Mean squares 

Ca     Mg Mn  Fe Cu Zn 

Concentration 

Block     3 0.012** 0.009 

Irrigation 1 0.001 0.003 

Error     3 0.0007 0.004 

Total content 

Block     3 0.009 0.004 

0.008   0.000   0.001  0.000  191  2918 0.46    5.46   17. 

0.044** 0.001** 0.000  0.001   36 1596 3.13** 66.13** 221** 

0.002   0.0001  0.016  0.0001  69 2356 0.23    2.13   11 

0.001 15 0.003 0.09   0.22 0.013   0.000   0.04 

Irrigation 1  0.607** 0.069** 0.434** 0.017** 1.64** 0.100** 43** 64 0.210** 6.17** 3.60** 

Error     3 0.046   0.006   0.027   0.003   0.14   0.005    5   21  0.005   0.25   0.30 

** indicates that F-tests are significant at P=0.01. ON 
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Figure A.1.  Influence of vineyard floor vegetation management on 
grape shoot cumulative growth rate in 1987 ( + , Bare floor; 

A ,  Mowed sod;  v , Unmowed sod. Mean separation of management 
by contrast tests: sod vs. no sod and mowing vs. no mowing at 
P=0.01 for each time and different letters indicate that 
difference is significant). 
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Figure A.2.  Monthly total precipitation, Corvallis, Oregon. 
( ea , 1987; ^ , Average of 1948 to 1980). 


