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Research was attempted for growing grapes by using pesticides whenever obligatory and
keeping time of applications and choice of pesticides such that at harvest residue will be
minimum possible. Strategically outlook for control of diseases was different before fruit
set and thereafter. For the management of downy mildew, dithiocarbamate group, such as
mancozeb are used, due to which use of bio-control agents as spray was not possible.
Induce systemic resistance (ISR) activities of microbes was exploit, to achieve highest ISR
activities use of Trichoderma was given before and instantly after fruit pruning. For years,
grapes powdery mildew management is dominated by use of trialzole fungicides. But in
recent year resistance to triazole fungicides in powdery mildew accentuated up to 50 ppm.
Therefore, strategically it was decided that triazole fungicides will not be used 60 days after
fruit pruning. The sulfur was safer substitute, an obvious choice which meant if only sulfur
was sprayed bio-control agents also can use. Only sulfur and bio-control agents such as
Trichoderma and Ampelomyces were used in all FLD locations 60 days after pruning with
alternation, till about 15 days before harvest. Based on bio-efficacy experiments chlorine
dioxide, nano silver in complex with hydrogen peroxide were selected as ecologically low
profile chemicals for management of powdery mildew. In all four FLD plots on this
strategy was implemented and in all FLD plots disease PDI for downy mildew, powdery
mildew and anthracnhose were kept to be bare minimum. Dissipation of pesticide residue in
vineyards may be dependent on many factors; microbial degradation is one of such
important factors. ICAR-NRCG has developed and commercially formulated Bacillus
subtilis name DR-39 applied at 2.5 g/L as effective dose to increase the rate dissipation of
about 10 pesticides. Total fungicide residues detected in grapes from different FLD, during
2017-18 was in the range of 0-3. All fungicides detected were below MRLs (Maximum
Residue Limits) and their concentrations were very less in parts per billion (ppb) range. The
shelf life of the grapes grown in zero residue plots, per cent physiological weight loss
(PLW) and per cent rotten berries were found less as compared to farmers practiced plot.
The FLDs have success for growing grapes without any detectable pesticides residue (zero
residue grapes) by using updated technology and strategy.
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Introduction

In India there are three pruning cultivation systems
found, however in tropical and sub-tropical
conditions of two pruning and single cropping
system in viticulture is followed. Progressive grapes
farmers, at numerous occasions have been
successful in producing grapes with only 2-3
detection of pesticides below MRL defined by EU.

Our strategic interest was included to make
protection in viticulture more bio-intensive. Period
just before fruit pruning is considered for use of bio-
control agents in different mode of applications. We
have concentrated more on practices followed by
farmers taking up fruit pruning after 15™ October.
Major diseases of grapes are downy mildew and
powdery mildew that required proper management
measure after fruit pruning.

Fungicides used for downy mildew usually do not
create any problems of residue in fruits at harvest.
Powdery mildew seems in vineyards from 5 leaf
stage till veraison (berry softening) stage.

Residue monitoring plan (RMP) was introduced for
table grapes exported to Europe in 2003-04 as
consequence of rejection of grape samples for export
due to detection of residue above minimum residue
limit (MRL) rejection more than in 2003-04 were 23
% which reduced to 6.5 % in 2017, APEDA, RMP,
2016(a). In fact many of farmers have started paying
more if detections below MRL are less.

Therefore, exporters in India have also started
buying grapes with less detection below MRL. Plant
protection without using pesticides have been very
difficult and even tried its success is limited to years
when favourable conditions for pests were not
present.

Our target “Zero residue grapes” to make achievable
we defined as grapes complying by residue if
detected should be below MRL. Detection of
maximum 5 residues below MRL is allowed.
Detected residue in each case should be 1/3 of MRL

or less and summation of all detected residue should
be less than 1 ppm.

Materials and Methods

Four field demonstration plots were selected for the
zero residue studies in different climatically grapes
growing area in Pune, Sangli and Nasik districts. On
each selected site, equal size of plots, pruned on
same date was consider as farmer practiced plot.

Use of weather based advisory system for taking
day to day decision based on advisory

Advisory systems was available through android
based Apps developed by SK Croptech Pvt., Ltd.,
Sangli provided by ICAR-NRCG. Every day the
location detailed information from subscribed App
was downloaded to take day to day decision for
disease management.

Disease monitoring

Observations on PDI (Percent Disease Index) were
recorded on leaves and bunches at regular interval.
Pair‘t’ test design was used except at ICAR-NRCG,
Pune location a separate control was kept and design
used was RBD. The severity of diseases of grape
was observed by following 0-9 scale of visual rating
(Mayee and Datar, 1986).

Percent Disease Index (PDI) was calculated by using
following formula of Jindal and Bhavani Shankar
(2002).

Sum of numerical ratings

PDI = X 100

No. of leaves/bunch examine x
Maximum disease ratings

Collection of samples for pesticide residue
analysis

Samples were collected as per protocol given
APEDA, Annexure- 7, 2016 (b)
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Soil and berries microbial count

Soil samples were collected from each treatment and
dried for one day to remove moisture.

Soil samples were crushed, sieved and 10 g soil
sample was taken in 250 mL conical flask
containing 100 mL sterilized water. Nutrient agar
medium was used for bacterial count by serial
dilution methods at conc.10°, 10° and 10 dilutions.
PDA was used for fungal count by serial dilution
methods at conc.10, 10° and 10°.

Recording of yield of trial plots

Yield of FLD plots were recorded by counting
number of bunches per vine, bunch weight and yield
per acre/ha was calculated.

Residue analysis

Multi-residue analyses were carried out by LC-
MS/MS and GC-MS-MS as method given by Jadhav
et al., (2015) and Banerjee et al., (2012). CS,
method was used for analysis of dithiocarbamate
was done as per given by Mujawar et al., (2014).

Assessment of shelf life

Fruit quality and shelf life assessment were carried
out in four FLD trials. Harvested grapes were graded
and packed in 500 g capacity punnets (small light
plastic container for fruit storage). There were 12
replicates per treatment and cardboard boxes were
kept at about 25° C till more than 5% loss of weight
punnets.

Observations on physiological loss in weight
(PLW)

Observations on weight of bunches were recorded
for all treatments at 24 hour intervals for first 5-7
days at room temperature.

The percent loss of weight over initial weight was
calculated mathematically for grapes in each
replicate.

Observations on fallen berries and rotten berries

The observations were recorded after 5 % weight
loss in punnet box after keeping the punnets at room
temperature. The number of berries separated from
rachis in each punnet was recorded as fallen berries.

The berries showing any symptom of rotting or
growth of fungus or bacteria, numbers of such
berries were recorded as rotten berries.

The data was represented in terms of percentage of
fallen and rotten berry.

Observations on freshness ratings

The grapes in each of the ten punnets were
analytically observed freshness ratings in 1-5 scale.

Statistical analysis

The data were analyzed in RBD design with analysis
of variance (ANOVA) using SAS (ver. 9.3; SAS
Institute Inc., Cary, North Carolina, USA).

The percentage data was arcsine-transformed before
analysis. Means were compared using Tukey's
Studentized Range Test using SAS system. Analysis
of paired ‘t’ test was carried by using SAS for
outside FLD plot and the confidence level
determined.

Results and Discussion

Field level demonstration trial conducted during,
2017-18

Downy mildew was effectively controlled in both
zero residue and farmers practice plot as its PDIs
were less than 7 on leaves and no infection on bunch
was observed, compared to an adjoining plot where
there was cent percent crop loss due to downy
mildew infection.

All plots were pruned on same date. Powdery
mildew was effectively controlled in both zero
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residue and farmer practice plot as its PDI was less
than 3 in both plots. In zero residue plot powdery
mildew PDI on leaves was found less (4.27) and
more on bunch (8.57),while compared to on leaves
(3.49) and (6.53) PDI on bunches in farmers practice
plot. Both treatments were statistically non-
significant.

Both downy and powdery mildew were effectively
controlled in both zero residue plot and farmer
practice plot as its PDIs was less than 7 on leaves.
On bunch powdery mildew disease severity was less
in zero residue plot (9.43) as compared to farmer
practice plot (18.60). Both treatments were found
statistically non-significant.

In the untreated control the disease severity of
downy mildew was higher (16.08) and was slightly
lower in the zero residue plot (7.42) as compared to
general practice plot (7.76). Powdery mildew was
effectively controlled in both zero residue plot and
general practice plot. On bunch the powdery mildew
severity at last observation was lower (10.40) in the
zero residue plot compared to (14.68) the general
practiced plot, disease severity in control plot was
(37.82). Yield per vine was found more, 14.04
kg/vine in zero residue plot than general practice
plot, 12.88 kg/vine, indicating that treatments were
non-significant.

Downy and powdery mildew was effectively
controlled in both zero residue plot and the farmer
practice plot. PDI of powdery mildew in zero
residue plot was low, 1.11 as compared to farmers
practice plot, 2.20. From the last observation of
powdery mildew on bunch it was observed that per
cent disease intensity was low, 12.16 in zero residue
plot compared to 22.85 in farmers practice plot.
From the analysis it was found that no significant
difference between zero residue plot and farmers
practice plot.

Near to harvest the soil samples were collected from
each treatment and analysed for total fungal and
bacterial count. It was observed that total fungal
count was found more in zero residue plot at ICAR-

NRCG, Tasgaon and Niphad, 7 x 10% 5 x 10% and
31.33 x 10% while it was 3 x10> 4.0x10° and 28.0
x10% in farmers practice plot respectively. Similar
trend was observed for total bacterial count, it was
found more bacterial count in zero residue plot at
ICAR-NRCG, Tasgaon and Niphad were, 22x 10°,
124.0 x 10° and 109 x 10°,while it was 6x10°, 1.5 x
10°and 3.67 x10°%in farmers practice plot.

It was also found that total fungal count at Niphad
FLD plot on berries were found more in zero residue
plot, 10.67 x 10°, compared to farmers practice plot,
2.0 x10°. Total bacterial count was found more in
zero residue plot, 150.0 x 10°, while no count was in
farmers practice plot.

Field demonstration trial was conducted during
fruiting season-2017-18 on grapes cultivar Tas-A-
Ganesh at four locations, Niphad, Tasgaon, ICAR-
NRCG and Narayangaon (Table 6). In all zero
residue FLD plots 2-3 drenches of Trichoderma
asperelloides (5R) and 0-2 sprays of
T.afroharzianum (T3) were applied.

After fruit pruning in all zero residue FLD plot 4
drench of T. asperelloides (5 R) and 2-3 sprays of T.
afroharzianum (T3) were applied to induce systemic
resistance (ISR) and disease management.

In all four FLD zero residue plots 2-7 systemic and
0-6 contact fungicides were applied for management
of downy mildew as compared to farmer practice
plot 3-8 systemic and 1-7 contact fungicides were
applied.

For powdery mildew management 1-7 systemic and
3-6 contact fungicides were applied in zero residue
plot however in farmers practiced plot 2-7 systemic
and 3-7 contact fungicides were applied.

In all zero residues plots bio-agents A.quisqualis
was applied 1-5 times for management of powdery
mildew. At ICAR-NRCG location nano silver
applied for management of downy and at
Narayangaon it applied twice for managements of
powdery mildew. While for two locations
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Narayangaon and Tasgaon, chitosan was applied one
and two times for management of powdery mildew.

In FLD demo plot

The results of biodegradation of pesticides were
conducted in both zero residue plot and farmers
practice in 2017-18 and were tabulated in following
Tables.

Total fungicides detected in 2017-18 were found in
the ranged of 0-3 and all fungicides detected
observed below their respective MRLs, its
concentration were also very less (ppb).

Residues of dimethomorph was detected at ICAR-
NRCG in both plots, but concentration was reduced
slightly by sprays of B. subtillis DR-39 @ 2.5 g/L to
0.05 and 0.03 mg / kg in zero residue plot and
general practiced plot respectively.

While chlothianidin was completely degradation in
both plot except untreated control of general
practiced plot. However metrafenon and
myclobutanil in two FLD plot were detected,
however its concentration was below MRL.

It indicated that if triazole fungicides applied after
fruit set residue was detected. It was also found that
sum of pesticides concentrations were less in B.
subtillis DR-39 treated farmers practiced plots
compared to untreated control plots.

At Narayangaon FLD plot residues of Buprofez in
were detected in both plots, while residue of
imidacloprid was detected in farmer practice plot
with conc.0.02 mg/kg in untreated plot while it was
not detected in treated farmers practice plot.

While imidacloprid was not detected in the zero
residue plot. Application of B. subtilis DR-39
reduced the terminal residues of buprofezin by 30.74
per cent and imidacloprid by cent percent. Due to
application of B. subtilis DR-39 potassium salt of
phosphoric acid conc. was reduced in both zero
residue and farmers practice treated plot.

Assessment of shelf life

Fruit quality and shelf life assessment were carried
out at four FLD trials are presented in Table.

Table.1 PDI of downy and powdery mildew in FLD plot at Niphad, Nasik

Treatment Downy mildew PDI on leaves
9.11.17
“Zero” residue plot 5.62
(13.72)
Farmer's practice plot 6.96
(15.30)
Pr>F 0.001

Figures in parentheses are arcsine transformed value

Powdery mildew PDI

on leaves on bunch
28.11.17 15.12.17 15.12.17
2.90 0.56 2.22
(9.82) (4.27) (8.57)
2.78 0.37 1.30
(9.50) (3.49) (6.53)
0.531 0.147 0.199
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Table.2 PDI of downy and powdery mildew in FLD plot at Borgaon, Tasgaon, Sangli

Treatment Downy mildew PDI Powdery mildew PDI
on leaves on leaves on bunch

21.11.17 13.12.17 4.1.18 4.1.18 19.1.18 10.2.18

Zero residue plot 0.84 0.56 0.63 5.18 7.12 2.68
(5.26) (4.31) (3.62) (11.29) (15.48) (9.43)

Farmer's practice 1.18 0.80 1.56 11.98 16.05 10.2
plot (6.25) (5.12) (6.32) (19.68) (23.61) (18.60)

Pr>F 0.087 0.863 0.541 0.591 0.504 0.642

Figures in parentheses are arcsine transformed value

Table.3 PDI of downy and powdery disease in FLD plot at ICAR- NRCG, Pune, 2017-18

Treatment Downy mildew PDI on Powdery mildew PDI on Yield
leaves bunch kg/vine

7.12.17 1.1.18 29.1.18 15.2.17

“Zero” residue plot 0.46 1.7 241 4.53 14.04
(3.63)b (7.42)a (10.0)a (10.40)a

General practice plot 0.02 1.89 8.23 7.49 12.88
(0.23)a (7.76)a (16.05)b (14.68)b

Control 7.02 7.70 33.7 37.9 7.21
(15.20)c (16.08)c (35.38)c (37.82)c

LSD (p=0.05) 1.52 1.13 5.66 6.08 1.85

Figures in parentheses are arcsine transformed value

Table.4 PDI of powdery mildew in FLD plot at Narayangaon

Treatment Powdery mildew PDI
On leaves On bunch

9.12.17 21.12.17 21.12.17 6.01.18 25.01.18

“Zero” residue plot 0.39 0.07 0.56 1.11 4.44
(3.57) (1.11) (3.02) (6.05) (12.16)

Farmer practice plot 0.56 0.19 0.74 1.92 15.1
(4.27) (2.20) (4.03) (7.96) (22.85)

Pr>F 0.115 0.214 1.00 0.223 0.444

Figures in parentheses are arcsine transformed value
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Table.5 Microbial count of soil and berry at harvest

Microbs Zero residue plot (CFU/mL) Farmers practice plot (CFU/mL)
ICAR-NRCG 7 x10° 3 x10°
Fungal
Bacterial 22 x10° 6 x10°
Tasgaon
Fungal 5.0x10° 4.0 x10°
Bacterial 124.0x10° 1.5 x10°
Niphad-Soils
Fungal 31.33x10° 28.0 x10°
Bacterial 109.00x10° 3.67 x10°
Niphad-berry
Fungal 10.67 x10° 2.00 x10°
Bacterial 150.00 x10° 0.00 x10°
Table.6 Summary of number of application in all FLD plot 2017-18
Particulars Zero residue plot Farmers practiced plot
Niphad Drench Spray
Pre-pruning Trichoderma 3 2
After pruningTrichoderma 4 2
Other bio-agents - 1
Fungicides DM - 10(5-S+5-C) 10(8-S+2-C)
Fungicides PM - 4(S-1+NS-3) 6(S-3 +3-C)
Tasgaon-2016-17
Pre-pruning Trichoderma 2 2
After pruning Trichoderma 4 2
Other bio-agents 4 5 Drech-4 and spray-4
Fungicides DM 13(7-S+6-C) 15(8-S+7-C)
Fungicides PM 12(7-S+6-C) 14(7-S+7-C)
Narayangaon
Pre-pruning Trichoderma 2 -
After pruning Trichoderma 4 3
Other bio-agents - 3 0
Fungicides DM - 7(2-S+5-C) 8(3-S+5-C)
Fungicides PM - 12(2-S+6-C) 11(3-S+6-C)
ICAR-NRCG-Pune
Pre-pruning Trichoderma 2 1
After pruning Trichoderma 4 3
Other bio-agents 2 0
Fungicides DM 2(2-S) 4(3-S+1-C)
Fungicides PM 9(1-S+6-C) 9(2-S+7-C)

DM= for management of downy mildew PM= for management of powdery mildew

S=systemic fungicides C=contact fungicides
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Table.7 Pesticide residue degradation at four FLD plot at harvest -2017-18

Name of pesticide detected EU MRL Zero residue plot Farmers practice plot
mg/kg mg/kg mg/kg

-!l_
-n_-mm
_
-!]_-E-
-Il_

~ No.ofdetecton | | 4 | 5 | 4 | 5

| |
Dimethomorph
| | | | |
No.of detection | < | 1 | 1 | 2
| |

FLD-Niphad
Potassium salt of phospheric
acid
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Table.8 Physiological loss in weight (PLW) of all FLD plot

Treatments 1 day 2 day 3 day
Niphad 0.88 2.55 4.87
Zero residue plot
Farmers practice plot 1.51 4.24 7.03
Pr>F 0.47 0.20 0.67
Tsagaon
Zero residue plot 2.44 4.58 6.44
Farmers practiced plot 2.40 4.70 6.55
Pr>F 0.98 0.63 0.52
ICAR-NRCG
Zero residue plot 2.44 4.58 6.44
General practice plot 2.40 4.70 6.55
Control 2.29 5.0 6.92
LSD(p=0.05) 0.37 0.60 0.80
Narayangaon
Zero residue plot 2.44 4.58 6.44
Farmers practice plot 2.40 4.70 6.55
Pr>F 0.12 0.23 0.53
Table.9 Per cent rotten berries etc of all FLD plot, 2017-18
Berry parameter Niphad Tasgaon Narayangaon ICAR-NRCG
ZRP FPP ZRP FPP ZRP FPP ZRP FPP
Total fallen berries 0.00 0.42 0.25 0.42 0.08 2.08 0.42 0.67
Total rotten berries 0.08 1.33 0.00 0.50 0.08 0.42 0.00 0.00
% rotting index 0.16 1.64 0.00 1.00 0.11 0.49 0.00 0.00
Freshness ratings 3.92 3.42 3.92 3.25 3.92 3.36 3.92 3.25
Pr>F <.0001 0.03 0.0

Physiological loss in weight (PLW): Season 2017-
18

Results on the percent loss of weight over initial
weight are tabulated in Tables given below.

In shelf life study, physiological loss in weight
(PLW) was recorded at 3 days in both zero residue
and farmers practiced plot except 4 days in ZRP,
Niphad plot. However average PLW was low in zero
residue plot as compared to farmers practice plot in
most of cases.

PLW was 4.87 % in zero residue plot compared to

7.03 % in farmers practiced plot at FLD Niphad.
However all treatments were found statistically non-
significant

Per cent rotten berries

The results of per cent rotting berries (fallen and
rotten berry) are tabulated in following Tables of
FLD plots during season: 2017-18

From Table 8, it was observed that in all FLD zero
residue plots, per cent rotten berries were less in
zero residue plot compared to farmers practice plot.
In ICAR-NRCG plot, it was observed that not a
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single berry was rotten in both zero residue plot and
general practice plot. However of fallen berries were
found less in number (5) in zero residue plot
compared to farmers practice plot where (8). At
Narayangaon, it was observed that per cent rotten
berries was less (0.11) in zero residue plot compared
to farmers practice plot (0.49). Both the treatment
was statistically significant. At Niphad FLD plot, it
was observed that per cent rotten berries were less
(0.16) in zero residue plot compared to farmers
practice plot (1.64). Both the treatment was
statistically significant.

For years, management of powdery mildew in
grapes is dominated by use of trialzole fungicides.
Theses fungicides as per FRAC are medium risk
fungicides and did not show risk of resistance
development for long period. Presence of such low
level resistance apparently has increased the use of
triazole fungicides. Use of triazole fungicides is
needed mainly after fruit set, but our survey results
indicated that if these fungicides used after 60 days
of fruit pruning, the fungicides will definitely get
detected at harvest in grapes. From the research trial
it was observed that by application of chitosan in
between sulfur and bio-agents, efficacy of both
sulfur and bio-agents was increased. Sawant et al.,
(2017) reported that EC 50 of sulfur for
Trichoderma spp. was as high as 10,000 ppm, while
triazole fungicides it was about 3 ppm. This means
if only sulfur has been sprayed bio-control agents
also can be used without much disadvantage to bio-
control agents.

Triazole fungicides were sprayed at season at
Tasgaon (Myclobutanil), 2017-18 seasons after 53 to
63 days after pruning residue of these fungicides
were detectable. Even though the residue detected
were very negligible (0.01 to 0.03 ppm). These
observations have confirmed our strategy to avoid
use of triazole fungicides after fruit set.

Temporary increase in microbial count on berries,
by direct application of safe microbes, therefore
could help to dissipate surface borne residues faster.
ICAR-NRCG has isolated Bacillus subtilis from
vineyard ecosystem and selected specially for its

efficiency in rapid dissipation of commonly used
pesticides in grapes (Salunkhe et al., 2013, 2014,
2015). At all four FLD locations in grape growing
area in Nasik, Sangli, and Pune district during 2017-
18 season, residue data at all these locations showed
that there were reductions of residue in all cases.
This confirms that there was rapid dissipation of
most pesticides on application of DR39. Similarly
summation of residue were reduced from 0.04-0.16
to 0.03-0.1 (Table 7). Most of FLD locations were
with progressive farmers and their practices in our
demonstrations did not differ much. Hence, there
were very less difference in residues. If few
additional sprays prior to this period are added, it
will not only help in improving control of powdery
mildew, but may also help in better reduction of
pesticide residues.

Need based applications of pesticide should be
allowed especially before fruit set. Weather
information based assessment of diseases risks
should be used as DSS. Fungicides which are
relatively less harmful to bio-control agents should
be preferred, eg. Sulfur for powdery mildew. Choice
of effective fungicide should be based on (days
required for below levels of quantification) DBLQ
or pre-harvest interval (PHI).

Guidelines for fungicide usage for downy mildew
and powdery mildew management

During 25-30 days of pruning fungicides belonging
to CAA group (dimethomorph, iprovalicarp and
mandipropamid) can be preferred in combination
with dithiocarbamate (mancozeb, propineb). After
flowering to fruit set (approx. 30-50 days of
pruning) use of Fosetyl Al or salt of phosphorous
acid in combination with mancozeb should be
preferred. If weather condition suitable for downy
mildew even after fruit set (50 days of pruning)
cymoxanil can be used till 60 days. For powdery
mildew Fungicides belonging to triazoles and SDHI
groups can be used only up to fruit set or up to 60
days of fruit pruning. Safer chemicals such as
chlorine di oxide, hydrogen peroxide and nano silver
can be used if the disease incidence noticed after
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veraison in vineyards. Pre and post veraison period
attempts should be made for bio-remediation of
pesticide residues on bunches.
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