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Biological and chemical pruning wound
protectants reduce infection of grapevine

trunk disease pathogens

Identifying fungicides that protect grapevines from multiple grapevine trunk diseases is vital in
maintaining California’s vineyard economy.

by Robert Blundell and Akif Eskalen

Online: https://doi.org/10.3733/ca.2021a0018

ultivated for over 7,000 years, grapevines are to-
Abstract day one of the most extensively grown and eco-

Grapevine trunk diseases (GTDs) are currently considered some of the nomically important woody fruit crops in the
most important challenges for viticulture, curtailing vineyard longevity world. In 2018, approximately 18.3 million acres (7.4
and productivity in nearly every raisin, table and wine grape production million hectares) of grapevines were cultivated and 77.8
region in California and worldwide. Pruning wounds provide the million tons of fruit were harvested around the globe
main entry point for fungal pathogens responsible for these diseases; (OIV 2019). In the United States, California leads the
pathogens enter the wounds following precipitation events. The aim way in grape production; in 2019, grapevine cultiva-
of this study was to evaluate the efficacy of selected chemical and tion totaled 918,000 acres (37,000 hectares) (CDFA and
experimental biological fungicides for protection of pruning wounds USDA NASS 2019). Vitis vinifera (common grapevine)
against two of the most common and virulent fungal pathogens causing cultivars are the most widely planted in California and
GTDs: Eutypa lata and Neofusicoccum parvum. This study was conducted elsewhere, yielding a high commercial value for fresh
on sauvignon blanc at the UC Davis Department of Plant Pathology Field table grape, dried fruit and wine production (Gramaje
Station. Results showed that several chemical and biological fungicides, et al. 2018; Mullins et al. 1992).

notably the chemical fungicide Luna Sensation, the biofungicide Vintec However, V. vinifera is susceptible to infection by a
and a combination of the biofungicides Bio-Tam and CrabLife Powder, large variety of pathogenic microorganisms, including
provided significant protection against at least one of the two canker fungi, oomycetes, viruses and bacteria (Gaulon-Brain
pathogens used in this study. However, the majority of products tested did etal. 2007). Among the most destructive infections
not provide simultaneous control of both E. lata and N. parvum pathogens, are the grapevine trunk diseases (GTDs). Caused by a
highlighting the continuing challenge of controlling GTDs. broad range of taxonomically unrelated fungi, GTDs

present a major threat to the economic sustainability
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Results from a UC Davis field trial of
sauvignon blanc indicate that Trichoderma-
based biological fungicides can protect
against both E-lata and N. parvum, but the
majority of treatments tested'were not
effective in controlling both pathogens
simultaneously. Photo: Robert Blundell:
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of table and wine grape productions worldwide (Trouillas et al. 2010).
They cause serious economic losses due to a significant reduction of
both yields and quality of grapes; they also increase crop management
costs for cultural and chemical preventative measures (Bertsch et al.
2013; Gubler et al. 2005; Kaplan et al. 2016; Siebert 2001). Important
GTDs include Eutypa dieback, Botryosphaeria dieback, Esca, and
Phomopsis cane and leaf spot. In this study, we tested two of the most
prevalent GTD fungal pathogens found in California crops, Eutypa
lata and Neofusicoccum parvum, which are causal agents of Eutypa
dieback and Botryosphaeria dieback, respectively (Gramaje et al. 2018;
Moller and Kasimatis 1980).

Fungal entry points

Infection of grapevine by GTDs occurs after precipitation events,
when spores of fungal pathogens (sexual and asexual) become air-
borne and colonize exposed pruning wounds resulting from winter
pruning (Eskalen et al. 2007; Petzoldt et al. 1983; Rooney-Latham
et al. 2005; Urbez-Torres et al. 2008). Following pruning, grapevine
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Stunted shoots are common symptoms of Eutypa dieback. Photo: Akif Eskalen.

wounds remain susceptible to infection by canker pathogens for sev-
eral weeks (Eskalen et al. 2007; Munkvold and Marois 1995; Urbez-
Torres et al. 2008). During this time, the plants can become infected
multiple times with one or more pathogens. Because several patho-
gens are frequently isolated from old cankers, GTDs are often referred
to as a complex (Gramaje et al. 2018; Larignon and Dubos 1997; Rol-
shausen et al. 2004; Urbez-Torres et al. 2006). Several years after infec-
tion occurs, grapevine yields can decline due to formation of wood
cankers and/or plugging of the xylem and phloem vessels in the trunk
or cordon, resulting in impaired translocation of water and nutrients.
When the affected vineyards are no longer profitable, growers have no
alternative but to remove the infected vines and replant.

Control of grapevine trunk diseases

Complete control of GTDs is virtually unattainable because of the
high number of pruning wounds made on individual grapevines and
the extended period of wound susceptibility, but there are options for
minimizing the impact of these diseases. Previous studies evaluated

Wedge-shaped Eutypa dieback canker. Photo: Akif Eskalen.
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a range of chemical fungicides for their ability to prevent infection of
grapevine pruning wounds by E. lata. The most effective were carben-
dazim, tebuconazole, pyrimethanil, fluazinam and pyraclostrobin.
However, these chemicals were applied to the wounds at rates greater
than those currently registered for other diseases of grapevines (Sos-
nowski et al. 2008; Sosnowski et al. 2013), and some have been banned
because of health and safety concerns (Bertsch et al. 2013).
Commercial chemical fungicide treatments available in the United
States, such as a combination of Rally and Topsin M (active ingre-
dients myclobutanil and thiophanate-methyl, respectively), have
also been shown to be effective in controlling fungi associated with
GTDs (Rolshausen and Gubler 2005; Sosnowski et al. 2008). In ad-
dition to chemical fungicides, biofungicides (for bio control without
chemicals) have generated considerable interest as pruning wound
protection strategies. Beneficial microorganisms are known to reside
inside roots, stems and leaves of plants; these microorganisms help
protect the plants from a range of infections (Lodewyckx et al. 2002).
Biofungicides contain several of these beneficial microorganisms,
including Trichoderma spp. and Bacillus spp., which have been shown
to provide protection against GTDs (John et al. 2005; Kotze et al. 2011;
Mutawila et al. 2016). In this study we sought to evaluate the efficacy
of commercially available and experimental chemical and biologi-
cal fungicides against E. lata and N. parvum infection on pruning
wounds of grapevine under field conditions.

Field trial design

We conducted our field trial in an 8-year-old sauvignon blanc vine-
yard at the UC Davis Plant Pathology Field Station in Yolo County.
Grapevines in the vineyard had been trained to bilateral cordons (the
"arms" of the vine) on a horizontally divided trellis with typically 10
spurs per cordon. In early March 2019, we pruned the spurs so that
each bore three, 1-foot-long buds. Within 24 hours of pruning, we
sprayed liquid formulations of each treatment onto the exposed prun-
ing wound until run off. The treatments were prepared according to
commercial label recommendations (table 1) and applied with 1-liter
handheld plastic spray bottles. Unless otherwise shown in table 1,

the pruning wounds were artificially inoculated within 24 hours of
spraying with a 20-pl aqueous spore suspension (approximately 1,000
spores per wound) of each fungal pathogen.

In this study, we inoculated a total of 10 grapevines per treatment.
We applied a treatment combination (one pathogen + one fungicide)
to two pruning wounds on each grapevine, organized in a random
block design. We selected treatments based on varying groups or
types of active ingredients and modes of action. In the control treat-
ment, we applied sterile distilled water to wounds and then inoculated
the wounds with the same spore concentration of each pathogen as we
used in the fungicidal treatments.

Preparation of fungal inocula

We collected dead wood from grapevine trunks naturally infected
with stromata of E. lata in a vineyard in Lodi, California. After re-
leasing fruiting bodies (ascospores) from 5-centimeter-long wood
segments (as described by Carter 1991), we adjusted the ascospore
concentration to 2.5 X 10% ascospores/mL. We also collected dead
grapevine wood with fruiting bodies (pycnidia) of N. parvum from
naturally infected grapevine trunks in the same Lodi vineyard,
and we adjusted the concentration to equal that of E. lata: 2.5 x 10*
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Fungal inocula were applied to pruning wounds following application of
liquid treatments. Photo: Akif Eskalen.

pycnidiospores/mL. We added a 0.05% solution of Tween 20 as a sur-
factant to both pathogen inocula. Prior to inoculation, we confirmed
the viability of inoculum suspensions by plating on potato dextrose
agar medium (PDA).

Calculating efficacy of pathogen control

Treated spurs were allowed to stand for 6 months before collection
and laboratory analysis. After we collected the spurs, we split each
one with a knife longitudinally and then cultured six small tissue
pieces (three from the pith and three from the margin of the dead
wood or from any area exhibiting discoloration) on PDA amended
with tetracycline at 100 mg/L (PDA-T). After incubating the tissues
at room temperature for 7 to 14 days, we recorded the recovery of the
fungal pathogens by means of their morphological characteristics.
We confirmed the identity of isolates by sequencing the ITS region of
the isolates’ IDNA, and we calculated the efficacy of the protectants
controlling the GTDs as the mean percent of infection (MPI). We used
the following formula for the MPI calculation:

(Number of GTD-infected spur samples / number of total samples)
% 100.

We calculated the mean percent disease control (MPDC) on the
basis of the MPI of the inoculated control treatment, using the for-
mula (100 x (1 — (MPI treatment / MPI inoculated control))). Means
comparisons were made using Dunnett’s test a = 0.05. We performed
all data analysis using JMP software version 14 (SAS Institute, Cary,
N.C.).

Differences in E. Lata and N. parvum
responses

Both E. lata and N. parvum colonized the pruning wounds in our
treated samples, but they had different infection rates (figs. 1 and
2). Treatments overall protected pruning wounds against E. lata
infection more effectively than they protected against N. parvum.



TABLE 1. Fungicide pruning wound treatments evaluated in Yolo County field trial, 2019

Treatment
Inoculated control

Spur Shield

Vitiseal

Vitiseal + EMP
Polymer

EMP Polymer

Terramera
(experiment B)

Terramera
(experiment B) +
EMP Polymer

Luna Sensation

Luna Experience

Rally + Topsin M
+ organosilicone
surfactant

Rally +
organosilicone
surfactant

Rally + Spur Shield

Rally + Topsin M +
Spur Shield

Rally + Vitiseal

Bio-Tam + CrabLife
Powder

Bio-Tam

CrabLife Powder

GCM (spray
fermented product
at wound)

Lalitha 21 (spray on
wound)

Vintec

*N/A = not applicable.

Active ingredient
N/A*

Polymer of
cyclohexane

Acrylic co-polymer

Acrylic co-polymer
+ co-polymer
emulsion

Co-polymer
emulsion

Proprietary
information

Proprietary
information

Fluopyram/
trifloxystrobin

Fluopyram

Myclobutanil +
thiophanate-methyl

Myclobutanil

Myclobutanil
+ polymer of
cyclohexane

Myclobutanil +
thiophanate-
methyl+ polymer of
cyclohexane

Myclobutanil +
acrylic co-polymer

Trichoderma
asperellum +
Trichoderma gamsii
+ a blend of crab
and lobster shell
powder

Trichoderma
asperellum +
Trichoderma gamsii

A blend of crab and
lobster shell powder

Bacillus velezensis

Trichoderma spp.
+ Bacillus subtilis
+ Azospirillium
brasilense

Trichoderma
atroviride

Regulatory status
N/A

Registered

Registered

Registered

Registered

Experimental

Experimental

Registered

Registered

Registered

Registered

Registered

Registered

Registered

Experimental

Experimental

Experimental

Experimental

Registered

Experimental

t A barrier provides a physical layer of protection against pests and pathogens.

¥A=acre.

Class
N/A

Barriert

Biological

Biological + barrier

Barrier

Biological

Biological + barrier

Chemical

Chemical

Chemical +

chemical

Chemical

Chemical + barrier

Chemical + barrier

Chemical +
biological

Biological

Biological

Biological

Biological

Biological

Biological

Manufacturer
N/A

Miller

VitiSeal
International LLC

VitiSeal
International LLC +
Gemm Ag Solutions

Gemm Ag Solutions

Terramera Inc.

Terramera Inc. +
Gemm Ag Solutions

Bayer CropScience

Bayer CropScience

DOW AgroSciences
LLP

DOW AgroSciences
LLP

DOW AgroSciences
LLP

DOW AgroSciences
LLP

DOW AgroSciences
LLP

Isagro USA +
Conchazul de
Mexico

Isagro USA

Conchazul de
Mexico

N/A

Acela Biotek

Bi-PA

http://calag.ucanr.edu

Pathogen interval
N/A

Within 24 hrs of
pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning
Within 24 hrs of
pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning

7 days after pruning

7 days after pruning

7 days after pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning

Within 24 hrs of
pruning

JULY-DECEMBER 2021

Rate
N/A

1.5 qt/A%

0.5 gal/A

0.5 gal/A

1%

2.4 (% v/v)

24 (% Vv/V) + 1%

5.0 fl oz/A

6.0 fl 0z/A

2.250z+ 1.25Ib/A

2.250z+ 1.25Ib/A

2250z+2qt/A

2250z+1.251b +
2qt/A

2250z+2qt/A

2.01b/100ga +0.5
Ib/100 ga

2.01b/100 ga

0.51b/100 ga

12 fl oz/A

12 floz/A

0.7 oz/A
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Of 20 treatments 16 controlled E. lata at least 50% more effectively
than the inoculated controls did, and six of these treatments had an
MPDC higher than 90% (table 2). For N. parvum, only Vintec and
Rally + Topsin M + Spur Shield resulted in an MPDC of at least 50%
(table 2). A total of eleven treatments limited the MPI of E. lata to
under 20% and were significantly different (P < 0.05) from the MPI
of the inoculated control treatment, but only Vintec and Rally +
Topsin M + Spur Shield significantly reduced N. parvum infection
compared to the inoculated control (figs. 1 and 2). The treatments

EMP Polymer, Vitiseal, Rally + Spur Shield, and Rally + Vitiseal
had an MPDC of 0% for N. parvum (table 2). These treatments in
fact resulted in a higher MPI of N. parvum compared to that of the
inoculated control, with the inoculated control yielding 78% MPIL
The highest MPI for N. parvum was Rally + Vitiseal, yielding 90%
(fig. 2). The low control rate of N. parvum versus E. lata can likely be
attributed to N. parvum’s more aggressive nature and faster coloni-
zation of woody tissue (Galarneau et al. 2015).
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FIG. 1. Evaluation of pruning wound treatments mean percent infection (MPI) rates with E. lata located at UC Davis Plant Pathology Field Station, 2019.
Bars represent the least square means of percent infection. Bars with a different letter are different according to Dunnett’s test (P = 0.05).
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FIG. 2. Evaluation of pruning wound treatments mean percent infection (MPI) rates with N. parvum located at UC Davis Plant Pathology Field Station,
2019. Bars represent the least square means of percent infection. Bars with a different letter are different according to Dunnett’s test (P = 0.05).
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Higher than natural pathogen pressure

To ensure significant infection of control spurs, we inoculated prun-
ing wounds with a significantly higher number of spores than that
estimated to infect a pruning wound naturally (Carter and Moller
1971). Sosnowski and Mundy (2019) showed that MPI from nonin-
oculated controls was 3% to 6% for E. lata, and 12% to 17% for N.
luteum. In contrast, the MPI for our inoculated controls was 65% for
E. lata and 78% for N. parvum (fig. 2). Similar results were reported
by other researchers using high spore-count treatments. Rolshausen
et al. (2010) reported that the inoculated control treatment for a Bot-
ryosphaeriaceae pathogen had an MPI of 90%, and Sosnowski and
Mundy (2019) reported an MPI of 59% for E. lata averaged over mul-
tiple years. The high MPI rates in our inoculated controls are there-
fore likely the result of the large spore concentrations we applied to
the pruning wounds. In future studies, it may be prudent to compare
the effectiveness of treatments under both high and moderate-to-low
disease pressure. For example, Sosnowski and Mundy (2019) in New
Zealand showed that when disease pressure was moderate (i.e., 40%
to 60% recovery of pathogens from inoculated controls), fungicide
efficacy was far greater than when the disease pressure was high
(greater than 60%). Under the high disease pressure in our study
(greater than 60%), the majority of treatments performed well as
pruning wound protectants against E. lata, but this might not be the
case under natural conditions.

Trichoderma-based biological fungicides

In this study, Trichoderma-based biological fungicides performed
the best against both of the fungal pathogens we investigated, with
Vintec performing the best against N. parvum and Bio-Tam + Cra-
bLife Powder performing the best against E. lata (figs. 1 and 2). It
may be prudent in future studies to combine Vintec and Bio-Tam +
CrabLife Powder in a single application to see if they can provide ef-
fective pruning-wound protection against multiple GTD pathogens.
Interestingly, Bio-Tam was more effective than Bio-Tam + CrabLife
Powder against N. parvum, which suggests that CrabLife Powder
might have an inhibitory effect on the Trichoderma spp. that are the
active ingredients in Bio-Tam. The commercial success of biocides
containing Trichoderma spp., representing more than 60% of reg-
istered biocides, is based on the benefits they confer. Depending on
the strain, Trichoderma species can stimulate plant growth, suppress
pathogens by direct competition for nutrients and space, exhibit an-
tibiosis and induce systemic resistance (Harman 2006; Mukherjee et
al. 2013). Other pruning-wound studies have also shown that Tricho-
derma spp. can provide effective control against fungal pathogens
associated with GTDs (Berbegal et al. 2020; John et al. 2005).

Simultaneous control of pathogens is
necessary

Identifying pruning wound treatments that can control multiple
GTD pathogens will be essential for mitigating GTD infections. In
our study, some treatments provided effective control of both E.
lata and N. parvum, including Luna Sensation, Rally + Topsin M +
Spur Shield, CrabLife Powder, Bio-Tam and GCM (Bacillus velezen-
sis). Rally + Topsin M + Spur Shield had a high efficacy against
both E. lata (MPDC of 84.62%), and N. parvum (MPDC of 67.95%).
While we found that Trichoderma-based biological fungicides

are capable of protecting wounds with high efficacy, it should be

highlighted that some biofungicides in this trial were not effective
in controlling both pathogens. For example, Bio-Tam + CrabLife
Powder had 100% disease control of E. lata, yet this combination
only had 3.85% MPDC of N. parvum (table 2). Inversely, Vintec

had 100% disease control of N. parvum but only 23% MPDC of E.
lata. Similar results were reported by Rolshausen et al. (2010) where
biopaste was very efficient in controlling E. lata but did not control
species in the Botryosphaeriaceae family.

Grapevine spur positions were pruned to three 1-foot-long buds in early
March 2019. Photo: Akif Eskalen.

TABLE 2. Pruning wound treatments mean percent disease control
(MPDCQ) of E. lata and N. parvum

MPDC
E. lata N. parvum
Bio-Tam + CrabLife Powder 100.00 3.85
Vitiseal + EMP Polymer 100.00 16.67
Luna Sensation 92.31 48.72
Bio-Tam 92.31 29.49
Spur Shield 92.31 10.26
GCM (Bacillus velezensis) 92.31 35.90
Terramera (Exp B) 84.62 3.85
Luna Experience 84.62 23.08
Lalitha 21 84.62 23.08
CrabLife Powder 84.62 48.72
Rally + Topsin M + Spur Shield 84.62 67.95
Terramera (Exp B) + EMP Polymer 61.54 10.26
EMP Polymer 61.54 0.0
Vitiseal 61.54 0.0
Rally + organosilicone 53.85 10.26
Rally + Spur Shield 53.85 0.0
Rally + Vitiseal 23.08 0.0
Vintec 23.08 100.00
Topsin + Rally + organosilicone 7.69 35.90
Inoculated control 0.0 0.0
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Testing of various cultivars and pathogens
needed

While our results are encouraging, the climatic conditions at our ex-
perimentation site and the cultivar we used for this study likely dif-
fer from those of other grapevine-growing regions. Further research
should evaluate these promising fungicides against GTDs pathogens
in diverse conditions, including various geographical locations and

at controlling both. The combination of Luna Sensation with Rally +
Topsin M + Spur Shield, for example, offered simultaneous control of
both E. lata and N. parvum. Remaining challenges include improv-
ing accurate diagnoses of GTDs and identifying additional treat-
ment products efficacious against a broad diversity of fungal canker
pathogens. [@

cultivars. The susceptibility of pruning wounds to fungal pathogens
may also vary depending on the fungal isolate used in a specific
study (Sosnowski et al. 2007). Future studies on fungicide efficacy
should include multiple isolates of a specific pathogen species.

In conclusion, our study has shown that several chemical and
biological fungicides can provide efficient protection of pruning
wounds against at least one canker pathogen, and some are effective

R. Blundell is Graduate Student Researcher and A. Eskalen is UC Cooperative
Extension Plant Pathologist, Department of Plant Pathology, UC Davis.
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