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Preface

Grape growing under tropical conditions faces different type abiotic and biotic stresses. Management of these
stresses involves a high input cost and low financial return to grape growers. Hence, sustainability in viticulture
often appears challenging. The book "Grape Vineyard Practices for Tropical Regions," provides knowledge
generated based on scientific studies and field experience under tropical agro-climatic conditions. This book is
a testament to the resilience and adaptability of grapevines, as well as the dedication and ingenuity of those
who dare to cultivate grapes in these lush and vibrant regions.

Our aim is to equip you with the knowledge and practical insights needed to thrive in the tropical grape-growing
environment. This book is a collaborative effort that draws upon the expertise of viticulturists, researchers, and
growers who have immersed themselves in the complexities of tropical grape cultivation. Together, we have
distilled decades of experience and research outputs into a comprehensive guide, offering a holistic approach
to grapevine activities in tropical regions.

Choosing the right grape variety is the foundation of successful grape growing, and this book provides valuable
insights about important cultivars. Canopy management, a critical aspect of grape cultivation, is addressed in
detail, with a focus on tailoring techniques to suit the specific conditions of tropical regions. Considering the
paramount importance of soil and water management, this book will guide through effective soil and nutrient
management strategies and irrigation scheduling based on pan evaporation and phenological studies. The
applications of growth regulators are adequately discussed for producing quality grape bunches. The book also
deliberates management of insect-pests and diseases through applications of safer plant protection chemicals.
Sametime, applications of biocontrol agents have been described.

Post-harvest handling is an art in itself, particularly in tropical climates where grapes may deteriorate rapidly.
The book has described innovative techniques to maintain the freshness and quality of grapes, storage and
transportation. One of the book's highlights is a chapter on the production of residue-free grapes. In an era
where consumers increasingly demand safe and eco-friendly produce, we delve into organic and sustainable
practices that allow growers to cultivate grapes with minimal chemical residues, meeting both market and
environmental standards.

"Grape Vineyard Practices for Tropical Regions" is more than just a book; it will serve the basic need to grape
growers or those who are passionate about harnessing the potential of tropical grape cultivation. The uniqueness

of availability of the book in both Hindi and English will enhance its reach to interested stakeholders spread
pan India.

Editors

* ok
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Important table grape varieties

Dr. Roshni Samarth
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Grapes is one of the economically beneficial fruit crops and this fruit is grown in temperate to warm climatic
regions of different countries. Globally it is mainly grown for wine purpose, but in India majority of grape area
under cultivation is for table purpose. Attractive bunch appearance is one of the important criteria for marketing
along with the seedlessness, crisp berries and thin skin. While the grape grower demands for naturally bold
berries, loose bunches and good shelf life. Compared to wine grapes, table grapes have low sugar and more

pulp content. Salient features of some major table grape varieties are discussed here.

Thompson Seedless

It is a major table grape variety grown all over the world. Commercially it is
being extensively cultivated for table purpose in India from six to seven
decades. The variety is also being used for raisin making. It can yield 20-24
tons per hectare of quality grapes and requires approximately 130-145 days for
harvesting after fruit pruning. The average berry size is 20-22 mm diameter
with the use of plant growth regulators. Other varieties obtained from clonal
selection in Thompson Seedless are Tas-A-Ganesh, Manik Chaman, Sonaka,
2A Clone, H-5, etc. are also being grown widely.

Red Globe

The variety is developed at University of California, Davis, USA and was
introduced during 1985 in India. It is a late ripening, seeded, coloured variety
and requires around 135-150 days for harvest. It is popular due to its large
bunches (800-1000 g average bunch weight) and very bold berries. Berries are
red, round, pulpy with the average size of 22-25 mm diameter. It is harvest at
17 to 18° Brix sugar content. It is well known for good shelf life and can be
easily stored for minimum three months. The fruit yielding capacity is 20-25
tons per hectare.

Crimson Seedless

It is a hybrid developed at United State Department of Agriculture, California.
It is late ripening coloured variety and take more than 135 days from fruit
pruning to harvest. Vines are vigorous in nature. Bunches are medium in size
and conical shaped. Berries are red, cylindrical-oval, seedless and large. Berries
have firm pulp, thick skin and neutral flavour. The variety has no/minimum
requirement of gibberellic acid for bunch thinning or berry sizing. Clusters may
require minimum manual thinning for bunch and berry development.
Comparatively fruits are acidic and harvested at more than 25 sugar acid ratio
for domestic market. It has potential for distant market because of good shelf
life and can be stored up to 20 weeks.

59



#2288  Grape vineyard practices for tropical regions

nims
HREG

Flame Seedless

The variety is developed through hybridization programme at Fresno
University, California, USA. It is an early maturing variety and harvested at
110-115 days after fruit pruning. Vines are vigourous and yield an average of
10-12 tons per acre. Bunches are well filled, medium to large in size and conical
shaped. As the north Indian conditions receives rains at fruit maturity of other
commercial varieties like Thompson Seedless, it is well suited under such
climate regimes. Better colour development can be achieved if ripening
coincides with the cooler conditions along with the retention of muscat flavour.
It does not suit distant market due to sensitive to handling and fruits can be
stored up to 10 weeks under cooler conditions.

Fantasy Seedless

The variety is a result of hybridization programme at USDA Fresno, California.
It is a short duration variety and takes 115 to 125 days after fruit pruning to
harvest. Because of vigorous character of vine, selection of rootstock, water
and nutrient control play pivotal role for the fruitfulness. The requirement of
gibberellic acid for thinning and sizing is nil. Bunches are medium in size and
natural loose. Berries are seedless, black, medium to bold in size with the
average size of 16-18 mm, thin skin and firm pulp. It is sensitive to berry
cracking under cold or excessive humid conditions. The storage capacity of the
variety is low and can be cold stored for 8 weeks.

Sharad Seedless and clones

Sharad Seedless is originated through natural selection from a Russian variety
Kishmish Chernyei during 1980’s. It requires around 125 days after fruit
pruning for harvest and yield about 22-26 tons per ha. Berries are bluish black,
seedless, oblong to elliptical shape and firm. The variety is harvest at 18-
20°Brix with 0.5-0.7 per cent acidity. Most of the commercially grown black
seedless variety are originated from the Sharad Seedless such as Nanasaheb
Purple Seedless, Sarita Seedless, Krishna Seedless, Nath Seedless, Jay Seedless,
etc. These all are very responsive to gibberellic acid treatment for achieving
bold berry size. Nanasaheb Purple Seedless is popular for extra bold berries
while Sarita Seedless and Krishna Seedless for elongated berries.

Gulabi

Muscat Hamburg variety is known as Gulabi in India. The maturity period of variety is early as compared to
other commercial varieties available (110-115 days after fruit pruning). It is popular in southern India and
principally grown in Tamil Nadu especially at Theni and Dindigul districts. Locally it is popular as Paneer
grapes. Berries are reddish purple, round with the average size of 15-16 mm. The average productivity is 14-

16 tons/ha.
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Canopy management practices to produce quality grapes

Dr. R.G. Somkuwar
Principal Scientist (Horticulture)

A grapevine is a climber. It has indeterminate growth with weak stem. It needs support not only to support the
weight of its aerial parts and fruits but also to maintain the canopy architecture. The trellis and the training
system shape the canopy architecture of vines. The fabricated structure used for training the vines is called the
trellis while the process of shaping the canopy is called training. The manner in which a grapevine is trained
does not only influence the vine growth, productivity and quality but also brings about variation in microclimate.
Canopy management starts with the interaction of the cultivar, vineyard site, seasonal climate, inputs and the
trellis system.

The basic concept in the canopy management of perennial trees is to make the best use of land and climatic
factors for increased productivity. Factors like Tree vigour, sunlight, temperature and relative humidity of that
region plays a great role in the production and quality of fruits.

Canopy management

Canopy refers to the size and shape of vine structure. The components of a vine canopy are its primary arms
and secondary arms, which form the permanent framework of the vines, canes, shoots and leaves. While the
size of canopy is dependent on the number and length of primary and secondary arms, the number of canes, the
number and length of shoots and the number and size of leaves, the shape of the canopy is determined by the
length and orientation of the arms and the shoots.

Ideal Canopy
The ideal canopy should fulfil the following conditions:

1. It should have adequate number of canes, which are the fruiting units.
2. It should allow sufficient light and ventilation into the canopy during the growth season (May-August).

3. It should have sufficient coverage to nourish and protect the bunches during the fruiting season (November-
March).

4. It should avoid overlapping of the foliage to facilitate efficient photosynthesis by every leaf.
5. It should offer scope for effective coverage of sprays with pesticides and growth regulators.

6. It should not build up microclimate that is congenial for disease development.

Aim of canopy management in grapes

1. To control vine vegetative growth

2. To improve sunlight exposure to fruit and foliage

3. To increase airflow in the canopy so as to reduce disease pressure

4. To improve the coverage and effectiveness of pesticide applications
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5. To facilitate easy cultural practices like thinning, dipping, pruning and harvest

6. To improve the fruit yield and quality

Benefits of a reduced canopy microclimate
1. This helps in easy entry of light and air into the canopy environment

2. It lowers the incidence of almost all diseases by reducing humidity levels and allowing sunlight and wind
to dry out leaves and fruit easily.

3. This also helps in improving spray penetration to interior of the canopy
4. It allows sunlight to penetrate into the canopy interior for more efficient photosynthesis

5. It helps the grape bunches to look better, makes the grapes appear better quality

Requirements during fruiting season

1. Open canopy and good ventilation up to berry set.
2. Adequate foliage up to veraison.

3. Berry development.

4. Minimum disease development.

Strategies and practices in canopy management

Canopy management refers to the practices for obtaining the maximum yield of export quality grapes. These
practices envisage at strong growth of the vines and transform the growth to productivity. The strategies and
practices of canopy management for the production of export quality grapes are outlined below.

Leaf removal

The major requirement after fruit pruning is uniformity in bunch appearance so that the sprays of plant growth
regulators can be taken at a time. To achieve this, all buds should sprouts uniformly. Hence, leaf removal is
done 15 days before the actual fruit pruning. This is done by two means i.¢., either manually or with the use of
chemical (ethephon). The leaf removal exposes the bud to sunlight due to which the consolidation of food
material in the bud takes place. This helps to bulge the bud before the pruning is done. The bud sprouts thus
becomes fast and early.

Fig. 1. Leaf removal by chemical (left) and manual (right)
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However, the care should be taken that the irrigation water is stopped at least 5-6 days before the chemical
sprays. This will help to put the vine under stress and the leaf fall will be effective. Sometimes, immediately
after the ethephon spray the growers’ experiences rainfall, under such situation, the repeat spray after 3-4 days
is necessary. After the spray, the ethylene in the vine gets increased and the auxin is reduced. The slow increase
in the proportion of ethylene results into transport of food material from the leaf to the bunch. The detachment
of petiole from the shoot takes place exposing the bud to the sunlight. For effective results, the slow leaf fall
by complete yellowing of leaf up to 10-11 days from the time of application will be better.

While manual leaf removal can also be done 15 days before the fruit pruning. Leaf removal can be attended in
the fruiting zone only i.e., removal of 4th to 10th will be sufficient to expose the targeted bud.

Bud testing

Collect the canes of different sizes and also different types (<6mm, 6-
8mm, 8-10mm and sub cane and straight canes, etc.) leaving one bud on
the cane. The canes are then wrapped in the wet gunny cloth and sent to
the laboratory for bud testing. This helps us to know the actual position
of healthy and strong bud on the cane. The bud testing helps to avoid the
errors in the pruning.

Fig. 2. Bunch visible under microscope

Fruit pruning

Based on the bud testing report and also after complete leaf
fall, fruit pruning is done. In the situation of non-availability
of bud testing facility, earlier experience of the vineyard
management is used for pruning. In case of sub cane,
pruning just after one bud near the knot is sufficient. The
bud available on the knot is also called as tiger bud. This
bud is important from the point of higher yield. This bud
will have the bunch with higher weight as compared to
other buds. Hence, sprouting of this bud is important. In
case of straight cane pruning, short intermodal length should be considered for pruning. This is generally
available at 6-7 and 7-8 bud position on a cane. However, in case of canes less than 6mm size, the pruning
should be done leaving 4-5 buds on the cane.

Fig. 3. Straight cane (left) and sub cane (right)

Application of hydrogen cyanamide

Hydrogen cyanamide is bud breaking chemical used only for the purpose of uniform and early bud sprout. The
concentration used for swabbing the buds depends on weather condition (temperature and relative humidity
available during the period) and cane thickness and percent leaf fall before pruning.

Table 1: The detail of the condition and concentration to be used is given in the following table.

Temperature Conc. to be used Cane dia (mm) Conc to be used
35-40 °C 30 ml 6-8mm 30 ml
30-35°C 35 ml 8-10 mm 35ml

25-30 °C 40 ml 10-12 mm 40 ml
Upto25°C 50 ml >12 mm 50 ml or 40 ml twice
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Cane twisting

The uniform cultural practices were followed during foundation pruning time for the production of uniform
canes. However, there might have been some lacunae in following canopy management practices that were
resulted into variation in the cane size. Under such situation, all the canes will not sprout due to uneven bud
size available on these canes. This will result into erratic and irregular bud sprouts. To avoid this, the practice
of cane twisting on the selected canes (thick canes only) should be followed. This will help in uniform bud
sprout.

Bud sprouting

The bud sprouting starts 6-7 days after the fruit pruning. The bud sprouting will depend upon the weather
condition, cane diameter and the concentration of hydrogen cyanamide used. Under the condition of temperature
ranging between 32-35°C and 80-90% relative humidity, the bud sprouting will be on 7th day. Sometime,
sudden rainfall and cloudy weather increases the relative humidity in the atmosphere. This results into increase
in gibberellins and reduction in cytokinin level in the vine. The increase in gibberellins in the vine reflects into
high vigour of vine. The continuous rainfall during bud sprouting stage in the vineyard saturates into root zone
closing all the pore spaces. Under such conditions, the fruitful bud gets converted into filage. Hence, care should
be taken to remove the stagnated water from the root zone and field.

Pre-bloom stage

After the bud sprouts, the bunch becomes visible at fifth leaf. The temperature (30-35°C) and relative humidity
(above 60%) during this period is ideal for growth and development of vine. Hence, the vegetative growth will
be at faster rate with emergence of one leaf on every third day. The leaf grows into numbers making the shoot
and thus the shoot growth converts into canopy.

Removal of excess shoots and bunches

The flower inflorescence (also called “bunch”) will be completely visible on 13-
14th days after the fruit pruning. At this stage, the excess shoots are to be removed.
This will facilitate for development of open canopy. Under this canopy the build-
up of disease inoculums will be less.

Removal of unwanted shoots

No of bunches to be retained For 10°x6’ spacing
» Strong vine 1 Bunch/sqft  (60)

* Medium vine % Bunch/sqft (45)

* Weakvine  '2Bunch/sqft (30)

Fig. 4. Stage of excess shoot removal

Table 2: Retention of bunches and shoots based on the purpose

Cane Purpose

thick-

ness Local market Export Raisin production

<6mm | Single bunch & single shoot Such canes are to be removed Single bunch & single shoot

6-8mm | Single bunch & single shoot Single bunch & single shoot Two bunches and one supporting shoot

8-10mm | Two bunches and one supporting shoot | One bunch and one supporting shoot | Three bunches and one supporting shoot

>10mm | Two bunches and two supporting shoot
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Requirement of leaves on each shoot

Under a wide range of climatic conditions, a desirable leaf area to
crop ratio can vary from around 10 to 12 cm?/g berry weight. In table
grape varieties, the leaf area is around 160-180cm2. The bunch
appears at fifth leaf and the growth continues till berry setting beyond
which the shoot growth stops. During the vegetative growth stage
(pre-bloom to berry set), generally 16-17 leaf can be obtained on
each shoot. Hence, 10-12 leaf above the bunch is considered
sufficient. The extra leaf arising will act as sink and thus the source:
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Fig. 5 . Leaf requirement upto berry setting

sink relationship will be disturbed. Hence, to maintain proper growth

of a bunch, the leaf requirement needs to be considered.

Source: sink relationship for bunch development

Carbon compounds produced through photosynthesis along with minerals from the soil are transported from
sources to sinks. In grapes, sugar accumulation in fruit has an important economic role. The grapevine produces
food material using active leaf through the process of photosynthesis and transport to the sink to support the
vine growth, bunch development and also maintenance of permanent parts like trunks and roots.

1.

2.

The source: The vine parts supplying food material to the developing bunch is called source.

Leaf: Leaves are the most important organ for photosynthesis, a process in which light energy is captured
by green plants (mainly by the chlorophyll in leaves) and used to synthesize reduced carbon compounds
from carbon dioxide and water.

. Cane: Balance between vegetative growth and fruit production is necessity. It is too important to practice

removal of some of them from the vine for the best quality grapes.
Trunk: The trunk supports the above ground vegetative and reproductive structure of the vine.

Arms: The arms are basically primary and secondary arms derived from the trunk. The secondary arm of a
vine produces the fruitful canes used after the fruit pruning for bunch development.

. Roots: In addition to the anchoring the vine, the root absorb nutrient and water from the soil and stores

carbohydrate and other food material required for further use. The majority of the grapevine root system is
reported to be within the top three feet soil depth, however, the roots goes even up to 5 feet depth provided
the condition for root anchoring is proper. The distribution of roots is influenced by the soil type.

Table 3: Movement of carbohydrates in grapevine

S. No. | Stage Sink Source
1. Bud break to Panicle emergence Growing tip Immature leaves Cane and arm
2. Panicle emergence to fruit set Immature leaves Growing panicle Mature leaves and cane
3. Fruit set to veraison Growing berry Immature leaves Mature leaves
4. Veraison to harvest Shoot Mature leaves
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Bunch and berry thinning

Achieving the desired improvements in grape berries, berry thinning practice has been used by the grape
growers. To fulfil the requirement of table grape market, the berries must be of uniform size. The berry thinning
increases the berry size by reducing the competition for food among the other berries in a bunch. Berry thinning
has been used to obtain for loose bunch with large berries, highest berry weight and early ripening. Hand
thinning plays an important role with some grape varieties like Thompson Seedless and its clones since it can
help to maintain the desired berries in a bunch to obtain better quality.

Fig 6 . Berry thinning stage Fig. 7 . Photosynthetically active vine

Training of shoots

The berry setting is completed 50 days after the fruit pruning. During this stage, the berry grows at a faster
rate. However, the shoot growth stops once the berry setting is completed. During the bunch developmental
stage (at 8-10mm berry size), bunches in addition to the leaves, require uniform sunlight on the berries for
photosynthesis. The over crowed shoots are therefore separated from each other and placed on the foliage wire
so that individual leaf and berries in a bunch will receive uniform sunlight for photosynthesis. This will help to
produce the food material and supply to the developing bunch.

Protection of bunches

The shoot and leaf growth continues till berry setting and
thereafter the berry development stage starts. Under different
conditions of canopy and weather, the grape bunches require
protection. These conditions are as below.

Sun burn: Under the condition of reduced canopy during
berry growth stage, the berries in a bunch show sun burning

symptoms. This condition is generally observed during 14- . -
16 mm berry growth stage or even before the berry softening Fig. 8. Bunches covered with paper

stage. The berries once damaged with high intensity of sunlight, becomes unfit for eating. The sugar
development hampers in such bunches. To protect bunches, shade nets are generally used to cover the canopy.

Pink berry

The grape berry growth continues from 3-4 mm stage till the veraison stage. During this stage, the temperature
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and relative humidity plays an important role. However, the
variation in the maximum and minimum temperature in the
atmosphere results into the conversion of green pigmentation
to pink pigmentation. In general, the pink color expression
starts at the time of near veraison stage. This stage generally
coincides with 14-16 mm berry diameter stage. The
conversion of green pigment into pink pigment is seen only
in coloured varieties. When the maximum temperature goes
up to 35°C and the minimum temperature falls below 7°C in
the vineyard creating more variation between the maximum
and minimum temperature, the pink color development is
more. To avoid this, reducing the gap between the maximum
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HREG

Fig. 9 . Export quality grapes

and minimum temperature is important. This can be achieved through covering of a bunch with paper.

Veraison to harvest stage

The veraison stage starts from 85 to 95 days after fruit pruning depending upon the weather condition in the

vineyard. This stage is also called as berry softening stage. The berry can be pressed at the time of softening in

white varieties, while in case of color varieties, the color starts changing from green to pink in addition to the

berry pressing. In export quality grapes, the berry size at this stage is between 16to 17 mm, however, in case

of local grapes, the size will be approximately 14-16mm. The management practices in the vineyard including

the crop load play an important role in sugar development. During this stage, protection of bunches under the

shade is important considering the uniformity of color.
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Appraisal of soil and water quality for grape cultivation

Dr. Yukti Verma
Scientist (Soil Science)

In India, grape is mainly grown in the semi-arid tropics with more than 90 % of the area concentrated in
Maharashtra and Karnataka. Majority of the vineyards are either raised on heavy soils or on marginal lands.
Though grapes can be cultivated on varied soil conditions, deep and well-drained soils with pH range of 6.5-
8.0 is ideal. The soil pH above or below this range is known to restrict availability of some nutrient elements
and thus inhibit growth and development. The weather is mostly dry with less number of rainy days (30- 40
days) during the year. Once planted, vines at the site for at least 10-15 years. Favourable rooting environment
and proper understanding of the phenology is key to efficient water and nutrient management. Being double
pruned and single cropped, the nutrient requirement differs between both the pruning seasons.

Soil texture

This is the inherent property of the soil and does not change with management practices. However, for
establishing the vineyard requires opening a trench 2.5 — 3 ft. depth and after addition of FYM, the trench is
filled. This sometimes leads to subsoil mixing with the top soil thereby, affecting the textural as well as soil
structure (Fig.1). In general, the loamy soil with 30-50% sand, 30-50% silt and 7-27% clay is the most suitable
for viticulture. Sandy soils have good aeration but poor water and nutrient supplying ability and hence, the
vines are affected during drought. Clay soils have good water holding and nutrient supplying ability, but slow
water intake and poor aeration, limits root depth and root distribution.

Fig. 1. Soil profile and effect of trenching on redistribution of soil from subsoil to top soil

Soil Depth

The soil depth has a direct relation with the root distribution and its penetration, and moisture holding capacity
depending upon soil texture. The soil depth has direct impact on the inducing moisture stress, a requirement
for reducing vigour of the vines during fruit bud differentiation stage. Moderate soil depth (2.5 to 3 ft) is
suitable for vine growth. More soil depth will lead to management issues with vigorous varieties like Fantasy
Seedless, Crimson Seedless etc.

Soil structure
Defined by the way individual particles of sand, silt, and clay are assembled. Single particles when assembled
appear as larger particles. These are called aggregates. Soil structure has profound effects on water infiltration,
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available water capacity, drainage, acration and root penetration. The soil structure is influenced by Texture
(finer particles create finer pores), Organic matter content, Biological activity (larger pores are good), Chemistry
(Ca > 60% in exchange complex increases aggregation whereas Na degrades), Previous management
(compaction, tillage, vegetative cover crop) and Wetting and drying cycles.
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Fig. 2. Root distribution in different soils

Peacock and Christensen (2000) have developed guidelines for interpreting soil suitability for grapevines. The
same are given in table 1.

Table 1: Guidelines for Interpreting Laboratory Data on Soil Suitability for Grapes

Possible problem and unit of | No problem (less than 10% Increasing problems (10 to Severe problems (25 to 50%
measurement yield loss expected) 25% yield loss expected) yield loss expected)

pH 5.5-8.5 - -

Salinity ECe (dS/m) 1.5t02.5 2.5t04 4t07

Permeability ESP (est.) Below 10 10to 15 Above 15

Toxicity

Chloride meq/1 Below 10 10 to 30 Above 30

Boron mg/1 or ppm Below 1 1to3 Above 3

Sodium (meq/1) -- Above 30 (690 ppm) --

Peacock and Christensen (2000) - Interpretation of soil and water analysis (http://iv.ucdavis.edu/files/24409.pdf)

Irrigation water having electrical conductivity less than 1dS/m, residual sodium carbonate less than 1.25 meq/L,
sodium adsorption less than 8, chlorides less than 4 meqg/L and boron less than 1 ppm are considered safe for
irrigating the vineyards. However, availability of poor quality of irrigation water provides considerable challenge
to the grape growers to efficiently manage their vineyards for attaining optimum yield. Usually vineyard
productivity is reduced noticeably before visual symptoms are noticed on the vines. To cope up with salinity,
vines were raised on Dogridge rootstock. However, studies at NRC Grapes suggest that it cannot exclude
sodium. Under saline irrigation, vines grafted on Dogridge rootstock has shown the tendency to accumulate
sodium in excess leading to K deficiency, reduced fruitfulness and death of perennial vine parts. The rootstock
110R and B-2/56 (a clone of 110R) has the property to exclude sodium and can perform under such conditions
as compared to Dogridge rootstock. Use of soil amendments like gypsum based upon soil test value in
combination with green manuring, compost or FYM along with heavy doses of Sulphate of Potash as soil
application helps in reducing this problem.

e ok ok
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Irrigation scheduling and moisture conservation techniques

Dr. Ajay Kumar Upadhyay
Principal Scientist (Soil Science)

In arid and semiarid areas, that remain essentially dry during major part of the year, water and not the land
becomes the most limiting resource for production. Under such conditions, increasing productivity per unit
water use as compared to the land use becomes an important strategy. Water scarcity and low availability of
nutrient often limit crop growth and production potential in agro-ecosystems because most crops are sensitive
to water and nutrient deficits during different critical stages. At the same time excess water use can increase
the cost of production, and at the same time cause environment pollution. Grape is no exception. For quality
grape production, management of canopy, nutrient, water, pest and disease and their timely operations are
important. Amongst the inputs, water holds the key to achieving higher production and is known to contribute
towards 60-70% in realising the genetic potential of the crop. Climate change is becoming a reality. Even
though the total rainfall remains same for a given area, nevertheless, the number of rainy days is decreasing
and high intensity rains over a shorter period is becoming more frequent. This calls for proper use of water for
meeting the crop need.

What a grower needs to understand
a. What is irrigation water requirement during Foundation as well as Fruit pruning season?

b. What is root zone of grapevine? Majority of the roots are located in top two feet of the soil as the crop is
drip irrigated. Soil type and its depth will have direct impact on root proliferation and water and nutrient
use.

c. Do I understand the quality of water available for irrigation?
d. What is the status and efficiency of my irrigation system?

e. What are the water-saving techniques that should be adopted during the irrigation season?

Growth stage of vine and their importance for water management
The need for water varies with different stages of vine growth. For some stages of the vine moisture stress is
beneficial and for some stages it is harmful.

During the stage covering the period from foundation pruning to bud differentiation stage (normally mid-April
to May) the water requirement is maximum. Vines should not be stressed in order to obtain canes of desired
thickness (8-10 mm) and sufficient canopy. In the bud differentiation stage, irrigation should be reduced to
facilitate better bud differentiation. Shoot maturity and fruit bud development stages coincides with rainy season
but still there is a need to irrigate the vines as the rainfall is highly erratic and distribution is not uniform. There
are hardly 40-50 rainy days in a year. Most of the soils are heavy textured with low infiltration rate and much
of the rainwater is lost as run off. Irrigation should be withheld till the soil is at field capacity after the rain.

The effect of water stress from shoot growth to canopy maturity stage during foundation pruning could reduce
the fruitfulness of vines. Studies carried out at ICAR-NRC Grapes in heavy soils in year 2013 has clearly
shown that irrigating at 50 % of recommended schedule followed by no irrigation during fruit bud differentiation
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stage reduces the yield of Thompson Seedless vines by 10% over the recommended schedule. Subsequently,
in the next year, it was observed that irrigating at 50 % of recommended schedule followed by no irrigation
during fruit bud differentiation stage till 100 days of crop growth reduced the fruitfulness by 25%.

In the fruit pruning season (normally during the month of October) the vines should receive sufficient irrigation
to promote strong shoot growth and adequate leaf area. Water stress during pre-bloom stage will lead to uneven
and poor sprouting which will have adverse impact on number of bunches. Mild stress during berry set to shatter
stage helps in reducing berry set which are otherwise to be thinned. However, bunches can be completely
desiccated by high levels of water stress during flowering, resulting in complete yield loss. Further at the time
of fruit setting, high levels of water stress can reduce yield due to berry drop or poor berry development. Berry
growth to veraison period is most critical stage and water stress at this stage reduces the berry size and yield.
During the period from veraison to harvest the vines should not be over-irrigated in order to avoid berry cracking
and delay in harvest. Depending upon the stored water in soil the irrigation may be stopped a week before to
increase sugar content in the berries. Moisture stress at this stage however results in berry drop. Severe water
stress during ripening results in poor sugar accumulation, which is crucial for quality-raisin production. At
ICAR-NRC Grapes, it was observed that irrigating vines 50 % of the recommended irrigation schedule at berry
development stage to harvest in heavy soils reduced the yield by 8.90% compared to recommended irrigation
in year 2013. The yield losses could be higher in light textured soils, the water holding capacity is low in these
soils as compared to heavy soils.

Factors related to water quality in grape production
1. Salinity: Salts are added to the soil by irrigation water and accumulate in soil.
2. Soil permeability: Salt water or relatively high sodium water may reduce soil permeability.

3. Toxicity: Chlorides and boron accumulate in the leaves. Excessive accumulation cause leaf burn and reduce
yields. Damage from leaf absorption is much less if the relative humidity remains above 30-40 per cent.

4. Problems associated with a water pH above 8.40 or below 6.5 are usually related to toxicity, nutritional
imbalances or soil permeability. Nutrients such as nitrogen may cause excessive vigour and lowered yields.
Water high in bicarbonate may result in an objectionable white deposit of lime on leaves or berries. Problems
related to high bicarbonate in irrigation water can be reduced by addition of sulphuric acid at controlled rate
to reduce water pH to 6.50.

Water salinity with ECw less than 1 dS/m is considered excellent for grapes under average vineyard
management. Water salinity in excess of ECw 1.0 dS/m may still be satisfactory if appropriate soil management
practices are adopted.

There is a saying ‘Hard water produce soft soils and soft water produce hard soils’. Extremely low salt water
result in poor water penetration. Relatively high sodium reduce water infiltration and calcium improves it.
Salinity effects on soil permeability are relatively less in clay than sandy loam. Low permeability soils should
be irrigated more frequently or for longer duration.

Strategies for improving water use efficiency in grapes
Provide need-based irrigation
The adequacy of the irrigation water should also be ensured before selecting a site for grape cultivation. Water
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requirement of grapes varies with the atmospheric aridity and the stage of the growth of the vines. Scheduling

of water is to be based on the pan evaporation reading, which is an index of water lost from the plant. Further,

quantum of water applied should conform to the crop requirement at a given stage. This calls for irrigation

scheduling.

The grapes grafted on rootstocks have better root systems for exploitation of soil moisture from deeper layers

and hence less irrigation water is required compared to own rooted vines. On the basis of experimental data

generated at this institute, the best irrigation scheduling for grape grafted on rootstock under saline irrigation

is given in table 2. In case, the irrigation water quality is good, about 20% less irrigation water will be required.

On the basis of pan evaporation reading, the water requirement of grapes can be worked out as per crop growth

stage.

Table 2. Recommended irrigation schedule for grapevine based upon pan evaporation

Growth Stage Expected Water Month of operation Expected Approximate

duration requirement monthly Pan water (litres

(days after (litres/day/ hectare evaporation /hectare/ day)

pruning) per mm of (mm) in

evaporation) different grape
growing
regions

Foundation Pruning
Shoot growth 1-40 4200 April-May 8-12 33,600-50,400
Fruit bud differentiation 41-60 1400 May-June 8-10 11,200-14,000
Cane maturity and Fruitbud | &) ) 1400 June-August 0-6 0-8,400
development*
121 days - fruit pruning* 121 - 1400 August- Fruit pruning | 0-6 0-8,400
Fruit Pruning
Shoot growth 1-40 4200 October- November 6-8 25,200-33,600
Bloom to Shatter 41-55 1400 November- December | 4-6 5,600-8,400
Berry growth and development | 56-70 4200 December - January 3-6 12,600-25,200
Berry growth and development | 71-105 4200 December - January 3-6 12,600-25,200
Ripening to Harvest 106- harvest | 4200 January - March 8-10 33,600-42,000
Rest period Harvest to - March-April 8-10 -

Foundation

pruning (20

days)

*  The above growth stages generally coincide with rainy season and no irrigation may be required in heavy soils.

** The schedule has been worked based on experiment carried out in heavy and calcareous soils using saline irrigation water (EC
ranging from 1.7-1.8 dS/m) and therefore this may be taken as guideline for stage wise irrigation for other soil types other than the

one specified here.

Note:

* Depending on water quality, the amount of water needed may change. Irrigation should not be applied after the soil has reached

field capacity after rain.

» Irrigation requirement will be less by 20% compared to above given schedule if low salinity water (EC less than 1.0 dS/m) is used.
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2. Water saving techniques

a. Use of antitranspirants and mulching

Mulching and antitranspirants reduce the soil evaporation as well as transpiration losses from the leaf. Many
types of material, organic and inorganic, may be used as mulch (Fig.1). The height of organic mulch should be
at least 2" and should cover at least 1.5' on both the sides of the vine. Organic mulch not only helps in reducing
evaporation but also improves soil conditions through organic addition. Plastic mulching can also be used;
however, they should be properly anchored to the ground to prevent being blown away. The thickness of the
plastic should be at least 25 microns. Both plastic and organic mulch also reduces weed incidence in the
vineyards.

Antistress is a biodegradable acrylic polymer which when sprayed on plants minimize the water loss through
evapo-transpiration. The usage of Antistress or any antitranspirant, should be checked for any restrictions on
its application based on Good Agricultural Practices etc. Three sprays on Thompson seedless vines during
foundation pruning i.e. 4-6 ml antistress / litre after 30, 60 and 90 days after pruning and two sprays @4 ml
antistress / litre at 25 and 55 days after fruit pruning in combination with bagasse mulching could save 25% of

irrigation water.

b. Subsurface method of irrigation

The ever-present problems of lower availability of irrigation water, presents the farmers with difficult question
of sustaining higher yield with lesser availability of water. One of the solutions could be sub surface irrigation,
wherein the irrigation water is conveyed directly to the root zone. The method involves the usage of one feet
length PVC pipes (2.5 inch diameter) placed nine inches below the soil with holes on all sides of the pipe (Fig.
2). The micro tubes attached to the existing drip lines are directly placed in the pipes. This reduces the
evaporation losses from the surface. Further, the roots escape the effect of salinity as more roots are distributed
near the water application source i.e. at subsurface. By this method, saving to the extent of 25 % of irrigation
water can be achieved.

c. Partial rootzone drying

In this technique, one half of the root system will be always in a dry or drying state while the other half is
irrigated. The wetted and dried sides of the root system are alternated on a 7- to 15-day cycle depending upon
the soil type. The roots that are drying leads to the synthesis of Abscisic acid and this is then transported to the
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leaves. Stomata respond by reducing aperture, thereby restricting water loss. Thus, the transpiration is reduced
due to partial stomatal closure. This reduces the quantum of water required for profitable yield.

1 feet PVC pipe 9 inch deep placed
in root zone

Fig. 2. Subsurface irrigation

Other cultural practices to be followed

a. Use of Cocopeat: Light textured soil has low water holding capacity and use of cocopeat improves water
holding capacity. Cocopeat has the ability to retain 6-8 times its weight in water and also can store and
release nutrients to plants for extended periods. It also improves soil aeration that is important for healthy
root development. For conserving moisture, cocopeat should be kept atleast 3-4 inches depth in the soil
just below the dripper. Depending upon use of FYM, 1.5 — 2 kg dry weight cocopeat is required per vine.

b. Nutrient Use: Many vineyards have poor soil conditions and hence, the ability to hold water and retain
nutrients in the soil is limited. Application of FYM/ green manures/ compost/ vermicompost will improve
soil physico-chemical and biological properties. Normally for nutrient uptake in the plants, soil moisture is
crucial as the nutrients dissolves in water and then is taken up by the plant. Thus, moisture stress will affect
the nutrient uptake in the vines, particularly, potassium, calcium, magnesium and micronutrients. Heavy
doses of fertilizers directly in the soil are not recommended under limited irrigation water availability, as
the presence of unutilised fertilizer under limited water will increase soil salinity. This will further reduce
the moisture availability to vines. Hence, fertigation and frequent foliar applications is the recommended
way of supplying the nutrients to the vines. Foliar application of fertilizer on mature leaves should not
exceed 0.50% concentration. Lower and frequent application on young leaves are more beneficial.

c. If the irrigation water is saline, the only way to reduce salinity is to apply more water to leach the salts.
When irrigation water availability is low, it is suggested to saturate or flood the root zone just before the
pruning to leach the salts below the root zone, so that the sprouting and initial growth is not affected. With
age of the leaves, the impact of the salinity developed at a later stage will be less. Further, immediately
after saturating the bund, apply mulch to keep the soil moist.

d. Timely harvest — Harvesting the grapes as and when they are ready, reduces the water requirement of the
vine as the water use reduces when the crop is harvested.

e e ok
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Nutrient management in calcareous and sodic soils

Dr. Ajay Kumar Upadhyay
Principal Scientist (Soil Science)

In India, grape is mainly grown in the semi-arid tropics. Though grapes can be cultivated on varied soil
conditions, deep and well-drained soils with pH range of 6.5-8.0 is ideal. The weather is mostly dry with less
number of rainy days (30-40 days) during the year. Being double pruned and single cropped, the nutrient
requirement differs between both the pruning seasons. However, this region suffers from abiotic stress namely
moisture and salinity stress.

Nutrients are required by the plants mostly for the synthesis of carbohydrates, proteins, fats, electrolytes. Protein
is composed of C, H, O, N, P and S; carbohydrates are composed of C, H, and O and fats are also composed of
C, H, and O. In addition to these, Chlorine, K, Na, Ca, Mg and certain other elements are required to maintain
the electrolytic balance in the plants. Fe, Mg, Mn, Cu, B, Zn and Mo are actually required as a part of enzyme
system for carrying out enzymatic activities.

All the above mentioned elements are called as essential plant nutrients. There are 16 essential elements C, H,
O, N, P, K, Ca, Mg, S, Fe, Mn, Cu, B, Zn, Mo and Cl required by plants.

Determining fertilizer requirements of the grapevines

Soil analysis can reveal what is potentially available to the vine, but does not give good indication of soil-plant
interactions. Soil testing is, however, quite helpful in understanding fertilization approaches when a need is
identified. Petiole tests are better approach for determining the vine needs. The amount of fertilizer dose required
will differ for different soils types and varieties even if the petiole test value is same.

What is fertigation?

Application of nutrients through irrigation water is generally referred to as fertigation. The main advantages
are control of timing, concentration, location and proportion of the nutrients. Fertigation has become the need
of hour in Indian viticulture also to sustain the production of grapes and minimize soil and environment related
hazards. The recommended fertigation schedule and economics of fertigation is given in table 1.

Secondary and Micronutrients
» Sulphur deficiency is rarely observed in vineyards since considerable quantities are indirectly added by use
of S containing fertilisers like SOP and S as fungicide

* Calcium deficiency in calcareous soils is not common and do not require specific fertiliser application unless
vineyard soil has high pH or sodium. Certain climatic conditions (cold or rainy) or nutrient imbalance in
soils may cause Ca deficiency in fruits (berries) which can be corrected by two to three foliar applications
or bunch dipping between fruit set and veraison stage @ 0.3 to 0.5% (calcium chloride or calcium nitrate)

e Apply magnesium sulphate @ 100 kg per hectare per pruning season in four splits for maintenance dose.
However, the application must be done only if need is established based on petiole test value since in many
vineyards ground water irrigation source may add substantial quantities of Mg in soil.

* Amongst the micronutrients, zinc and iron are the most commonly deficient nutrients.
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Table 1: Fertigation schedule for table grapes (Thompson Seedless 2 to 5 year age) example (266 kg N,
177.50 kg P,O5 and 266 kg K,O/ha/year) under saline irrigation

Growth Stage Expected duration Month of operation Nutrient application (kg/ha)

(days after pruning)

N P,054 K,0

Foundation Pruning
Shoot growth 1-30 April-May 60 - -
Shoot growth 31-40 April-May 20 355 -
Fruit bud differentiation 41-60 May-June - 71 -
Cane maturity and Fruit bud development* | 61-120 June-August - - 80
121 days - fruit pruning* 121 - August- Fruit pruning - - -
Fruit Pruning
Shoot growth 1-40 October- November 80 - -
Bloom to Shatter 41-55 November- December - 26.5 -
Berry growth and development 56-70 December - January - 26.5 -
Berry growth and development 71-105 December - January 80 - 80
Ripening to Harvest 106- harvest January - March - - 80
Rest period pHr?lrI;;ZSgt 8 Of(g;r;ciz)ltion March-April 26 18 26

Note: The nutrient doses given for fertigation should be modified according to the petiole nutrient status of the vines, as over the year’s
nutrient build up in the soil increases.

* Due to large variation in the type and content of calcium carbonate in soil, no specific recommendations are
available. However, under established deficient conditions, on an average 50 kg per hectare each of zinc
sulphate, ferrous sulphate and manganese sulphate should be applied per season.

* Micronutrients are preferably applied as foliar application and based on petiole analysis. On an average, 3-
4 sprays of 0.2-0.4 % of sulphate forms of Zn, Mn and Fe in a pruning season meet the crop needs.

» Boron is strictly applied on the basis of petiole analysis report.

Fertilizers and their grades used for fertigation

i) All the nutrients are available in optimal quantity in the soil in the pH range of 6.0 - 6.5. The pH and EC of
the commonly used liquid fertilizers is given in Table 2. The fertilizer solution with pH less than 3.5 is
highly corrosive to metals. Further, in high bicarbonate waters acidic fertilizers should be added to avoid
or at least minimize precipitation of CaCO3, which may clog the drippers.

i) Fertilizers that are used in fertigation system must have a high rate of solubility. e.g. urea, ammonium nitrate,
ammonium sulphate, mono-ammonium phosphate, phosphoric acid, potassium nitrate to name a few from
many grades available in the market.
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Table 2. pH and EC of some fertilizers at a concentration of 1 g/1 of distilled water

Fertilizer pH EC (dS/m)
Ammonium sulphate 54 1.06
Urea 8.0 0.001
Liquid ammonium nitrate 6.6 0.87
Potassium nitrate 8.5 1.00
Mono-ammonium phosphate 4.0 1.00
Mono-potassium phosphate 45-5.0 0.75

iii) Mixing the solutions of two soluble fertilizers can sometimes result in the formation of a precipitate. Such
cases indicate that these fertilizers are not mutually compatible, and special attention has to be paid to avoid
mixing them in one tank. Their solutions should be prepared in two separate tanks. If two chemical
compounds with a relatively high water solubility rate are mixed and mixing new compounds with a lower
solubility are created, this will always be the direction of reaction.

Table 3 makes it clear that neither phosphoric nor sulphate fertilizers should be mixed with calcium fertilizers
in the same tank. This separation prevents precipitation of calcium phosphate or calcium sulphate compounds
in the tank or in the pipeline.

Table 3. Inter-compatibility of soluble fertilizers

Fertilizer Abbr. | Ur | AN | AS |MAP MKP| PN Il’\l:g PN+P| SOP | CN |CaCI2Mg+N

Urea Ur

Ammonium nitrate AN C

Ammonium sulphate AS C C

Mono-ammonium phosphate | MAP C C C

Mono potassium phosphate MKP C C C C

Multi-K (potassium nitrate) PN C C L C C

Multi-KMg PN+Mg| C C L L L C

Multi-NPK PN+P C C C C C C X

Potassium sulfate SOP C C C C C C C C

Calcium nitrate CN C C L X X C C X L

Calcium chloride CaCl2 C C L X X C C X L C

Magnesium nitrate Mg+N C C C X X C C X C C C

Magnesium sulfate MgS C C C X X L C X C L L C
C — Compeatible, L — Limited compatibility, = X - Incompatible
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Calcareous soil: Calcareous soils have high calcium carbonate content that upon dissolution results in a high
bicarbonate (HCO3-) concentration in solution which buffers the soil in the pH range of 7.5 to 8.5. In general,
the presence of CaCO5 directly or indirectly affects the chemistry and availability of nitrogen, phosphorus,
magnesium, potassium, manganese, zinc, copper and iron.

Improving calcareous soils requires not only reducing the soil pH but also neutralizing calcium carbonate in
soil. For this the most cost-effective solution is elemental Sulphur. Application of 50-100 kg elemental Sulphur
in each pruning season on a per acre basis will be desirable depending upon CaCO3 content. If soil has high
calcareous content, regular application for at least 2-3 year will be required. Even reduction in soil pH will
improve the availability of phosphorus and micronutrients in the soil. o

To maximise the nitrogen use under such situations, it is imperative that
ammonium sulphate or urea are applied in splits through fertigation so, that
along with water the nitrogen reaches to the root zone where they are utilised
immediately and not left for ammonia volatilisation losses on the surface.

Soluble P fertilizers (phosphoric acid, triple superphosphate, ammonium
phosphates etc.) are the preferred source in calcareous soils. Organic matter
has been found to interfere in the fixation reactions of P with lime. Thus,
application of more organics in the soil will improve the P availability to the
vines. 3-4 foliar application of potassium during foundation as well as fruit

pruning season is advised.

Fig 1. Calceareous soil

Application of soluble magnesium sources like Magnesium sulphate, magnesium nitrate etc. in multiple splits
through fertigation will improve the magnesium availability to the grapevine. Apart from that, 3-4 foliar
application of magnesium during foundation as well as fruit pruning season is advised.

Iron is considerably less soluble than Zn or Mn in soils with a pH value of 8. Wherever, the problem of lime
induced iron chlorosis is there, inorganic iron fertilizers like Ferrous sulphates should be applied in more splits
and in high quantity through fertigation to make it available to the plants. The other option is soil application
of Fe-EDDHA, chelated form of iron. Foliar sprays (2-3) of ferrous sulphate (@ 2-3g/L) will provide temporary
relief. However, the pH of the spray solution should be acidic. This should be followed by application of
ferrous sulphate @ 25-30 kg/ acre through fertigation in multiple splits or Fe-EDDHA.

Zinc is also less available in calcareous soil due to high pH of the soil. Zinc forms precipitates like Zinc
hydroxides and Zinc Carbonate that are insoluble and unavailable to the vines. Chelated Zn remains soluble
and available to plants considerably longer than the inorganic forms like Zinc sulphate. But the availability of
zinc sulphate can be improved by split application through fertigation. Around 15-20 kg Zinc Sulphate on per
acre basis will be sufficient per pruning season. This should be coupled with foliar sprays (1-2 g ZnSO4/L) to
improve the petiole zinc content.

Soil pH affects boron availability more by sorption reactions than by formation of less soluble compounds.
Availability of boron is highest in the pH range of 5.5-7.5. High levels of Ca at high pH reduce the uptake of
B. This may explain the fact that high boron levels in calcareous soils, considered as toxic in other conditions,
may not produce boron toxicity in vines.
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Sodic soil

Soils are considered sodic if more than six percent of the CEC is occupied by sodium, and highly sodic if the
figure is greater than 15 percent. The sodium dominates the exchange complex in comparison to calcium and
magnesium and thereby affects the soil structure. Dispersion of clay particle and swelling of the soil occurs.
The clay particles then block the pore spaces thereby restricting the movement of water and air through the
soil. This leads to water logging, less water storage in soil, soil crusting and more runoff from the soil.

The problems related to sodicity in different regions are becoming obvious in vineyards having ESP in the
range of 6-8 percent depending on soil potassium levels and soil type. Irrigation water is the major source of
sodium hence those having irrigation water high in sodium needs planning to reduce its build up right from
planting stage. The impact of the sodicity is both direct and indirect. The indirect impact is due to poor soil
structure. Soil with poor structure or compact soil will reduce the root growth, soil aeration and ultimately
nutrient uptake thus making the vine weak. The weak vines will be vulnerable to disease and pest attack.

Fig. 2a. Leaf blackening Fig. 2b. necrosis caused by sodium toxicity and potassium deficiency

Leaf blackening and necrosis has been found in the vineyards due to sodium toxicity and potassium deficiency.
The symptoms are sometimes observed first on upper leaves of the shoot and sometimes on the lower leaves

(Fig 1.).

The most common method to improve sodic soil is by applying amendments like gypsum or sulphur (Table 4).
Gypsum is calcium sulphate (CaSO4 2H,0). It acts by replacing the sodium on the soil exchange complex
and the sodium thus, displaced from exchange complex is leached by applying more water. In case of calcareous
soils, sulphur should be used as amendment. The sulphur reduces the pH of the soil thereby leading to dissolution
of calcium carbonate. This calcium then replaces sodium in the exchange complex. If subsoils are sodic, deep
ripping may be necessary to help distribute the gypsum in the deeper layers before planting the vines.

Table 4: Estimated efficiencies for various materials to reclaim sodic soils compared to gypsum

Material Tons of materials equivalent to 1000 kg of gypsum
Gypsum 1000
Sulfuric acid 570
Sulfur 180
Lime-sulfur 750

e —
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Judicious use of Plant Growth Regulators in Grapes

Dr. S.D. Ramteke
Principal Scientist (Plant Physiology)

Plant Growth Regulators

In plants, many behavioural patterns and functions are controlled by hormones. These are “chemical
messengers” influencing many patterns of plant development. Plant hormones — a natural substance (produced
by plant) that acts to control plant activities.

* Are produced in one part of a plant and then transported to other parts, where they initiate a response.

* They are stored in regions where stimulus are and then released for transport through either phloem or
mesophyll when the appropriate stimulus occurs.

» Plant growth regulators — include plant hormones (natural & synthetic), but also include non-nutrient
chemicals not found naturally in plants that when applied to plants, influence their growth and development.

5 recognized groups of natural plant hormones and growth regulators.
* Auxins

*  Gibberellins

*  Cytokinins

* Ethylene

e Abscisic acid

Plant’s growth and development are under the control of two sets of internal factors.

» Nutritional factors such as the supply of carbohydrates, proteins, fats and others constitute the raw materials
required for growth.

* Proper utilization of these raw materials is under the control of certain “chemical messengers” which can
be classified into hormones and vitamins.

Hormone: The site of synthesis is different from the site of action. Plant hormones are physiologically active.
The term Hormone is derived from a Greek root ‘hormao’ which means ‘to stimulate’ (Beylis and Starling,
1902). Thimann (1948) suggested using the term ‘Phytohormone’ for Hormones of plant.

Phytohormones are organic substances produced naturally by the plants which in minute/low concentration
increase, decrease or modify the growth and development.

Classification:
Natural hormone: Produced by some tissues in the plant. Also called Endogenous hormones. e.g. [AA.

Synthetic hormone: Produced artificially and similar to natural hormone in physiological activity. Also called
Exogenous hormones. e.g. 2, 4-D, NAA etc.
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On the Basis of Nature of Function
Growth promoting hormones/Growth promoter: Increase the growth of plant.
e.g. Auxins. Gibberellins, Cytokinins etc.
Growth inhibiting hormones/Growth retardant: Inhibit the growth of plant.
* e.g. ABA, Ethylene.
Table 1: Application of bioregulators in Grapes at different stages after fruit pruning
S. No. | Days after pruning | Growth Stage Chemical Concentration /dose
1 1-2 After pruning Hydrogen cyanamide 50 SL 30-40 ml/1
2 21-24 Parrot green (Prebloom) spray Gibberelic acid (GA3) technical 10 ppm
3 23-27 2nd prebloom dip GA3 technical 15 ppm
Urea phosphate 1000 ppm
4 48-50 After berry set 3-4 mm GA3 40 ppm
For white seedless Forchlorfenuron (CPPU) 0.1% L 2 ppm
For color seedless Forchlorfenuron (CPPU) 0.1% L 0.5 ppm
5 60-62 After berry set 6-7 mm GA3 30 ppm
6 50-70 Once before or at veraison Calcium nitrate 5000 — 10000 ppm

Do’s and Don’ts for application of bioregulators

Cluster and berry thinning

Do’s

*  Spray GA3 @ 10 ppm at parrot green stage of cluster and 15 ppm GA3 after 4-5days of 1st spray.

*  GA3 spray solution should be acidic (pH 5.5 - 6.5). Use citric or phosphoric acid or urea phosphate as a
adjuvant to lower down the pH of spray solution.

* Dip the clusters with 40 ppm GA3 at 50% flowering if necessary. Treat individual cluster selectively.

« Cut the tips of clusters immediately after set by retaining 8-10 apical branches depending on the number of
leaves available for a bunch.

* Thin the berries manually before 3-4 mm berry size stage.

 If thinning is inadequate remove the alternate branch of the rachis to retain 5-6 branches and clip the tip of
the bunch 8 days after set.

» Use sufficient spray solution to have optimum coverage of foliage as well as clusters.
Don’ts
* Do not use the solvent (acetone / methanol) more than 30 ml per g of GA3.

* Do not spray GA3 at pre-bloom stage without fungicide if the weather is cloudy and humid, particularly if
it is likely to rain, to avoid excessive flower drop.
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Do not spray GA3 at full bloom or immediately after berry set to avoid berry shatter and formation of shot
berries.

Do not girdle the vines before 3-4 mm berry size stage.
Avoid injury to the berries while thinning mechanically by scissors.

Do not use IAA along with GA3 for cluster elongation.

Berry size

Do’s

1-2 ppm CPPU to 30-40 ppm GA3 and dip the clusters in the mixed solution once at 3-4 mm stage and
again at 6-7 mm berry size stage. Selection of concentration of growth regulators for dipping should depend
on the number of leaves available per bunch.

Clip off the tip of the cluster by 1/3rd or 1/4th of its length, since the under developed berries are mostly
formed in the lower half of the bunch.

Ensure that all berries in a cluster receive all GA3 treatments uniformly.

Ensure adequate leaf/fruit ratio for a developing bunch (6-8 berries/ leaf).

Don’ts

Do not allow the clusters to develop on a shoot having less than 8 leaves.

Do not treat the clusters with CPPU when the bearing shoot has inadequate leaf area, and the shoots are less
vigorous.

Do not delay berry thinning beyond 8-10 mm stage of berry.

e ok
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Weather forecasting and its importance in disease
management

Dr. Sujoy Saha
Principal Scientist (Plant Pathology)

Downy mildew (Plasmopara viticola), Powdery mildew (Uncinula necator) and Anthracnose (Elsinoe
ampelina, anamorph Sphaceloma ampelinum (Syns.) Gloeosporium ampelophagum), are the three most
important diseases of grape. These diseases have rapid repeating cycles in the same season and have potential
to develop into epidemics if proper control measures are not taken in time and can cause severe to near total
losses.

In major grapes growing areas in Maharashtra, Telangana and Karnataka regions adjoining Maharashtra, ‘two
pruning - one yield’ system of grape cultivation is followed wherein foundation pruning is done during April
and forward or fruit pruning is done during October. The growth after foundation pruning is not exposed to
high disease risk, as by the time rain start the leaves are already matured. Only young growth when gets wet or
humid conditions are in risk of diseases and infections on young growth leads to economic losses. In most
grape growing areas mentioned above, normal time of forward pruning is around 15th of October, but it can
range from first week of July to last week of November. From disease management point of view forward
pruning taken before 15th of October, has greater risk of downy mildew, as there are more chances of rains and
temperature is warmer. After forward pruning about 8-10 days are needed for sprouting of buds. Thereafter, on
an average every three days interval, new leaf is developed. At fifth leaf there will be a bunch, which takes
about 35 to 45 days from forward pruning to develop to flowering stage and by 50 to 55 days for fruit set in.
First 50 to 55 days after pruning, risk of damages due to downy mildew infection on bunches is very high.
Rains and heavy dew during this period helps development of downy mildew on bunches. Leaf wetness for
continuous period of three hours after sunrise is favorable for new infection. If such conditions prevail during
first 55 days of pruning sprays of fungicides are needed at shorter intervals for effective control of downy
mildew. Berries develop to 10 to 12 mm size within first 70-75 days of forward pruning and thereafter the risk
of downy mildew gradually reduces. Rains during November and December are rare, but in years when it rains
during November or thereafter, heavy losses due to downy mildew are observed. Normally, 5 to 6 sprays of
fungicides are required during first 55 days of pruning for effective management of downy mildew. This number
of sprays may be increased to 9 in the event of rains during November December, while it can be reduced to 3-
4 when wet weather is absent after forward pruning.

Because all these three diseases can cause near total losses under favourable environmental conditions, growers
as a precaution rigidly follow predetermined spray schedules throughout the susceptible period. While such a
system may be advantageous when environmental conditions are continuously favourable for disease
development, it often leads to increase in cost of cultivation due to extra use of fungicides and labour. Under
unfavourable weather conditions to diseases, risk of losses due to diseases are much less and plant protection
cost can be reduced by increasing gap between two preventive sprays or by using less costly non-systemic
fungicides instead of costly systemic fungicides, during low disease risk periods.

The occurrence and severity of these diseases is dependent on weather conditions and hence, it is possible to
forecast likely risk of development of these diseases in prevailing meteorological conditions based on thorough



Grape vineyard practices for tropical regions

knowledge of their epidemiology. For such predictions ‘Disease Forecasting Models’ have been developed.
These models are used for taking day to day decisions on spraying of fungicides in vineyards for disease
management. The data on critical weather parameters for disease development are primary inputs for such
models. Even though diseases are the interaction of host plant, the pathogen and environment, the disease
forecasting models estimate disease risk in prevailing weather conditions, assuming the active pathogen is
always present. Thus decision on sprayings can be taken after considering condition or growth stage of the host
plant.

Some of the relevant information for forecasting of above three diseases has been summarised below:

Downy mildew

Primary inoculum

In southern India from April to June the pathogen survives in soil as oospores or resting sporangia or on twigs
as dormant mycelium. Primary inoculum becomes active if soil and / or foliage remains wet at least for 22 to
24 hours due to rain / irrigation / dew and when temp. is above 9—10°C (Mathew and Heyns, 1969; Magarey
and Wicks, 1985). Primary inoculum produces sporangia, which germinate to develop water-borne zoospores.
These zoospores infect foliar plant parts through stomata or lenticles. The ‘oil spots’ and downy growth
consisting of wind borne sporangia are developed after about 3-7 days of incubation, depending on temperature
and plant growth stage.

Secondary inoculum

Sporangia developing out of infections caused by primary inoculum are secondary inoculum and are responsible
for spread and development of the disease in vineyard under favourable conditions of weather, plant growth
stage etc.

Weather parameters
(i) Sporulation:

* At least 4 hours of darkness, more than 98 % RH, and temperature more than 13°C is required for sporulation
on lesions (Bleaser and Weltrian,1978; Brook, 1979).

(ii) Infection:
* Availability of viable sporangia and > 2 hrs. leaf wetness during early morning, is required for infection.

* The disease is developed early and is more severe in vineyards irrigated at shorter intervals than in those
irrigated at longer intervals.

* On the basis of regression analysis scientists have indicated that following conditions favour primary
infection

i. Rainy weather for 3-4 days sufficient to keep the leaves wet
ii. Temperature: 17-32.5°C

111. Afternoon RH more than 48 %

* For secondary spread mean maximum temperature from 27-30 °C, mean minimum temperature from 11-
22.5 °C and RH from 88-90 °C were favourable.
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* Similarly, it has been shown that the disease can occur when temperature is in the range of 10.2 to 31.5 °C,
and RH is in the range of 47-97% for three days. However, the rate of disease multiplication becomes zero
if during these three days the temperature remains more than 28 °C for 17 hours, and more than 90% RH is
maintained for only 9 or less hours.

Growth stage and disease

Earliest downy mildew infection can occur at 3-leaf stage after budbreak. A new leaf becomes susceptible after
every 3 days. Relatively older leaves (34-48 days old) develop disease faster than younger (14-18 days old)
leaves. Flower buds show maximum downy growth. In case of mustard and pea size berries downy growth is
restricted to pedicle end, while no growth is seen on berries whose diameter is more than 12.5 mm or 1 month
after their set.

Powdery mildew

Primary and secondary inoculum

Dormant mycelium in buds is the primary source of inoculum, which becomes active as the new shoot develops
from the bud. Conidia, which are air borne, and develop on foliar parts are responsible for secondary spread.
It is believed that the powdery mildew is active throughout the year in at least one grape growing area in
southern India.

Weather parameters

*  Low humidity, cloudy weather are favourable for disease development, while heavy rains, and hot and dry
weather are unfavourable for the disease.

» The pathogen does not grow if temperature is below 10°C or above 37.7°C (Butler and Jones, 1949).

*  Minimum temperature in the range of 20.1-21.9°C and RH in the range of 57.6-68.2% were favourable for
powdery mildew.

*  More than 40% RH during afternoon, with temperature ranging between 17-34°C helps in the establishment
of epiphytotic of powdery mildew.

*  Temperature in the range of 11-32°C and more than 57% RH favoured the disease development. While
temperature below 8.6°C or above 34°C and RH below 47% show zero rate of disease development.

Growth stage and disease

The fungus can attack all growth stages of vines. Berries are susceptible from 2 weeks after bloom till veraison.
After veraison normally the disease is not developed on berries, but green rachis can develop powdery mildew
infection affecting shelf life of the table grapes.

Anthracnose

Primary and secondary inoculum

Cankerous lesions on the canes, bud spurs, stems and branches are the main primary inoculum. Rain / dew are
required for the sporulation of the pathogen. Young developing tissue in the foliage are susceptible. The fungus
can invade directly. The conidia developing from lesions caused by primary inoculum are secondary inoculum.
The secondary inoculum produces conidia which again causes infection. This cycle repeats itself many times
in the season depending on weather conditions.
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Weather parameters

* Presence of high temperature along with high RH during new shoot development favours the disease.
Relative humidity and precipitation were more important for disease development than temperature. Rain
or dew favoured the spread of the spores and their germination. Already formed lesions continue to increase
in size even in the absence of rain.

* The fungus grows in temperature between 9-35°C, while maximum growth and sporulation was observed
at 29°C and no growth at 40°C.

* The disease appeared when mean max. temperature was in the range of 29-29.8°C, mean min. temperature
was in the range of 21-22°C, and when the RH was in the range of 82-95%.

+ Rainfall 0f49.99 mm distributed over 3-16 days per week and prevalence of cloudy weather helped to cause
severe infection on susceptible young tissues.

» Darkness was most congenial followed by diffused light for the growth and sporulation of the fungus

Growth stages
The disease occurs on all young green plant parts of the grapevine. A 20-day-old leaf becomes resistant to
anthracnose.

Methods of disease forecasting

Above mentioned epidemiological information is used for developing forecasting models, where regression
equations are established indicating relations of key factors such as weather parameters (Rain, Temperature,
R.H., Leaf wetness period etc.), Susceptible growth stage/ variety, Time lapsed after last spray (systemic/
nonsystemic) of fungicide, with rate of disease development. With the help of such equations one can estimate
the rate of disease development under prevalent conditions in specific area or vineyard. With the help of such
estimated rate of disease development predictions are made on the possibility of disease outbreak with
reasonable accuracy and well in advance of actual outbreak of the disease. Growers thus can undertake suitable
control measure well in time and only when it is actually required. Forecasting of diseases thus will be beneficial
in two ways

1. For effective control of disease by application of suitable fungicides when inoculum load is minimum and
before the severe outbreak of the disease

2. For avoiding unnecessary sprays when there is no possibility of disease outbreak

Basic requirements for forecasting diseases:
1. Weather data recording device, which can record data continuously at predetermined intervals

2. Forecasting model that can predict the possibility of disease outbreak using recorded weather data and other
vineyard information

3. Specific recommendations on control measures to be adopted under predicted severity of disease outbreak
Currently compact computerized devices consisting of all three above requirements are available commercially

for the forecasting of specific diseases of specific crops. Computer softwares for forecasting grape diseases
and pests are also available outside the country, which can be used on any PC if weather data is available.
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Forecasting based disease management

Downy mildew

What is actually done on computer can also be done manually? One such forecasting model for forecasting of
downy mildew in grapes was proposed and it is mentioned below as an illustrative example.

Tentative forecasting can be done with the help of manually recorded observations. However it is practically
very difficult to record the needed observations as many of them are to be observed during night. Automatic
weather data recorder therefore is indespensible to record authentic data on which the accuracy of the forecasting
is dependent. In India several organizations offers Automatic Weather Stations (AWS) alongwith software for
disease forecasting which can be easily installed in vineyards, which shows weather data and disease risk on
small LCD screen with press of button. [ICAR-NRC for Grapes, has developed and commercialized model for
management of downy mildew and powdery mildew which can take data from any AWS.

Powdery mildew forecasting model

For germination of the spores minimum temperature should not be less than 6°C. For infection and spread 17°C
temperature is required. Germination of spores, infection and spread of the disease is maximum between 21-
30°C temperature. If the leaf temperature is between 31.5-33.5°C, then spores will not germinate.

Research conducted at Agriculture Meteorology Centre for Higher Studies, Agriculture College, Pune has shown
that maximum incidence of powdery mildew will be at 10.5-30.7°C temperature and 53.4-97% RH. Powdery
mildew does not grow at temperature below 7.7 or above 33.3°C or at RH below 47.4%. Based on temperature
and relative humidity the ‘climatic disease severity values’ were fixed in a scale of 0-2 as shown below:

Micro-climate at canopy Climatic disease severity value

0 1 2
Minimum temperature (°C) <71.7 7.7-10.5 >10.5
Maximum temperature (°C) >33.3 31.1-33.3 <31.0
Maximum RH (%) >99 <86 86.99
Minimum RH (%) <47 47-57 >57

Using daily observations on all four parameters, disease severity values for the day are estimated. The
cumulative values are estimated for 4 to 8 successive days. When the cumulative total of these values exceeds
34 the risk of powdery mildew starts. Severity of the disease risk is determined on number of days required to
accumulate cumulative value 34. The spray for management of powdery mildew should be taken up during the
risk period. While choice of fungicides and time of spray is based on severity of risk and actual growth stage
in vineyard in question.

Growers can record the data on temperature and RH in their vineyards by the use of minimum-maximum
thermometer and wet and dry bulb thermometer and use this chart to forecast powdery mildew in their vineyards.
ICAR-NRC for grapes, Pune has made the disease forecasting and decision support system available to grape
growers and the program is installed in computer, and input on weather parameters and growth stage in entered
manually to get the estimated risk of powdery mildew and advice on actions to be taken for management of the
diseases.
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Weather forecasting and disease management

All disease forecasting methodologies mentioned above are based on actual weather data recorded on weather
stations. However, now technology is available to forecast weather very accurately for next 7 days. Forecast
on possibility of rain, extent of cloud cover, temperature, humidity, etc is obtained using satellite information.
Many website give such forecast free of cost. NRC for Grapes, Pune gives summery of weather forecast of 7
days, for major grape growing areas on their web site. http://nrcgrapes.nic.in/ On this website click on menu
“Weekly Advisory” to get the weather forecast and related advice on plant protection. To know more details on
weather at location of your interest one can see different links given on this page. Those links are

https://www.wunderground.com/?cm_ven=cgi
https://imdagrimet.gov.in/weatherdata/Block Window.php
https://www.timeanddate.com/weather/india

All above sites give information based on relatively low resolution data of satellites, where level of accuracy
is relatively low. Information given is village or city specific. Now a days, very small location specific weather
forecast can be generated, using high resolution satellite data. Using GPS (Geographical Positioning System)
one can easily find out longitude and latitude of location of interest, and locate that location on globe in digital
map. Using the geographical position of any location, and high resolution satellite data, one can generate weather
forecast for that location. If the weather forecast is accurate, one can estimate level of risk of the important
diseases in a similar manner as it is estimated from recorded weather data. In case of grapes, risk of disease is
normally associated with growth stage also. If both, weather related risk and growth related risk is known one
can take decision whether control measure is needed or not.

How weather forecast helps in scheduling sprays for management of downy mildew

and powdery mildew?

Location specific weather forecast for next 5 to 7 days is now a days available on internet. Information on
forecast of rain is often useful in scheduling sprays for management of downy mildew, especially during critical
stages of growth. In most cases rainy condition do not last for period more than 2 to 3 days. Preventive spray
given before rains often protects vineyard from downy mildew for 2 to 3 days of rainy condition. Even if new
downy mildew infection takes place, its establishment and appearance of first symptom such as oily spots and
subsequent sporulation needs at least 3 days after infection in most favourable conditions. This means if the
preventive spray is given just before rains, the grower can safely wait for 3 to 4 days of rainy weather and give
subsequent spray only after rains have stopped. However, this can be effectively done when location specific
weather forecast is available. If probable time of expected rains is known sprays can be given 1 to 2 days before
rains and then if required next spray can be given after receiving few showers and on the day when rains are
not likely. Second spray can also be decided on the basis of actual presence of active disease in vineyards, and
forecast on possibility of rains during next few days. With such a strategy many sprays can be avoided and
sprays can be given when actually needed.

Overcast cloudy conditions often present continuously for long period without actual rain in the area. Such
conditions often increase the risk of powdery mildew. Powdery mildew sprays are often given at long intervals
based on growth stages. These intervals can be reduced or extended based on information on cloud cover.

Strategies for choice of fungicides in disease management
List of recommended fungicides for use in grapes for management of different diseases is updated every year
by ICAR-NRC for Grapes, Pune. All the fungicides listed the list not only have been tested effective by ICAR-
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NRC for Grapes, Pune or the Centres of All India Co-Ordinated Research Project, but necessarily have label
claim registered with Central Insecticide Board (CIB), where in target disease, dose, PHI (Pre-harvest interval),
and MRL (Maximum Residue Limit) is mentioned. Therefore any of the fungicide listed in the list can be used
for management recommended target pathogen.

The fungicides have been classified in to two catogories viz. systemic fungicides and non-systemic fungicides.
Downy mildew risk after forward pruning starts after 3 leaf stage (10 to 12 days after forward pruning) and
lasts normally up to fruit set (About 50 days after forward pruning.). During this period shoot is continuously
growing giving out one leaf at 3 days interval. This means at every 3 days one leaf on each can will be emerged
which is not protected by fungicide sprays. To protect such leaves systemic fungicides are needed. Fungicides
are efficiently systemic in young growing leaves, hence they are best used on young leaves.

Systemic fungicides are very specific in their mode of action and thus pathogen can develop resistance against
systemic fungicides relatively with ease. Non-systemic fungicides have multipoint mode of action and so,
resistance development against non-systemic fungicides is very rare. Resistant fungus to systemic fungicide
can be killed by non-systemic fungicide. Hence, use of systemic fungicide along-with non-systemic fungicide,
or spray of non-systemic fungicide within short interval after the spray of systemic fungicide, will often help
in reducing the chances of field establishment of resistant pathogen against systemic fungicide in vineyard.

Suggested spray interval for most systemic fungicide formulations is 5 days during risk period for downy
mildew. If presence of favourable conditions for target disease within 5 days after spray of systemic fungicide
are observed, additional spray of non-systemic fungicide effective against same target disease is suggested for
better disease management.

The pathogens develop resistance against some systemic fungicides, much faster than other fungicides. Such
fungicides are classified as high risk fungicide. FRAC (Fungicide Resistance Action Committee) a official
technical group of “Crop Life International” collects all relevant information and classify every fungicide under
high risk, medium risk, low risk and no risk groups. The detail updated information is available on their website
http://www.frac.info/frac/publication/q_publication.htm The FRAC also prepare resistant management strategy
for every group of fungicides.

Like fungicides some pathogens develop resistance to most systemic fungicides much faster than other
pathogens. Such pathogens are also high risk pathogen. For example downy mildew develops resistance much
faster than powdery mildews. Thus use of high risk fungicides for downy mildew has double risk.

Theoretically, chances of development of resistance are more when high risk fungicide is used as curative
instead of preventive. Hence, high risk fungicides should not be used as curative, or after the outbreak of the
disease. However, in case of downy mildew very few fungicides have been classified as medium risk or low
risk fungicides. Fungicides amisulbrom, cymoxanil, dimethomorph, and iprovalicarb are medium risk fungicides
among recommended fungicides for management of downy mildew. Hence, it is suggested to use them during
early growth stages or as curative when unavoidably needed.

For management of powdery mildew, fungicides belonging to triazole group (SBI fungicides) are more
preferred, over strobilurin (QOI fungicides) fungicides as later are high risk fungicides.

In the recent times, use of biological control agents are highly recommended along with fungicides.
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Integrated disease management for residue free grapes

Commercial grape varieties belonging to Vitis vinifera are highly susceptible to three important disease viz.
downy mildew, powdery mildew and anthracnose. However, during recent times rust infection is becoming
serious in certain areas, especially in the nurseries. Similarly in hotter areas, where warm and humid conditions
prevail bacterial infection is also seen. Both rust and bacterial spot diseases cause premature leaf drop. Grapevine
leaf roll associate virus-3 too has been observed in some vines. The incidence and severity of most of the grape
diseases depend on young growing tissues and weather conditions. Generally from April to first week of June
the climate is hot, and hence there is less chance of disease development, but during south-west monsoon season
chances of infection of powdery mildew, downy mildew and anthracnose are increased. Thus, the strategy of
disease management after foundation pruning, aims at providing protection during wet weather to reduce the
disease.

1. Downy mildew

Downy Mildew (c.o. Plasmopara viticola) is the most destructive disease of grape and causes colossal losses
under favourable conditions. White downy growth is seen on the leaves, cluster, flowers, rachis, pedicle, young
berries or young shoots. On the upper leaf surface yellow circular spots with an oily appearance in white grape
varieties and red spots in coloured grape varieties are observed while the white downy growth later can be seen
on the lower leaf surface on the underside of these spots (Fig 1A and B). Young clusters turn necrotic and young
infected berries appear greyish (Fig. 1C).

A temperature of 17 to 28°C with a rainfall/irrigation of 10 mm and relative humidity more than 40% favors
infection. Wetness of leaf or soil further predisposes the plants to the disease. If running water flows in the
vines for 2-3 days, then there is a high probability of disease incidence. A moist, dark condition following a
period of light favours maximum sporulation.

Fig. 1A. White downy growth Fig. 1B. circular spots with an oily Fig. 1C. Young clusters turn
underside of leaves appearance on upper side of leaves necrotic

Downy mildew infections are first observed after the start of the monsoon rain and when the maximum
temperature is below 30°C. Several cultural practices like removal and burning of infected leaves as well as
removal of excess new shoot growth during monsoon may help in reducing primary infection. Proper tying of
shoots to the trellis and avoidance of excess doses of nitrogen also reduces the primary inoculum.

Systemic fungicides for the control of downy mildew are not encouraged after foundation pruning. Low risk
systemic fungicides are used during 25 days after fruit pruning and after high risk fungicides are used. In one
fruiting season maximum 5 sprays of low risk systemic fungicides and 2 to 3 sprays of high risk fungicides are
recommended. Prophylactic use of Mancozeb 75WP is recommended as it inhibits the formation of secondary
haustoria and growth of mycelium. A tank mix of potassium salt of phosphorus acid @4g/L and Mancozeb75WP

90



pY. {
FSTRIET & % forq e GG 8as

nims
HREG

@ 2g/L gives a good control of the disease. The current list of fungicides, their nature, recommended doses,
pre harvest interval (PHI) and the European Union Maximum Residues Limit (MRL) are given in Annexure 5
of Residue Monitoring Programme. The regularly updated list can be accessed at https://nrcgrapes.icar.gov.in/.
Warning system through weather based advisory enable effective control of downy mildew with reduced
numbers of sprays.

2. Powdery Mildew

Powdery Mildew (c.o. Erysiphe necator) is a serious problem during the vegetative growth phase especially
when cloudy and humid conditions prevail. Thick canopy creates favorable conditions for disease development.
Optimum temperature for growth is 20-27°C but no fungal growth occurs below 6°C or above 32°C. Relative
humidity more than 60% favour and less than 30% does not favor the disease respectively.

The first powdery mildew lesions are frequently found on the undersides of leaves. As the disease progresses,
lesions become apparent on the upper sides of leaves as well (Fig 2 A). Grey to whitish powder is usually seen
on rachis and severe infections of the rachis can result in clusters being dropped. Berries turn into an ash grey
colour and quickly become covered in spores giving them a floury appearance (Fig. 2B). Affected berries dry
out and may drop off.

- & &

Fig. 2A. Berries covered Fig. 2B. powdery growth on the surface of
with powdery growth leaves

Cleistothecia of the fungi is not found in India due to the absence of mating types. Excessive use of nitrogen
fertilizer should be avoided and by removing non- photo synthetically active and non-bearing shoots will help
to open up the canopy and improve the efficacy of spray application. Bacillus subtilis @2g/L and Ampelomyces
quisqualis@ 4-5g/L gives a good control of the disease and should be applied during the rainy season when
humidity is high for their profuse multiplication. Though a number of fungicides have been evaluated against
powdery mildew, at present only the following are registered for use in grapes in India. The regularly updated
list can be accessed at https://nrcgrapes.icar.gov.in/.

3. Anthracnose

Anthracnose (c.o. Colletotrichum gloeosporioides) occurs during warm, wet and cloudy weather and can cause
complete kill of new growth, reduce the vigor, fruit falling, yield and quality. The disease occurs mainly during
monsoon corresponding to vegetative growth season.

Small, yellowish spots on the leaves are seen, which turn into circular, grey lesions (Fig. 3A). Numerous lesions
are formed on the leaf and the dead tissue drop out the spots causing hole in the centre, which is a typical
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symptoms of anthracnose called as “Shot Hole” (Fig. 3 B). The lesions may show cracking at the late infection
stage and if the infection is at the base of the stem, the stem may crack and break.

To control the disease all shoots canes with anthracnose lesions should be removed at the time of pruning.
Through a number of fungicides have been evaluated against anthracnose, at present only the following are
registered for use in grapes in India. The regularly updated list can be accessed at https://nrcgrapes.icar.gov.in/.

Fig. 3A. Yellowish spots on the leaves Fig. 3B. Shot hole Symptoms due to Anthracnose disease

4. Rust

Rust (c.0. Phakospora euvitis) can cause severe defoliation during July-August and January-February, which
usually coincides with veraison and thus hampers the berry ripening and development. After the introduction
and adoption of Dogridge as a rootstock for table grapes, rust was observed on Dogridge rootstock plants and
from the infected Dogridge plants it was seen getting transmitted to the scion plants. Thus, in recent years rust
is also being observed during September-October i.e. at the end of monsoon period on Thompson Seedless and
its clones in Maharashtra.

Characteristic sign of the disease are numerous yellow-orange colored pustules present on the lower surface of
the mature leaves. Sometimes these pustules are also present on the petioles, young shoots and rachis as well.
Occasionally the upper surface of the leaf corresponding to the uredial pustules shows brown necrotic spots. In
severe infections the entire leaf area may be covered by these fruiting bodies and the leaves fall off.

Copper based fungicides e.g. Bordeaux mixture, copper hydroxide or copper oxy-chloride or chlorothalonil
provide effective control of the disease. Curative applications with triazole fungicides also showed good control
of the disease.

5. Bacterial Blight

Bacterial Blight (c.0. Xanthomonas citri pv. viticola) occurs on all the aerial parts of the vine during wet and
warm weather. Minute water soaked lesions are seen on the lower surface, which enlarge and become angular
and cankerous. Stunting, cracking and irregular growth of shoots is seen in advanced stage of infection. Recent
studies depict that spray of mancozeb 7SWP @2-2.5g/L gives a good control of the disease. Kasugamycin 5%
+ Copper Oxychloride 45%WP @750g/ha is also registered against the pathogen.

e o ok
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Insect pest management in vineyards

Dr. Deependra Singh Yadav
Senior Scientist (Agricultural Entomology)

Among major grapevine pests in peninsular India, thrips, leathopper, mealybug, stem borers, flea beetle,
caterpillars and red spider mite are very important and cause considerable damage to the grapes almost every
year. Further, stem girdler beetle is also an occasional pest of new vineyards. During rainy season, snail may
also appear in vineyards occasionally and cause damage to grapevine leaves and germinating green manure
crop planted in inter-row spaces. Before taking decisions on pest management interventions, the knowledge of
their biology consisting of key stages in life cycle, identification characteristics, symptoms and nature of their
damage, are very important.

1 Thrips

Thrips are the sucking pests which prefer to feed on all the above ground succulent and tender grapevine parts,
like young leaves, leaf tips, leaf veins, stem, shoots, pre-flowering bunch, bunch peduncle, flowers, rachis and
young berries. This insect enjoys the warm, bright sunlight combined with slightly higher temperature and low
relative humidity. The thrips disperse very easily in the vineyard as they are very active insects. Mainly two
thrips species, viz., Scirtothrips dorsalis (Figure 1) and Rhipiphorothrips cruentatus (Figure 2) cause damage
to table grapes in peninsular India. A third thrips species, Retithrips syriacus is also reported in grapevine,
however, it remains only on old leaves and does not cause any economic damage either to berries, flowers or
leaves. Nymphal stage of Retithrips is reddish in colour and farmers often confuse it with red spider mites,
therefore, correct identification is important.

|57, ,
Fig. 3 Leaf cupping due to thrips damage Fig. 4 Thrips Damage on Bunch
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Both nymphs and adults suck the vine sap, which result in the curling and cupping of young leaves (Figure 3).
The damage after the foundation pruning is mainly confined to vegetative parts of the vine but after the fruit
pruning, in addition to the damage on vegetative parts, they also damage the pre-flowering bunches, flowers
and young berries. On pre-flowering stage bunch, the thrips damage can lead to necrotic spots on berries and
the whole bunch may die if not controlled timely. Thrips suck the sap from the ovaries of flowers in the berry
setting stage, which leads to flower shedding and loss in yield. This is the loss in terms of quantity; however
the loss in terms of quality is also very serious as rasping and sucking of young berries by thrips results in the
brownish net-like appearance on the berry surface called as berry scarring (Figure 4). Therefore, the new flush
emergence stage, pre-flowering, flowering, berry setting and early berry development, stages are the critical
stages for damage by thrips.

There are certain points which should be considered for management of thrips. Regular monitoring and timely
management interventions are very important for the effective management of thrips. To monitor thrips
population, tap grapevine shoot on white paper and count the number of thrips fallen on the paper. It was
observed that during fruit pruning season, higher thrips population is found on canopy during afternoon hours
in comparison with morning or evening hours. Therefore, the monitoring for thrips should be done during
afternoon. The time of spraying of insecticides does not have any effect on efficacy of the insecticides against
thrips.

Sometimes there may be a situation when thrips population reaches remarkably high levels, like, when shoot
is tapped on white paper, more than 40 thrips per shoot may be noticed. In conditions like this, the single spray
of effective insecticide may not be sufficient to bring the thrips population under control. Therefore, two
insecticidal applications, at gap of one day in between, may be given. Repetitive applications of insecticides
with same mode of action should not be done and insecticides with different modes of action should be used to
avoid development of resistance in thrips against insecticides. Most of the insecticides recommended for use
against thrips generally take time of 2-3 days for providing desirable efficacy, therefore, it is advisable to wait
for 2-3 days to see the effect of sprayed insecticide. However, some reduction in thrips population is seen one
day after the spray. If there is no reduction in thrips population next day of spray or the thrips population
increases, it may mean that the insecticidal spray was ineffective. In such scenario, decision of spraying effective
insecticide may be considered.

2 Leafhopper
Leathopper, Amrasca biguttula biguttula (Figure 5) mainly infests vineyards in Maharashtra and Karnataka
during mid-September to mid-December months of the calendar year with the peak during mid-October to mid-
November months. The reasons for this high population build up may be the favourable weather conditions,
presence of most of the vineyards in the highly susceptible
stage and shift of leathoppers from other host plants to grapes
due to reduction of food resources post monsoon period as
weeds start drying in empty fields. The leathopper population
is higher in vineyards where heavy weed growth is there in the
vineyard or in the empty fields adjacent to the vineyards.
Therefore, the vineyards and adjacent areas should be kept
weed free. The grapevines upto about 40-50 days after fruit
pruning are highly susceptible for leathopper damage. They

suck the sap from young leaves which results in leaf curling

Fig. 5 Jassid adult
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(Figure 6). Removing excess shoot growth after berry setting &

after forward pruning may help in reducing leathopper
incidence.

To monitor leafthopper population, gently hold the shoot and
count number of leathoppers per shoot. It was observed that
during fruit pruning season, higher leathopper population is
found on canopy during evening hours and night in comparison
with morning or daytime. Therefore, the monitoring for thrips
should be done during late evening. The spraying of Fig. 6 Damage symptom due to leafhopper
insecticides for leathopper management should be carried out Infestation

during late evening during dark. At the time of spraying, a high wattage white light bulb may be installed at the
back side of the tractor. The leathoppers are attracted towards light and installing light behind tractor will make
leathoppers active and they will come into direct contact with the insecticide providing better efficacy.

The most effective way to manage leafthoppers is to install near ultra-violet light (black light) traps near
vineyards and run them between 7 to 11 pm every night during September to December months. The care
should be taken that a light trap should not be installed inside the vineyards, otherwise the plants in vicinity of
the trap may have higher pest damage. It is because all the attracted insects will not be trapped and killed. The
light trap can also be made at home by using any high wattage white light bulb as shown in Figure 10 and a
plastic tub. The care should be taken that the bulb should not become too hot, otherwise insects will not come
near it. Place the tub under the light and fill it upto half with water and pour kerosene or any contact insecticide
over water surface to kill attracted insects. Number of the traps to be installed depends on the luminance capacity
of the light bulb.

3 Mealybug

Pink mealybug, Maconellicoccus hirsutus (Figure 7) is the
major mealybug species infesting grapes in peninsular India.
Both the adults and nymphs suck the plant sap from the tender
vine parts. At the time of forward pruning, majority of the
mealybugs remain hidden under the bark of main trunk and
cordons. During the new flush emergence stage especially after
fruit pruning, mealybug feeding leads to the curling and
malformation of growing shoot and thereby arresting it’s
further growth. During veraison stage, mealybugs migrate
from the main trunk, cordons and shoots to developing berries
and produce profuse quantity of honeydew leading to sooty
and sticky bunches (Figure 8) which considerably reduces the
quality and marketability of the fruits. Ants association with
these pests will further aggravate the problem as they help the
pest to migrate easily from one vine to another besides
protecting from the natural enemies.

The mealybugs increase in numbers due to imbalance in the
ecosystem. In a balanced agro-ecosystem, mealybug
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populations are usually kept under check by their natural enemies. Two prunings in grapes and use of broad-
spectrum insecticides reduce natural enemy activity and upset the balance. Two prunings seem to be a necessity
to ensure fruitfulness in semiarid tropics like Maharashtra, Karnataka, Telangana and Andhra Pradesh grape
growing regions but by avoiding use of broad spectrum insecticides, natural enemies can be conserved and pest
populations can be kept under check naturally, which can ultimately lead to lesser insecticidal applications
and less number of residue detections.

Broad-spectrum insecticides such as fipronil, lambda cyhalothrin, methomyl and imidacloprid should be used
only sparingly and should be completely avoided when natural enemy activities are higher. For example, during
rainy season due to high humidity conditions mealybug natural enemies such as Anagyrus spp. and Scymnus
spp. increase in numbers and control mealybugs naturally. Therefore, use of such chemicals should be avoided
during this period. Alternatively, entomogenous fungus such as Metarhizium, Lecanicillium, and Beauveria
can be used. The establishment of these fungi is favoured by prevailing high relative humidity conditions. If
use of broad-spectrum insecticides such as methomyl, chlorpyrifos, cartap hydrochloride, profenofos, etc. is
avoided during rainy season, the mealybug infestation during coming fruiting season is expected to be lesser
due to natural enemy activity. During fruit pruning season, frequent preventive applications of Beauveria,
Metarhizium and Lecanicillium at about every 15 days intervals will help in reducing mealybug population
build up. If insecticidal application becomes necessary to control mealybugs, buprofezin 25 SC @ 1.25 ml/L
water should be the preferred option as it is safer to natural enemies. Soil drenching of systemic chemicals is
beneficial as compared to spraying as it helps to conserve natural enemies thus should be preferred option.

4 Flea beetle

Scelodonta strigicollis (Figure 9) is the major species of flea
beetle infesting grapes in India. These are metallic brown
beetles with black spots on the dorsal side. They are active
especially during the bud breaking stage of the vine after the
pruning. Adults are damaging stage of the pest. Adults eat away
the young buds and leaves. As a result the shoot growth is
arrested. Linear and rectangular shaped holes on the leaves are
the characteristic damage symptoms by this pest (Figure 10).
Flea beetles can also feed on young stems, bunch peduncle and
mature leaves. They remain hidden away from sunlight during
the day and actively feed during night. Therefore, flea beetle
management is better when sprayings are carried out during
night. Flea beetle grubs are seen in the soil but have not been
reported causing any economic damage. High flea beetle

Fig. 9 Flea beetle adult
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incidence is noticed in Nashik and Sangali regions.

5 Caterpillar

Spodoptera litura is the major caterpillar species causing

infesting grapes. Caterpillars are biting and chewing type of
insects and feed on mainly grapevine sprouting buds and
leaves. Whenever relative humidity increases due to rainfall,

Fig. 10 Flea beetle damage on leaf
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they may become serious pest. The highest damage in grapes
is caused by S. /itura during bud sprouting stage. Just after fruit
pruning, there is no canopy on the grapevine. Therefore, S.
litura larva remain hidden under loose bark of stem, in soil
under leaf-litter or inside cracks in ground during daytime.
They come out during night and feed, therefore, their presence
in the vineyard goes undetected and they can cause huge
damage during sprouting stage. They can eat away the
sprouting bud and fruitful canes fail to emerge, thereby
affecting yield. They can be easily monitored by regular Fig. 11 Spodoptera larvae

inspection of vineyards at night during bud sprouting stage. At this stage, application of insecticides is generally
not effective and frequent applications of insecticides may be required to manage them. This will also increase
the cost of cultivation. The economic way of managing this pest is to wrap the main trunk and supporting
bamboo with polypropylene adhesive tape (about 2 inches width) at about 2-3 feet height from the ground.
Care should be taken that the sticky side of the tape is towards the stem and the shiny slippery side is outwards.
The S. litura larva who try to climb the trunk during the night will not be able to climb due to the slippery
surface and the damage can be managed very effectively. If the vineyard is old and has loose bark, then the
loose bark should be removed before applying the adhesive tape otherwise the larva will remain hidden under
the bark above the tape. Installation of light traps during rainy season is also very effective in controlling the
moths of S. litura.

6 Red spider mite

Red spider mite, Tetranychus spp. (Figure 12) is a major pest
causing damage to grapes in peninsular India. They are also
sucking pests and prefer high temperature and low relative
humidity. Their population starts increasing from second week
of December and reaches to a peak during February-April.
They prefer to feed on older leaves but increase in population
leads to their migration to even bunches. Both nymphs and
adults cause damage. Their feeding causes yellowing and
discolouration of leaves (Figure 13). Serious infestation may
lead to extensive defoliation especially during January to April
which may reduce the TSS in the berries and resulting into poor quality fruits. The defoliation also results in
direct exposure of berries to sunlight causing sun-burn. Red spider mite infestation becomes higher in vineyards
nearing harvest thus has potential to contribute to increased

Fig. 12 Different life stages of red spider mite

residue detections.

Best strategy for mite management is timely application of
acaricide to reduce population build-up. Once majority of
leaves show chlorosis and webbing due to mite incidence, the
mite management will become difficult. Any vineyard with
more than 50 days old canopy can easily become susceptible
to mite incidence. Therefore, critical monitoring for mite
population build-up is necessary. With the increase in
temperature during February, the mite incidence also increases

Fig. 13 Web formation at underside of leaf due to

mite infestation
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and reaches peak levels during March-April months. If temperature is high, weekly water sprays @ 1000 litres
water per acre can help in washing dust from the leaf and decrease leaf temperature which can help in reducing
mite population. Additionally, water sprays can also help in breaking webbings, thus increasing efficiency of
insecticidal applications. Many alternate hosts plants such as Parthenium weed, etc. act as breeding grounds
for mites, thus, they should be removed from the vicinity of the vineyards. Use of broad-spectrum insecticides
such as imidacloprid, fipronil, etc. should be avoided after 50 days of fruit pruning as they can kill mite natural
enemies and increase the mite populations.

7 Stem Borers

Celosterna scabrator, Stromatium barbatum and Dervishiya cadambae are the major stem borer species
infesting grapevine in peninsular India (Figures 14, 15, 16). All three stem borer species cause extensive damage
to the sapwood and heartwood of grapevine stem and reduce both vitality and productivity of the vines.

7.1 Celosterna scabrator

C. scabrator larva can feed only on live plants and make
gallery inside. The characteristics symptoms of its damage are
that it removes the frass out from hole which can be noticed
around the plant and the leaves of infested plant shows
interveinal chlorosis at later stages. The time of adult
emergence and oviposition for C. scabrator is exceedingly long
which starts with the initiation of monsoon and lasts for about
120-150 days. The eggs are laid inside the stem by making a
cut and covering with a substance which hardens after some

time. Therefore, targeting adults and eggs for management is Fig. 14 Celosterna scabrator
not feasible. The larva starts feeding inside and make galleries.
The best way to manage C. scabrator is to tag infested plants,
tear apart the gallery and remove the larva. Most active period
of C. scabrator adult is from June to September (highest
number in August). They are easily visible during day time
feeding on the bark of the young stem of grapes. They can be
easily captured by hand and killed whenever noticed in the
vineyards during this period. Spraying any insecticide is not
economically effective to manage the adults. When the larva
comes out of the egg and eats the stem, the grapevine secretes
a watery secretion. These symptoms appear only in the
morning. Grapes with these characteristics can be easily
identified from October to December. On closer inspection,
small amount of frass can easily be seen. The grub can be
located feeding just under this frass using a iron wire and can
easily be removed and killed. If the larvae are not controlled
at this time, the larvae go deeper into the stem and cause
damage and the yield of the plant is reduced by 4-6 kg per
plant. The initial symptoms of frass fallen on the ground can
be seen on infested plants. Monitor the vineyards every 10 days
from December to April. Use ribbon to tag all the grape plants

Fig. 16 Dervishiya cadambae
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showing fallen frass on the ground. Remove the fallen frass on the ground and inspect it after two days for
fresh frass and mark the hole just above as the active hole. Additionally, holes with wet frass near holes in the
early morning hours can also be marked as active holes. Widen the active hole and tear off the stem towards
the direction of the gallery using scissors or a screwdriver and hammer until the appearance of the Celosterna
grub. Remove the grubs and kill them. Tie the treated stem with the help of jute twine rope for healing.

7.2 Stromatium barbatum

S. barbatum species of stem borer is pest of 6-7 years or older vineyards. The grubs of this species feeds inside
the stem and convert the stem wood into powder like termites. Primarily this is pest of dead wood, therefore,
it prefers older vineyards in which deadwood formation is there. Adults of stem borer Stromatium barbatum
may start emerging during the first week of June and by mid-June majority of adult emergence takes place.
However, small numbers of stem borer adults may keep on emerging till September.

Installation of light traps outside the vineyards will be helpful in monitoring the initiation of emergence of stem
borer adults so that timely management can be carried out. Adults of stem borer will remain hidden under the
loose bark of grapevine stem and cordons and majority of the eggs are also laid under this loose bark. Therefore,
if this loose bark is removed just before the onset of monsoon, the adults will not find places to hide and lay in
the vineyard and stem borer infestation will reduce. Further, removal of loose bark will help in exposing adults
and eggs, if present any, on main trunk and cordons for their management by insecticides. Neem oil or neem
seed or leaf extract or simply hanging neem leaves in the vineyard acts as a repellent for adult S. barbatum.

The larval period is of about 9 months. There is no external symptom on the plant visible in the vineyards
infected by this species. During December to March months, when larva is feeding on the dead dry wood, the
feeding sound can be heard in the old vineyards. More than 100 grubs of stem borer can be found in a single
plant in case of high infestation. Two to three years of infestation can reduce the productivity of vineyards by
50%. This stem borer normally goes into pupation during second fortnight of March to mid-May. The pupal
period is of about four weeks and the adult will remain inside the stem and wait for monsoonal rains to start.

7.3 Dervishiya cadambae

D. cadambae young larvae feed under the bark and later instars bore inside
stem and make galleries (Figure 17). For D. cadambae, regular monitoring,
removal of loose bark and two stem and cordon washes with entomogenous
fungus Metarhizium brunneum when the young larvae are feeding under loose
bark is effective.

Note: Kindly refer Annexure V of Residue Monitoring Programme for
recommended list of insecticides.

i, P

Fig. 17 D. cadambae larva
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Post-harvest management in grapes
Dr. Ajay Kumar Sharma
Principal Scientist (Horticulture)
Introduction

Grape growing in India is becoming very popular in tropical regions. As per an estimate 169 thousand ha area
was under grapes and production was 3714 thousand tons during 2022-23. As Maharashtra and Karnataka has
monopoly in grape production and contributing 95% of total grape production of country. India has occupied
its position and grape export from India is growing very fast. During the grape season of 2022-23, India has
exported about 2,67,950 tons of grapes which is about 10.5% of total grape production. Remaining is consumed
as fresh grapes within the country and about 30% produce is converted into dried grapes (raisin). Among the
white seedless varieties, Thompson Seedless and its clonal selections viz.; Tas-A-Ganesh, Sonaka, Super
Sonaka, Manik Chaman, etc. have dominance in the area acreage as well as production. In addition, the demand
of coloured grape varieties is increasing day by day. Some indigenously identified clonal selections from
Kishmish Chernyi like Krishna Seedless, Sarita Seedless, Nath Seedless and Nanasaheb Purple Seedless; and
introductions e.g. Red Globe, Fantasy Seedless, Crimson Seedless and Flame Seedless are being grown on
sizeable area and showing increasing trend in the consumer preference. To fulfil demand of very specific
patented grape varieties in foreign markets, few varieties have already been introduced by some groups and
evaluation studies are in progress.

Maturity Indices for Harvesting

As grape is non-climacteric fruit, should be harvested when they are fully ripened since neither the colour nor
the taste improves after harvesting the bunches. Harvesting period is determined by the variety, fruit pruning
timing, climatic conditions, TSS, acidity and sugar acid ratio, depending on whether the produce will be supplied
to local or distant markets within country or for export purpose. Maturity standards of grapes fixed under the
AGMARK states that the minimum TSS of 16 °B and sugar acid ratio of 20:1 and this has to be complied or
export and domestic market. Although the sugar content of the berries is considered as the indicator of their
level of ripening, the ratio of sugar/acid is the correct index of ripening, since this ratio indicates the taste of
berries.

Physical appearance is considered as the major criteria under which bunch and berry size with uniform colour
is important. Characteristic uniform colour development is a reliable index of ripening in coloured varieties.
In white varieties, uniform green colour is preferred in the export market. Change of green colour to straw or
amber colour should not be taken to indicate the stage of ripening as exposed clusters shows more colour change
even at less maturity as compared to shaded clusters. With the maturity of berries, the colour of peduncle also
changes.

Harvesting

Only attractive bunches fulfilling minimum quality requirement should be harvested. Harvesting should be
done by skilled workers wearing soft gloves and using sharp secatures / scissors for cutting. Careful handling
of grapes during harvesting, transportation, cleaning and packing is very essential to prevent injury and abrasion.
The bunch should always be held the by the stem/ peduncle. Rough handling results in loss of bloom (thin wax
coating on berry surface) making the berries susceptible to decay.
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Bunches should be harvested during the early morning hours before the berry temperature rises above 20°C. It
is advisable to close harvest by 10 a.m. Otherwise the berry's temperature can’t be bring down to 4°C by pre-
cooling within the stipulated time of six hours. Bunches harvested during high temperature leads to loss of
more physiological weight and pedicel desiccation. If rainfall has occurred just prior to harvest, the fruit should
not be picked for at least 3-4 days, as the free moisture present on the surface of the berries can lead to fungal
infections.

Method of harvesting

A day prior to picking, the broken, along with decayed, deformed, undersized, and discoloured berries are
removed by cutting their pedicels from the selected bunches, using a long nosed scissors. Care must be exercised
not to injure other berries by the scissors. Clusters should never be held against the naked palm while cleaning,
harvesting or trimming. They should be held by their stalk, preferably by wearing rubber gloves. This care is
taken not to erase the fine waxy coating called 'bloom' from the berry surface.

Bunch collection

Harvested bunches are placed gently in clean perforated plastic crates and left in the shade of the vines for
subsequent transfer to pack-house. The crates should be lined with clean bubble sheets for cushioning and kept
over newspapers spread on the ground to avoid contamination with vineyard dust. The bunches are kept in such
a way that their stalks should not injure berries from other bunches.

Sorting and grading requirement

The sorting and grading of grape bunch is very much required for fetching the good value of produce in domestic
market. It is essential to grade the fresh table grapes according to the AGMARK standards. The grapes have
three standards viz.; Extra Class, Class I and class II as per AGMARK.

Packaging for domestic and export marketing

Table grapes shall be packed in such a way that the produce is suitably protected during transportation and
handling. Packaging is normally done in corrugated or solid fiber board cartons. A layer of bubble pad or
protective liner is placed at the bottom of the carton to protect the grapes from bruising and a polyethylene
lining is placed over this.

Bunches from these weighed lots are placed in small, thin and clean food grade polyethylene pouches. One or
maximum two bunches weighing neither less than 350 g or more than 650 g are placed in each pouch. No
bunch weighing less than 150 g is placed in a pouch. The grapes are then pre-cooled to a temperature of 4°C
and then a sulphur dioxide generating pad enclosed in absorbent tissue paper is placed over the grapes. This is
then covered with the polyethylene lining and the box is closed.

During packing care should be taken to avoid damage to the fruit due to shattering, splitting or bruising. Packing
in multi-layers within a crate causes weakening of the pedicle attachment in the berries of the lower bunches
due to pressure exerted by the bunches on top. Table grapes must be packed in such a way as to protect the
produce properly. In the case of 'Extra’ Class, the bunches must be packed in a single layer. Punnet packing is
also in demand. The packed bunches are easily place in refrigerator. Berry remains fresh for longer duration
when packed in thermocoal boxes.
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Storage

a. Pre-cooling

The pre-cooling is practiced to reduce field heat. Prompt removal of field heat from harvested berries is the
best way of retaining the freshness of grapes for a longer time. The temperature in the pack house should be
maintained at 18-20 °C and the grapes should be transported to pre-cooling units with 4-6 hours of harvest.
The temperature of harvested grapes should be brought down to less than 4 °C within six to eight hours in the
pre-cooling chambers. The delay in bringing down to this temperature will reduce the keeping quality of grapes.

b. Cold storage

After pre-cooling, the dual releasing sulphur dioxide pads (Grape guard) are placed with their coated surfaces
facing downwards on the filled plastic pouches and covered with the plastic sheet lining. The boxes are closed
and shifted to cold storage rooms where the temperature and humidity are maintained at 0 = 0.5 °C and 93 +
2% respectively. Temperature of 0 °C and humidity of 95% are the best for maintaining freshness and preventing
decay. Care should be taken to maintain the temperature and humidity strictly during storage and transit.

e o ok
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Pesticide residue monitoring plan for exportable grapes

Dr. Kaushik Banerjee
Director

Pesticides are essential agro-inputs. Their applications at pre- and post-harvest levels are essential to ensure
desired production and productivity of crops. Once a pesticide is applied in the field, a portion of the applied
quantity may remain in the crop at harvest, which is designated as “pesticide residue”.

Sources of agrochemical residues

In grapes, the agrochemical residues may appear from the following sources:

Direct source: Agrochemicals are mostly organic compounds which degrade with time to non-toxic metabolites
on exposure to physico-chemical agents (e.g. sunlight, heat, humidity, chemical agents in atmosphere, etc.),
and interaction with biological factors viz. enzymes, microbial metabolism, etc. When agrochemicals are applied
on plants, a fraction of it gets adsorbed on plant surface, which eventually gets absorbed and contaminates the
commodity matrix. The time required for degradation of a pesticide to a non-detectable level or non-toxic
metabolites might vary depending on the chemical nature of the compound and its susceptibility to the degrading
factors. If a crop is harvested before such a safe waiting period, then analysis of the fruit or vegetable samples
might result in detection of one or more of agrochemical residues. The residue of an agrochemical beyond a
certain concentration could be toxic to human and animal health, and consumption of such contaminated foods
might result in acute and chronic toxicities.

Indirect source: In addition to direct field applications, the residues of agrochemicals might also appear from
various indirect sources. These include spray drift from adjoining crop fields, contaminated soil and irrigation
water, and contaminated agro-inputs, e.g. manures, fertilizers, to name some.

Maximum Residue Limit (MRL) and its relationship with the Good Agricultural

Practices

MRL is the permitted concentrations of the residues of a pesticide in or on food, derived by taking into account
both the ranges of residues actually remaining on the food when offered for consumption following Good
Agricultural Practices (GAP). MRLs are the trade standards that are set in a way that there are no concerns for
public health, especially with regard to vulnerable sub-population groups (as children and the unborn). GAP
takes into account the application of minimum quantities of pesticides necessary to achieve adequate pest
control in such a manner that the amount of residues in the food is smallest possible. At the international level,
the Codex Alimentarius Commission of the FAO/WHO decides MRLs. The Codex Committee on pesticide
residues (CCPR) was formed by United Nations with primary mandate to establish MRL for pesticides in food.
The MRL of pesticides is usually crop or food item specific.

Although the Codex MRLs (http://www.fao.org/fao-who-codexalimentarius/codex-texts/dbs/pestres/en/) are
applicable to all nations, individual countries may also have their own MRL regulations. For agro-export, it is
thus essential that the commodities should comply with the latest MRL regulations of the importing countries,
which are usually available in their Government websites. For example, the MRLs set by the European Union
(EU) have to be complied for export of the fruits and vegetables from India to any of the EU member countries.
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Earlier, individual EU countries used to have their own MRLs. Since September 2008, these MRLs were
harmonized across the European Union territory (https://ec.europa.eu/food/plant/pesticides/eu-pesticides
database/public/?event=homepage&language=EN). In India, MRL is recommended by Food Safety and
Standards Authority (FSSAI). The agrochemical companies generate residue data and submit to Central
Insecticides Board & Registration Committee (CIB&RC) for crop specific label claim or expansion of label
claim. CIB&RC forwards the residue reports to FSSAI, where a Scientific Panel evaluates those data and
estimates MRL using the MRL-calculator (https://read.oecd-ilibrary.org/environment/mrl-calculator-users-
guide-and-white-paper 9789264221567-en#pagel4) recommended by Organisation for Economic Co-operation
and Development (OECD). These risk assessment based MRLs (https://fssai.gov.in/upload/uploadfiles/
files/Contaminants Regulations.pdf) are utilized for evaluation of food safety in the country. In case where
risk assessment based MRL is not available, detection of such agrochemicals is regulated at the default value
of 0.01 mg/kg, or the analytical limit of quantification (LOQ).

The terminal residue load of an agrochemical in grapes and any other commodities mainly depends upon its
environment-stability and dissipation pattern. The rate of dissipation again largely depends upon the quantity
and concentration applied, initial deposit and the prevailing environmental conditions during fruit development
stage. The data available on persistence and dissipation pattern of agrochemicals in temperate climate may not
hold good for tropical environment as the factors like period of sunshine and atmospheric temperature are more
prominent under the tropical environment. Similarly, the dissipation pattern of a pesticide in one crop may not
be similar to another crop. Keeping in view this fact, supervised multi-location trials are usually conducted to
establish a crop specific MRL. Efforts are taken to derive the maximum residues of a pesticide likely to occur
on a crop through the application of its minimum effective dose. In this regard, the dose is usually decided
considering the most critical use situations, i.e. maximum probable pest and disease pressure and related
recommended package of practices. The results of the detail toxicological studies of the pesticides with its
metabolic pathway are also considered in this regard. Such a safety evaluation is done by comparing the dietary
exposure from the sample to the maximum permissible intake (MPI), which is determined by multiplying the
acceptable daily intake (ADI) with the body weight of an average population. The dietary exposure of a
consumer to the residues is calculated by multiplying the amount of residue deposits with average per capita
daily consumption of the particular food or the group of commodities where the same chemical is applied. In
India, food consumption data is available through National Institute of Nutrition. If the dietary exposure is
found to be above the MPI, the food commodity is decided to be unfit for human consumption. Furthermore,
all possible metabolites are toxicologically assessed to determine their effect on beneficial and non-target
organisms. This is so because; in many cases the metabolites could be more toxic than the parent compound.

The knowledge on MRL acts as a valuable guide to the growers and phyto-sanitary certificate issuing authorities
of the Government. It alarms a grower regarding the fact that if he does not follow the recommended package
of practices, the terminal residue levels of pesticides may exceed the permissible MRLs and he might face
marketing set back along with legal hazards. The regulatory bodies at the National and International levels may
use this information to decide whether a commodity is fit for sale in domestic and international markets.

Maintaining pre-harvest interval - the practical approach to minimize pesticide
residues

On the basis of the MRL, the pre-harvest intervals (PHI) of pesticides are calculated. PHI is the safe waiting
period, which is the minimum time in days that must be provided between last application of a pesticide and
harvesting of the produce so that its residue level at harvest reaches below the MRL. The data generated on
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PHI for different agrochemicals are usually recommended in the guidelines of good agricultural practices,
which are usually crop specific, and could be widely different across crops. Estimating PHI of a pesticide ideally
involves multi-location field trails wherein the pesticides are applied following the guidelines of GAP.
Representative samples are collected from the treated plants and analyzed for residues. The sampling is initiated
on the day of the final application and continued at regular time interval till harvest. After precise estimation
of the residues in each sample, the residue data are statistically processed to correlate the dissipation with
progress of time. Although first order rate kinetics is largely used for estimating PHI, on many occasions, non-
linear kinetics are better applicable (e.g., first + first order model), where the residues dissipate with time
following a non-linear relationship. In such occasions, the dissipation rate is usually faster at the beginning,
which gets slowed down with passage of time. This indicates a non-linear pattern of degradation and often
implies that simple first order kinetics might not be adequate to explain the dissipation behaviour of most of
the pesticides and predict the PHI. At ICAR-NRC Grapes, the residue dissipation pattern of several
agrochemicals has been studied in grapes and other horticultural commodities, which have been recommended
in relation to their recommended application rate and PHI.

Residue analysis in grapes — the system established in the country

For export purpose, the samples randomly drawn from 100% of the registered farms are analyzed by the
accredited laboratories (as per the guidelines of ISO/IEC 17025) by using a harmonized and validated testing
procedure developed by ICAR-NRC Grapes. The performance of the laboratories is ensured by regular
monitoring by NRL through physical inspection, desktop audits and performance in proficiency testing rounds
conducted at regular interval.

The residue analysis involves extraction, clean up and final estimation by multiresidue technique based on GC-
MS/MS and LC-MS/MS. A list of around 240 chemicals were monitored in 100% of the farm samples last year
that are registered for export. The list is being expanded to cover all the chemicals that are currently registered
with CIB&RC. In case, the test results exceed the MRL of the EU, the testing laboratory immediately (within
24 hours) brings the matter to the notice of the NRL and on the basis of this information, the NRL issues internal
alert within 24 hours to stop the export of grapes from specified plots. Since the residues are monitored at pre-
harvest level, hence there is a possibility of re-sampling after the PHI and on re-sampling, if the samples comply
with the MRL, the laboratory immediately intimates the NRL through the Grapenet and the NRL revokes the
alert. While issuing the alerts or revoking the same, the NRL officials examine the test results with respect to
the chromatograms and mass spectra and in case everything is satisfactory, then only the action is initiated.
With the success of residue monitoring in grapes, a similar system is also implemented in other horticultural
crops including pomegranate, okra, etc.

GrapeNet- A complete traceability software

GrapeNet is the first internet based residue traceability software system established in the country, for monitoring
of fresh grapes for export to the European Union countries. This software was developed by APEDA with
inputs from all the stakeholders in grape industry. This is the first of its kind initiative in India that has put in
place an end-to-end system for monitoring pesticide residue, achieve product standardization and facilitate
tracing back from retail shelves to the farm of the Indian grower, through the various stages of sampling, testing,
certification and packing.

This software system integrates all stakeholders in the supply chain of grapes export, namely Farmers, State
Government Horticulture Departments, Residue testing laboratories, Agmark Certification Department, Phyto-
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sanitary department, Pack houses, Exporters, and APEDA. Each stakeholder has certain duties to perform for
residue free export of table grapes to European Union. GrapeNet has been very well received and actively been
used by all stakeholders in the supply chain. Every consignment of fresh grapes during the season 2007 from
India to European Union is monitored through this system. This system permits its stakeholders to carry out

the following activities involved in the grapes export process as indicated in the diagram below.

Send to NRL

if result
fails

DB: Database
PSC: Phyto-sanitary certificate
SGA: State Govt. Authority

The application of this system starts at the very root of the process; registration of farmers up to plot level, at
district headquarters, by the State Horticulture departments and subsequently issuing a registration certificate
to the farmers. Each farmer, who intends to export directly or supply fresh grapes to an exporter, should get
the registration of its farm and plot(s). A registration number is given to each farm upto the plot level. The

farm/plot is allotted a unique 12 digit registration number only in the following code format:

State Code District Code Taluka Code Product Code Farm Code

Plot Code

AA 01 01 001 0001

01

One plot should constitute a maximum area of 1 Ha or part thereof and extendable up to 1.2 ha. The registration
system facilitates the State Horticulture departments to tabulate their inspection details on completing their
visits to the farms, after which they can recommend to the Laboratories to draw samples for testing of
agrochemical residues. Farmers can approach any of the APEDA recognized laboratories in the country for

testing their produce.

The laboratories record the details of the samples drawn from each plot for testing and conduct stringent testing
for agrochemicals. This system automatically finds out from the test measurements entered whether the sample
qualifies for export to specified countries and generates their test reports. These laboratories are among the
best in the world, which are equipped with high precision and calibrated equipment, and are ISO 17025

compliant.
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Conclusion

Although residue analysis costs money, it adds a significant value to the agricultural produces, especially a
commodity like grape, the cultivation of which frequently receives pesticide applications. A commercial product
when sold with a residue test report indicating “no” or nominal (toxicologically insignificant) residue levels, it
provides confidence to consumers and facilitate achieving a better price. This in turn helps in enhancing farmers’
income and improving their standard of living. With the advent of information explosion, the consumer
awareness is growing with respect to the right to have safe food. No one in the society is ready to tolerate the
menace from the food intended for his/her nurture. On the other hand, being in tropical belt we do not have the
luxury of avoiding the use of the agrochemicals in pest management. Agrochemicals are used purposefully in
the environment to ensure a good harvest. It is the dose and time of application, which differentiates the safe
and unsafe use. If the recommendations of the GAP and PHI are sincerely followed, it is definitely possible to
minimize the residue load of agrochemicals in grapes, which in turn, will ensure safety to the health of the
consumers and environment as a whole. The implementation of the residue monitoring system through Grapenet
has emerged as a model system in the whole country and is being expanded to cover all the horticultural
commodities on a time scale through the traceability system of Hortinet.
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Annexure-5
(This document is dynamic in nature)

Date: 12th October, 2023

List of chemicals with CIB & RC label claim for use in grapes

Sr. Chemical recommended for major Nature of | Dose on EU MRL Pre-harvest
No. | disease & pest chemical | formulation (mg/kg) Interval
basis (PHI in days)

I Downy Mildew

1.* | Amisulbrom 17.7% SC w/w (20% SC w/v) | NS 375 mL/ha 0.5 59
2.*% | Azoxystrobin 23 SC S 494 mL/ha 3.0 7
3. Captan 50 % WP NS 2500 g/ha 0.03 70
4. | COC 50 WP NS 25¢/L,24gL | 50.0 j?téf;r‘ﬁi ‘;:g‘g
5. Copper hydroxide 53.8 DF NS 1.5 g/L 50.0 12
6. Cyazofamid 34.5% SC NS 200 mL/ha 2.0 50
7.% | Dimethomorph 50 WP S 0.50t00.75g/L | 3.0 34
8. Fosetyl Al 80 WP S 1.4-2.0 g/L 100.0 30
9.*% | Kresoxim methyl 44.3 SC S 600-700 mL/ha 1.5 30
10. | Mancozeb 75 WP NS 1.5-2.0 g/L 5.0 66
11.* | Mandipropamid 23.4% SC NS 0.8 mL/L 2.0 5
12.* | Metiram 70% WG NS 2000 g/ha 5.0 66

75 (avoid using

13. | Propineb 70 WP NS 3.0g/L 0.05 after fruit set)

14. | Ametoctradin 27 + Dimethomorph 20.27 SC| NS + S 800-1000 mL/ha | 6.0 +3.0 34

15.% | Azoxystrobin 8.3% + Mancozeb 66.7% WG| S + NS 1500 g/ha 3.0+5.0 66
5 V) o
16.% Azoxystrobin 11 % + Tebuconazole 18.3% S+S 750 mL/ha 30405 60
w/wW
17. | Benalaxyl-M 4% + Mancozeb 65% WP S +NS 2750 g/ha 0.7+5.0 66
o + 0,
18, Copper Sulphate 47.15% + Mancozeb 30% NS 5000 g/ha 500450 | 66
WDG
19. | Copper Sulphate Pentahydrate 23.99% SC | NS 2.5mL/L 50.0 30
20. | Cymoxanil + Mancozeb 8 + 64 WP S+ NS 2.0 g/L 0.05+5.0 | 66
1 0 1 0,
21 * Dimethomorph 12% + Pyraclostrobin 6.7% S+S 1500 g/ha 30403 55

WG
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Sr. | Chemical recommended for major Nature of | Dose on EU MRL Pre-harvest

No. | disease & pest chemical | formulation (mg/kg) Interval

basis (PHI in days)
o 1 o
29 * l;zémoxadone 16.6 % + Cymoxanil 22.1 % S+ NS 500 mL/ha 204005 | 55
23.* | Fenamidone + Mancozeb 10 + 50 WG S+NS 2.5t03 g/L 0.01*+5.0 | 85
H 0 _ [\
24 | | cnamidone 444% ¢ fosetyAT66.66% 1 g 2000-2500 g/ha | 0.01+100 | 90
H : 0 _ ()
25 gl]lg)plcohde 4.44% + Fosetyl-Al 66.67% g 22510 2.5kg/ha | 2.0+ 100 40
26.* | Iprovalicarb + Propineb 5.5 + 61.25 WP S +NS 2.25 g/L 2.0+0.05 |75
1 o/ + 0
27.% @rlfs(‘;’;“o’/l ‘\‘:ltf;yl 18%+Mancozeb 34% | g Ns | 1500 g /ha 15450 | 66
0

28. | Metalaxyl + Mancozeb 8 + 64 WP S+NS 2.5¢g/L 2.0+5.0 66

29. | Metalaxyl-M + Mancozeb 4 + 64 WP S +NS 2.5¢g/L 2.0+5.0 66

30. | Metiram 44% + Dimethomorph 9% WG NS+ S 2500 g/ha 5.0+3.0 66

o . 1 aco
31 Oxathiapiprolin 3% + Mandipropamid 25% S+ NS 700 ml/ha 07420 30

w/v (280 SC)

32.*% | Pyraclostrobin 5% + Metiram 55% 60 WG | S+ NS 1.50-1.75 kg/ha | 0.3 +5.0 66

I Powdery Mildew

2a.* | Azoxystrobin 23 SC S 494 mL / ha 3.0 7

33. | Buprimate 25% w/v (26.7% w/w) SC S 3.0 mL/L 1.5 45

34. | Cyflufenamid 5% EW S 500 mL/ha 0.2 50

35.*% | Difenoconazole 25 EC S 0.50mL/L 3.0 45

36.* | Flusilazole 40 EC S 25 mL/200L 0.01 60

37.* | Hexaconazole 5 EC S 1.0 mL/L 0.01 60

9a.* | Kresoxim methyl 44.3 SC S 600-700 mL/ha 1.5 30

38. | Meptyldinocap 35.7% EC NS 33525;342'8 0.2 50

39. | Metrafenone 50% SC S 250 mL/ha 7.0 22

40.* | Myclobutanil 10 WP S 0.40 g/L 1.5 30

41.*% | Penconazole 10 EC S 0.50 mL/L 0.5 50

42. | Polyoxin D zinc salt 5% SC S 600 ml/ha 0.01 35
3.0 mL, 3.0 mL,

43 Sulfur 40 SC, 55.16 SC, 80 WP, 80 WDG,_85 NS 2.50 g, 1.87-2.50 | No MRL PHI not

WP g, 1.50-2.0 g/L, | required applicable

respectively

44.* | Tetraconazole 3.8 EW S 0.75 mL/L 0.07 60
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Sr. | Chemical recommended for major Nature of | Dose on EU MRL Pre-harvest
No. | disease & pest chemical | formulation (mg/kg) Interval
basis (PHI in days)
1 o 0,
16a.* Azoxystrobin 11 % + Tebuconazole 18.3% S+S 750 mL/ha 304050 | 60
W/W
1 o 1 0
45 % Boscalid 25.2% + Pyraclostrobin 12.8% S+S 500-600 g/ha 50403 55
w/w WG
46.* | Fluopyram 200 + Tebuconazole 200 SC S+S 0.563 mL/L 2.0+0.5 60
47. | Fluxapyroxad 25%+Pyraclostrobin 25% SC | S+ S 200 mL/ha 3.0+03 60
48 * Fluxapyroxad 75 g/L + Difenoconazole S+S 200 mL/ha 30430 45
50g/L SC
0/ + 1 1 0,
49 * Tebuconazole 50% + Trifloxystrobin 25% S+S 0.175 g/L 05430 34
WG
III | Anthracnose
50. | Carbendazim 50 WP, 46.27 SC N 1.0 g/L, 1.0 mL/L| 0.30 50
42 (avoid using
4a. | COC 50 WP NS 2.5¢g/L,2.40¢g/L | 50.0 after fruit set)
13a. | Propineb 70 WP NS 3.0g/L 0.05 75
51. | Thiophanate methyl 70 WP S 0.71-0.95 g/L 0.10 73
15a. | Azoxystrobin 8.3% + Mancozeb 66.7% WG| S + NS 1500 g/ha 3.0+5.0 66
52. | Carbendazim 12% + Mancozeb 63% WP S+NS 1500 g/ ha 0.30+5.0 | 66
o 0,
™ Copper Sulphate 47.15% + Mancozeb 30% NS+ NS | 5000 g/ha 500450 | 66
WDG
46a. | Fluopyram 200 + Tebuconazole 200 SC S+S 0.563 mL/L 2.0+0.5 60
. . 70 (Use should
% +
53. Kasugamycin 5% + Copper Oxychloride S+NS 750 g/ha 0.01 +50.0 | be avoided after
45% WP .
flowering stage)
Kresoxim methyl 18% + Mancozeb 54%
27a. WP (72 % WP) S+NS 1500 g /ha 1.5+5.0 66
IV | Bacterial Leaf Spot
. . 70 (Use should
% +
53q, | Kasugamycin 5% + Copper Oxychloride | ¢\ g | 750 5/py 0.01* +50.0, be avoided after
45% WP .
flowering stage)
\% Flea beetle
70 (Use of
imidacloprid
should be
54. | Imidacloprid 17.8 SL S 0.30-0.40 mL/L | 0.7 avoided during

pre-flowering
and flowering
stage)
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Sr. | Chemical recommended for major Nature of | Dose on EU MRL Pre-harvest
No. | disease & pest chemical | formulation (mg/kg) Interval
basis (PHI in days)
55. | Lambda-cyhalothrin 4.9 CS NS 0.25-0.50 mL/L | 0.08 45
VI | Thrips
56. | Cyantraniliprole 10 OD S 0.70 mL/L 1.5 60
57. | Emamectin benzoate 05 SG NS 0.22 g/L 0.04 30
75 (only one
58. | Fipronil 80 WG NS 0.05-0.0625 g/L | 0.005 application
before flowering
stage)
59. | Spinetoram 11.7% SC S 300 mL/ha 0.4 30
60. | Spinosad 45% SC NS 250 mL/ha 0.5 15
VII | Mealybugs
61. | Buprofezin 25 SC NS 1.00-1.50 mL/L | 0.01 65
62. | Clothianidin 50% WDG S 500 g/ha 0.70 60 (for use as soil
drenching)
75 (only one
application
63. | Methomyl 40 SP S 1.25 g/L 0.01 before flowering
stage)
64. | Spirotetramat 15.31% w/w OD S 700 mL/ha 2.0 60
VIII| Jassids
62a. | Clothianidin 50% WDG S 500 g/ha 0.700 60 (for use as soil
drenching)
IV | Mite
Limited
65. | Abamectin 1.9% (w/w) EC SYSLemic; | 75 /L 0.01 30
Translamin:
ar action
66. | Bifenazate 22.6% SC NS 500 mL/ha 0.70 30
64a. | Spirotetramat 15.31% w/w OD S 700 mL/ha 2.0 60
\% Plant Growth Regulators
67. | 1-Naphthyl acetic acid 4.5% L S 100 ppm 0.06 15
68. | Chlormequat chloride 50 SL S 600-1000 ppm 0.05 -
69. | Ethephon 39% w/w SL S 1250-1750 mL/ha| 1.00 110
70.8 | Forchlorfenuron (CPPU) 0.1% L S 1-2 ppm 0.01 60
100 ppm
71. | Gibberellic acid (GA3) Technical S (Cumulative NoMRL | PHI not
Required applicable

Usage)
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Sr. | Chemical recommended for major Nature of | Dose on EU MRL Pre-harvest
No. | disease & pest chemical | formulation (mg/kg) Interval

basis (PHI in days)

72. | Hydrogen cyanamide 50 SL S 30-40 mL/L 0.01 90-120

VI | Herbicides

Indaziflam 20 + Glyphosate IPA 540 SC
+ - +
73. (1.65% wiw + 44.63% wiw) S+S 1875-2125 mL/ha| 0.01 + 0.5 108
74. | Paraquat dichloride 24 SL NS SmL/L 0.02 -

NS = Non-systemic, S = Systemic

*. Resistance in downy mildew based on Cys b gene (G143A) against Qol fungicides (Fenamidone,

Azoxystrobin, Famoxadone, Kresoxim methyl, Pyraclostrobin and Trifloxystrobin), cellulose synthase gene
(PvCesA3) against CAA fungicides (Dimethomorph, Iprovalicarb and Mandipropamid) and resistance in
powdery mildew based on CYP51 gene (14a-demethylase) against triazole fungicides (Penconazole,
Hexaconazole, Myclobutanil, Flusilazole, Difenoconazole, Tetraconazole) have been detected in India from
major grape growing areas. Use of formulations containing these fungicides should be minimized and
avoided during high risk periods.

. Application of Forchlorfenuron (CPPU) should be avoided after 65 days of pruning or after 6-8 mm berry

size is attained to reduce the chances of detections.

Note

All the doses mentioned above are for high volume sprayers, where normal spray volume is 1000 L/ha.
Spray volume can however be changed as per the efficiency of sprayers used. However, the amount of each
pesticide based on its active ingredient recommended for 1 ha area on the basis of 1000 L spray solution
should be strictly maintained to ensure bio-efficacy and to minimize pesticide residues.

Recommended PHI will be valid only if two applications of an agrochemical are given per fruiting season
at the interval of 7-15 days at recommended dose except in case of special mention in table.

If any of the pesticide found ineffective in controlling the targeted diseases or pests, it is advised not to give
repeated applications of the formulation since it may lead to residue issues and increase the resistance
population of targeted pathogen or insects.

The information provided in this document is of advisory nature. The responsibility of usage of chemicals
for the management of any of the above pests and diseases and compliance of the produce to the EU-MRL
requirement will rest with the growers.

Since risk of more than one pest may overlap, if appropriate insecticide is used, control of non-targeted pest
can be achieved. Compliance for dose, number of applications and PHI as recommended for target pest is
essential and should be strictly adhered.

e o ok
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