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a  b  s  t  r  a  c  t

Worldwide  interest  for organic  farming  increased  significantly  since  the  last  decade.  Wine  makes  no
exception  to this  trend,  as consumer  demand  for  organic  wines  and  environmental  friendly  viticulture
practices  increases.  Organic  wine  production  aims  at producing  high  quality  grapes  and  wines  while
minimizing  the  use  of  inputs,  both  in the  vineyard  and the winery.  Its  success  lies in an  approach  that
takes  advantage  of  the biodiversity  to maintain  a balance  between  resource  availability,  living  organisms
and productivity  in the  vineyard,  while  maintaining  pest  and  disease  at the  lowest  level.  In this  review,  we
will  present  management  practices  for successful  grape  production  under  organic  management,  including
methods  for  disease  and pest  prevention,  and  treatments  in  the  vineyard.  Then,  we  will  review  the  impact
of  organic  grape  management  on  the  quality  of  organic  wine.
ntegrated pest management
ulfur dioxide
ungicide
over crop
iological control
henolic compounds
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. Introduction

Conventional viticulture is among the most pesticide-
onsuming agricultural systems (Aubertot et al., 2005). For
xample, grape production in France occupies less than 3% of
he total area devoted to agriculture and consumes nearly 20%
f total pesticides (Aubertot et al., 2005; Delière et al., 2014).

n Italy, more than 200 different pesticides are registered for
rapevine (Cabras and Conte, 2001). The intensive use of pesticides
riggers the build-up of pest systemic resistance (Leroux et al.,
002; Savocchia et al., 2004) and negatively impacts non-targeted
rganisms including fauna, plants, and microbiota (Hildebrandt
t al., 2008; Komárek et al., 2010; Nash et al., 2010). In this context,
he reduction of pesticide in viticulture and higher deployment of
rganic viticulture become highly valuable.
Please cite this article in press as: Provost, C., Pedneault, K., The orga
management and impacts on wine quality. Sci. Hortic. (2016), http://d

From 2002 to 2013, areas devoted to organic grape produc-
ion significantly increased (Table 1). Representing 4.6% of the total
rape production, in a total of 310 000 ha, the three most impor-
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304-4238/© 2016 Elsevier B.V. All rights reserved.
tant producing countries are Spain, France and Italy (Willer and
Lernoud, 2015). Although Europe owns 90% of the total cultivated
area, organic grape production recently expanded in other coun-
tries such as China and Turkey (Willer and Lernoud, 2015). Despite
these significant expansions, several factors may  have slowed down
the progression of organic viticulture, including unreliable yields,
issues with pest management, and the need to educate consumers
in organic products (Willer et al., 2008). Consumers either have
a negative perception of organic wines quality, or are not willing
to pay higher cost generally attached to these wines (Iordachescu
et al., 2009; Ogbeide, 2015; Rojas-Méndez et al., 2015). In addition,
crop yield may  be reduced by 8–16% compared to conventional
grapevines (Bayramoglu and Gundogmus, 2008; Guesmi et al.,
2012). Therefore, the challenge of organic wine production is sig-
nificant: organic growers and winemakers are expected to produce
wines using pesticides and inputs chosen from an approved list
while maintaining the high quality requested by consumers.

Success in organic viticulture is mainly based on implementing
a production system that minimizes the incidence of disease and
nic vineyard as a balanced ecosystem: Improved organic grape
x.doi.org/10.1016/j.scienta.2016.04.024

pest and consequently reduce the use of pesticides such as copper-
based fungicides, without compromising crop productivity (Sivčev
et al., 2010). A successful approach is to consider the vineyard as
an ecosystem where every resource is optimized to maintain a

dx.doi.org/10.1016/j.scienta.2016.04.024
dx.doi.org/10.1016/j.scienta.2016.04.024
http://www.sciencedirect.com/science/journal/03044238
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Table 1
Worldwide progression of areas devoted to organic grape production 2002–2013 and conventional grape production (2012–2013).

Country Area under organic production (ha) Total cultivated area (ha)

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2012–2013

Argentina 5 359 4 139 221 000
Austria  1 114 1 536 1 657 1 791 1 766 2 477 2 773 3 218 3 863 4 178 4 259 4 414 43 700
Canada 112 129 262 347 11650
Chile  4592 3 595 205 000
China  2 000 19 174 570 000
France  15 013 16 259 16 428 18 133 18 808 22 509 27 869 39 146 50 268 61 056 64 801 64 610 800 000
Germany 3 500 4 400 4 700 5 200 6 900 7 400 7 100 100 000
Greece  2 599 3 168 3 303 3 955 4 603 4 561 5 024 4 875 5 001 4 807 4 997 4 718 110 000
Italy  37 379 31 709 31 170 33 885 37 694 36 684 40 480 43 614 52 273 52 812 57 347 67 937 769 000
Portugal 575 839 1002 1 240 1 178 2 021 2 028 1 804 2 667 2 523 2 523 2 523 239 000
Spain  16 038 16 453 14 928 15 991 16 832 17 189 30 856 53 959 57 232 79 016 81 262 83 932 1 018 000
Turkey 6 571 8 418 517 000
United  States 5 088 9 226 11 448 15 646 15 647 15 647 394 000
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Total  77 806 69 964 68 488 84 221 80 881 88 941 124 9

ources: (European Commission, 2013; Karlsson, 2014; Macey, 2010, 2011, 2012; U

ich biodiversity contributing to decrease pest and disease pres-
ure (Thies and Tscharntke, 1999). Such crop production systems
argely differ from conventional production and may  therefore have
everal impacts on wine composition and quality, possibly justify-
ng the high price of organic wines (Rojas-Méndez et al., 2015). In
his review, we will present how an approach based on biodiversity
an contribute to preserve the organic vineyard ecosystem for suc-
essful organic grape production, present certain techniques and
roducts used in organic growing, and report recent studies on the

mpact of organic viticulture on wine quality.

. The organic vineyard as a balanced ecosystem

A balanced ecosystem is defined as a diversity of organisms, such
s fauna, plants and microorganisms, living in complementarity in

 competing system (Begon et al., 1996). In natural ecosystems, a
ich biodiversity prevents the domination of a single species over
he others (Thies and Tscharntke, 1999). In contrast, the vineyard
s a monoculture that artificially favors a perennial species (e.g.
rapevine) over the others, a balance that is maintained through the
se of synthetic pesticides in conventional viticulture. Conversely,
rganic viticulture aims at reducing the use of approved pesticides
y adopting different practices that promotes an adequate biodi-
ersity within the production system.

Increasing the presence of beneficial organisms that maintain
nemies at under control contributes to preserve the balance
etween the main crop and the other organisms (Thies and
scharntke, 1999). The success of this approach is based on three
ey elements: (i) manage resources availability by improving soil
tructure, and controlling competition and crop attractiveness; (ii)
mprove arthropod diversity to constraint grapevine enemies and
iii) prevent diseases using optimal canopy management practices
Rombourgh, 2002).

.1. Resources management

.1.1. Maintain or improve soil structure
Soil is considered as an interactive system in which its structure,

ora, fauna, and organic matter are strongly interrelated (Coleman
t al., 1992). In organic vineyard, cultural practices, such as mulches,
over crops, organic enrichments and cultivation, are recognized to
odulate soil structure and composition. Mulches help to rebuild
Please cite this article in press as: Provost, C., Pedneault, K., The orga
management and impacts on wine quality. Sci. Hortic. (2016), http://d

he soil food web after the vine plantation (Rombourgh, 2002).
When resources like water are not limited, cover crops (CC) may

rovide additional organic matter and significantly contribute to
mprove soil quality (Adams, 2011; Ingels et al., 2005; McGourty
151 445 176 504 226 938 257 020 286 554 4 998 350

2015a; Willer, 2008; Willer and Yussefi, 2006; Willer and Lernoud, 2014, 2015).

and Reganold, 2005; Wheaton et al., 2008). Under organic manage-
ment, CC and organic matter inputs generally have a positive impact
on earthworms by increasing their abundance and biomass (Pérès
et al., 1998). However, Coll et al. (2011) showed that the density
and biomass of earthworm decreased in organic vineyard without
organic matter inputs, while the biomass of soil microorganisms
and the nematofauna were found to increase. CC are also known to
increase microbial communities in cover cropped vineyards when
compared to disk control, but the CC species does not impact the
composition of the microbial community (Ingels et al., 2005).

2.1.2. Control competition: weeds, cover crops and grapevine
Weeds are plant species showing excessive growth and high

adaptation to their growing environment. Unlike CC, they are
aggressive, hardly manageable, and compromise vineyard produc-
tivity by competing with the vines (Wisler and Norris, 2005). The
use of synthetic herbicides is prohibited in organic viticulture.
Therefore, mechanical removal remains the primary option to con-
trol weed growth under rows, whereas CC are a proper option
between rows (Pimentel et al., 1992; Sanguankeo et al., 2009). Early
establishment of aggressive CC species, such as wheat and rye, or
use of spring-planted plots, are the best strategies to decrease weed
growth, biomass and density, without negative impacts on vine
(Bordelon and Weller, 1997; Krohn and Ferree, 2005). Some CC
species are better competitor (e.g. rye, wheat, barley, oats) than
other (e.g. vetch) while others use allopathic effects (e.g. rye),
so their potential for weed competition and suppression varies
(Bordelon and Weller, 1997; Putman et al., 1986).

Competition for water and mineral resources has a direct impact
on vine vigor, even when this competition comes from CC rather
than weeds. In fact, lower pruning weights and shoot length, fewer
lateral shoots and higher canopy openness have been observed
in cover cropped vineyards (Ingels et al., 2005; Krohn and Ferree,
2005; Tesic et al., 2007). When resources are not limited (e.g., fer-
tile soil, high water availability), such competition may improve
vine balance by reducing excessive vigor and potentially improve
crop quality without significant impact on yield (Giese et al., 2015;
Ingels et al., 2005; Sweet and Schreiner, 2010; Wheeler et al., 2005).
In contrast, long-term cover cropping is restricted in areas where
water availability is limited (Guerra and Steenwerth, 2012).

Success with CC lies in proper selection of species and man-
agement methods to maximize the benefits and reduce potential
nic vineyard as a balanced ecosystem: Improved organic grape
x.doi.org/10.1016/j.scienta.2016.04.024

problems (Guerra and Steenwerth, 2012; Ingels et al., 2005, 1998).
Indeed, species such a clover, rye, ryegrass and fescue have been
largely tested in viticulture and prove to be efficient in many coun-
tries (Guerra and Steenwerth, 2012). Yet, other factors may  affect

dx.doi.org/10.1016/j.scienta.2016.04.024
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heir impact in the organic vineyard such as vine age, initial status
f soil nutrient and water capacity, and the proportion of CC within
he growing area. When permanent cover cropping is used, a bal-
nce is usually reached after 4–5 years and their impacts on vine
ecrease (Sweet and Schreiner, 2010).

.1.3. Implement cultural methods
Cultural control aims at making the crop less attractive to pests

Bostanian et al., 2012). Several approaches are used in perennial
rops: use of resistant varieties and/or rootstocks (see Pedneault
nd Provost, 2016 for a review on fungus-resistant grapevine vari-
ties), sanitation by removal of residuals, modification of harvest
ates, implementation and/or conservation of trap plants, modula-
ion of irrigation and fertilization schedules (Mills and Daane, 2005;
ehnder et al., 2007). In viticulture, the first significant practice used
o reduce the occurrence of an aggressive pest was the grafting of V.
inifera varieties on North American Vitis spp. rootstocks showing
igh resistance to Phylloxera (Gale, 2003). This practice has been
he main control against this pest for nearly 150 years, and new
ootstocks continue to be bred to constrain the resistance (Korosi
t al., 2003).

Optimal selection of grape varieties is advantageous to suc-
essfully control fungal diseases (Pedneault and Provost, 2016).
rape varieties may  also contribute to control insect pests by
nhancing the presence of predators in a variety-dependent man-
er. For example, Peverieri et al. (2009) evaluated the diversity
nd abundance of predacious mites in four vine varieties grown
nder three different managements (organic, conventional and
ntreated vineyard). Their results showed that the predatory
ites Kampimodromus aberrans (Oudemans) and Typhlodromus

xhilaratus (Ragusa) preferred the Verdicchio variety, whereas
yphlodromus pyri (Scheuten) and Amblyseius andersoni (Chant)
ere mostly found on Nero d’Avola grapes. In addition, the abun-

ance of predatory mites was higher in the organic and untreated
ineyards compared to the conventional vineyards. In other studies,
rapevine variety was found to affect the fitness and the occurrence
f the prey Lobesia botrana, including female and larval perfor-
ance, female fecundity, and distribution pattern (Moreau et al.,

006; Sharon et al., 2009).
Considering the organic vineyard as an ecosystem is a key fac-

or to optimize cultural control methods. Operations such as soil
illage and use of mulches may  contribute to enhance the insect
est control by favoring the activity of beneficial microorganisms,
odulating the dispersion and abundance of pests and increasing

ccurrence and diversity of natural enemies (Lotter et al., 1999;
owell et al., 2007; Sharley et al., 2008). Implementing optimal irri-
ation schedule may  affect vine vigor and consequently equally
odulate pest and predatory populations (Daane and Williams,

003; Stavrinides et al., 2010). Vineyard sanitation, such as cut-
ing wild grapevine and removing clusters and pruning woods left
ehind, is another way to reduce pests in the organic vineyard
Jenkins and Isaacs, 2007; Mills and Daane, 2005).

.2. Improve arthropods biodiversity to constraint grapevine
nemies

Several pests are detrimental to grapevine productivity and
rowth, including grape berry moth (Paralobesia viteana Clemens),
rape leafhopper (Erythroneura comes Say), Japanese beetle (Popil-

ia japonica Newman), grape phylloxera (Daktulosphaira vitifoliae),
nd mites (Bostanian et al., 2012). Conversely, avoiding the use of
Please cite this article in press as: Provost, C., Pedneault, K., The orga
management and impacts on wine quality. Sci. Hortic. (2016), http://d

esticides improves the diversity and the occurrence of arthropods
n the organic vineyard. Methods that provide food or shelter for
eneficial arthropods such as insects, mites, and spiders increase
heir biodiversity and further increase the rates of parasitism and
 PRESS
ticulturae xxx (2016) xxx–xxx 3

predation against pests (Nicholls et al., 2000; Costello and Daane,
2003; Jonsson et al., 2010; Sanguankeo and León, 2011).

The composition of the local food web, the extent to which suit-
able and/or limited resources are available to the target’s natural
enemies, and food plants selection may  be significantly improved
with selected CC, but may  also impact their efficiency at reduc-
ing the occurrence of pests (Begum et al., 2006; Jonsson et al.,
2010; Guerra and Steenwerth, 2012). In organic vineyards from
New Zealand, the presence of buckwheat and alyssum increased
the fecundity and the longevity of a leafroller parasitoid, but the
impact on the density of leafrollers remained unclear (Berndt et al.,
2006; Scarratt, 2005). Another study showed that the presence
of diversified flowering CC improved the parasitism of leafhopper
eggs compared to the absence of CC (Nicholls et al., 2000). Similarly,
the presence of flowers contributed to increase the population and
diversity of predators, with consequent reduction of both leafhop-
per and thrips populations (Nicholls et al., 2000). Spiders were
also found to reduce leafhopper populations under cover cropping,
with the observation that mowing CC often triggered predators
migration from CC to adjacent vines therefore improving their effi-
ciency (Hanna et al., 2003). Another study carried out under organic
management showed that reducing vine vigor through competi-
tion with CC efficiently reduced grapevine attractiveness for pests
like leafhopper and European grapevine moth (Costello and Daane,
2003; Serra et al., 2006).

2.3. Canopy management to minimize diseases

Fungal diseases, including downy mildew (Plasmopara viti-
cola), powdery mildew (Uncinula necator), anthracnose (Elsinoe
ampelina), grey mold (Botrytis cinerea), and black rot (Guignar-
dia bedwelli) are among the most significant issues in viticulture
(Avenard et al., 2003; Reynier, 2012). Fungal diseases affect veg-
etative parts and reduce the photosynthetic capacity of the vine
with the consequence that the plant is weaker, less hardy and less
fruitful. On grapes, fungal infestation may  cause significant loss in
yield and affect quality (Avenard et al., 2003; Cilindre et al., 2007).
In organic viticulture, fungal diseases command the use of inputs
such as copper- and sulfur-based fungicides whose use should be
minimized and accurately calculated (Rombourgh, 2002; Komárek
et al., 2010). Therefore, maintaining disease occurrence at the low-
est level is mandatory in organic grape production.

The occurrence of fungal disease as well as their future man-
agement is partly determined at vineyard implementation: site and
grape varieties selection, row orientation, and eventually, selection
and use of CC are of importance (Rombourgh, 2002; Avenard et al.,
2003; Pedneault and Provost, 2016). Then, appropriate canopy
architecture practices, such as the selection of the training sys-
tem, trimming, pruning and leaf thinning, contribute to reduce
the occurrence of fungal diseases (Rombourgh, 2002). Rootstock
selection may  equally impact disease occurrence by modifying
grapevine vigor and canopy comptacness (Table 2; Ferreira and
Marais, 1987; Koblet et al., 1994).

At the ground level, CC may  contribute to lower the incidence of
fungal diseases by increasing canopy openness and improve sub-
canopy aeration and temperature (Reynolds and Vanden Heuvel,
2009; Jacometti et al., 2010; Keller et al., 2015). Indeed, some
studies demonstrated that CC may  reduce soil water content and
nutrients, resulting in lower number of leaf layer, reduced num-
ber of internal clusters and leaves, and higher gaps in the canopy
(Guerra and Steenwerth 2012; Morlat and Jacquet, 2003; Tesic et al.,
2007).
nic vineyard as a balanced ecosystem: Improved organic grape
x.doi.org/10.1016/j.scienta.2016.04.024

2.3.1. Training system
One of the objectives of grapevine training is to arrange peren-

nial wood and canes to optimize leaf area exposition, to manage

dx.doi.org/10.1016/j.scienta.2016.04.024


Please cite this article in press as: Provost, C., Pedneault, K., The organic vineyard as a balanced ecosystem: Improved organic grape
management and impacts on wine quality. Sci. Hortic. (2016), http://dx.doi.org/10.1016/j.scienta.2016.04.024

ARTICLE IN PRESSG Model
HORTI-6399; No. of Pages 14

4  C. Provost, K. Pedneault / Scientia Horticulturae xxx (2016) xxx–xxx

Table 2
Impact of cultural practices on disease infections and on factors affecting disease occurrence.

Cultural practice Grape variety Impact on diseases Factor affecting disease
occurrence

Refs.

leaf removal Emperor, Thompson
Seedless

LR increased evaporation
potential;
wind speed and RH had the
greater impact on BOT

Thomas et al. (1988)

Zinfandel, Chenin blanc LR reduced BOT interaction between wind
and RH reduced BOT;
LR increased wind speed
and evaporation potential

English et al. (1989)

Barbera, Carignane,
Chardonnay, Zinfandel,
Thompson Seedless

LR reduced the population
of Penicillium, BOT and
Aspergillus

LR caused unfavorable
conditions for the
development of conidia
and increased conidia
destruction by ultraviolet
radiation or desiccation

Duncan et al. (1995)

leaf removal and fungicide Chardonnay LR reduced PM;
combination of LR and
fungicide resulted in
similar disease levels
compared to conventional
vineyard

LR favored the presence of
fungicides on berries

Chellemi and Marois
(1992)

rootstock Pinot noir 101-14 Mgt  presented
higher diseases rates
compared to 3309C

101-14 Mgt  produced a
higher number of berries
and cluster

Koblet et al. (1994)

rootstock and pruning Chenin blanc rootstock Jacquez and 99
Richter reduced BOT;
combinations of cane
pruning with 99 Richter
and 101-14 Mgt  had
positive impact on BOT
control

rootstock Jacquez and 99
Richter reduced vine
growth and cluster
compactness

Ferreira and Marais (1987)

training system Cabernet Sauvignon reduced occurrence of DM
on leave and BOT bunch rot
with VSP compared to YT

Bern et al. (2015)

Sangiovese reduced occurrence of BOT
with SAYM compared to
VSP

Palliotti (2012)

Chenin blanc, Zinfandel XARM presented 47% more
BOT

better penetration of wind
and solar radiation with
TWV

Savage and Sall (1982)
Savage and Sall (1984)

Chardonnay, Cabernet
Sauvignon

free-positioned, topped
vines reduced PM on
berries and clusters
compared to VSP

better air movement and
sunlight with
free-positioned vines

Zahavi et al. (2001) Zahavi
and Reuveni (2012)

Guyot increased BOT poor air movement in high
trained vines increased leaf
temperature and lowered
wind speed

Draganov and Draganov
(1976)

Cabernet Sauvignon presence of injuries
increased Eutypa

Lake et al. (1996)

Chardonnay UK and UK/MWC  lowered
the occurrence and severity
of BOT compared to MWC

UK and UK/MWC  reduced
cluster compactness

Zabadal and Dittmer
(1998)

training system and leaf
removal

Chardonnay VSP reduced PM
development compared to
UK; LR reduced the
occurrence of PM;
LR at berry set reduced PM;
irrigation increased PM

reduction of shade and
higher sunlight penetration
reduced disease in VSP;
irrigation increased shoot
density

Austin (2010) Austin and
Wilcox (2011)

training system and
pruning

Concord UK and TWC  along with
hand-pruning reduced the
occurrence of Phomopsis

hedging was realized with
mechanical cutting bars
leaving amount of debris
containing disease
inoculum

Pscheidt and Pearson
(1989)

Shoot topping Pinot Gris and Riesling late shoot topping delayed
the moment when 5%
disease severity of BOT was
noted up to eleven days

late shoot topping reduced
cluster compactness

Molitor et al. (2015)

Cluster division Pinot Gris and Riesling all postbloom cluster
division treatments
reduced BOT severity

cluster division reduced
cluster compactness, and
impacts on cluster
structure are more
pronounced with later
treatments

Molitor et al. (2012)

2LR = leaf removal; RH = relative humidity; DM = downy mildew; PM = powdery mildew; BOT = Botrytis; training system: YT = Y-trellis; UK = Umbrella Kniffin; TWC  = Topwire
Cordon; SAYM = Y-shaped training system trained to an inclined shoot-positioned trellis; XARM = cross arm trellis; TWV  = two wire vertical

dx.doi.org/10.1016/j.scienta.2016.04.024
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ield, and control diseases (Reynolds and Vanden Heuvel, 2009).
y modifying the architecture of the canopy, the training system
ay  modulate the intensity of epidemics by modifying the inter-

eption of fungal inoculum, by triggering microclimatic conditions
avoring or disfavoring disease development, and by changing the
ynamics of tissue receptivity (Tivoli et al., 2013). Canopy struc-
ures likely to decrease fungal infection will provide higher levels
f air and ultraviolet radiation penetration under canopy, as well
s lower and shorter wetness intervals (Table 2; Smart, 1985;
eynolds and Vanden Heuvel, 2009; Jacometti et al., 2010; Austin
t al., 2011; Keller et al., 2015). For instance, VSP training reduced
he occurrence of leaf downy mildew and botrytis bunch rot in
abernet Sauvignon grapevine compared to grapevine trained as
-trellis system (Table 2; Bern et al., 2015). Conversely, the occur-
ence of powdery mildew was reduced on berries and clusters of
ree-positioned, topped Chardonnay and Cabernet sauvignon vines
ompared to vertical shoot positioned vines (Table 2, Zahavi et al.,
001; Zahavi and Reuveni, 2012).

The impact of the training system on fungal diseases varies
ccording to seasonal climatic conditions: under low disease pres-
ure, the training system may  significantly reduce the occurrence
f disease infections, but under high pressure, its impact is consid-
rably reduced (Zahavi et al., 2001; Austin and Wilcox, 2011; Bern
t al., 2015). Some examples of the impact of canopy management
ractices on fungal diseases are shown in Table 2.

.3.2. Leaf removal
Leaf removal (LR) is a technique used to improve airflow

hroughout the canopy and increase cluster exposure to sun (Elmer
nd Michailides, 2007; Reynier, 2012). LR has a direct impact on
he quality of grapes and wines by primarily reducing the inci-
ence of major diseases such as grey mold, powdery mildew and
owny mildew (Reynolds, 2008; Jacometti et al., 2010; Verdenal
t al., 2013). Trimming the fruit zone increases the temperature,
owers wetness and relative humidity, and increases wind speed
round the cluster, therefore resulting in unfavorable conditions
or the germination of fungal spores (i.e. Botrytis) (Guidoni et al.,
008; Tardaguila et al., 2010). In California, LR reduced by 62% the

ncidence of sour rot on untreated Carignane berries by causing
nfavorable conditions for conidial germination (i.e., low humid-

ty around clusters, higher exposure to sunlight) (Duncan et al.,
995). When pesticides are needed, LR enhances pesticide pene-
ration in grapevine canopy, resulting in an increased efficiency
nd subsequent reduction in the frequency of pesticide applications
Chellemi and Marois, 1992; Ferree et al., 2003).

LR improves the thickness of physical barriers such as epicu-
icular wax and cuticle in exposed berries (Percival et al., 1993).
uticle is the first barrier against berry diseases. Epicuticular wax
ay prevent fungal infection but its efficiency decrease as berries
ature, increasing crop susceptibility to Botrytis (Rosenquist and
orrison, 1989; Commentil et al., 1997). LR may  also contribute

o enhance the biosynthesis of natural defense compounds such as
hytoalexins by increasing cluster exposure to UV light (Langcake,
981).

The timing of LR impacts grapevines and berries in different
ays when performed before fruit set, LR can negatively affect

rapevine performance, while LR late in veraison can lead to higher
isks of scalding berries (Bergqvist et al., 2001; Spayd et al., 2002;
erdenal et al., 2013). Best results may  be expected on the control
f Botrytis when LR is performed at fruit set (bunch closure).

The use of LR should be rationalized according to weather con-
itions. Under unfavorable conditions (e.g., wet season), LR can
Please cite this article in press as: Provost, C., Pedneault, K., The orga
management and impacts on wine quality. Sci. Hortic. (2016), http://d

mprove health and quality of berries whereas it can lead to sunburn
amages when conditions are dry and hot (Bergqvist et al., 2001;
payd et al., 2002; Guidoni et al., 2008). In general, the impacts of
R on disease incidence are higher in temperate regions compared
 PRESS
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to hot and dry areas (Ferree et al., 2003; Tardaguila et al., 2010;
Austin and Wilcox, 2011).

2.3.3. Reduce cluster compactness
High cluster compactness has a significant impact on berry sus-

ceptibility to Botrytis bunch rot because it favors high humidity
that enhances fungus colonization (Vail and Marois, 1991; Pezet
et al., 2003; Mundy et al., 2012). Cluster compactness is highly
determined by grape genetics and rootstock, therefore adding on
the significance of cultivar selection in organic grape production
(Table 2; Ferreira and Marais, 1987; Koblet et al., 1994; Cristinzio
et al., 2000). In organic production, certain cultural practices such as
manual cluster division and shoot topping at an appropriated time
may  contribute to reduce cluster compactness and further lower
the occurrence of Botrytis infections on berries (Table 2; Molitor
et al., 2012, 2015).

3. Crop protection in organic viticulture.

Maintaining a balanced ecosystem with minimal intervention
may  become challenging despite the implementation of an efficient
pest and disease prevention program, especially when environ-
mental conditions contribute to increase pest and disease pressure.
When prevention methods become insufficient, different tools are
available for organic growers to control pests and diseases.

3.1. Organic pest management

Despite correct implementation and maintenance of a natural
biodiversity, variations in uncontrolled factors (i.e. climate) may
contribute to break the equilibrium in the organic vineyard and
press the grower to use specific measures to constrain plant ene-
mies. Organic pest management primarily focuses on enhancing the
presence of beneficial arthropods to the detriment of pests, using
economical and low-impact practices that consider the ecosystem
(Landis et al., 2005; Peverieri et al., 2009; Bruggisser et al., 2010). To
reach this goal, taking advantage from biological and physical con-
trol, and from semiochemicals is an asset (Bostanian et al., 2012).
Biological control recruits enemies of pests (e.g., predators, para-
sitoids, pathogens); physical control uses physical barrier against
herbivores, whereas semiochemicals use signaling molecules to
maintain pest away from crop (Bostanian et al., 2012).

3.1.1. Biological control
Biological control may  be carried out using different approaches

such as classical biological control, augmentation and conservation
(Begon et al., 1996). Classical biological control involves introduc-
ing a natural enemy from a foreign geographical area, but its use
is negligible in grape production because most attempts provided
moderate successes (Flaherty and Wilson, 1999). In organic viti-
culture, biological control achieves better result to control pest
with periodic releases of biological control agents (e.g. augmen-
tation) and by using ecosystem managements (e.g. conservation)
(Begon et al., 1996). Success factors in such approaches involve
appropriate plant selection and diversity, maximization of ecosys-
tem services, synchronicity between the natural enemy and the
target pest, and considerations for the landscape scale and the
dynamic of the agroecosystem (Landis et al., 2005; Zehnder et al.,
2007; Fiedler et al., 2008). Several difficulties (e.g. lack of synchro-
nization between prey and predator; intraguild predation) have
been previously noted and resulted in little impact on the tar-
geted pest, but successes have also been reported (Mani et al.,
nic vineyard as a balanced ecosystem: Improved organic grape
x.doi.org/10.1016/j.scienta.2016.04.024

2014). For example, using conservation to increase the popula-
tion of the egg parasitoid Anagrus epos (Girault) efficiently reduced
the occurrence of the western grape leafhopper (Erythroneura ele-
gantula Osborn) in organic California vineyards (Table 3; Altieri

dx.doi.org/10.1016/j.scienta.2016.04.024
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Table 3
Examples of biological control against insects and mites in vineyards.

Pest species Natural enemies Biological control
strategy

Topic of study Impact on target pest Refs.

Popillia japonica
Newman

Tiphia vernalis Rohwer classical introduction and dispersion of
the exotic parasitoid

reduced pest population Britton and Johnson (1938)

Popillia japonica
Newman

Istocheta aldrichi (Mesnil) classical introduction and impact of the
exotic parasitoid

did not reduced pest
population;
lack of synchronization
between pest and enemy

Fleming (1968)

Popillia japonica
Newman

Nematodes, e.g.
Steinernema glaseri
(Steiner)

classical large-scale evaluation of
colonization by nematodes

colonization was
unsuccessful

Gaugler et al. (1992)

Erythroneura
elegantula
(Osborn)

Anagrus epos (Girault) conservation prune tree in vineyard egg parasitism increased
only for the first generation
with prune tree

Murphy et al. (1998)
Corbett and Rosenheim
(1996)

Erythroneura
elegantula
(Osborn)
Frankliniella
occidentalis
(Pergande)

Anagrus epos Girault
Generalists predators

conservation vegetal corridor to increase the
abundance of natural enemies

greater natural enemy
populations near corridor;
reduced abundance of thrips
and leafhopper near corridor

Nicholls et al. (2000)

Erythroneura
variabilis Beamer,
E. elegantula
Osborn

Chrysoperla carnea,
(Stephens)

augmentation,
inundative releases

inundative predator released at
several densities

high predator releases
densities efficiently reduced
the population of leafhopper

Daane et al. (1996)

Erythroneura
variabilis Beamer

spiders sp. conservation cover crops to enhance spider
predation

cover crops increased spider
populations but without
significant impact on the pest

Hanna et al. (2003)

Paralobesia viteana
(Clemens)
Desmia funeralis
(Hübner)

Bacillus Thuringiensis
Berliner

augmentation,
inundative releases

product efficiency Bt efficiently controlled both
Lepidoptera without
negative impact on predator
insects populations

Biever and Hosteiter (1975)

Lobesia botrana
Denis &
Schiffermueler

Bacillus Thuringiensis
Berliner

augmentation,
inundative releases

products efficiency in 11
cultivars

Bt efficiently controlled the
pest but application methods
should consider cultivar
characteristics

Ifoulis and
Savopoulou-Soultani
(2004)

lepidoptera natural enemies in
vineyard and soil macro
invertebrates

conservation use of mulches to increase
natural enemies

no impact on pests;
mulches increased beetles,
Hymenoptera, and spiders
and decreased the population
of predatory and parasitic
Diptera and Hemiptera

Thomson and Hoffmann
(2007)

leafhoppers natural enemies conservation vegetal corridor to improve
biodiversity of natural enemies

greater natural enemy
populations near corridor;
reduction of leafhoppers
near corridor; increased egg
parasitism of leafhopper by
Anagrus

Nicholls et al. (2001)

Planococcus ficus
Signoret

Coccidoxenoides peregrinus
(Timberlake)

classical introduction of the parasitoid
to control mealybug

no significant difference in
parasitism rates in presence
of releases

Walton and Pringle (2002)

Planococcus ficus
Signoret
Neopulvinaria
innumerabilis
(Rathvon)

Cryptolaemus montrouzeiri
Mulsant

classical introduction of the coccinellid
to control mealybug and cotton
scale

after 50 years of releases, C.
montrouzeiri reduced
mealybugs and cotton scale
populations, but their control
was variable according to
region climate

Yasnosh et al. (2001)

Endopiza viteana
(Clemens)

Trichogramma minutum
Riley

augmentation,
inundative releases

releases of T. minutum in
border rows of vineyard

reduction of economic injury
caused by grape berry moth

Nagarkatti et al. (2003)

Phytophagous
mites,
Tetranychidae
and Eriophyids

predatory mites,
Phytoseiidae

augmentation releases of Phyoseiidae to
control mites and their
interaction with native
phytoseiids

intraguild interactions
between predators were
observed and phytophagous
mites populations were
reduced

Duso and Vettorazzo
(1999)

Panonychus ulmi
(Koch)

predatory mites,
Phytoseiidae

augmentation,
inoculative
releases

releases of Phyoseiidae to
control mites and their
interaction with native
phytoseiids

intraguild predation reduced
efficiency of mite control but
in presence of predators
compatibility, P. ulmi
populations were reduced

Camporese and Duso
(1996)

 of T. p
l P. ulm

e
t
g

Panonychus ulmi
(Koch)

Typhlodromus pyri
Scheuten

augmentation release
contro
Please cite this article in press as: Provost, C., Pedneault, K., The orga
management and impacts on wine quality. Sci. Hortic. (2016), http://d

t al., 2005; Nicholls et al., 2000, 2001). Augmentation and inunda-
ive releases of Bacillus thuringiensis successfully controlled the
rape berry moth (Paralobesia viteana Clemens) and the European
yri in vineyard to
i

T. pyri efficiently controlled
P. ulmi, even in presence of
Amblyseius fallacis (Garman)

Marshall and Lester (2001)
nic vineyard as a balanced ecosystem: Improved organic grape
x.doi.org/10.1016/j.scienta.2016.04.024

grapevine moth (Lobesia botrana Den. & Schiff.) without negative
impact on predator insects populations (Biever and Hosteiter, 1975;
Ifoulis and Savopoulou-Soultani, 2004).

dx.doi.org/10.1016/j.scienta.2016.04.024
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.1.2. Physical control practices
Physical control practices consist in the exclusion of insect pest

y the use of physical barriers such as nets (Mannini, 2007) and
aolin clay (Valizadeh et al., 2013). Physical control in perennial
rop is often labor consuming, restrictive, and costly (Vincent et al.,
003). In organic viticulture, physical control methods alone can
nly help for a number of insect pests including the leafhopper
omalodisca vitripennis (Say) (Blua et al., 2005; Tubajika et al.,
007), the vine cicada Psalmocharias alhageos (Kolonati) (Valizadeh
t al., 2013) and the Rose chafer Macrodactylus subspinosus (F.)
Dubé et al., 2016). However, they may  successfully complement
ther practices, such as biological or cultural control. For example,
ombining net protection and hot water treatments efficiently pre-
ents the propagation of phytoplasma diseases, which are mostly
ropagated by insect vectors (Mannini, 2007). Certain physical bar-
iers (e.g. screen barrier) may  be repulsive on pests and limit insect
ector dispersion. For instance, physical barrier efficiently limited
he dispersion of leafhoppers and consequently reduced the prop-
gation of both Pierce’s disease and phytoplasma diseases (Blua
t al., 2005; Mannini, 2007). Indeed, repellents such as kaolin clay
re effective to control various insects like leafhoppers and beetles
n organic viticulture and may, in some cases, effectively replace
nsecticide treatments by causing a repulsive effect that conse-
uently reduces pest occurrence (Tubajika et al., 2007; Valizadeh
t al., 2013; Bostanian et al., 2012).

.1.3. Semiochemical
Semiochemicals like pheromones and kairomones are

olecules that serve communication purposes between indi-
iduals from a same or a different species (Bostanian et al., 2012).
hey can efficiently attract insects even at low population den-
ities, they are species-specific, they have little adverse impacts
n natural enemies and their persistence in the field is generally

onger than insecticides (Witzgall et al., 2010). In organic vineyard,
ex pheromones are mostly used to monitor the presence and
bundance of a specific pest (pest detection), as massive trapping
gent, and for mating disruption (Table 4; Witzgall et al., 2010).
rapping provides essential data to optimize application of control
easures and particular consideration must be done for the nature

f the attractant, the dispenser, the design and location of the trap,
nd the lure quality (Witzgall et al., 2010). In vineyard, mass trap-
ing is particularly efficient against the Japanese beetle (Popillia

aponica Newman), the redbanded leafroller (Argyrotaenia veluti-
ana Walker) and the grape berry moth (Table 4) (Taschenberg
t al., 1974; Wold-Burkess, 2011).

Sex pheromones can also prevent mating by disrupting insect
ommunication, which constitute the most common use of semio-
hemicals in organic control of pest populations. Some studies have
emonstrated successful control using sex pheromones mainly for

 botrana, Eupoecilia ambiguella (Hübner) and Planococcus ficus (Sig-
oret) (Table 4; Kast, 2001; Millar et al., 2002; Moschos et al., 2004;
arlos et al., 2005). Success of mating disruption depends on several

actors including optimal understanding of the mechanisms under-
ying mating disruption, appropriate pheromone blends, rate of
elease, aerial concentration and scale of application (Varner et al.,
001; Witzgall et al., 2010).

.1.4. Chemical control with natural products
In organic crop production, chemical control is only used when

ll other methods have failed. Only a few non-synthetic chemicals
re accepted in organic grape production. Most organic chemi-
al insecticides originate from plant extracts or mineral sources.
Please cite this article in press as: Provost, C., Pedneault, K., The orga
management and impacts on wine quality. Sci. Hortic. (2016), http://d

pproval of non-synthetic chemicals for organic production is
egislated by country regulations that can restrict the use of a par-
icular product. For example, insecticides such as spinosad and
zadirachtin are both authorized in some countries and not in oth-
 PRESS
ticulturae xxx (2016) xxx–xxx 7

ers. Indeed, spinosad is known to be highly toxic to pollinators
and beneficial insects (Gentz et al., 2010). Azadirachtin is a sub-
stance extracted from the neem tree (Azadirachta indica)  seed oil
and has minimal impacts on beneficial arthropods (Mani et al.,
2014; Mazzoni et al., 2003). Its insect-killing property is espe-
cially efficient at immature stage; therefore, with the exception of
coccinellids, it generally allows the preservation of adult preda-
tors (Mani et al., 2014). Azadirachtin prove to be a promising
product against Scaphoideus titanus Ball and M. subspinosus in vine-
yards under organic or integrated pest management, especially in
preventive strategies and short-term activity, as the efficiency of
Azadirachtin residues decreases significantly after three days in the
field (Mazzoni et al., 2003; Isaacs et al., 2004).

Other products frequently used to reduce pest population in
organic vineyard either contain sulfur, pyrethrin, oils (e.g. sum-
mer  oil, dormant oil), or insecticidal soap (Bostanian et al., 2012;
Mani et al., 2014; Rombourgh, 2002). Oils and insecticidal soap are
known to efficiently control mites such as Tetranychus urticae Koch,
Panonychus ulmi (Koch) and Colomerus vitis (Pagenstecher) in vine-
yards (Bostanian et al., 2012). According to Rousseau (1997), sulfur
and paraffin oil applications after bud break might help reduce the
population of S. titanus and consequently the occurrence of Flaves-
cence dorée in organic vineyard,

3.2. Treating fungal diseases in organic grape production

Copper is largely used in organic grape production because of
its unique properties as a wide-spectrum fungicide and bactericide,
and its high efficiency against downy mildew (Dagostin et al., 2011).
The use of copper in grape production began in the late 1800s, when
the Bordeaux mixture, a broad-spectrum fungicide composed of
copper sulfate and slaked lime, was  discovered (Martins et al.,
2014). It has been used extensively in viticulture for more than 150
years, at rates reaching 80 kg/ha/year (Dagostin et al., 2011). But
copper has a low mobility in soil causing it to accumulate to levels
that may  be toxic (Komárek et al., 2010). Therefore, its use must be
carefully dosed (Komárek et al., 2010). Recently, over a hundred dif-
ferent treatments including biocontrol agents, materials of animal
origin, homeopathic preparations, inorganic materials, microbial
extracts, natural derivatives, plant extracts, physical methods, and
synthetic materials, were screened against downy mildew but none
of these treatments were as efficient as copper against this disease
(Dagostin et al., 2011).

In Europe, the use of copper is limited to 6 kg/ha/yr in organic
viticulture (Mackie et al., 2013). Copper is a contact fungicide that
loses its efficiency with plant tissue expansion and particle dis-
placement by rain, so frequent sprayings may  be required to keep
fungal diseases under control in organic farming (Kuflik et al., 2009).
When meteorological conditions maintain high disease pressure on
the organic vineyard, one application per week may be necessary
(Kuflik et al., 2009).

Fungicides based on other mineral elements like sulfur and lime
are approved in organic production and frequently used in com-
bination with or without copper. In practice, they are known to
efficiently reduce major diseases and to be harmless for the fauna
(Rombourgh, 2002). Direct contact with the fungus is generally nec-
essary to efficiently control its development (Rombourgh, 2002).
Sulfur is one of the most widely used mineral-based fungicides in
grape production because of its high efficacy and its broad appli-
cability against fungal diseases (Griffith et al., 2015). It is therefore
largely used in organic farming (Griffith et al., 2015). In viticul-
nic vineyard as a balanced ecosystem: Improved organic grape
x.doi.org/10.1016/j.scienta.2016.04.024

ture, sulfur can only be used until veraison to avoid the formation
of hydrogen sulfide during fermentation, which causes unwanted
off-flavors in wine (Griffith et al., 2015). Mineral-based formula-
tions including copper or sulfur can be used alternately with other

dx.doi.org/10.1016/j.scienta.2016.04.024
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Table 4
Overview of the use of semiochemicals and pheromones for detection (D), population monitoring (PM), mass trapping (MT), and mating disruption (MD) in vineyard from
different  countries.

Pest species Purpose Country Refs.

Archips argyrospila (Walker); Argyrotaenia velutinan (Walter); Platynota sp. D Canada Hillier and Lefebvre (2012)
Argyrotaenia velutinana (Walker); Paralobesia viteana (Clemens) MT,  MD United States Taschenberg et al. (1974)
Cryptoblabes gnidiella Mill.; Lobesia botrana Den. & Schiff MD Israel Harari et al. (2007) Gordon et al. (2003)
Endopiza viteana Clemens MD Canada Trimble et al. (2003)

PM United States Danko and Jubb (1983)
Eupoecilia ambiguella (Hübner); Lobesia botrana Den. & Schiff MD Germany Kast (2001)

MD France Roehrich et al. (1979)
Eupoecilia ambiguella (Hübner); Lobesia botrana Den. and Schiff; Sparganothis pilleriana (Schiff.) MD Switzerland Arn et al. (1988)
Lobesia botrana Den. & Schiff MD Portugal Carlos et al. (2005)

MD Greece Moschos et al. (2004)
MD Switzerland Charmillot and Pasquier (2001)
MD Italy Varner et al. (2001)

Popillia japonica Newman MT United States Wold-Burkess (2011)
Planococcus ficus (Signoret) PM United States Millar et al. (2002)

PM South Africa Walton et al. (2004)
MD Italy Cocco et al., (2011)
MD United States Walton et al. (2006)
PM Italy Lentini et al. (2008)

Pseudococcus sp. D, PM United States Dreves and Walton (2010)
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Pseudococcus maritimus (Ehrhorn) 

Sparganothis pilleriana (Schiff.)

roducts such as garlic extract, potassium bicarbonate, citric acid,
nd hydrogen peroxide (Rombourgh, 2002).

The development of nontoxic materials to control diseases has
esulted in various approaches: some act as physical barrier, oth-
rs are biological agents, and some are poisonous to the disease. In
ddition to its insect repellent properties, Kaolin can also reduce
iseases incidence (Sholberg and Boulé, 2006). Similarly, several
roducts used in organic management contain biological agents
uch as Streptomyces griseoviridis (soil bacteria; e.g. Mycostop)
Tapio and Pohto-Lahdenperä, 1991), Bacillus subtilis (e.g. Sere-
ade) (Ferreira et al., 1991), Ampelomyces quisqualis (e.g. AQ-10)
Kiss et al., 2004) and Trichoderma harzianum (e.g. Supresivit, Tri-
hodex) (Elad, 1994) that reduce diseases occurrence and severity
Jacometti et al., 2010; Rombourgh, 2002).

. Impact of organic management on wine quality

According to recent data (Barber et al., 2009; Rojas-Méndez
t al., 2015), organic wines are thought to be healthier and to con-
ain lower amounts of pesticide than conventional wine. Studies
how that most pesticides are removed by the winemaking pro-
ess, leaving insignificant amounts of residue in conventional wine
Cabras and Angioni, 2000; Bonn et al., 2015). Yet other studies
ound that certain fungicide may  remain in wine even after six-

onth of storage (Debieu et al., 2001), or carry-over from recycled
ooden barrels and lies (pied de cuve) to new wine (Plana, 2013).

Besides being free of synthetic pesticides, many organic wines
ontain lower amounts of sulfur dioxide than conventional wines
Guerrero and Cantos-Villar, 2015), which may  constitute a com-

ercial advantage (Costanigro et al., 2014). For example, in the USA,
organic wine” only contains naturally occurring sulfur dioxide and
wines made from organic grapes” may  contain up to 100 mg/L of
otal sulfur dioxide (USDA, 2015b), whereas the European Com-

ission allows sulfur dioxide addition up to 100 mg/L in red and
50 mg/L in white and rose wines (Guerrero and Cantos-Villar,
015). In contrast with conventional winemaking, the yeast nutri-
nt diammonium phosphate (DAP) is prohibited in USA for organic
Please cite this article in press as: Provost, C., Pedneault, K., The orga
management and impacts on wine quality. Sci. Hortic. (2016), http://d

inemaking, as are copper citrate and copper sulfate that are typ-
cally used to treat aromatic defaults (USDA, 2015b). The National
rganic Program of the USDA (2015b) allows the use of enzymes

f they derive from edible, nontoxic and nonpathogenic plant or
PM United States Bahder et al. (2013)
PM United States Walton et al. (2013)
MD Germany Schmidt-Tiedemann et al. (1999)

fungal material, whereas the EU Commission prohibits the use of
�-glucanase, urease and lyzosymes (European Commission, 2013).

Otherwise, organic winemaking regulations say little about
other potential contaminants such as plasticizers (e.g., phthalates).
Plasticizers are known to migrate into wine from the equipment
and supplies, including piping, tanks, stoppers and plastic contain-
ers (Jung et al., 2009; Jurica et al., 2013; Russo et al., 2012). In adult
men, exposure to phthalates has been related to a number of health
issues such as DNA damages in spermatozoids, decrease in sperm
motility and increased waist circumference (Meeker et al., 2009).
Because these substances are not controlled in organic winemak-
ing, their level in organic and conventional wines may  be similar
although, to our knowledge, no studies investigated this topic so
far.

The potential impact of organic grape management on wine
properties is unclear: Does organic viticulture increase wine
healthiness? Does it improve wine sensory attributes? Does
mineral pesticides such as copper carry over to wine? Studies
comparing the quality of organic to conventional wine face many
challenges related to the respective requirements of both produc-
tion systems. For example, to fairly compare both systems, organic
and conventional plots should share similar environment and prac-
tices, excluding the inputs and practices prohibited in organic
production, which can be hardly achievable at the commercial
level. Such trials should also be carried out on similar grape vari-
eties as varietal differences are often larger than those observed
between growing or winemaking conditions (Brandt and lgaard,
2001). In these conditions, keeping the number of uncontrolled
variables within an acceptable range is often difficult. So far, stud-
ies comparing organic and conventional growing systems mostly
addressed the carry-over of mineral pesticides such as copper from
grape to grape juice or wine (Provenzano et al., 2010; Miele et al.,
2015), and the impact of organic management on grape and wine
composition (Cozzolino et al., 2009; Mulero et al., 2009), wine’s
sensory attributes (Martin and Rasmussen, 2011), wine’s healthi-
ness (Yildirim et al., 2007; Mulero et al., 2010; Bunea et al., 2012;
Tassoni et al., 2013; Granato et al., 2014), and fermentation micro-
biota (Cordero-Bueso et al., 2011).
nic vineyard as a balanced ecosystem: Improved organic grape
x.doi.org/10.1016/j.scienta.2016.04.024
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.1. Carry-over of mineral-based pesticides

Copper is a toxic molecule for both plants and animal when
bsorbed in high levels. So far, studies showed that most copper
recipitates during the winemaking process (Miele et al., 2015). The
ypical copper concentration in conventional wine ranges between
.02 and 3 mg/L but should remain below 0.5 mg/L to avoid spoilage
eactions (e.g., pinking, browning, haze) (da Costa et al., 2014).
n addition, its presence may  significantly affect the fermenta-
ion kinetics of S. cerevisieae yeasts in a strain-dependent manner
Ferreira et al., 2006). Copper may  also impact the level of aro-

atic thiols in Sauvignon blanc grapes and wines, but the impact
s reduced when copper is only sprayed on foliage (Darriet et al.,
001).

Despite the significant use of copper in organic viticulture, its
evel in organic grapes and wines have been found to remain below
he maximum levels of 20 mg/kg (berries) and 1 mg/L (wine) in
taly (Provenzano et al., 2010). Conversely, copper concentration in
rganic grape juice commercially produced from V. labrusca vari-
ties in Brazil ranged from 0.23 to 12.4 mg/L, which is twice the
aximum limit of 5 mg/L allowed for organic food in that coun-

ry, and four times higher than the maximal copper concentration
enerally found in conventional wines (da Costa et al., 2014; Miele
t al., 2015).

.2. Grape-related compounds: wine composition, sensory
erception and healthiness

The general assumption is that organic grapevines suffer more
iotic stresses than conventional vines and should therefore pro-
uce higher rates of secondary metabolites, including phenolic
ompounds (Martin and Rasmussen, 2011). According to a study
y Mulero et al. (2009), wines produced from organic and conven-
ional grapes harvested in the same location and fermented using a
imilar protocol only showed negligible difference in their respec-
ive phenolic profiles (n = 18). At the beginning, organic wines
howed significantly higher levels of anthocyanin (344 mg/L) and
rans-resveratrol-3-o-glucoside (14 mg/L) than conventional wines
296 mg/L and 12 mg/L, respectively), but after six month of shelf-
ife, these differences where not detectable anymore; at this time,
rganic wines rather showed significantly higher level of hydrox-
cinnamic derivatives (48 mg/L) compared to conventional wines
41 mg/L) (Mulero et al., 2009). Recently, Cozzolino et al. (2009)
ompared the mid-infrared spectra of both commercial organic
ines (n = 57) and non-organic wines (n = 115) and were able to

iscriminate between them based on the phenolic compound struc-
ures whose band resonate at 1268 cm−1, hence supporting the
ssumption that organic and conventional wines do result in dif-
erent phenolic profiles (Cozzolino et al., 2009).

In an effort to reduce experimental variability, Martin and
asmussen (2011) used geographically paired monovarietal wines
roduced in five California wine countries, using the same wine-
aking protocol. In these wines, the concentration of total phenolic

TP) compounds was significantly higher in organic Pinot noir
ines (3500–5860 mg/L gallic ac. eq.) compared to conventional

nes (2630–4630 mg/L gallic ac. eq.), whereas conventional Syrah
ines showed higher levels of TP (5240–8380 mg/L gallic ac. eq.)

ompared to organic ones (3700–4550 mg/L gallic ac. eq.), suggest-
ng that grape varieties may  react differently to organic production

ethods. However, wine sensory analysis showed no noticeable
ifference in the visual aspect, the aroma intensity and qual-

ty, nor the taste of organic and conventional wines (Martin and
Please cite this article in press as: Provost, C., Pedneault, K., The orga
management and impacts on wine quality. Sci. Hortic. (2016), http://d

asmussen, 2011).
Higher rates of phenolic compounds or other health-related

ompounds in organic wine comply with consumer perception that
hey are healthier. However, studies presented above (Cozzolino
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et al., 2009; Mulero et al., 2009; Martin and Rasmussen, 2011) sug-
gest that such trends remain to be fully demonstrated. In addition,
organic wines may  carry higher rates of unwanted biogenic amines.
For instance, wines made from organic grapes showed higher lev-
els of putrescine (5.55 mg/L) than wines issued from conventional
grapes (3.68 mg/L) despite both being similarly processed (e.g.
using sulfur dioxide to prevent microbial contamination) (Yildirim
et al., 2007). Biogenic amines in food may  cause headaches, heart
palpitation and allergenic disorders (Yildirim et al., 2007; Comuzzo
et al., 2013). Many studies compared the health properties of
organic juice and wine to those of conventional products by mea-
suring their in vitro antioxidant activity (Mulero et al., 2010; Bunea
et al., 2012; Tassoni et al., 2013; Granato et al., 2014) and their
in vivo impact on neuroprotection (Rodrigues et al., 2012), on
low-density lipoprotein oxidation (Yildirim et al., 2004), on hepato-
protection, and antioxidant potential (Buchner et al., 2014). These
studies showed little or no significant differences between organic
and conventional products.

4.3. Grape-related microorganism: fermentation microbiota

Many pesticides have a microbiocidal activity, therefore
grapes grown under organic management show higher occur-
rence and diversity of wild yeast and bacteria that may
contribute to wine fermentation, including non-Saccharomyces
species such as Candida, Hanseniaspora,  Hansenula,  Issatchenkia,
Kluyveromyces, Metschnikowia,  Pichia,  Torulaspora and Zygosaccha-
romyces (Cordero-Bueso et al., 2011). Cordero-Bueso et al. (2011)
showed significant differences in the respective yeast populations
found on organic Shiraz, Grenache, and Barbera grapes when com-
pared to those of conventional grapes. For example, five yeast
species (e.g., Saccharomyces cerevisiae (17.1% of total yeast popula-
tion), Candida stellata (15.2%), Hanseniaspora guilliermondii (28.6%),
Kluyveromyces thermotolerans (20%) and Pichia anomala (19.1%))
were found on organic Grenache grapes, whereas conventional
Grenache berries only carried two  species: Hanseniaspora guil-
liermondii (33.3%), Kluyveromyces thermotolerans (66.7%). There is
growing evidence that non-Saccharomyces yeasts constitute a sig-
nificant part of wine microbial population during fermentation and
contribute to desirable sensory attributes to wine (Esteve-Zarzoso
et al., 1998; Jolly and Augustyn, 2006).

Despite the complexity of spontaneous fermentations and the
risks associated with wine and equipment contamination, yeast
biodiversity could be a competitive advantage in organic grape
production. Autochthonous yeasts and other environment-related
microorganisms might play a role in the development of unique
terroir-related characteristics in wine and could thus contribute to
build a signature identity for organic wines from specific areas. But
evidence that organic grape and wine production is beneficial to
wine flavors and taste remains to be demonstrated. In fact, organic
grapes show higher rates of polyphenol oxidases (PPO) activity
compared to conventional grapes, suggesting that their processing
may  be more challenging than that of conventional grapes, espe-
cially under regulations prohibiting sulfur dioxide (Núñez-Delicado
et al., 2005). Sulfur reduction or avoidance involves higher risks
of oxidation and microbial contamination, either during the wine-
making process itself, or during shelf life. A number of inputs such
as bacteriocins, wine phenolics, chitosan and lysozyme, and sev-
eral physical methods including UV treatments, pulsed electric
fields and high hydrostatic pressure have been tested in order to
replace sulfur dioxide in wine (see the review of Guerrero and
nic vineyard as a balanced ecosystem: Improved organic grape
x.doi.org/10.1016/j.scienta.2016.04.024

Cantos-Villar, 2015). However, besides the fact that none of these
practices provided a real replacement for sulfur dioxide (Guerrero
and Cantos-Villar, 2015), most of them entailed the use of chemicals
and/or processes that are not allowed in organic wine production,

dx.doi.org/10.1016/j.scienta.2016.04.024
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r that could be misleading with regards to consumers expectations
f organic wine nature.

In order to reduce the production of oxidative off-flavors dur-
ng nonsulfited organic winemaking, Balboa-Lagunero et al. (2013)
roposed to carry fermentation using yeasts strains showing high
onsumption rates of amino acids known to act as precursors
or oxidation attributes in wine (e.g. phenylalanine, methionine,
eucine). Certain strains successfully reduced the occurrence of
xidation-related aldehydes as well as the intensity of off-flavors

n wine made without sulfites (Balboa-Lagunero et al., 2013).

. Conclusion

Success in organic grape and wine production requires con-
ideration of the vineyard as a balanced ecosystem where the
urrounding flora and fauna contribute to maintain the balance
owards grapevine growth and productivity, while maintaining
ests, diseases, and weeds at the lowest level. Implementing
ultural practices and conditions that optimize canopy microcli-
ate and populations of beneficial insects and microorganisms is

ssential for this purpose. However, the use of pesticides such as
opper-based fungicide may  still be needed when disease pressure
ncreases, making the accumulation of copper in soils a challenging
imitation for organic wine production, especially in area with high
isease pressure.

Despite the constraints encountered at all stages, organic wine
roduction represents an opportunity for grape growers and wine-
akers to develop wines unique to their terroir that are distinct

rom conventional wines, and position themselves into this niche
s the demands for sustainable food products will continue to grow.
herefore, studies aiming at improving organic grape production
nd organic wine quality at every step will be of crucial value in
he near future for this industry. Solutions may  include improv-
ng organic management through the use of fungus-resistant grape
arieties and find alternatives for sulfur dioxide and other restricted
roducts in organic winemaking.
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