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Abstract: In many Midwestern vineyards a one meter weed-free strip is maintained directly beneath the vines to reduce 

vine-weed competition. Conventionally, this strip has been conserved with repeated applications of herbicide, mainly 

glyphosate. The necessity for this weed-free strip to reduce vine-weed competition has been well documented in more arid 

climates. However, in areas with higher soil fertility and adequate rainfall grapevines can become overly vigorous and 

competition with a groundcover (GC) has been shown to be a useful tool to alleviate excess growth. Moreover, stand 

establishment and early vine growth have not been well documented when planting GC immediately following the vine 

planting. The main objective of this project was to assess the severity of competition for water between ‘Edelweiss’ grapevines 

and neighboring permanent GC treatments. In year one (2014), the vineyard and GCs were established, where the GCs were 

planted immediately after the vines. Generally, GC treatments had lower Midday Leaf Water Potential (Ψmd) than the herbicide 

sprayed control, however, none of the treatments exhibited even slight water stress between 2015 and 2017. Vine-GC 

competition was most apparent in the three years of pruning weights, where the most native grass GC treatment had an average 

of 158% lower weights than the control. Results suggest that planting specific groundcovers in both the alleyways and in-row 

areas of the vineyard during the first year of establishment can be overly detrimental to vine growth and causes reduced yields 

but other groundcovers can be a useful alternative to chemical weed control. 
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1. Introduction 

In 2010, more than 400,000 pounds of Roundup were 

applied to wine grapes (Vitis spp.) in California alone. And 

with over 280 million pounds of glyphosate sprayed in the 

United States annually, chemical weed control in agriculture 

has become heavily scrutinized due to the extensive use of this 

herbicide [1]. The usage of glyphosate in agriculture has been 

linked to many health issues including cancer [2], as well as 

Parkinson’s disease, infertility, and fatal kidney disease [3]. 

Moreover, long-term problems with herbicides include 

accumulation in the soil, which can damage vine roots, 

contaminate surface water through runoff, and leach into 

groundwater [4]. Herbicide resistance in target weeds has also 

become a threat to effective weed control. For example, 

glyphosate-resistant Amaranthus palmeri (Palmer Amaranth) 

has been found on agricultural land in Nebraska [5]. 

The benefits of planting groundcovers in the vineyard 

extend far beyond reducing the use of herbicides. Permanent 

groundcovers have been shown to increase soil erosion 

protection, water infiltration, and organic matter, while also 

reducing soil crusting and soil temperature in the vineyard [6, 

7]. Bare soil, whether from herbicide applications or 

cultivation, increases the intensity of runoff and erosion [8]. 

The necessity for research investigating reduced pesticide 

strategies in all agricultural crops, including grapes, is 

becoming increasingly important. 

Herbicide use in the vineyard is generally focused on 

controlling weeds in the one-meter-wide swath directly 

beneath the vines. Studies have shown that cover crops and 

groundcovers planted in this area can limit vine growth and 

productivity [9-11], which results in the recommendation to 

keep this area free of weeds. Only recently, it has been 

recognized that planting cover crops and/or groundcovers in 
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this zone may be beneficial to the vines. However, both 

optimum timing and recommendations for groundcover 

species are still widely unknown. 

In areas that receive moderate to heavy amounts of rain (such 

as Southeast Nebraska with >76 cm annual rainfall), and have 

highly fertile soils, overly vigorous growth is common in many 

grape cultivars [12]. Grapevines have an indeterminate growth 

habit where vegetative growth is not reduced by a shortening 

photoperiod, but rather continues as long as sufficient heat, 

nutrients, and moisture are available [13]. ‘Overly vigorous’ is 

characterized by vines that have large, dense canopies, which 

result in low light penetration [14] and shade the fruit zone, 

which in turn compromises fruit quality. Additionally, excessive 

shading can delay veraison and fruit maturation, causing 

reduced soluble solids (°Brix) and anthocyanin concentrations as 

well as increased concentrations of undesirable flavor 

compounds such as methoxypyrazines [15, 16]. Overly vigorous 

vines may also have a problem not reaching full dormancy in the 

late fall, which can then lead to reduced cold hardiness [17]. 

Finally, dense canopies reduce air flow as well as light 

infiltration into the canopy, thus increasing disease pressure and 

reducing spray penetration and effectiveness of fungicide 

applications [18]. The main methods to increase light and air 

penetration into the canopy are shoot and cluster thinning, 

hedging, leaf removal, and lateral shoot pulling. However, these 

practices require significant amounts of labor and time [19]. 

Using groundcovers and cover crops to maintain a slight-to-

moderate water deficit can be highly beneficial in grapevine 

cultivation because it stimulates optimal quality parameters 

without significantly compromising yield [12, 20]. 

In this paper, we evaluate four different native grass and 

legume groundcover mixtures and their effect on growth and 

yield of neighboring ‘Edelweiss’ grapevines in one commercial 

vineyard in Southeast Nebraska. Groundcovers were established 

immediately after the vineyard was planted to evaluate the 

impact on young vines. However, this method of planting 

groundcovers is atypical since groundcovers are typically 

planted after the grapevines have had two to three years to 

become established. The failure to control weeds during the first 

year of vineyard establishment has been shown to greatly reduce 

vine growth and to even delay fruit production by a year or more 

until the vines reach full production [21]. 

2. Materials and Methods 

2.1. Experimental Description and Design 

This study was conducted from 2014 to 2018 in a 

commercial sample vineyard at ‘Oak Creek Vineyards’ in 

Southeast Nebraska (40.947450° N, -96.766140° W). 

‘Edelweiss’ (‘Minnesota 78 x Ontario’) grapevines were 

chosen due to their popularity amongst grape growers, 

wineries, and consumers across the cool climate of the 

American Midwest. This cultivar has a vigorous growth 

habit, which in some vineyards can become problematic for 

growers, as excessive growth can shade the fruiting zone and 

thereby increase labor costs through additional leaf pulling, 

shoot thinning, and more intense pruning. Bare-rooted 

‘Edelweiss’ plants procured from ‘Double A Vineyards’ in 

Northwest New York were planted in May 2014. ‘Blue-X’ 

grow tubes were placed around the young plants after 

planting and left in place until fall of that year. Vines were 

trained to a 1.83 m high-wire trellis system with a spacing of 

2.44 m between plants and 3.66 m between rows, with row 

orientation North to South. The predominate soil types are 

Aksarben silty clay loam, Pawnee clay loam, and Yutan silty 

clay loam (Web Soil Survey, 2018). Change in elevation 

occurs from East (293 m AMSL) to West (385 m AMSL) 

across the vineyard. 

 

Figure 1. Layout of experiment and treatments at Oak Creek Vineyards. Blocking occurs from top to bottom to account for change in slope and soil types. 

Each replicate consisted of six plants, with one buffer plant on either end of the replicate and four plants in the middle used for data collection. Trt 1 – Red, Trt 

2 – Orange, Trt 3 – Yellow, Trt 4 – Pink, Control – Blue. 
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Groundcover seed was procured from ‘Stock Seed Farms’ 

in Southeast Nebraska. The selection of species in each 

groundcover mixture was based on the following factors: rate 

of establishment, water usage, native range in the Midwest, 

ability to grow in compacted soils, and low-growth habit. 

The experiment consisted of four groundcover treatments 

(Trt 1, Trt 2, Trt 3, and Trt 4), and a herbicide sprayed control 

treatment. The treatments were comprised of: Trt 1 - Western 

Yarrow (Achillea millefolium), Birdsfoot Trefoil (Lotus 

corniculatus), White Clover (Trifolium repens); Trt 2 - Hard 

Fescue (Festuca brevipila), Sheep’s Fescue (Festuca ovina), 

Sideoats Grama (Bouteloua curtipendula), Texoka 

Buffalograss (Buchloe dactyloides), Blue Grama (Bouteloua 

gracilis); Trt 3 - Kentucky Bluegrass (Poa pratensis), White 

Clover (Trifolium repens), Red Fescue (Festuca rubra), Hard 

Fescue (Festuca brevipila), Chewing’s Fescue (Festuca 

rubra ssp. commutata), Perennial Ryegrass (Lolium perenne); 

and Trt 4 - Texoka Buffalograss (Buchloe dactyloides). The 

control treatment were a 1 m under-trellis herbicide treated 

strip combined with natural vegetation growing in adjacent 

interrows. 

Groundcovers were established in May 2014 under the 

trellis and in adjacent interrows on either side of the study 

rows in a randomized complete block design. Four-row 

blocks were used from East to West to account for 

differences in elevation and soil type. All groundcover 

treatments were randomly assigned within each block and 

replicated five times. The groundcovers were seeded 

following the vineyard planting; and the soil was prepared 

using a soil conditioner attached to a skid loader. Once the 

ground was level and free of large clods, the grass seed 

mixtures were loaded into a native grass seed drill set at 20 

cm spacing between rows. The under-trellis areas were hand-

seeded and incorporated into the soil using a hard rake, as the 

drill would not fit between plants. Plots were rolled and 

compacted with a Fimco landscape roller to increase seed-

soil contact, and were then immediately watered. To ensure a 

dense and uniform stand, seeding rates were: 21.8 lbs/acre 

(Trt 1), 30.0 lbs/acre (Trt 2), 100.0 lbs/acre (Trt 3), and 130.7 

lbs/acre (Trt 4). 

Precipitation can be highly inconsistent in late spring and 

summer in Nebraska; hence, it was important to install drip 

irrigation to provide the young vines with supplemental 

water. Additionally, groundcover plots were irrigated to 

speed up establishment, outcompete resident weed 

populations, and reduce soil erosion from heavy spring rains. 

An overhead irrigation system was used for groundcover plot 

establishment. Groundcover plots were watered for 30 

minutes every other day just before dawn throughout the first 

growing season. The inter-rows were mowed every other 

week throughout the growing season with a rotary mower 

and the cut material left in place. The under-trellis 

groundcovers were allowed to grow and were not managed. 

2.2. Groundcover Measurements 

Data collection during the first year was primarily focused 

on the rate of establishment of each groundcover treatment. 

The speed of establishment is important as groundcovers 

reduce the resident weed seed population’s ability to become 

established. Rate of establishment was assessed weekly 

(beginning July 7, 2014) by placing a 61 x 61 cm PVC 

square on the ground in two specific locations within each 

replication. These locations were randomly chosen at first 

and then monitored weekly. Location 1 was within the inter-

row and Location 2 under the trellis. A digital image was 

taken of the PVC square in each of the locations. The images 

were processed using ‘Click to Crop,’ where all pixels 

outside of the PVC square were removed from the image. 

Images were then analyzed using the University of 

Nebraska’s Center for Advanced Land Management 

Information Technologies’ VegFraction software, which 

compared the percent of green vs. non-green material within 

each image. The rate at which the percentage of green vs. 

non-green material in each image increased over the growing 

season was used as an indicator for the rate of groundcover 

establishment. 

2.3. Grapevine Measurements 

To assess how groundcover treatments affected grapevine 

water status, vine water potential was measured as mid-day 

leaf water potential (Ψmd) with a Soil Moisture Equipment 

2005 HGPL pressure chamber beginning on June 30, 2015, 

and repeated weekly throughout the growing season. Midday 

measurements occurred as close to solar noon as possible 

(12:30-2:30 pm, CDT) when the vines were at a peak water 

stress level. Fully expanded, sunlit leaves were covered with 

a plastic bag, quickly sealed, and then petioles cut within 2 

seconds. The time from leaf excision to the pressure chamber 

measurement was generally less than 10 seconds. This 

process was repeated in 2016 and 2017; and pruning weights 

were measured on March 17, 2015, February 17, 2016, and 

February 16, 2017. Vines were pruned leaving 4 to 5 buds on 

each cane. Prunings were collected and weighed from the 

four center plants within each replication. 

Performance of ‘Edelweiss’ grapevines was assessed by 

measuring grape yield and cluster number per vine at harvest 

(all treatments were hand-harvested on the same date), which 

occurred on August 10, 2016 and August 15, 2017. Using 

these data, average cluster weight was also calculated. Berry 

samples of 100 berries each were taken from each plant and 

were frozen to be later analyzed for pH, TA and °Brix. The 

berry analysis was conducted on September 15, 2016 and 

September 19, 2017. The samples were removed from the 

freezer the day before testing and placed in a cooler set to 

4.5 °C to thaw. On the day of testing, the berries were 

removed from the cooler and warmed to room temperature. 

The samples were then crushed within the plastic freezer bag 

and the juice was extracted through a cut hole into a 100 ml 

beaker [22], which was then poured into test tubes for further 

analysis. Juice pH was measured with a Hanna Instruments 

pH/ORP meter model HI 2211. Soluble solids (°Brix) content 

was measured using an Atago USA PR-101 digital 
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refractometer. TA was determined with the use of a Hanna 

Instruments HI 900 automated titration system. 

Soil samples were collected in the spring of 2015, 2016, 

and 2017 before the grapevines broke dormancy. Samples 

were taken at a depth of 30 cm from each replication in the 

vineyard. Each sample consisted of a composite of six 

random subsamples within each replication: two taken from 

the inter-rows on each side of the vine row, and two taken 

from under the trellis. Samples were analyzed by ‘AgSource’ 

laboratories in Lincoln, NE for pH, EC, organic matter, and a 

variety of nutrients. 

2.4. Statistical Analysis 

All data (Ψmd, harvest, pruning weights, soil samples, and 

bud break) were treated as a Randomized Complete Block 

Design with a Two-Way ANOVA using the GLIMMIX 

procedure. Main and simple effects were compared at P ≤ 0.05, 

when appropriate. A repeated measure covariance structure 

was also fit to the residual of each model for Ψmd to account for 

the dependencies imposed by sampling over time. In 2015 and 

2016 the ANTE(1) covariance structure was used and in 2017 

the SP(POW) structure was used to accommodate unequally 

spaced collection dates in the three years. Data were analyzed 

using SAS/STAT software version 9.2. 

3. Results 

3.1. Environmental Conditions During Experimental Years 

Environmental data from the vineyard weather station 

indicated the 2016 growing season was warmer than 2014, 

2015, and 2017, averaging 18.7 °C, whereas 2014, 2016, and 

2017 averaged 17 °C, 17.7 °C, and 17.7 °C, respectively. 

Precipitation was the highest in 2017 with 89 cm; 2014 and 

2015 had very similar precipitation totals (81.8 and 83.6 cm 

inches) and 2016 had the lowest total precipitation with 63.5 

cm. Heavy and fast rainfall events in May of 2015 caused 

fairly severe soil erosion in parts of the vineyard that had no 

groundcover. 

3.2. Grapevine Water Use 

In many growing regions across the world, vines are 

grown for wine production without the supplementation of 

irrigation. Under dry conditions when a relatively small 

amount of water supplements the vines, a large increase in 

grape production can occur [23-26]. However, it is generally 

thought that wine quality is diminished with increased 

irrigation and berry size. Due to this, a full irrigation regime 

is seldom applied to wine grape vineyards [27]. The most 

common irrigation practice is to apply only enough water to 

keep the vines from becoming moderately to seriously water 

stressed. Maintaining a mild water stress during the final 

stage of berry development increases the proportion of skin 

to grape juice, thus improving wine color and flavor [28]. 

Leaf water potential (LWP) thresholds have been defined 

for vinifera grapevines byWilliams, L., & Araujo, F. [29]; 

Choné, X., Van Leeuwen, C., Chéry, P., & Ribéreau-Gayon, 

P. [30] and Grimes, D., & Williams, L. [31]. Generally, in 

California it is advised that irrigation should be initiated 

when Ψmd levels reach -10 bars, where -15 to -16 bars is the 

lowest Ψmd value achieved under dry conditions. There have 

not been any Ψmd thresholds established for many of the 

grape cultivars grown in the Midwestern United States, 

including ‘Edelweiss’ which was used in this project. Midday 

leaf water potential was measured in 2015, 2016, and 2017 to 

observe the effects different groundcover treatments had on 

the water status of neighboring ‘Edelweiss’ grapevines. 

Because environmental conditions varied greatly between 

years, comparisons between treatments across the three years 

was not possible. Therefore, the treatments were only 

compared within each individual year. 

In 2015, there was not a treatment*date interaction so the 

data were averaged across all dates for each individual 

treatment. The only significant difference in Ψmd was 

between Trt 2 and Trt 4, where Trt 2 had a lower Ψmd. There 

was only one instance where a treatment was statistically 

different from the control in 2015 which was on July 29, 

when Trt 1 had a higher Ψmd of 1.79 bars. Besides this, there 

were no significant differences amongst the groundcover 

treatments and the herbicide sprayed control indicating that 

in 2015 the groundcovers did not reduce the availability of 

water to their neighboring grapevines, thus inducing water 

stress. 

 

Figure 2. Plot of midday leaf water potential (Ψmd) collected weekly from 

‘Edelweiss’ grapevines from June 30 to August 12, 2015. 

The four groundcover treatments and the control showed a 

similar pattern of change in Ψmd across all measurement dates 

in 2015, however, there were clear differences in Ψmd 

between the sample dates (Figure 2). Drastic differences in 

Ψmd between dates can be seen, with high and low Ψmd 

throughout the summer from mean Ψmd data. Most apparent 

was the change on August 15 when Ψmd was only -2.7 bars. 

Ψmd values on all other dates ranged from -7 to -9.8 bars. 

This can be explained by the rainfall event that happened the 

day before data collection and the cooler temperatures (23.9-

26.7 °C) on the day of collection. On this date, the 

grapevines exhibited no water stress and the stomata would 

have all been fully open and transpiration was occurring at 

full capacity. The two dates that exhibited the lowest water 

potential in 2015 were July 14 and 29 where vines had an 
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average water potential of -9.8 bars. If these grapes were 

managed using standard California Ψmd thresholds, irrigation 

would not even have been turned on in 2015. 

In 2016 similar to what was observed in 2015 there was no 

interaction between the treatment and date. Generally 

speaking the treatments followed the same pattern across all 

collection dates, but in a few cases the treatment curves 

crossed indicating a possible interaction (Figure 3). For 

example, on August 1
st
, Trt 1 is at the bottom of the Ψmd 

values but then jumps to the top on August 10
th

. 

 

Figure 3. Plot of midday leaf water potential (Ψmd) collected weekly from 

‘Edelweiss’ grapevines from July 06 to August 10, 2016. 

When the data from each treatment are averaged across all 

dates a very small difference is observed in Ψmd, with the 

lowest being Trt 3 (-7.6 bars) and the highest being Trt 2 (-

6.7 bars). This is only a difference of 1.1 bars and would 

typically be insignificant to the grape grower, especially 

since these vines did not appear to be water stressed at these 

Ψmd levels. The statistics indicate that there are only two 

instances where treatments are significantly different from 

one another. Trt 2 had a significantly higher Ψmd compared to 

Trt 1 and Trt 3. Moreover, in 2016 the groundcover 

treatments did not statistically have higher or lower Ψmd than 

the herbicide sprayed control indicating the groundcovers 

water usage did not impact vine water needs. 

In 2017, it appeared that there was a very strong 

interaction between the treatments and the measurement 

dates. Generally speaking most of the treatments showed 

more negative Ψmd than the control, especially as the season 

progressed. Trt 1 had the lowest Ψmd throughout the entire 

season. Figure 4 indicates that from July 14 to July 27, 2017 

there was a dry period in the vineyard. The Ψmd during these 

weeks of all treatments consistently declined. Interestingly, 

the control showed a less sharp drop in Ψmd during this dry 

period than the vines growing alongside groundcovers. As 

the season progressed, all of the groundcover treatments were 

significantly different from the control. At this point in the 

study the ‘Edelweiss’ vines had been growing within their 

groundcovers for three years and began to exhibit the 

negative effects of water competition. The dry period in 2017 

revealed the competition for limited water between the vines 

and groundcovers in the Ψmd measurements. Although, if the 

goal is to keep the vines moderately water stressed and 

control vine vigor, then groundcover treatments would be 

considered beneficial in this situation. 

 

Figure 4. Plot of midday leaf water potential (Ψmd) collected weekly from 

‘Edelweiss’ grapevines from July 07 to August 10, 2017. 

3.3. Grapevine Growth 

Pruning weights have a direct relationship with vegetative 

growth in the year prior to pruning. Pruning weight 

measurements are used in conjunction with yield 

measurements to calculate yield-to-pruning weight ratios [32]. 

These indices are representations of the vegetative and 

reproductive balance and can be used as an indirect 

measurement of fruit quality [19]. Pruning weights were 

collected in the winter of 2016 and 2017, i.e. the growing 

season of 2015 and 2016, respectively. The second growing 

season was 2015 and the third was 2016, as well as the first 

harvest year. It would be expected that the vegetative growth 

would increase dramatically across all treatments from the 

second to third year of growth. Interestingly, this was not the 

case in any of the groundcover treatments. The control was the 

only treatment that showed significantly greater pruning 

weights from 2015 to 2016 (0.13 kg up to 0.23 kg) (Figure 5). 

The pruning weights of vines in Trt 2 actually decreased from 

2015 to 2016 (0.06 kg down to 0.04 kg). In 2015, the vines 

that were grown with a chemically controlled strip (control) 

had the highest pruning weights when compared to the four 

groundcover treatments. The control vines had an average of 

0.14 kg per vine and the four groundcover treatments ranged 

from 0.05 kg to 0.11 kg per vine, with the greatest being Trt 4 

and the lowest being Trt 1, however there were not significant 

differences among any of the treatments. Trt 1 and Trt 3 both 

had significantly lower pruning weights compared to the 

control. In 2016, a similar pattern emerged where the control 

had 193% higher pruning weights than the vines growing 

under the native grass groundcover treatment (Trt 2). The other 

three-groundcover treatments had reduced pruning weights 

ranging from 20% to 136%. The control had an average of 

0.23 kg of growth per plant. Trt 2 (native grass) had the lowest 

pruning weights at 0.005 kg per plant. All of the treatments 

with the exception of Trt 4 had significantly lower pruning 

weights than the chemically maintained control. 
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Figure 5. Chart of pruning weights in 2015 and 2016. Data were collected 

in winter of 2016 and 2017, respectively. 

*Columns in the same year with same letters are not significantly different at 

p≤ 0.05. 

3.4. Grapevine Fruit Production and Berry Analysis 

All vines within each treatment showed an increase in 

number of clusters from 2016 to 2017. The largest change 

from year to year was found in the control treatment which 

increased from 51 clusters per plant to 150 clusters per plant. 

Trt 1 increased from 46 clusters per plant to 112 clusters, Trt 

2 – 32 clusters to 54 clusters, Trt 3 – 53 clusters to 116 

clusters and Trt 4 – 61 clusters to 106 clusters. No significant 

differences were observed between treatments in 2016. In 

2017, there were four treatment comparisons that showed 

statistically significant differences. Trt 2 had fewer clusters 

than all of the other treatments (Trt 1, 3, 4, and control) 

(Table 1). This was expected as visual difference between Trt 

2 and the rest was quite obvious in the number of clusters 

that were present on each plant. 

 

Figure 6. Side by side comparison of vines at time of harvest in 2017. The 

herbicide sprayed control (top and bottom left) has significantly more 

canopy than the native grass treatment (top and bottom right). 

Table 1. Measured values for average number of clusters per vine, total cluster weight, average cluster weight, average weight of a single berry, soluble solids 

(°Brix), pH and titratable acidity (TA) in 2016 and 2017. Trt 1 = Western Yarrow, Birdsfoot Trefoil and Dutch Clover; Trt 2 = Hard Fescue, Sheep’s Fescue, 

Sideoats Grama, Buffalograss and Blue Grama; Trt 3 = KY Bluegrass, White Clover, Red Fescue, Hard Fescue and Chewing’s Fescue; Trt 4 = Texoka 

Buffalograss; Control = weeds controlled by herbicide under-row. 

 
Cluster Number Avg Vine Yield (g) Avg Cluster Weight (g) Avg Berry Weight (g) °Brix pH TA 

2016 
       

Trt 1 46.1 a 2709.6 a 58.6 a 1.8 a 15.8 a,b 3.2 10.3 a 

Trt 2 32.3 a 2575.1 a 58.0 a 1.8 a 15.8 a,b 3.2 10.3 a 

Trt 3 53.3 a 2345.1 a 57.5 a 1.8 a 15.9 a,b 3.2 10.2 a 

Trt 4 60.9 a 2345.1 a 58.6 a 1.8 a 15.9 b 3.2 10.0 a 

Control 51.2 a 2382.1 a 59.1 a 1.8 a 16.0 a 3.2 10.0 a 

2017 
       

Trt 1 112.0 a 4989.5 a 43.7 a,b,d 2.3 a 18 3.4 7.6 a,b 

Trt 2 52.4 b 1583.0 b 29.1 a,b 2.0 a 17.1 3.3 8.5 b 

Trt 3 118.0 a 5302.5 a,c 56.0 c,d 2.1 a 18.2 3.5 6.5 a 

Trt 4 105.6 a 4136.8 a,b 36.3 a 2.0 a 15.7 3.4 8.2 b 

Control 150.5 a 7833.5 c 49.9 d,c 2.1 a 17 3.4 8.2 b 

*Values with the same letter in the same column indicate no statistical differences at p≤ 0.05. 

From 2016 to 2017 the average cluster weight increased 

significantly in all of the treatments with the exception of Trt 

2, which actually decreased. In 2016, Trt 2 had an average 

yield of 1848.2 grams and dropped to 1682.6 grams in 2017. 

This result is concerning because a drop in yield from the 

second to third year is the opposite of what’s expected. 

‘Edelweiss’ grapevines should yield 9-14 kg per plant after 

the third or fourth year they are planted. For example, the 

control yielded 3040 g per plant in 2016 and jumped up to 

7833 g in 2017, which would be the typical expectation for 

‘Edelweiss’ vines. 

Statistically, there were no differences in total yield 

between treatments in 2016. However, Trt 2 produced far less 

fruit than all of the other treatments and still should be 

considered important, especially after seeing the results from 

2017, when Trt 2 yields decreased from 2016. In 2017, Trt 2 

had significantly lower yields than all other treatments and 

the control with the exception of Trt 4. Trt 1, Trt 2, and Trt 4 

all had lower yields than the control. The only groundcover 

treatment that was not different from the control was Trt 4, 

which was grown as a control in the first year and then was 

converted to a Texoka Buffalograss groundcover treatment in 

the year following the grapes being planted (2015). This is 

one indication that planting a groundcover after the vines 

have one year to establish may limit the amount of 

competition between the vines and groundcovers resulting in 
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higher yields. 

Similar to yield, there were no differences between 

treatments in average cluster weights in 2016. In 2017, the 

average cluster weight dropped for all treatments and showed 

lower average weights than in 2016, however total yields 

increased from 2016 to 2017. A drop in cluster weight but an 

increase in total yield typically indicated more clusters thus 

reducing the mean weight. This is proven by the cluster 

number data which show a large increase in cluster number 

from 2016 to 2017. Increased cluster numbers can result from 

a variety of factors but most likely it was caused by more 

buds left at pruning than in the previous year and/or an 

environmental event caused vines to grow and produce 

additional clusters from secondary buds (hail, wind, 

herbicide drift, etc.). Lastly, Trt 2 produced 54% less fruit 

than the control in 2017. 

‘Edelweiss’ grapes are typically harvested before they are 

phenologically ripe when used for wine production. The level 

at which they are typically harvested is between 14 and 

16 °Brix, depending on the winery’s preference. In 2015, the 

fruit ranged from 15.1 °Brix (Trt 4) to 16.3 °Brix (control) 

and all samples fell within the recommended range (Table 1). 

Trt 4 had a lower °Brix than the control, however the 

difference was small and would not likely be considered 

significant to the wine maker. Soluble solids were higher 

amongst all treatments in 2017 ranging from 15.7 °Brix (Trt 

4) to 18.2 °Brix (Trt 3) and exceeded the typical level wanted 

by a winery. However, the winemaker made the ultimate 

decision on when to pick these grapes. Trt 4 was again 

significantly lower than the control in 2017 and treatments 1, 

2 and 3 also all had significantly higher °Brix than Trt 4. 

The optimum juice pH range for producing white wine 

with grapes grown in the Midwest is 3.2 – 3.4 [33]. In 2016, 

juice pH in all of the treatments was slightly lower than the 

recommended range at 3.2. pH values in 2017 were higher 

than in 2016 with pH levels ranging from 3.3 to 3.5. Trt 2 

and Trt 4 had lower juice pH than the control; however both 

were still within the recommended range. Although some 

statistical differences were within pH, the value of this is 

diminished because all samples would still be considered 

satisfactory by the winemaker. 

The recommended range for titratable acidity (TA) is 7.0 

to 9.0 g/L. In 2016, groundcover treatments had no effect on 

TA where the mean among treatments was 10.1 g/L. All 

samples were above the recommended range in 2016. Inverse 

to the pH results, the TA in 2017 was significantly lower than 

in 2016 and TA values fell to within the recommended ranges 

(Table 1). Trt 3 was the only groundcover that affected TA 

when compared to the control. Even though some statistical 

differences were seen amongst the treatments in 2017, all 

values were still in the acceptable range. 

3.5. Soil Analysis 

Soil samples were collected in the late winter of 2015, 

2016, and 2017 at a depth of 30 cm. Samples were tested for 

a variety of factors including: pH, organic matter, bulk 

density, cation exchange capacity (CEC), nitrate (NO3), 

phosphorus (P), potassium (K), calcium (Ca), magnesium 

(Mg) and zinc (Zn). Each of these elements is essential to 

grapevine health and fruit quality. A soil pH of 5.5 to 6.5 is 

considered optimum for wine grapes and allows for more 

efficient absorption of nutrients than in soils that are more 

alkaline or acidic [19]. Vines will grow in a wider pH range 

of 4.0 to 8.5, but a pH below 5.5 and above 8 will decrease 

yields and hinder vine health. Soil pH levels were not 

different in any of the years so the data were averaged to 

acquire a single pH value for the three years. Trt 4 had higher 

pH than all of the other treatments (Table 2), however it still 

fell within the recommended range of optimal pH. Overall, 

the soil of each groundcover treatment fell within the 

recommended range for optimal grapevine growth. 

Table 2. Average soil pH, organic matter, cation exchange capacity (CEC), Phosphorus (P), Potassium (K), Calcium (Ca), Magnesium (Mg), Sodium (Na) and 

Zinc (Zn) concentrations from 2015, 2016 and 2017. 

Treatment pH % OM CEC (meq/100g) P (ppm) K (ppm) Ca (ppm) Mg (ppm) Zn (ppm) 

Trt 1 6.1 a 2.3 a,d 26.4 a 13.4 a,c 215.7 a,c 3455.4 a 674.0 a,d 2.5 a 

Trt 2 6.1 a 2.5 b 26.2 a 17.5 b,c 243.0 b,d 3232.9 a 662.7 a,c,d 2.2 a 

Trt 3 6.1 a 2.4 c,d 25.8 a 12.2 a 218.8 a,c 3285.9 a 617.1 d 2.0 a 

Trt 4 6.3 b 2.2 a 25.8 a 14.3 a,c 200.0 c 3351.3 a 689.6 c,e 1.5 a 

Control 6.1 a 2.2 a 26.5 a 15.1 a,c 227.8 a,d 3298.5 a 717.9 a,e 2.2 a 

*Values with the same letter in the same column indicate no statistical differences at p≤ 0.05. 

Soil organic matter (OM) is important because it improves 

moisture retention, soil fertility, reduces compaction and 

overall soil structure. The optimal level of organic matter for 

wine grapes is 2-3%. Nitrogen is released from OM at 

roughly 9 kg of N per acre for each 1% of OM present [34]. 

If OM is too high, grapes tend to be less winter hardy 

because excess nitrogen promotes vegetative growth too late 

into the fall, not allowing vines to acclimate for winter. 

Similar to pH, there were no differences in OM between the 

three years of data collection, so values were combined. OM 

values all fell within the recommended range of 2-3% with 

some minor statistical differences between treatments. The 

control and Trt 4 had the lowest OM, which was expected as 

there was less vegetation present in these plots. 

Cation exchange capacity (CEC) is basically the soil’s 

capability to hold nutrients. Each soil type will have a unique 

CEC, for example, fine-textured clay soils will have a CEC 

around 25 meq/100 g of soil. The greater the clay and organic 

matter content of the soil, the higher the CEC. Nutrient levels 

and pH tend to be more stable in soils with higher CEC. CEC 
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levels below 6 meq/100g of soil may have rapid changes in 

K, Ca and Mg [35]. CEC levels were similar throughout the 

three years and all stayed right around the 25 meq/100 g of 

soil level with no differences among treatments (Table 2). 

The recommended range for nitrate (NO3) levels in the 

vineyard is generally between 9-27 kg/acre (5-15 ppm) for 

self-rooted American and hybrid grapevines. Grapevines that 

are grown in soils with excess nitrogen levels may become 

overly vigorous which can lead to reduced fruit quality, 

higher disease incidence and reduced winter hardiness. 

Generally, all NO3 levels were below the recommended rates 

for American and hybrid wine grapes throughout the three 

years. In 2016 and 2017, Trt 1 had significantly higher NO3 

rates than all other treatments (Table 3) and was the only 

groundcover treatment that had NO3 rates within the 

recommended range. This was expected because Trt 1 

contained nitrogen fixing species such as Birdsfoot Trefoil 

and Dutch clover. It is also important to note that soil 

samples were collected at a depth of only 30 cm and nitrate 

readily leaches down into the soil profile; so it is conceivable 

that NO3 levels were higher deeper in the soil. 

Table 3. Soil nitrate (NO3) levels collected from vineyard soil samples from 

2015 to 2017. 

Treatment 
Soil NO3 Concentration (ppm) 

2015 2016 2017 

Trt 1 2.4 a 7.4 a 8.0 a 

Trt 2 5.4 a 1.8 b 1.2 b 

Trt 3 2.6 a 3.4 a 3.2 b 

Trt 4 2.4 a 1.6 b 1.0 b 

Control 3.4 a 2.6 b 1.2 b 

*Values with the same letter in the same column indicate no statistical 

differences at p≤ 0.05. 

The recommended range is P 40-50 ppm, K 250-300 ppm, 

Ca 500-2000 ppm, Mg 100-250 ppm, and Zn around 2 ppm. 

Soil samples collected in all treatments were drastically 

below the recommended range for P (12.2 to 17.5 ppm). Trt 3 

had the lowest P values, while Trt 2 had the highest 

concentration. Potassium was also below the recommended 

range in all treatments, but not as severely as P. Trt 4 had the 

lowest K levels at just 200 ppm and was the only treatment 

that was different from the control (Table 2). Ca and Mg 

were both well above the recommended ranges. Trt 3 

exhibited lower Mg concentrations than the control, which 

would actually be a positive in this case, however it was still 

considerably higher than the recommended range. Zn 

hovered right around the recommended 2 ppm for vineyard 

soil samples. 

4. Discussion 

All groundcover treatments established quickly, which was 

positively influenced by the supplemental irrigation. The 

groundcovers had higher stand density than the herbicide 

sprayed strip and natural vegetation inter-row (control). 

Stand density is important because it directly reduces run-off 

and increases infiltration of rainfall [12]. In 2015, heavy 

rainfall events caused severe soil erosions throughout the 

vineyard. This was more pronounced in areas without 

groundcovers where 30 cm gullies were carved into the 

ground. Conversely, the areas that were planted to 

groundcovers had very little to no soil erosion following the 

heavy rains. 

Grapevine water status is an important variable of vine 

performance and juice/wine characteristics [36]. Water 

management is an important tool for regulating grapevine 

productivity and improving wine composition. In many 

Midwestern vineyards irrigation is not used after year two or 

three of planting because spring and occasional summer rains 

are sufficient to maintain adequate grapevine water status. 

However, non-irrigated vineyards can occasionally face 

water stress during extended drought periods in the growing 

season [37]. Soil water deficit can have negative impact on 

berry sugar accumulation, particularly in heavily cropped 

grapevines [38] such as ‘Edelweiss’. In this study, midday 

leaf water potential (Ψmd) was measured and used to assess 

the water competition taking place between the groundcover 

species and the neighboring grapevines. In 2015 and 2016 

(i.e., the second and third growing year), there were no 

differences in Ψmd between the groundcover treatments and 

the herbicide sprayed control. In both of these years above 

average spring rainfall occurred which allowed the vines to 

grow unimpeded alongside their neighboring groundcovers. 

In 2017, the vines growing with groundcovers all showed a 

decrease in Ψmd as the season progressed. The herbicide 

sprayed control also decreased during the dry period of 

summer but never had lower Ψmd than groundcover 

treatments. This is an indication that during extended periods 

without precipitation vines growing without the added 

pressure of groundcovers will experience less severe water 

stress and will recover more quickly when the precipitation 

returns. In this study, we did not measure soil moisture 

content and its relationship to water use by grass/vegetation 

covered soil versus bare soil; but past research has shown 

that cover crops will have higher evapotranspiration rates 

than bare soil [12, 39]. Other perennial crops have also 

exhibited depressed vegetative growth when exposed to 

permanent groundcovers, despite the greater water 

infiltration that occurs with a groundcover versus bare soil 

[40]. 

In our study, vine growth was severely impacted by 

groundcovers in all treatments. The most pronounced case 

was Trt 2 (Hard Fescue, Sheeps Fescue, Sideoats Grama, 

Buffalo Grass, and Blue Grama) where vines actually had a 

decrease in pruning weights from 2015 to 2016. Many of the 

vines in this treatment did not even have canes to prune and 

weigh. The visual differences in the vines growing within 

this native grass groundcover was also easily recognized. 

Throughout growing season, the canopy of these vines never 

came close to reaching the ground, while the control vines 

had a full dense canopy that touched the ground by mid-

season. The Ψmd data taken throughout this study do not 

explain this drastic effect on vine growth. Other factors to 

consider that can contribute to the suppression of vegetative 
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growth include: grapevine rooting patterns, vine age, 

seasonal differences in climate, and allelopathic effects of the 

native grass species used in the groundcover mix. This 

significant suppression of vine growth, particularly with the 

native grass groundcover, was accompanied by a similar 

decrease in yield. These vines produced 133% less fruit 

compared to the herbicide sprayed control. This reduction in 

fruit relates directly to the decreased number of clusters, 

which often is attributed to inadequate cluster initiation 

caused by water stress at bloom and/or berry set [41]. 

However, in this study there was no indication of water stress 

at these key grapevine growth stages. An alternative 

explanation for the drastic decrease in vine growth and yield 

caused by the native grass groundcover while less 

pronounced differences were seen amongst the other 

groundcovers is an allelopathic effect of the grass species 

included in the mixture. In a previous study, Bokhari, U. [42] 

showed that Blue Grama (a grass used in our study) litter and 

fresh material exhibited a phytotoxic effect and inhibited the 

germination of other grass seed. Little work has been done 

examining allelopathic effects of native grasses on woody 

plant species but this could certainly explain the drastic 

reduction of vine growth within this treatment. 

5. Conclusion 

Overall, permanent native species groundcovers 

effectively reduced excessive vine growth of ‘Edelweiss’ 

grapevines in a Midwestern sample vineyard. The 

groundcover containing native prairie grasses had the most 

significant effect on vine growth, reducing pruning weights 

up to 193% and yields by 133% (in 2017), and can therefore 

not be recommended for vineyard use. The groundcover 

treatment that showed the most promise by not overly 

reducing yields was Trt 3 (i.e., Kentucky Bluegrass, White 

Clover, Red Fescue, Hard Fescue, Chewings Fescue, and 

Perennial Rye). This groundcover was quick to establish, 

maintained a high stand density, and could be easily 

maintained without negatively affecting yield and fruit 

quality. These attributes make Trt 3 a reasonable option to 

eliminate the chemically-controlled weed free strip under the 

grapevines. The presented results further support previous 

studies’ recommendation that groundcovers should be 

planted in year two. Eliminating competition in the first year 

of establishment allows the vines to grow more vigorously 

and to become better prepared for the groundcover 

competition. 
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