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Key Concepts

• Many growers in cool climates maintain a 
weed-free strip under the trellis by using her-
bicides or cultivation. 

• Bare soil reduces competition with weeds for 
water and nutrients, but can increase vine 
vigor as well as soil erosion and runoff.

• Various under-vine cover crops (as an alterna-
tive to bare soil) were planted in research and 
commercial vineyards to evaluate environ-
mental performance and vigor management.

• Under-vine cover crops included: buckwheat, 
rosette-forming turnip, chicory, ryegrass, 
white clover, tillage radish, alfalfa, fescue, 
and 'native vegetation'. 

• Experiments showed that under-vine cover 
crops can be an effective tool to reduce excess 
vigor, maintain soil quality, and decrease ni-
trogen and pesticide leaching.  

• Cover crops lowered bulk density, increased 
porosity, and increased water availability in 
soil health tests.

• Impacts of under-vine cover crops on yield 
varied significantly depending on site charac-
teristics and vineyard age.

• In some cases, under-vine cover crops may 
also reduce managment costs for growers.
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Research Focus

Chicory is one of the under-vine cover crops tested in trials by the Vanden Heuvel lab 
in commercial vineyards.                          

Photo by Ming-Yi Chou

Standard vineyard practice for many grape growers includes 
leaving a bare zone of soil underneath the vine trellis. A vege-
tation-free zone under the trellis has been considered essential 
for maximizing yield of bulk juice and wine grapes. However, 
bare soil can also promote excessive vigor – particularly for 
vinifera wine grapes – as well as increasing the potential for soil 
erosion and leaching of agrichemicals and nutrients. 

Our research group looked at the impact of under-vine cover 
crops as an alternative to bare ground soils in various studies 
throughout the Finger Lakes. We found that under-vine cov-
er crops can be an effective tool to reduce vigor and promote 
better balanced vines, while also reducing management costs 
compared to maintaining an herbicide strip. Under-vine cover 
crops also promote healthier soils and reduce soil erosion and 
nitrogen leaching.
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In many cool climate wine regions, vinifera growers 
hedge the vines and pull leaves from the cluster zone mul-
tiple times in the growing season in order to reduce the 
negative impacts of excessive canopy growth.  But one of 
the reasons that vines can grow excessively is that most 
vineyards maintain a weed-free strip under the trellis 
using herbicides or cultivation.  The bare soil eliminates 
competition from non-vine plant species for water and 
nutrients.

But in addition to reducing competition, maintaining bare 
soil also increases the opportunity for soil erosion and 
runoff. Planting cover crops directly beneath vines has 
the potential to mitigate the environmentally detrimental 
features of herbicide application and cultivation, while 
increasing competition for water and nutrients to reduce 
excessive vine vigor. 

The Vanden Heuvel research program at Cornell has re-
cently completed several experiments and published a se-
ries of papers on the use of annual under-vine cover crops.  
We’ve worked with a range of under-vine cover crops: 
buckwheat (Fagopyrum esculentum), rosette-forming tur-
nip (Brassica rapa), chicory (Chicorum intybus), annual rye-
grass (Lollium multiflorum), white clover (Trifolium repens 
cv. Dutch White), tillage radish (Raphanus sativus), alfalfa 
(Medicago sativa), fescue (Festuca arundinacia), and what 
we call ‘native vegetation’ (i.e., we let the weeds grow). 
 
Vine size.  Under-vine cover crops have had variable im-
pacts on vine size.  A summary of the cover crops we’ve 
used on mature vines and their impact can be found in 
Table 1.  The range of impacts of the under-vine covers on 
vine size suggests that these crops can be used as a tool for 
maintaining soil cover while maintaining an appropriate 
vine size.  For example, buckwheat had essentially no im-
pact on vine size or yield at multiple sites, while chicory 
plots had significantly lower pruning weights compared 
to glyphosate plots. 
Cover crops that provided ample competition for vines 
(such as chicory) likely did so through competition for 
both nutrients and water.  Some of the cover crops reduced 
petiole nutrient concentrations at veraison – specifically 
N – but others had little impact.  Due to our high organ-
ic matter soils and a climate that in most years provides 
ample precipitation, we found little to no differences in 
stem water potential as a function of cover crops.  In many 
cases, shoot length, shoot diameter, and/or shoot growth 
rate was reduced as a function of cover crop growth.  This 
suggested that stem water potential just wasn’t precise 
enough to pick up differences in vine water status likely 
causing the reduced growth.  In a study on East Cayuga 
Lake, we used minirhizotron tubes to image grapevine 
roots and recorded lower grapevine fine root production 
in shallow soil layers as well as a shorter lifespan of the 
vine’s fine roots due to competition with cover crop roots 
(Centinari et al. 2016).  

The choice of under-vine cover crop impacted the tim-
ing of competition for water and nutrients.  For example 
natural vegetation provided competition throughout the 
season as senescing weeds were replaced by new species.  
In contrast, buckwheat emerged early and then senesced 
by mid-August.  These timing differences with respect to 
cover crop growth should enable growers to fine-tune the 
timing of competition in their vineyards. 
Must composition, wine characteristics. Must composi-
tion (soluble solids, pH, TA) was rarely affected by the 
use of under-vine cover crops in our studies.   Small-scale 
fermentations were completed with fruit from three sites 
over multiple years (Karl et al. 2016a, Jordan et al. 2016, 
and an unpublished Riesling study described in Jordan 
(2014) where buckwheat, chicory, and glyphosate were 
compared as under-vine treatments).  When subjected to 
multidimensional scaling analyses to determine whether 
wines from the under-vine cover crop treatments differed 
from the control, wines made from vines with under-vine 
cover crops significantly changed the perceived aromatic 
properties of Riesling at one of two sites (Jordan et al. 
2016), but not the aromatic and gustatory properties of 
Cabernet franc (Karl et al. 2016a).  Impact of under-vine 
cover crops on wine sensory characteristics would be 
highly dependent on how competitive the cover crop was 
in a given season, and whether cluster light exposure, leaf 
area to fruit ratio, or vine nutrient and water status were 
impacted. 
Management costs compared to herbicides. Economic 
analyses suggest the cost of planting and maintaining an 
under-vine cover crop is considerably lower than main-
taining an herbicide strip.  The assumptions for this analy-
sis are in Karl et al. (2016a) and included two full sprays 
plus one spot application of glyphosate, as well as the need 
to mow the under-vine cover crops.  In a mature vineyard 
where there is little impact on  yield (such as those used 
in Centinari et al. (2016) and Jordan et al. (2016), the im-
pact of under-vine cover crops on total revenue would be 
positive rather than negative when compared to glypho-
sate application.  However if yield is reduced as it was in 
our study with young vines (Karl et al., 2016a) under-vine 
cover crops could decrease revenue. 

Little to no impact Moderate impact Significant impact
Buckwheat Tillage Radish Chicory

Rosette-forming turnip Alfalfa Annual ryegrass

Fescue

Native vegetation* 

*depending on weed composition

Table 1: The impact of under-vine cover crops on prun-
ing weight and yield of mature vines.  Note results will 
differ based on site characteristics including water avail-
ability, nutrient availability, and climate.

Little to no impact  Moderate 
impact

Significant impact

Buckwheat Tillage Radish Chicory
Rosette-forming turnip 
Alfalfa

Annual ryegrass
Fescue  
Native vegetation*  *depending 
on weed 
composition
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Environmental impacts. We tracked the impact of under-
vine treatments of glyphosate, cultivation, native vegeta-
tion, and dutch clover on soil health, including leaching 
of agrichemicals and nutrients (Karl et al., 2016b).  We 
installed a set of 16 drainage lysimeters into the vineyard 
(Figure 2) so that we could collect leachate samples after 
rain and irrigation events.  We used these water samples 
to track leaching of total nitrogen, dissolved organic car-
bon (as a proxy for soil breakdown), and the insecticide 
imidacloprid. 
The rate of total nitrogen leachate in the glyphosate plots 
over the course of the four-year study was 174% greater 
than in the native vegetation plots. As well as being a pol-
lutant of local waterways, greater leaching of nitrate can 

also lead to increased emissions of the greenhouse gas ni-
trous oxide from soils.  
The insecticide was found in nearly all native vegetation 
and glyphosate plots (Karl et al. 2016b) but imidacoprid 
and its breakdown metabolites were found in much great-
er concentrations in the glyphosate plots than in the other 
treatments, likely because the lack of plant cover resulted 
in the imidacloprid dripping directly onto the soil.  Imi-
dacloprid is toxic to both aquatic and soil-dwelling inver-
tebrates, so reducing leaching of the compound is a pri-
ority.  However, while we didn’t measure the amount of 
imidacloprid persisting in the groundcovers – it’s possible 
that it was trapped by groundcovers, which if true may be 
problematic for non-target organisms such as honeybees.

Figure 1.  Different under-vine treatments used by 
the Vanden Heuvel research program in experimen-
tal vineyards, Finger Lakes region, New York.  A) 
Glyphosate, B) Cultivation, C) Native vegetation, D) 
Chicory, E) Fescue, F) Tillage raddish. 

A B C

D FE

Figure 2. Drainage lysimeters used for collecting leachate samples from under-vine cover crops.
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Soil health. In the fourth year of the study we observed 
physical differences in soil structure.  Soils in the culti-
vated plots had greater bulk density, less porosity, and 
lower available water capacity than soils in the white clo-
ver treatments.  
Dissolved organic carbon influences biological, physical, 
and chemical properties of the soil and is an important 
source of nutrients for soil microbial metabolism.  Aver-
aged over the four-year study, dissolved organic carbon 
leachate concentrations were approximately 33% greater 
(Figure 3) in glyphosate compared to native vegetation 
plots, suggesting soil breakdown and a loss of soil health 
in the glyphosate plots.  
Considerations for adoption. Age of the vines will have 
an impact on how they respond to the competition that 
an under-vine cover crop may provide for water and 
nutrients.  When we initiated our under-vine cover crop 
treatments when the vineyard was in its fourth year, the 
impact on vine size and yield was large.  But when we 
let the native vegetation grow under vines in a 17-year 
old vineyard the pruning weight wasn’t affected by the 
treatments after three years.  While our economic analy-
ses show reduced production costs with under-vine cover 
crops compared to glyphosate, the impact on revenue will 
depend on whether yield is reduced.
The impacts of an under-vine cover crop on vine growth 
and yield will differ significantly based on soil composi-
tion and water availability.  Our experiments were all con-
ducted in the Finger Lakes region of upstate New York.  
All of the studies on vinifera were conducted in vineyards 
with deep, rich soils.  In most years we have ample pre-
cipitation and our soils are high in organic matter so ex-
cessive vigor can be a challenge in vinifera plantings.  A 
good choice of an under-vine cover crop can potentially 
alleviate some of that vigor, reducing the need for mul-
tiple rounds of hedging and leaf removal.   
However, during the 2016 drought, Noiret vines growing 
on shallow soil (roughly 2.5-3.0 feet in depth) were in dis-
tress as a function of the under-vine cover crops, resulting 
in poor growth and partial defoliation (Kallas, 2017).  If 
cover crops are providing too much competition during a 
dry season, they should be killed so the vines can access 
the water and nutrients required to ripen the fruit.

Adoption of an under-vine cover crop is an annual deci-
sion.  For example, vines in the Riesling vineyard used for 
the Jordan (2014) study benefitted from the vigor reduc-
tion provided by the chicory beneath the vines.  However 
after two full seasons the vines were an appropriate size.  
In a commercial vineyard, I would have recommended 
that a new under-vine cover of buckwheat be seeded the 
following year to maintain the current vine size. 
A modified rotary spreader as well as a pendulum spread-
er with a banding accessory are currently being tested by 
Hans Walter-Peterson of the Finger Lakes Grape Program 
to enable direct seeding under vines. 
Conclusion. Over the course of our experiments, we’ve 
noted little to no reason to maintain an herbicide strip in 
mature vineyards growing on moderate to deep soils.  Un-
der-vine cover crops can be used as a tool for vigor man-
agement, to maintain or improve soil health, to decrease 
the leaching of nutrients in comparison to herbicide use 
and to potentially reduce management costs (pending de-
velopment of a mechanical seeder for under vines).   
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Rebecca Hervieux, Taryn Bauerle, Mike Brown, Steve Le-
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