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Botrytis bunch rot (BBR) is a major disease occurring
in vineyards worldwide. Its control, still largely based
on synthetic fungicide sprayings at pre-determined
intervals, often leads to residues in grapes and wines
that may negatively affect the environment and/
or human health. To rationalise BBR management,
early disease risk indicators were developed and
evaluated in field experiments carried out between
2010 and 2019 in both France and Chile.
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When developing decision-making fools for growers,

combination of the lafter two along with mefeorological data.

The experiments? were carried out in two vineyards using the Merlot :
cultivar. One was in the Nouvelle Aquitaine Region (France| af the :

. Relationships between vegetative growth

‘Grande Ferrade’ site (Villenave d'Ornon), and the other, which also : . .
included a frial with Sauvignon Blanc cultivar, was in the Maule Region and BBR intensity at harvest

of Chile [Panguilemo). Sauvignon Blanc, a cultivar highly susceptible i Crapevine vegetative vigor was assessed early in the season, when

fo B. cinerea, was included in order fo express BBR symptoms under ' the berry was at around the pea size stage. Under our frial condifions,

the Chilean climatic conditions, which are not very favourable to BBR : this corresponded to approximately 40 days before veraison. From

development?. The normalised difference vegetation index (NDVI) : @ practical point of view, such an early indicator is a very important

was measured using a handheld GreenSeeker® RT-100 (Trimble : condition that allows growers to use low-cost NDVI measurements as

Agriculture division, Sunnyvale, California, USA) as described in : @ vineyard management strategy for BBR control. The NDVI also has
¢ the advantage of depending on precise and reproducible evaluation
¢ timing during each season. The best time point to measure it, based
. . . : on the thermal phenological model facilitating the measurement
Relationships between berry skin components : scheduling, is 30% grovvi%g degree days (GDDg) (Base temperature
: =10 °C, accumulated from precise midflowering; that is, 50% caps
¢ off, code 23, according to Eichhorn-lorenz Phenological Stages).
phenolic contents in berry skin had already been established, but only
in the laboratory®4%. During this study?, positive relationships were :
observed between the pecfin content in the berry skin and the BBR :
incidence and severity af harvest (Figure 1 a,c). Moreover, negative :
relationships were established between the tannin content and disease :
incidence and severity at harvest (Figure 1b, d). All correlations :
including pooled data from France and Chile, were significant at : NDVI values measured at 300 GDD after midflowering and BBR
p = 0.05, except for the relationship between the pectin and BBR :

: BBR (incidence and severity) and vegetative growth (NDVI] was plotted

Drissi et al. (2009)'.

and BBR intensity at harvest

Significant correlations between grapevine susceptibility to BBR and

incidence.

1 The translation of this article info English was offered to you by Moét Hennessy.

early :
and predictive indicators of epidemic risk are key to opfimising :
prophylactic, phytosanitary and/or biocontrol applications. In the :
vineyard, BBR caused by Botrytis cinerea is a very serious disease :
with a complex cycle that is extremely multifactorial. Of the various :
influencing factors, this study allowed us to target two main indicators
of great interest, which are early and predictive of epidemic risk. Their :
significance is also justified by our convergent and consistent results in
two major wine-producing countries (France and Chile] corresponding :
fo most contrasting pedo-climatic condifions worldwide. The study :
presents not only the choice of these early indicators, but also a :
practical way fo measure them in the vineyard, with a very important
focus on the precise stage af which fo implement such precision- : .
agriculture measurements'. Three early risk indicators were assessed: : FIGURE 1. Relationships between BBR incidence (%) with the concentration in the young berry
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ii] another related fo early vine vigor esfimated by NDVI, and i) A  inthe young berry skin o (c) pectins and (d) tonnins. In France (#) using cv. Merlot noir and in Chie

*(0J) using cv. Merlot noir or Sauvignon Blanc. Each dot corresponds to a study season. The main
¢ black bold fine in the middle indicates the relationship for all data (France and Chile).
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The early NDVI measurements during the season allowed us fo avoid
the negative effects of NDVI saturation due to the vineyard canopy
closure. The NDVI saturated threshold ranges between 0.8 and 0.86
according fo different studies®”. In this study?, the data showed NDVI
values no higher than 0.85.

For the first fime, we esfablished exponential relationships between

incidence and severity at harvest (Figure 2). The relationship between
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FIGURE 2. Relationships in France (e) and Chile (1) between (a) BBR incidence (%) with early
NDVI evaluation and (b) BBR severity (%) with early NDVI evaluation.

and modelled using a nonlinear model with the equation BBR inc/sev =
a*[NDVI]P, which was the best model according to the R? value. The :
relationships between these variables were positive, showing that
vines with higher vegetative growth in an early phenological stage
were more likely to be infected by B. cinerea during the season. The :
pattern was similar for both disease variables, but with a steeper :
curve between NDVI and disease severity (Figure 2b). A trend was :
noticeable, showing a change in BBR incidence and severity when :
NDVI values reached approximately 0.5 and 0.6 respectively.

: Conclusions

. The new management and risk indicators developed in this study were
* significantly related fo BBR development at harvest. Thus, we propose
: that such new tools be used to develop specific decision support
¢ systems (DSS) to limit botryticide treatments in vineyards in the near
: future. The regression models included the cumulated rainfall a few
. weeks before harvest, corroborating the importance of the climatic
* factor in BBR development. Importantly from a practical point of view,
. the early grapevine vegetative growth (NDVI as measured in this
¢ sfudy) has been demonsirated fo be a maijor factor also governing B.
: cinerea infection. Regarding the tannin content in berry skin evaluated
: approximately af berry pea size stage, this BBR risk indicator can also
* be used in infegrated pest management (IPM) sfrategies.

. Further investigations should consider the cluster compactness and
¢ pathogen inoculum throughout the season to better understand their
: relationships with BBR at harvest, as well as to optimise management

and control methods in IPM strategies against the highly damaging

: fungal pathogen in gropevine; i.e., Bolrytis cinerec®. m
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FIGURE 3. Relationship between observed and modelled BBR incidences (Table 4, first incidence
model in Paitrur-De la Fuente ef af., 2020)2. The Y = X equation is also indicated. :

BBR at harvest related to explanatory :
variables: vegetative growth and climate :

First, the best model explaining BBR incidence included the variables: :
i| pluviometry cumulated 35 days before harvest (PL35) as the :
predominant explanatory variable, and i) NDVI early in the season.
Figure 3 shows the good relationship [close to Y = X) between the :
observed BBR incidence and the modelled BBR incidence from the :
longferm experiments in both France and Chile (2010-2017). :
Second, for estimating BBR severity, the best regression model was :
also based on two variables: i) vegetative growth (NDVI), which was
the predominant explanatory variable, and i) pluviometry cumulated :
15 days before harvest (PL15). :

IVES Technical Reviews | October 2022

: N° 21130505 and the Chilean projects CONICYT-FONDECYT/Regular 1191244 and Insercidn
. académica PUC. The authors would also o like tacknowledge the Bordeaux INRAE — BSA - IFV
: Mixt Technology Unit (UMT SEVEN).

© Source: Sourced from the research article “Vigor thresholded NDVI is a key early risk indicator
: of Botrytis bunch rot in vineyards” (OENO One, 2020).

1 DrissiR., Goutouly].-P., ForgetD. and Gaudillére, | -P., 2009. Nondesfructive
Measurement of Grapevine Leaf Area by Ground Normalized Difference
Vegetation Index. Agronomy Journal 101, 226-231.

2 PajitrurDe la Fuente, C., ValdésGoémez, H., Roudet, |., Verdugo-
Vasquez, N., Mirabal, Y., Laurie, V. F., Goutouly, J. P., Acevedo Opazo,
C., & Fermaud, M. (2020). Vigor thresholded NDVI is a key early risk
indicator of Boirytis bunch rof in vineyards. OENO One, 54(2), 279-297.
https://doi.org/10.20870/0cenc-one.2020.54.2.2954

3 Sarig P, Zutkhi Y., Lisker N., Shkelerman Y., Ben Arie R., Bielski R., Laing
W. and Clark C., 1998. Natural and induced resistance of table grapes
to bunch rots. Acta Horticulturae 464, 65-70.

4 Pezet R., Viret O. and Gindro K., 2004. Plant microbe interaction: The
Botrytis gray mold of grapes. In A. Hemantaranjan. Ed. Advances in plant
physiology India: Varanasi, vol. 7, pp. 75-120.

5 DeytieuxBelleau C., Geny L., Roudetf J., Mayet V., Donéche B. and
Fermaud M., 2009. Grape berry skin features related to onfogenic
resistance to Botrytis cinerea. European Journal of Plant Pathology 125,
551-563.

6 Yang J., Guo N., Huang L.N. and Jia J.H., 2008. Analyses on MODIS-
NDVI Index Saturation in Northwest China. Plateau Meteorology 27,
896-903.

7 Zhang K., Ge X., liu X., Zhang Z., liang Y., Tian Y., Cao Q., Cao
W., Zhu Y. and Liu X., 2017. Evaluation of the chlorophyll meter and
GreenSeeker for the assessment of rice nitrogen status. Advances in Animal
Biosciences: Precision Agriculture 2017, 8(2), 359-363.

8 Ky, I., lorrain, B., Jourdes, M., Pasquier, G., Fermaud, M., Geny, L.,
Rey, P, Doneche, B., Teissedre, P-l., 2012. Assessment of grey mould
(Botrytis cinerea) impact on phenolic and sensory quality of Bordeaux
grapes, musts and wines for two consecutive vintages. Australian Journal

of Crape and Wine Research. https://doi.org/10.1111/j.1755-
0238.2012.00191 .x

This work is licensed under a Creative Commons Attribution 4.0 International License. — m—— 2



