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Part 1. – Vineyard establishment

• Climate and soil conditions

• Planning – spacing, varieties, land preparation, 

blocks

• Supports for wines

• Training young vines



Climate for grapes

• Temperature
– Threshold is between 9 – 21 degrees Celsius yearly average

– in July the average should be 18o C

– the minimum heat sum from 1st April to 31st October
2500o C

• Rainfall
– Grape plants require at least 400 mm precipitation during

the vegetation period.

• Humidity, shade and air movement
– Open air flow helps to maintain healthier canopy, 70 % of 

relative humidity is optimal, more sunny leaf surface could
produce more assimilates.



Soils for grapes

• Grapes are adapted to a wide range of soil types.

• Varieties of Vitis genera are mostly deep rooted
plants.

• The largest vines and heaviest crops are produced
on deep, fertile soil.

• The soil characteristics are important for quality
issue in wine producing regions, like Burgundy, 
Champange, Mosel Valley rich in lime; Médoc, 
Graves light to heavy gravelly soil; Badacsony light
volcanic soil; Balatonfüred a red shale soil.





How to choose the land for the

vineyard

• One of the most important tasks, because it will
determine the succes of our production for the long
run.

• Choose the district best suited to the class of grape to 
be grown.

• Study of conditions is required to determine the type 
of grape that can successfully be grown.

• If grapes are already being grown in the district, the 
necessary information can probably be gained by 
observing the success of the local industry and the 
difficulties encountered, and then comparing these 
with similar observations made in other districts.



Vine spacing 1

• The most productive vineyard is planted following the 
“one-to-one” rule:

the distance between rows = the canopy height

• Vineyards planted with wider row spacing are 
inherently less productive, as sunlight is “lost” to the 
vineyard floor.

• Vineyards with narrower row spacing will likely result 
in reduced grape and wine quality due to shading of 
the canopy.

• Practical considerations are often the deciding factor in 
determining the between-row spacing in a vineyard.



Vine spacing chart

Row Vine 0.80 m 0.90 m 1.00 m 1.20 m

1.20 m 0.96 m2 1.08 m2 1.20 m2 1.44 m2

1.50 m 1.20 m2 1,35 m2 1.50 m2 1.80 m2

2.00 m 1.60 m2 1.80 m2 2.00 m2 2.40 m2

2.20 m 1.76 m2 1.98 m2 2.20 m2 2.64 m2

2.50 m 2.00 m2 2.25 m2 2.50 m2 3.00 m2

2.80 m 2.24 m2 2.52 m2 2.80 m2 3.36 m2

3.00 m 2.40 m2 2.70 m2 3.00 m2 3.60 m2

3.20 m 2.56 m2 2.88 m2 3.20 m2 3.84 m2



Length of the rows in vineyards

• If the field dimensions are of a long rectangle, 

then planting fewer, longer rows are more 

efficient than numerous shorter rows.

• It depends on the shape of the land, on the

available machinery, topography.

• We advice not to build more than 200 meters.



Row orientation in vineyards

• The optimum orientation of vineyard rows is 

north to south in order to maximize sunlight 

exposure on both the east and west sides of 

the canopy.

• Planting vineyard rows up and down a steep 

slope increases the risk of soil erosion, so 

planting along the contours is preferred.



Planting material

• It could be rootling (own rooted plant material) 

or grafting (rootstock-scion combinations), it

depends on the soil conditions.

• If the soil is immune to grape phylloxera 

infection (the quarz content is >75 %, the

humus content is <1%, the clay particles < 20%) 

rootlings can be used. Otherwise grafting is 

necessary.



Graftings

• Planting depth is more critical for grafted than own-
rooted vines.

• It is important that the graft union be planted 6-8 cm
ABOVE the final soil line.

• Vines planted too deeply will produce scion roots (from 
the variety, rather than the rootstock), which defeats 
the purpose of planting on a rootstock.

• If vines are planted too shallowly, with the graft unions 
several inches above the soil line, it will be difficult to 
mound up sufficient soil for winter protection.



Preparation of the soil before planting

Soil preparation

• Deep & buffered root system

• Chemical adjustments

• Correct method/implement 



Nutrient supply before planting

• Take a soil test to determine the need for 

supplemental fertilizer applications prior to 

planting.

• Determine the level of soil nutrient status with

the help of the literature.

• If the soil nutrient level is lower than optimal, you

need to add some fertilizer, usually P and K. Do

the calculations according to the soil type and the

requirements of the planned variety.



Planting vinestocks

• There are many methods to plant grapevines, 
depending mainly on the size of the vineyard to 
be planted.

• A shovel works fine for a few vines.

• A tractor-mounted auger can be used to drill 
several hundred holes per day.

• Larger plantings are usually made with a 
tree/vine transplanter, which digs a trench and 
covers the roots with soil.

• For very large plantings, custom laser planting or
GPS-guided machines may be necessary.



Trellis

• Applicability to a situation

Site + variety + goal = situation

• Quality

Quantity

Wine quality potential

• Labor 

Shoot positioning, leaf pulling, pruning, etc. 

• Suitability for varieties

Upright or trailing shoot growth

• Suitability for climates

Wet, dry, cold, hot 

• Cost of establishment



Pruning the young vines

• Dormant grapevine pruning during vineyard 
establishment is performed annually with two 
main goals in mind:

– training the vine to the desired 
configuration on the trellis, 

- and building vine reserves to support a 
grape crop in the future.

• Crop control is a third goal of pruning once vines 
are established, but early vine development 
should not be sacrificed for small crops in the 
early life of a vineyard.



Plant protection of the young vines

• Minimizing weed competition around young 

vines is critical.

• Some pest control will likely be needed during 

the establishment year of the vineyard.

• The control of powdery mildew and downy

mildew is important to maintain a healthy

canopy.



Fertilisation of the young vines

• If soil nutrition has been adequately 

addressed prior to planting, no additional 

fertilizer is generally required.



Canopy management of the young

vines
• Depending on how the vine was treated in the nursery, it will have a 

few to several buds.

• The primary goal in the establishment year is to grow a healthy root 
system.

• At least one shoot will develop into a cane that can be selected for 
growth in the following year.

• These shoots can originate from the base of the vine and do not 
need to be tied to a wire, but some method of training is usually 
desired to keep the vine from sprawling on the ground.

• Bamboo stakes, curled metal wires or wooden sticks can be used to 
help train the shoots upwards, and plastic grow tubes are often 
used to protect the young growth from damage caused by animal 
feeding, chemical herbicides or mechanical cultivation.



Bearing fruit

• The goals in the year after planting are to begin training growth to 
the desired training system and to continue to build vine reserves 
to support at least a partial crop in Year 3.

• Any fruit that develops is usually removed by flower or fruit cluster 
thinning in Year 2, as leaving more than an occasional cluster for 
identification purposes is counter-productive because the fruit will 
compete with vine reserves needed to develop the root system.

• The desired shape of the vine should be achieved during the third 
growing season, and a healthy vine should be able to produce at 
least a partial crop.

• Generally speaking, four-year and older vines should be capable of 
producing a full crop.



The first harvest

• Any fruit that develops on first year vines 

should be removed to encourage vine growth 

and the development of a healthy root 

system.



Important tasks to establish vineyard

• Location – including orientation of the land, 

slopes, climate and soil conditions.

• Variety – rootstock and scion.

• Aim of the production – trellising, vine

spacing, pruning, canopy management.

• Structure of the plantation – possibility of

mechanization, precision viticulture.

• Skills of the producer.



Part 2. – Vineyard Management

2.1 Phytotechnology

Contents

• Pruning

• Trellising systems

• Canopy management

• Yield management



Aims of pruning

• It provides the mechanism to maintain the 

training system, allows one to select the 

fruiting wood and to manipulate the potential 

quantity and quality of fruit produced.

• Because of the way grapevines grow and 

produce fruit, growers must prune annually. 

Fruit is only produced on shoots growing from 

one-year-old canes.

Pruning



Types of pruning

• Cane pruning

• Spur pruning



Methods of pruning

Short spur – 1-2 buds

Head pruning

Short and long spur

pruning on 2nd year

wood

Half or whole cane pruning

with 6 to 8 buds, or 9 to 12 

buds , respectively



Time of pruning

• Dormant pruning of grapevines can be done at any time 
between leaf drop in the fall and budbreak in the spring.

• The logistics of completing the job in a specific time period 
and the availability of labor often influence the timing of 
pruning. 

• There also are vine health considerations that influence the 
decision of when to prune. 

• Pruning in the fall may increase vine susceptibility to freeze 
injury compared to later pruning (Wolf and Poling, 1995). 

• Later pruning commonly causes the vines to “bleed” sap 
from the pruning cuts, but this is not harmful to the vine. 



Bud load determination
• The term bud load (also node count or node number) is 

used to describe the number of dormant buds retained 
at pruning.

• Increasing the bud count increases the number of 
shoots, which, if excessive, can lead to a crowded 
canopy and increased shading. Cropping levels are also 
increased when bud count increases, and the vine may 
not be capable of fully ripening high crop levels despite 
the increased shoot number.

• Excessive pruning – retaining too few buds – leads to 
an undercropping situation. 

• Grape growers often prune vines with the intent to 
achieve a balance between fruit production and 
adequate, but not excessive, shoot growth.



The function and requirements of 

vineyard trellis

• Serves as a framework for training and 

supporting the vines. 

• Must be strong enough to support large crops 

and withstand high winds. 

• Must last 20 or more years with routine 

maintenance.



Major trellis components

• Posts: Wood (preferred), steel or other material spaced 
21, 24 or 28 ft apart

–Dependent on vine spacing 

• Strong end-post design 

–Anchored: earth anchor, tie-back post, or

deadman for rows less than 600 ft.

–Braced: H-brace or slant brace for rows over 600 ft. 

• High-tensile galvanized steel wire 

–High cordon, or Kniffen: 1 to 3 wires 

–Vertical shoot positioning: 5 to 7 wires 

–Geneva Double Curtain: 3 or 4 wires



Anchored End Post System with an 

Earth Anchor 

Trellising systems



H-Brace End Post System 

















Grouping the training systems

Training refers to the
permanent parts of the vine

Head

The permanent part of the
vine consists of a trunk and 

some fattened stubs or a 
bulbous "head" at the top

Spurs or canes develop
directly from the head

Cordon

The permanent part of the
vine consists of a trunk and 

long, straight arms or
cordons trained along a wire

Spurs or canes are spaced at
regular intervals along

cordons
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Head-trained systems 1



Head-trained systems 2



Cordon-trained systems 1



Cordon-trained systems 2



2.2 Agrotechnology

Content

• Vineyard floor management

• Fertilization

• Irrigation



The purpose and importance of 

vineyard soil cultivation

• It aims to change the environmental 

conditions and maintain the agro-ecological 

potential.

• We create favorable conditions for the 

development of the roots, or modify the 

microclimate of the vineyard, and improve or 

impair the feasibility of other cultivation 

operations.



General aims of the vineyard floor

management

• We make the soil suitable for precipitation to
penetrate and be stored in it.

• Controlling weeds.

• Improving the circumstances of root
development.

• We influence the microflora of the soil.

• The plant nutrients are partially placed into the
soil.

• Protection against erosion and deflation.

• The canopy climate could be modified.



The special purposes of vineyard floor

management

• Protecting vinestocks against winter frosts.

• Inderectly modifying the vigour of the

vinestock (root-cut).



Grouping of tillage and floor

management

• Mechanical tillage.

• Chemical weed control.

• Cover crop management.

• Minimum soil tillage.



Mechanical tillage

• The soil surface must be smooth throughout the 
year.

• Soil tillage tools whose application does not lead 
to ridge formation need to be used.

• The ’plow sole’, compacted soil problem should
be prevented.

• Grubbing-up must be carried out every year or 
every two years.

• Unnecessary moving of the soil should be 
avoided.



Advantages of mechanical tillage

• We can also loosen the deeper layers of the 

soil.

• We can do the weed control in an 

environmentally friendly way.

• Every step can be mechanized.



The disadvantages of mechanical

tillage

• Soils can become very compact, airless.

• Compacted soil has limited capacity for

precipitation penetration.

• Due to soil airlessness, nutrient mobility

becomes inhibited, soil life will be limited, 

root development will slow down.



Chemical weed control

• It is an integral part of vineyard floor management, but 
belongs to plant protection from a professional point 
of view.

• They also use selective, super selective, total-acting, 
contact and systemic agents in their mechanism of 
action.

• We primarily control weed in areas below the rows, 
within the row.

• Chemical weed control use is limited in young, non-
cropping plantation.

• The use of certain active compounds could select
growing weeds.



Cover crop usage in vineyard

• Rye sowed within the vinestock row to avoid 

deflation.

• Cover crops will help the machine perform 

the jobs on time.

• There may be annual plants (rye, wheat, 

rapeseed), perennial plants (grass mixtures, 

clover) and can be formed from natural weed 

flora.



The advantages of cover crops in

vineyards

• It facilitates the movement of workers and 

machines at all times.

• Allows you to use precision machines by 

providing a smooth surface.

• It protects the soil.

• Reduces the risk of soil erosion.

• Increases soil organic matter content.

• It facilitates the mobilization of fertilizers.



Disadvantages of cover crops in

vineyard

• Increased use of soil water resources.

• The microclimate condition becomes worse.

• The coordination of cultivation technology 

operations is more difficult.



Mulching

• We cover our soil with a plant material, mulch, 
instead of using cover crops.

• High degree of moisture retention.

• Favorable microflora.

• Avoiding soil compaction.

• When applied correctly, it provides a weed-free 
plantation.

• Animal pests, for example rodents, can multiply, 
overreproduce.



Minimal tillage

• Less movement of the soil surface has a soil-

saving effect.

• Rows are sometimes covered with foil, the 

entire area is kept clean by herbicides.

• It is applied in the Mediterranean areas of 

France, and the ecological conditions do not 

allow us to apply it efficiently yet.



The tools and mechanization of tillage

• For intermittent spacing: we use blades, wing 
looseners, digging machines, vibration subsoil 
looseners (30-70 cm deep).

• For the shallow tillage of the rows: soil mills, 
discs, cultivators, spades.

• Within the row: active and passive mechanical 
solutions.

• Herbicide sprayers.

• Mowing machines are needed for cover crop
cultivation.



2.3 Plant protection

Content

• Grape diseases and disorders

• Grape pests



The most important grapevine viruses

• Fanleaf virus

• Leafroll associated viruses 1-2-3

• Rugose wood

• Redblotch

• Grapevine yellowing

• 16 nepviruses documented from grapes (AILV, 
ArMV, BBLMV, GFLV, GTRV, PRMV, RpRSV, TRSV, 
ToRSV, TBRV, SLRSV, CLRV, GBLV, GARSV, GDefV, 
GCMV).



Minimum sanitary requirements for

the EPPO scheme

• A. Grapevine degeneration complex (all mechanically
transmissible nepoviruses): GFLV, ArMV, GCMV, RpRSV, 
SLRV and TBRV 

• B. Grapevine leafroll complex: GLRaV- 1,2,3,4,5,6,7 & 9 

• C. Grapevine rugose wood complex and related agents: 
GVA, GVB and GRSPV 

• D. Grapevine fleck disease: GFkV

• E. Phytoplasma-induced diseases (yellow diseases) 
Grapevine flavescence dorée phytoplasma Grapevine
bois noir and other yellows phytoplasmas



Fanleaf Degeneration and Decline

• Caused by several nepoviruses

• Possess RNA genomes

• Vegetatively transmitted 

• Field spread mainly by vectors: longidorid

(needle) nematodes 

• Associated with fruit yield losses and vine 

decline



Symptoms of Fanleaf degeneration

stunted, zig-zag 

shoot with fan-

shaped leaves.

yellow mosaic pattern on leaf (L) 

and bright yellow vein banding on 
leaf



Grapevine Leafroll Disease (GLD)

• Most widespread 

• Associated with several distinct 

closteroviruses

• Most GLRaVs belong to genus Ampelovirus

• Grapevine leafroll-associated virus 3 (GLRaV-

3) is predominant



Symptoms of Grapevine Leafroll

On red-skinned varieties of Vitis vinifera, the leaf tissue between the veins turns 

deep red to purple, with downward curling or cupping of the leaf margins. On 

white varieties, the leaf tissue turns yellow with curling or cupping of the leaf 

margins. For both symptom types, the veins remain green.



Rugose wood disease

• Rugose wood is a complex disease characterized by modifications of the 
woody cylinder.

• Within the rugose wood complex four different diseases can be identified 
by biological indexing, but only three of them have been associated with 
viral infection. 

• Rupestris stem pitting is caused by the "Rupestris stem pitting associated 
virus" (RSPaV); 

• Kober stem grooving is caused by grapevine virus A (GVA); 

• Corky bark is caused by grapevine virus B (GVB).

• LN33 stem grooving syndrome is distinguished by biological indexing, but 
no virus has been found associated with this syndrome. 

• The viruses associated with rugose wood complex may also occur as mixed 
infections among themselves and with different grape leafroll associated 
viruses. 

• Propagation of infected plant material appears to be the primary 
mechanism of spread for the viruses.



Symptoms of Rugose wood disease

• In general, affected vines may be dwarfed and less vigorous than normal 
and may have delayed bud break in the spring. 

• Some vines decline and die within a few years after planting. Grafted vines 
often show swelling of the scion above the graft union. 

• With certain cultivars, the bark of the scion above the graft union is 
exceedingly thick and corky and has a spongy texture and a rough 
appearance, often marked by pits or grooves. These alterations may occur 
on the scion, rootstock, or both, according to the cultivar/stock 
combination and possibly individual susceptibility.

• In most cases no specific symptoms are seen on the foliage, but bunches 
may be smaller and fewer than normal.

• Certain cultivars show symptoms similar to those induced by leafroll, i.e., 
rolling, yellowing, or reddening of the leaf blades. These symptoms, when 
they occur, are more severe than those induced by ordinary forms of 
leafroll.



Grapevine fleck disease

• It is a phloem-limited non mechanically 
transmissible virus.

• It is latent in Vitis vinifera but induces specific 
foliar symptoms in the indicator Vitis rupestris.

• GFkV is a member of the family Tymoviridae in 
the genus Maculavirus.

• Grapevine varieties and rootstocks infected with 
a Maculavirus or a Marafivirus may be 
symptomless. However, GFkV is associated with 
fleck symptoms.



Symptoms of Grapevine fleck disease

Symptoms include clearing of the veinlets (they are stripped of colour) in 

young leaves, which can spread into a mosaic pattern in older leaves. Older 

leaves may also become distorted and curl upwards. Symptoms are observed 

in spring during mild weather and disappear with the onset of hotter 

temperatures.



Bacterial diseases of grapevine

• Agrobacterium tumefaciens

• Agrobacterium vitis

• Pierce-disease caused by Xylella fastidiosa



Symptoms of Agrobacterium sp. 

infection

• The vigour of the vine decreases.

• The quantity and the quality of the yield

decrease.

• Cauliflower-like tumors appear on the

wounded trunk.



Agrobacterium infection on grapevine

in a vineyard



Phytoplazma infection

• Stolbur phytoplazma

• Flavescence d’oree



Fungal diseases of the vineyard

• Powdery mildew – Uncinula necator

• Downy mildew – Plamopara viticola

• Gray mold – Botrytis cinerea

• Black rot – Guignardia bidwellii

• Trunk diseases - ESCA



Powdery mildew (Uncinula necator)

Symptoms: Gray and white, powder-like, thin cover appears on the surface of the leaf blade, 

on the shoot and on the berries (epifita micelium with konidia)

Heavy infection

Primer symptoms

Damaged berries



Biology of the powdery mildew

• The powdery mildew fungus 
overwinters in dormant buds or 
as specialized structures on the 
surface of the vines. When 
conditions are favorable for 
growth of the fungus in spring, 
spores are produced, released, 
and cause new infections. 

• High humidity and 
moist weather are
favourable for the 
development of the
disease.

• Secondary spread of 
the disease can occur 
if spores are produced 
in these new 
infections.



Protection against grape powdery

mildew

• It should start at
growth stages with
shoots a few
centimeters long with
contact chemicals.

• Systematic active
compounds should be 
used directly before
blooming, when shoot
length is around 40-60 
cm.

• Spray intervals should

be planned around 7-

14 days depending on

weather conditions.

• Pesticide rotation is 
extremely important
and the distributer’s
advice must be 
followed.



Downy mildew (Plasmopara viticola)

Symptoms on the leaves:

Pale-yellow spots on young

leaves
White mold on the back 

side of the leaf

Necrotic spots

Infected, the leaves

curl and fall down 

prematurely



Downy mildew (Plasmopara viticola)

Symptoms on the cluster:

 Berries are sensitive till the beginning of 

ripening.

 Infected flowers, petioles, tendrils often 

curl, and eventually turn brown and die.

 Young berries are highly susceptible to 

infection and are often covered with the

white fruiting structures of the fungus.

 Infected older berries of white cultivars 

may turn dull gray-green, whereas those of 

black cultivars turn pinkish red.



Biology of the downy mildew

• The fungus 
overwinters mainly in 
the fallen leaves which 
are the source of 
primary infection.

• Secondary infection 

occurs by motile 

zoospores with the

help of splashing rain.

• The most serious outbreaks 
have been found to occur 
when a wet winter is followed 
by a wet spring and a warm 
summer with intermittent 
rains.



Protection against downy mildew

• A preventive program 

should be applied to

control downy mildew

on grapes.

• The first chemical
treatment should be at a 
shoot length of a few
centimeters with contact
chemical compound.

• Spray interval is 
weekly with compact
fungicide, 7-14 days
with systematic
compounds.

• Systematic and contact
fungicide should be used
if infection rate is high
and weather conditions
are extremely favorable
for the algae.



Gray mold (Botrytis cinerea)

Symptoms:

Part of the flower decay.

One or more berries of a cluster show signs of decay just before harvest. 

The decay may progress to include most of the berries in a cluster. 

Berry stems and cluster stems may be invaded, causing 

them to shrivel.

Noble-rot on the well

ripened cluster



Biology of gray mold

• Fungus survives in all 
decaying vegetation. 
Its spores are present 
in the vineyard 
throughout the year.

• Brown mold is most 
common when 
temperatures are higher 
than 30°C in the field or 
24°C in storage.

• Free moisture for six 

hours or longer on the 

surface is necessary 

for infection to occur.



Protection against gray mold

• Gray mold can be 
chemically controlled 
with well-timed 
fungicide applications 
starting during the first 
bloom.

• The second

treatment can be 

planned before the

cluster tightens.

• The third treatment

should be done at

veraison.

• The length of the effect
of the active compounds
should be taken into
consideration before
harvest.



Black rot (Guignardia bidwellii )

Symptoms: The disease attacks the leaves, stem, flowers and berries. All the new growth 

on the vines is prone to attack during the growing season.

The symptoms are in the form of irregularly shaped, reddish brown spots on the leaves 

and a black scab on berries.

Occasionally, small elliptical dark colored canker lesions occur on the young stems and 

tendrils. Leaf, cane and tendril infection can occur only when the tissue is young, but 

berries can be infected until almost fully-grown if an active fungicide residue is not 

present. The affected berries shrivel and become hard black mummies.



Biology of black rot

The black rot fungus overwinters 
primarily in mummies within the 
vine and on the ground, although 
it can also overwinter for at least 
2 years within lesions of infected 
shoots that are retained as canes 
or spurs. 

• The pathogen

survives in soil and 

plant debris.

The period of time required for symptoms to 
appear after the occurrence of an infection 
period depends on both the temperature and the 
age of the tissue at the time it became infected. 
In vineyards, young leaves and fruit generally 
start showing symptoms about 2 weeks after 
infection and the small black pycnidia form within 
them after another few days.

• Warm and moist climate 
with extended periods of 
rain and cloudy weather 
is favourable for the 
development of the 
disease.



Protection against black rot

• The most effective spray 
programs will target the 
overwintered inoculum 
to limit the number of 
primary infections at the 
beginning of the year.

• It has been shown that the 
period just before bloom 
through two weeks after 
bloom is the most 
important time period to 
protect against black rot.

• The removal of the mummies 
from the canopy is critical: 
Research has shown that these 
mummies provide inoculum 
much later into the season 
than those that have fallen to 
the vineyard floor.

• Fungicide application is 
similar to downy mildew
protection, but the levels
of effectiveness are
different.



ESCA (complex grapevine trunk disease)

Symptoms: The disease has slow progress. Visible symptoms only occur several years after

the first infection. 

The woody parts have cancerous wounds, the 

dormant buds will fade and dry up,

the vinestock partially or completely dies.

Tissue necrosis extending from the 

bark to the trunk.



Preventive action aginst trunk diseases

• Cutting out and 

burning the sick

stocks.

• The pruning should

be done at the right 

time and care.

• Wounds needs to be 

treated with

protection materials.

• Spraying the woody

part with copper

containing fungicide

after harvest .



Pests of grapes

Lobesia botrana

Eupoecilia ambiguella

Calepitrimerus vitis

Eriophyes vitis

Grape phylloxera – Daktulosphaira vitifoliae



European grapevine moth (Lobesia botrana)

Damage:

 1st generation larvae feed on the flower, on the setted

berries.

 2nd- 3rd generation larvae feed on the berries and open the

way for Botrytis infection.

Lifecycle, ecology:

 3rd g. / pupa (under bark)

Swarming: 1st g. 4th month end – 5th month first

part,

2nd g. 6-7th months,  3rd g.  8th month.

 Prediction: light and sex attractant

traps. 

 It likes the dry, warm weather.              



Vine moth (Eupoecilia ambiguella)

Damage:

 Completely the same as the European grapvine

moth.

 The first generation developes at the end of May, 

beginning of June, 

the second generation developes in August. 
Lifecycle, ecology:

 2nd g. / pupa (under bark)

 Development time is highly dependent on temperature and 

humidity. The optimum relative humidity level for the

development is 70% or higher.

1st generation damage 2nd generation on berries



Protection against the moths

• Treatment:

When larvae start to feed, 8 – 10 days after

swarming is optimal

(BANCOL 500 SC,FURY 10 EC, INSEGAR, DIPEL ES, 

BACTUCID P, etc.).



Rust mite (Calepitrimerus vitis)

Damage:

 Sucking leaves causes leaves to remain tiny. They shrink with a 

brown discoloration on their surface.

Stubby, short-sprouted, thickened shoots there are spotted 

spots at the site of suction.

Damage on young

grapevine

Lifecycle, ecology:

 7-10 g. / I (under bark, in bud)

 From middle of April till late autumn. 

 Dry, warm spring and early autumn weather is favourable for

the mites’ development. 

Protection:

 Non-infected propagation

material.

Soaking spray at the end of 

dormancy. 

From budbreak till small leaf stage, 

and before hiding into the bud

(MAGUS 200 SC, MITAC 20,

NEORON 500 EC, etc.). 



Colomerus vitis (bud mites)

Damage:

 Starts to feed from budbreak leaves tilt.

 Upper side of the leaves becomes bumpy.

 Feeding on the lower leaf surfaces induces the appearance 

of white-grey patches, made up of unicellular hairs (erineum) 

that grow out of depressions between the veins, and 

corresponding blisters that bulge out of the upper leaf sides. 

Lifecycle, ecology:

 6 - 7 g. / I (in bud) from April.

 They move into the bud shells from

end of July. 

Long mild autumn and early warm spring

weather is  favourable for them.

Protection:

 Acaricides in common usage applied in 

the spring (the only season when the pest 

is exposed), along with the pruning 

regime, may reduce injury. 

 Sulphur containing fungicide reduces

the mite population. 



Protection against mites

• In the case of vine leaf
mite damage the
protection should be 
done at early leaf
stages.

• In the case of other mites
we should delay the first
spraying by 2 weeks at
least, because 50 % of the
first generation will be 
present that time.

• At the end of the
vegetation period, or
right before the
harvest acaricide
could be applied.

• Better to use

systematic active

ingredients for

better efficiency.



Grape phylloxera (Daktulosphaira

vitifoliae)

• Grape phylloxera is 

controlled by grape

rootstocks.

• Grafts have been

applied since the

end of the 19th

century.



Weeds in the vineyard
o Taraxacum officinale is most frequently present in vineyards on hillsides in

Hungary.

o Chenopodium album is present in allmost all plantations, however its coverage

is a little bit over 1 percent.

o The coverage of several weed species ( Amaranthus retroflexus, Capsella-bursa

pastoris, Stellaria media, Senecio vulgaris) shows a clear decreasing trend.

o In contrast with the above species, an increasing tendency is noticed in the case

of Bromus sterilis, Calamagrostis epigeios, Conyza canadensis, Erigeron annuus.

o Significant presence of Convolvulus arvensis can be reported. 



Weed control

• Spraying should be 

carried out when the 

weeds are in 

intensive growth.

• For annual weeds, 

wait until most of 

the plants have 

emerged.

• It is advisable to 

spray hard to control

(perennial) weeds at 

flowering.

• Herbaceous weeds 

should be treated 

before flowering.
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4. Harvest

Contents

• Harvesting and packing table grapes

• Harvesting wine grapes



Critical points of harvesting table

grapes
• There is a preference for seedless, mature, yellow grapes with medium 

sized bunches, well developed colored berries that are crunchy with thin 
skins and a sweet taste.

• Clusters should be exposed to adequate sunlight during ripening, 
therefore vineyard management must target that objective. 

• Table grapes must be sufficiently developed and display satisfactory 
ripeness. In order to satisfy this requirement, the fruit must have obtained 
a refractometric index of at least 16°Brix.

• They should be very carefully handled, placed into the bin in a maximum 
of two thin layers of clusters. 

• Both overmaturity and undermaturity should be avoided. Post optimum 
maturity is often associated with higher decay levels, but also loosening of 
the pedicels at the attachment area (between the stem and the berry), 
which could lead to higher decay levels and berry shatter (loose berries) 
and flaccidness. Immaturity often relates to an increase in SO2 damage 
and berry split on stored grapes, especially the red cultivars.



Table grape classification 1

„Extra" Class

• superior quality

• characteristic of the variety

• berries must be firm, firmly 

attached, evenly spaced 

along the stalk and have their 

bloom virtually intact

• free from defects with the

exception of very slight 

superficial defects, provided 

these do not affect the 

general appearance of the 

produce, the quality, the 

keeping quality and 

presentation in the package



Table grape classification 2 

1st Class

• good quality

• characteristic of the variety

• berries must be firm, firmly 

attached and, as far as 

possible, have their bloom 

intact

• may be less evenly spaced 

along the stalk than in the 

“Extra” Class

• slight defects allowed:

• a slight defect in shape

• slight defects in 

colouring

• very slight sun scorch 

affecting the skin only



Table grape classification 3 

2nd Class

• table grapes not qualifying for inclusion in higher 

classes but satisfying the minimum requirements

• bunches may show slight defects in shape, 

development and colouring, provided these do not 

impair the essential characteristics of the variety

• berries must be sufficiently firm, sufficiently 

firmly attached and still have their bloom

• may be less evenly spaced along the stalk

• defects allowed provided the table grapes 

retain their essential characteristics as regards 

the quality, the keeping quality and 

presentation:

• defects in shape

• defects in colouring

• slight sun scorch affecting the skin only

• slight bruising

• slight skin defects



The packaging of table grapes

• The use of different inner packaging materials, i.e., carry bags, 
moisture absorbing materials, SO2 sheets or outer bag type could 
affect the severity of decay, as well as other physiological disorders 
on table grapes, such as SO2 damage, berry split and freezing
damage.



Crop load estimation before harvest

• Crop estimation also called crop prediction is 

the process of projecting as accurately as 

possible the quantity of crop that will be 

harvested.

• There are two methods:

- Traditional

- Lag Phase



Traditional yield estimation

• This method relies on determining the average cluster weight at harvest in 
one season and uses that number to estimate yield in the following 
season. The following formula can be used to estimate yield: 

•

• PY = (ANV x NC x CW) / 2000 

•

Where:  PY = predicted yield (tons per Ha) 

ANV = actual number of vines / Ha

NC = number of clusters per vine  

CW = cluster weight (in kilograms). 

•

• According to the formula, the grower needs to measure 3 parameters 
each year; the actual number of vines per Ha, the number of clusters per 
vine and the cluster weight. 



Lag Phase method
• This method is based on collecting cluster weights during the “lag phase”. The 

„lag phase” corresponds to the time when seeds begin to harden, which is also 
the period when berry growth slows temporarily. 

• To perform the lag phase method, the following information is needed: 

1. Number of bearing vines per acre: same as in the traditional method 

2. Number of clusters per vine: same as in the traditional method 

3. Cluster weight at lag phase: weigh 100-200 representative clusters per acre or 
block during the lag phase.  This phase typically occurs 55 days after first 
bloom. 

4. GDD can be obtained from weather stations near your vineyard. The 
information is readily available on weather websites. Another alternative is to 
use OSU-GDD calculator website by entering your zip code at: 
http://www.oardc.ohio-state.edu/gdd/

Use the following formula to estimate yield at harvest:  

•

PY = (ANV x NC x Lag CW x 2) / 2000 

Where:  PY = predicted yield (tons per Ha) 

ANV = actual number of vines / Ha

NC = number of clusters per vine  Lag 

CW = cluster weight at lag phase (in kilograms). 



Determination of the wine variety harvest time

• Visual Inspection: Are most of the grape clusters in the vineyard of a color that
characterizes the variety? Are the stems turning brown, indicating structural 
development? Are the skins intact, or has weather made them “mushy”? Is there any 
sign of mold? Are the leaves shutting down into senescence, suggesting that further 
development will be halted soon? Does the vineyard look vulnerable to predators (e.g., 
birds, deer)?

• Sugar: The Brix, or sugar level, will indicate alcohol level in the wine. For our wines, we 
generally want to harvest between 21-24 Brix to keep ultimate alcohol levels between 
12-14%.

• Acidity: We always want to have a balance between sugar and acidity, so pH is our 
acidity indicator. Ideally, we would harvest around 3.2-3.4 pH so that the end pH is 
around 3.5-3.6 and should be balanced with expected alcohol. We measure the
titratable acid content as well; 7-9 g/l is required for a well-balanced wine.

• Flavor Development: Are the juice flavors immature (guava, banana, green apple) or 
have they matured (cherry, raspberry, blackberry, spice)? Seeds will contribute to 
tannin development, so do the seeds taste mature (brown and crunchy) or rough 
(green and bitter)?

• Forecast: What does the weather forecast hold and will it allow further development? 
Do rains threaten the chance of developing mold?



Methods of harvest

Hand-picking is defined as removing the grape 

bunches using garden prunes, hand tools such 

as knives and shears. The clusters of ripe 

grapes should be cut off at the top of the 

bunch stems. The clusters are then placed in 

bins or baskets and transported to the 

pressing location.

There is a debate among winemakers 

regarding hand-picked vs. mechanical-picked 

grapes, as it relates to final wine quality. Those 

on the hand-picked side of the argument 

believe their method makes higher quality 

wine.

There are several reasons why. Hand-pickers 

can visually identify grape bunches that are 

ripe while passing over those that appear 

under-ripe. They can also discard rotten or 

damaged bunches.

Steep hillsides also rule out using mechanical 

harvesting methods.

Machine-picking was first used in the 

60’s utilizing rubber and fiberglass rods 

that vibrate and shake the fruit off the 

vine into a large receptacle.

Producers mass-producing wines for

the market today are able to control 

costs and offer wines at very affordable 

prices because of the machine-

harvesting method. It is the one 

advancement that has had the largest 

impact on affordable wine for the 

masses.



Grape harvest by hand



Grape harvest by machine



5. Vineyard maintenance

Content

• Plant replacement

• Technical maintenance of the trellising system

• Technical maintenance of the irrigation system

• Technical maintenance of roads, canals and 

other infrastructure



Reason of plant loss

• Full stand of vigorous, even-sized vines is 
essential for the economical, maximum 
production of the vineyard.

• Countless factors such as:

- incorrect use of mechanical tools, 

- bad weather conditions,

- vine diseases and attacks of parasites can lead to 
the death of some vines.

• Replanting of missing vines affects grape 
production and wine quality. 



Grapevine stock replacement methods

• After harvest is the ideal time to determine whether 
the vineyard will need new vine stock for the next 
growing season.

• Methods of replecament:

- Plan to carefully rip and cross rip out as many old roots 
as possible. Root pieces remaining from the previous 
planting can harbor pests and diseases. Consider the 
application of compost.

- Dig a plant hole in the replacement place.

- Use mechanic driller to make a hole for the plant.

- Use a hydrodriller to make hole for the plant.



Grapevine stock replacement by

hydrodriller



Trellising repair

• Trellising is a big part of post-harvest 
maintenance, because, in most climates, 
grapevines need supports to secure the wood 
and summer shoots within the training system, 
and ensure proper ventilation and exposure.

• Posts should be fixed, anchors replaced if
necessary. Loosening parts need to be tightened.

• The Gripple Plus range is perfect for ongoing 
maintenance and allows for re-tensioning year 
after year.



Irrigation systems in vineyards

• Low pressure systems:

- drip or trickle irrigation

- microsprinkler irrigation

• High pressure system

- overhead sprinkler

• Furrow irrigation



Maintenance of irrigation systems in

vineyards

• Vineyard managers should remember to check their 
irrigation systems after harvest, since machine 
harvesting can be rough on the vines and the system. 
Look for physical damage, such as fallen hoses or 
emitters.

• At the filter station, they recommend inspecting the 
sand for the sand media filter, working condition of the 
backwash valves and screen of the screen filter. Other 
recommendations are to check the pressure gauges to 
assess the accuracy of the pressure differential and to 
look for gasket leaks and other visible signs of failure.



Maintenance of the roads

• Sufficient room should be left at the end of vineyard 
rows (the headland) to provide space to accommodate 
both end post anchoring systems and sufficient 
turnaround space for harvesting machines, trucks, and 
trailers. 

• Alleyways are breaks between vineyard blocks. 
Alleyways are often used for systematic breaks in what 
would otherwise be long, continuous rows in a 
vineyard.

• The surface should be smooth to traffic all year around
without broken parts of equipments and tractors.



Maintenance of water canals

Agricultural Water Management
Volume 193, November 2017, Pages 191-204

Research paper

Impact of maintenance operations on the seasonal evolution 

of ditch properties and functions
Author links open overlay 

panelJeanneDollingeraFabriceVinatieraMarcVoltzaCécileDagèsaJean-

StéphaneBaillyb

https://doi.org/10.1016/j.agwat.2017.08.013



Content – Precision viticulture

• The definition of precision viticulture, its aim

and tools. 

• Applied precision-based techniques in

viticulture.

• Practical examples of precision viticulture.



Definition of precision viticulture

Precision viticulture refers to the use of a wide range of tools and technologies to 

support informed decision-making by vine growers and winemakers based on detailed 

information about the plantations.



The purpose of precision vineyard 

management

• Marking rows or parts within a plantation that have 
similar or different growth characteristics.

• Collecting data to describe differences or similarities.

• Interpreting the data received and explaining the 
reasons for the differences.

• Based on the analysis received, making a decision 
regarding the cultivation of the plantation in order to 
increase the quantity, to improve the quality, to realize 
our production goal at the lowest cost, to increase the 
profit in the interest of sustainability.



Tools for precision viticulture

1. Geolocation

2. Remote sensing

3. Unmanned Aerial Vehicle

4. Proximal perception

5. Wireless sensor network



GPS based cultivation in vineyards

• Georeferencing is the process of establishing a relationship between 
geographic information and geographic location.

• The Global Positioning System (GPS) is a satellite-based satellite 
positioning system that provides extremely accurate 3D positions (x, y, z) 
and fast, timely information.

• This type of GPS technology is useful for high precision tasks such as 
vineyard planting, crop mapping, auto-driven agricultural vehicles, soil 
sampling and varying distribution of fertilizers and pesticides.



The application of remote sensing

• Remote sensing techniques provide rapid information on the shape, size and 
number of vineyards and allow for variability in them. It is an image with 
different resolution scales that can describe the vine by detecting light reflected 
from the earth's surface and recording the values   obtained.

• Remote sensed data allow the determination of plant vegetation indices. The 
most well-known and commonly used is the Normalized Difference Vegetation 
Index (NDVI).

• Plants capture visible light to drive photosynthesis. However, near infrared (NIR) 
photons don’t carry enough energy for photosynthesis but they do bring lots of 
heat, so plants have evolved to reflect NIR light. This reflection mechanism 
breaks down as the leaf dies. Near Infrared sensors take advantage of this 
property by monitoring the difference between the NIR reflectance and the 
visible reflectance, a calculation known as normalized difference vegetation 
index or NDVI. A strong NDVI signal means a high density of plants and weak 
NDVI indicates problem areas in the vineyard. 



Advances in technology have lead to the use and 

availability of unmanned aerial vehicles (UAVs)

• UAVs can provide a multitude of opportunities for wine grape growers. They can 
fly up to an altitude of 122 m and are able to follow the same path or GPS-guided 
routes daily, weekly, or as desired. The increased availability of these relatively 
cheap and simple-to-use UAVs makes drones perfect for growers wanting more 
detailed information on the vineyard in a timely manner.

• There are three main advantages of using Unmanned Aerial Systems (UAS) for 
disease and stress detection:

- cost,

- timeliness,

- getting information on short notice or during small windows of opportunity.



Variable-Rate Application Technology

• Variable-rate application (VRA) has been widely heralded as a 
means of applying crop inputs (e.g., pesticides, fertilizer, etc.) in a 
non-uniform manner based on varying needs throughout a vineyard 
with advantages including higher average yields, lower input costs, 
and environmental benefits from applying fewer inputs. 

• There are two ways in which automated variable-rate technology 
(VRT) can be utilized for site-specific crop management (SSCM) 
systems:

- sensor-based 

- and map-based systems. 

• There are advantages and drawbacks to both application systems. 
Generally, map-based variable-rate applicators will require more 
components than a sensor-based applicator, however, this is offset 
by the fact that these components can be used for multiple inputs.



Wireless sensor network

• The deployment of wireless sensors in grid vineyards began in the last decade.

• It began by measuring some characteristic parameters of vines, such as leaf 
temperature, growth rate, strain diameter increase, photosynthesis and 
transpiration.

• Analyses can contribute to the effectiveness of viticulture in the following areas:

- Planning irrigation or forecasting late spring frosts;

- In connection with the previous point, in order to determine the occurrence of 
frost in the plantation, it is imperative that we protect ourselves;

- To correlate the size and growth of the vegetation surfaces of the vine with the 
quality parameters of the wine;

- Plant protection planning.



Soil sensors and their applications
• Soil moisture sensors are a useful tool for assisting

with vineyard irrigation scheduling. For example,
the water status of the soil can be measured during
the dormant season to determine if winter rainfall
is reaching the effective rooting area of vines. Soil
moisture sensors are also helpful for determining
the length of irrigation time required to replenish
water to a desired rooting depth. The data
provided by soil sensors can help growers to
understand how water moves in soil and the areas
where roots are most actively taking up water,
potentially reducing excess water application. In
areas where water quality is affected by high salts,
soil moisture sensors can provide valuable
feedback regarding the effectiveness of irrigation or
rainfall with regard to potential leaching of salts
outside of the root zone. The proper placement of
soil sensors is critical for obtaining data that will be
useful to improve vineyard irrigation scheduling.



Disease Management

• Disease from insects, 
pathogens, and other infectious 
organisms can become a serious 
problem. In some cases, disease 
development on grapevines 
occurs rapidly and results in 
entire vineyards incurring injury 
to various degrees.

• Elements of precision agro-
meteorology:

- microclimatic mapping

- monitoring of soil moisture, soil 
heat and salinity

- insect trap sites

- comparative experiments

- cloud based reporting.



Canopy and vigor monitoring

• Canopy and vigor monitoring is the area of 
greatest adoption by the wine grape growers for 
several reasons. It is possible to get timely, high-
resolution information during the growing period, 
which may be relevant for canopy management, 
fertilization and irrigation. The information can 
also be used to delineate zones with differences 
in vigor to target sampling for a better 
assessment of the yield and/or the quality and 
eventually to plan a differential harvest according 
to the measured quality.



Crop Load Management
• Crop load management in

vineyards is important for the
consistent production of both
quality fruit and mature wood.
“Crop load” is the ratio of exposed
leaf area to fresh fruit weight. Too
much leaf area promotes shading
and reduces fruit quality—and
sometimes bud fruitfulness. Too
little leaf area per unit of fruit
delays ripening and reduces vine
size. Measures of crop load are
useful to growers in evaluating the
success of vineyard management
practices. The Ravaz index—which
uses the ratio of yield to pruning
weight to estimate crop load—is
one common metric.



Vineyard Design

• Variation in soil and topography is likely to 

have a substantial impact on variation in 

vineyard performance. High resolution soil 

maps generated through the use of proximal 

sensors are proving to be useful in providing 

insights into the spatial variation in soil 

properties at scales that are relevant to those 

responsible for designing new vineyards or re-

developing older ones.



Fertilization of grapevines

• Tractor-mounted variable-rate fertilizer 

spreaders for grapevines use sensors, 

computers, and GPS technology to 

continuously monitor vines along the row in 

order to make adjustments to the rate of 

fertilizer delivered to each vine. Granular 

fertilizer is accurately placed in independent 

left and right bands under the vines.
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The end  

Technology of viticulture

Thank you for your attention!
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