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History, Uses and production

کشت در تمام دنيا•
مصرف به شکلهای مختلف•
Viticultureتوسعه صنعت •

مليون هکتار 7/9سطح زیر کشت بيش از •
)vigorously growing(شدیدا پر رشد •
)crop vs. weed!!! (علف هرز مزاحم •
)climbing plant(گياه بالا رونده •
توانایی شکل گيری به فرم های مختلف•



Geographical origin of grapevine 
species

Vitisاهلی شدن • spp در چند منطقه مختلف دنيا
بين دریای خزر و (احتمال جنوب قفقاز به  V. viniferaمنشأ اهلی شدن •

گرجستان، شمال غرب ترکيه، شمال عراق، آذزبایجان و )دریای سياه

 V. labruscaانگور ). 1پلات (های بومی شمال آمریکا هم زیاد است گونه•
از  بومی شمال شرق آمریکاست و در صنعت توليد آب ميوه در بسياری

ها کمتر ولی سایر گونه. ای داردهای آمریکا اهميت فوق العادهایالت
.شوندبرای توليد تجاری انگور استفاده می





) grapes with oak(همبستگی و رابطه انگور با بلوط •

می کردندانگورها از درختان بلوط به عنوان قيم استفاده •

•Saccharomyces cerevisiae ) از درختان بلوط ) تهيه شرابمخمر

س تجارت و مسافرت به فلسطين، سوریه، مصر، بين النهرین و سپ•
ایمدیترانهمناطق 

های کشت آن را نيز به ها علاوه بر مصرف روشها و رومییونانی•
.سراسر اروپا و حتی مناطق شمال مثل بریتانيا گسترش دادند

• V. vinifera  از اروپا به شمال آمریکا، پرو و شيلی برده شد بعد به
.  شدمناطق جنوب آفریقا، استراليا و نيوزلند وارد 







سال قبل  10000تا  6000تاریخ اهلی شدن به حدود •
 V. viniferaتغيير صفات مورفولوژیکی و بيو شيميایی با اهلی شدن •

•Complete flowers

•Uniformity in berry maturation in cluster

•More sugar content

•Wide range of colors



Family, Genus, Species and 
Related Plants

بياره بالا ( Climbing vineیا یک ) خزنده( Lianaیک شناسی از نظر گياه•
)  رونده

فاقد تنه •
)understorey(به صورت یک گياه زیر رسته •
به راحتیپراکنش بذر •
در برخی موارد انگورهای وحشی هم خوش طعم هستند •

که منشأ آن شمال شرق  Amur grapeیا انگور  V. amurensisمثل 
)cold hardiness) (disease resistance( .آسياست



Family: Vitaceae

•mostly woody,

•tree‐climbing vines, though a few have a shrubby 
growth habit.

•characterized by tendrils

• inflorescences opposite the leaves. 

•There are 12 genera within the family including

• Vitis, Ampelocissus, Clematicissus, Parthenocissus
(Virginia creeper), Ampelopsis and Cissus (kangaroo 
vine).



• Genus: Vitis

• consists of two subgenera, Euvitis and Muscadinia.

• flower petals separate from the bottom

Muscadiniaکروموزوم برای  40و  Euvitisکروموزوم برای  38•

• There are three named species in this group, the most important

•of which is M. rotundifolia

• Because of their different chromosome number, plants in this 
subgenus will not naturally interbreed with Euvitis species.



Vitis labrusca



Grapes

•Horticultural Classification

(3 groups)

• Botanical Classification

(2 groups)

• Classification according to usage

(4 groups)









haracteristics of Muscadine Grape









Grape
2013 AreaName

1 11550024 China, mainland
2 8010364 Italy
3 7744997 United States of America
4 7480000 Spain
5 5518371 France
6 4011409 Turkey
7 3297981 Chile
8 2881346 Argentina
9 2483000 India
10 2046420 Iran (Islamic Republic of)
11 1850000 South Africa
12 1762572 Australia
13 1439535 Brazil
14 1389133 Egypt
15 1322090 Uzbekistan









 وبيچ اسكلت يك از بالغ موهاي ايريشه سيستم
 كه تاس شده تشكيل پيرتر هايريشه از متشكل

 اي افقي( كنندمي رشد دائمي هايريشه آنها از
 زيادي جانبي هايريشه هاريشه اين از .)عمودي
 زيادي تعداد هم هاريشه اين از .شودمي توليد
 هانآ نقش كه ترنازك و تركوتاه جانبي هايريشه

.است خاك تماس سطح افزايش

 هب انگور ايريشه سيستم عمده قسمت
 دارد وجود خاك متري 1 در معمول طور

 هايخاك شرايط در هاريشه برخي گرچه
.ندكنمي نفوذ بيشتر عمق به مساعدتر



• Own‐rooted/ self‐rooted vines or grafted

• The crossing of V. vinifera and other species of grapevine was not widespread
until the 19th century, when North American vine diseases and phylloxera (a
plant louse) spread throughout Europe.

• V. champini, V. berlandieri, V. rupestris, V. riparia, etc.

• The root tip is the most important part of the root system, in that it is the part
that will allow the plant to explore new areas of soil.

• Root hairs are the specialized organs that grow from the epidermal cells behind
the tip and along for about 5 cm (zone of absorption).

• Root hairs have a very large surface area, they are the part of the root that
perform most of the water and nutrient gathering, and also interact with the
mycorrhizae.











•Mycorrhizae

• These are a group of fungi that form beneficial relationships with
most species of plants, including grapevines.

• Vesicular arbuscular mycorrhizae (VAM) are the most common.

• VAM are usually most associated with plants in low‐phosphorus
soils, (as the hyphal network is more efficient), however, VAM
associations are also known to occur in higher phosphorus soils.

• Grapevines normally have VAM infections, and this has been shown
to have a beneficial effect on the growth of vines with improved
root and shoot development.





The Trunk

provides support for canopy growth as well as 
being a carbohydrate storage site



In mature vines, trunk has short arms
in which canes or spurs are produced.

Home Garden



Shoots and Canes
• Primary unit of vine growth

• Primary shoots arise from primary buds and are fruit‐ producing 
shoots on the vine.

• The shoot has many points of growth, but the extension growth of 
the shoot occurs from the shoot tip.

• Arranged along the shoot in regular patterns are leaves, tendrils, 
flower or fruit clusters and buds.



Fixed growth  vs. free growth

•The early‐season shoot
development is called fixed
growth.

•

• It is the growth of the pre‐formed
nodes and leaves and results in
the early appearance of leaves
and flower clusters.

• A pattern to tendril and leaf
appearance emerges: every third
node lacks a tendril but this
pattern …



At each internode and at the base of the leaf petiole there forms another
compound bud and an axillary (or lateral) bud

The axillary bud will develop into a noticeable lateral shoot if conditions are
favourable during the season,
The compound bud is the one that will overwinter and be the
source of shoots for the following season



Further elongation of the shoot
beyond the fixed growth is called
the free growth.

It is the result solely of the
environmental conditions of the
current season and the shoot tip
meristem.

Grapevines will grow as long as
conditions (primarily temperature)
permit, so their growth is called
indeterminate.



The outer layer of meristem
growth is old phloem,

as the cane grows it becomes
what we see as the bark of the

vine,

covers the older canes and vine
trunks.

A cross‐section of a cane shows
the relative positions of the
phloem and xylem on either side
of the cambial layer, as well as
the way in which the inner
cortical cells (pith) break down
to leave the center open.





گرد و بدون لوب با حاشيه دندانه اي. ونيم سانت7تا  5موسكادين برگهاي كوچك عرض . شكل و اندازه بسته به رقم متفاوت است و يك ويژگي انگور است
ناميده ميشود به نوع  عمق و شكل لوبها و فاصله بين آنها كه سينوس. به شكل قلب يا دايره ممكن است لوب داشته باشد. سانت 25تا  20وينيفرا برگهاي بزرگ 

حاشيه برگها دندانه دار. رقم بستگي دارد





A fruitful shoot usually produces







Buds







Floss

cold hardiness



Lateral bud and second crop



Suckers and Watersprout

•Shoots may also arise from bud locations on older wood such as 
cordons and trunks.

•Buds growing from older wood are not newly initiated bus.

•They developed on green shoots as axillary buds that never grew 
out.

•These buds are known as latent buds, because they can remain 
dormant indefinitely until an extreme event such as injury to the 
vine or sever pruning.



Suckers are typically stripped off so that a pruning stub does not
remain to produce additional latent buds that could produce more
suckers in the following year.

Latent buds come into use when trunk, cordon, or spur renewal is
necessary.



canes

• The shoots are called canes after they have matured and the leaves 
have fallen off.



• The shoot begins a transitional phase about midseason, when it begin to 
mature.

• Shoot maturation begins as periderm develops, startina at the shoot base.

• Appearing initially as a yellow, smooth ‘’skin’’.

• Periderm continues to extend development toward the shoot tip through 
summer and fall.

• As periderm develops, it changes from yellow to brown and becomes a dry, 
hard, smooth layer of bark.

• During maturation, the cell walls of ray tissues thicken and there is an 
accumulation of starch in all living cells of the wood and bark.







Figure 2



Flower and Berries

Panicle
Perfect
Self-pollination
Dioecious or monoecious vines (many rootstock cultivars)



The floret is attached to the rachis by the pedicel, and the rachis is attached 
to the peduncle, or stem, of the cluster. Flowers, because they open from the 
base rather than the tip, form a cap (called the calyptra), which pops off at 
flowering (anthesis). As with other flowers, there are anthers, which produce 
the pollen, and a stigma, which receives the pollen.



The protective testa contains inclusions of calcium oxalate crystals and is rich in phenolic compounds such 
as tannins that protect the seed against premature “consumption” by microorganisms or insects







The flower clusters are closely related to
the tendril and usually arise from the 3rd or
higher node on a shoot. The number of
flower clusters per shoot varies with
cultivar, management and environmental
conditions, but can range from none to five
or even more.



True berry

Euvitis can have up to four seeds while the muscadine
grapes can have up to six.

has a waxy outer covering called the cuticle, Later in 
berry development will appear as the white or greyish 
bloom on the skin



The epidermal layer of cells, or skin, of the berry also serves this function, as well
as being the source of colour and some flavour compounds. In some cultivars
lenticels are visible on the berry surface as well, which help exchange gas through
the berry skin. Lenticels may become more visible later in the season as the
berries start to senesce.





• After fruit set, the inflorescence is called a cluster or bunch.

• It is composed of the peduncle (the entire branched axis apart from the 
pedicels of individual flowers) carrying the flowers or, following fruit set, the 
berries.

• Each flower or berry is attached to the peduncle via a pedicel (final branch or 
flower stalk) that widens into the receptacle that carries the flower or berry. 

• The main stem or axis consists of the hypoclade (between the shoot and the 
first branching‐ 2‐10 cm) and the rachis (central axis) that is made up of a main 
axis and a lateral wing or shoulder (also called outer arm). 

• Both arms carry multiple secondary branches (and many of these tertiary 
branches, some of which in turn carry quaternary branches), although the 
shoulder may be missing or may be a tendril or, occasionally, a shoot. 

• A single inflorescence may carry between less than a handful and well over a 
thousand flowers; this variation contributes to large variations in yield in 
cultivated grapes.

• Clusters vary widely in length from 35 cm in wild grape species to more than 50 
cm in some table grape cultivars, and this is accompanied by varying degrees 
of branching. Indeed, the development of the inflorescence requires active 
transport of auxin in the cambium and xylem parenchyma down the 
inflorescence axis.







Tendrils
• The production of leaf‐opposed tendrils and clusters appears to be unique to 
the Vitaceae family.

• typically discontinuous; that is, two of every three nodes bear a tendril. One 
notable exception is V. labrusca, which has a continuous pattern—that is, a 
tendril at every node. 

•Why the other members of the family leave a “blank” at every third node and 
how they keep count is still mysterious. 

• The first (i.e., lowest) two or three nodes usually carry only leaves; the next 
two nodes are generally the ones with clusters, followed by a node with a leaf 
only and then a succession of repeating mirror images of three‐node units 
with the clusters replaced by tendrils.



• Tendrils and fruiting clusters of the grapevine are generally considered 
homologous on the basis of anatomical, morphological, and physiological 
similarities. 

• Darwin (1875) concluded from observations of grapevines growing in his 
backyard that “there can be no doubt that the tendril is a modified flower‐
peduncle.” 

• Indeed, studies of gene expression—that is, of the manufacture of RNA and 
protein from the segment of DNA making up a gene—also suggest that tendrils 
are modified reproductive organs that have been recruited (i.e., adapted during 
evolution) as climbing organs.





•As sterile reproductive structures, they are prevented from completing
floral development by the cell‐elongation hormone gibberellin.

•Accordingly, the absence of gibberellin production or suppression of its
activity at the site of organ initiation gives rise to an inflorescence (flower
cluster), whereas the presence of gibberellin results in a tendril.

• The cell‐division hormone cytokinin, in contrast, promotes inflorescence
formation over tendril formation.

• It seems likely that the response to these hormones is quantitative
because there is a continuum of transitional or intermediary structures
that are partly tendril‐like and partly inflorescence‐like. Moreover, the
degree of differentiation depends largely on the cultivar and
environmental conditions during the time of cluster initiation and
differentiation.



• Similar to leaves, tendrils grow in intercalary fashion in addition to 
growth in their own apical meristem .

• They also differentiate an epidermis with numerous stomata, a 
spongy parenchyma, and a large but short‐lived hydathode at each 
of their tips, which soon become suberized.

• Although two tips are most common, vigorously growing shoots 
often form tendrils with three or more tips (Figure 1.17).



Tendrils enable wild vines to access sunlight at the top of tree canopies with a relatively small 
investment in shoot biomass per unit height gain. The tendril’s tips search for surrounding 
objects by making sweeping, rotating movements during growth; this oscillatory growth pattern 
is termed circumnutation. When one of the tips detects a support (via contact-sensitive 
epidermis cells), the arms rapidly coil around the support in two directions. Following this so-
called thigmotropic movement, the entire tendril lignifies and stiffens to prevent unwinding. 
Tendrils that fail to find a support die and are abscised at the point of attachment to the shoot.



•AMPELOGRAPHY

• Ampelography is the science or art of distinguishing grapevine
cultivars by examining their appearance.

• Through the observation of leaves, shoots, shoot tips, clusters and
fruit, it is possible to determine the cultivar and, in most cases, the
clone of a cultivar.

• Some examples of parameters that are examined in ampelography 
include:

• (i) the number of teeth between major leaf veins;

• (ii) the form and colour of the shoot tip;

• (iii) shoot growth habit; 

• (iv) presence and position of hairs on plant parts; 

• (v) cluster openness or shape;

• (vi) berry shape and skin thickness; 

• (vii) leaf shape and angles between veins



Annual Cycle
•Winter repose

• Bleeding

• Bud break

• Branch growth

• Flowering and Veraison

• Leaf drop

PHENOLOGY
Phenology is the study of events or growth stages of a plant or animal 
that recur seasonally and their relations with various climatic factors, 
including temperature, solar radiation and day length.

With respect to grapevines, it can be used as a predictive tool, allowing the 
manager to plan vineyard operations in advance.







The roots reactivate, and the phloem and xylem tissues start to
function again. Visibly, this leads to sap exuding from fresh cuts on
the vine, as root pressure builds to fill the empty xylem vessels.

Before any visible signs of growth, the vine begins to
come out of dormancy at about the same time as the
soil temperatures starts to rise (due to increased solar
radiation and air temperatures).



In late winter or early spring, grapevines often exude xylem sap from pruning surfaces and other wounds that have not

yet been suberized (Figure 2.3). Such sap flow or “bleeding” marks the transition from dormancy to active growth.

Initiation of bleeding is related to the restoration of metabolic activity in the roots and is influenced by soil

temperature, moisture, and rootstock, but on average it seems to begin when the soil temperature rises above

approximately 7C (Alleweldt, 1965). Indeed, root respiration, as a proxy for metabolic activity in the roots, is closely

coupled to soil temperature (Franck et al., 2011). Within days after the first signs of bleeding, the callose that has

sealed the sieve plates in the phloem of trunks and canes during the winter begins to be degraded (Pouget, 1963).

Bleeding can last for a few days or several weeks (probably depending on whether or not air temperatures are

conducive to budbreak); it can also be a stop‐and‐go process that fluctuates with changes in soil temperature

(Andersen and Brodbeck, 1989). A vine can exude bleeding sap at rates of less than 0.1 L to greater than 1 L per day,

with the highest rates occurring on warm andmoist soils.





Bud Break

Root pressure arises from the remobilization of nutrient reserves from proteins and starch and

pumping of amino acids and sugars into the xylem tracheary elements (Roubelakis‐Angelakis and

Kliewer, 1979). The concentration of sugars apparently increases exponentially as the temperature

declines close to and below 0C; this response occurs within a few hours and is equally rapidly

reversible when the temperature rises again (Moreau and Vinet, 1923). Sugars (especially glucose

and fructose), however, are only a minor component of the bleeding sap. Organic acids (especially

malate, tartrate, and citrate), amino acids (especially glutamine), and mineral nutrient ions

(especially potassium and calcium) together contribute a much greater fraction (.90%) of the total

solutes present (Glad et al., 1992). The resulting increase in the osmotic pressure of the xylem sap

provides the driving force for osmotic water uptake by the roots from the soil, which generates a

positive pressure in the entire xylem of 0.20.4 MPa at the trunk base that declines at a rate of 0.01

MPa m21 due to gravity as the sap rises (Sperry et al., 1987). Because a pressure of 0.1 MPa can

support a water column of approximately 10 m high, root pressure lifts water up the vine and to the

swelling buds of even tall, wild grapevines.



Actual breaking (or appearance of
green tissue through the bud
scales) of the dormant buds has
usually been said to occur when
the air temperature reaches
approximately 10°C.

كه نقش حفاظت از جوانه ها در زمستان را داشتند شروع به باز شدن ميكنند) فلوس(الياف فيبري 





Patterns of root growth
The exploration of soil available to a vine is extensive.

Vine roots have been found to penetrate to depths of more than 10 m in favourable soils. 

Most roots in a typical soil profile will be found in the top 1 m. 



many factors influence root growth, including soil structure, compaction, water
availability, plant genotype, planting density, competing plants, seedling or sapling, etc.

Nonetheless, the vertical and horizontal distribution of the root system of various
rootstocks, it seems, is mostly a function of soil texture, composition, and water
availability, rather than an inherent trait of the rootstock genotype (Smart et al., 2006).

Scion cultivars also alter the root growth of different rootstocks. Such genetic influences
and interactions may be partly responsible for the variation in shoot vigor observed with
different scion/rootstock combinations because grapevines, like other plants, try to
maintain an equilibrium in root:shoot ratio.

Total root length normally correlates closely with leaf area, and root dry weight correlates
with aboveground dry weight in grapevines. It has been estimated that a 1‐ha vineyard
may contain more than 30 t of roots. However, whereas root density may be dependent on
the genotype, it appears that root distribution is dictated by soil properties. Even
genetically identical plants (i.e., clones) can develop vastly
different root systems in terms of both size and architecture, depending on microscale
variations in soil conditions that the roots encounter during growth.

Thus, temperature, soil texture, moisture, and nutrient availability also strongly and
rapidly affect root growth and distribution. In some cases, the effect of temperature on
root growth may be even more pronounced than its influence
on shoot growth.



The roots also have a period of quiescence in the dormant 
season.

• As the soil warms in the spring, root tips begin to explore the soil, but their
development is relatively slow compared with the growth and development of the shoots and
flower clusters.

• After fruit set, the full canopy of the vine is able to support more root
development.

• As the berries ripen toward the end of the season, root growth again slows
due to the shift in partitioning of carbohydrates towards the fruit.

• In areas where there is sufficient warmth to allow photosynthesis after
harvest, there may be another flush of root growth before the vine
becomes dormant, which appears to be related to the excess photosynthetic capacity on
the vine after the fruit is removed

• In cooler climate areas where there is little or no time between harvest and
leaf‐fall this cannot, of course, happen.





…..



After fruit set, shoot growth generally continues to slow by 
about the time the fruit begins to ripen.

Under conditions of high vigor, shoot growth may continue at 
a steady rate throughout the season (abundant water, 
excessive nitrogen fertilizer, sever pruning, extreme 
undercropping).

Ideal shoot: 60‐90 cm (10‐15 full‐sized leaves).

Shoots can grow as fast as 2‐5cm/day (4, 1.8, 5 cm/day), 
forming a new internode every 2‐3 days.

Photosynthesis occurs as soon as there is green tissue on the 
shoots; however, due to the high metabolic activity and use of 
stored carbohydrates, there is no net  production of 
photoassimilates until several leaves have fully expanded.



Shoot growth starts in the distal (topmost or apical) buds of a cane or vine, proceeding basipetally
to the roots. Yet preferential budbreak of distal buds often inhibits the growth of the proximal
(basal) buds. This phenomenon is often attributed to apical dominance.

This inhibition of basal bud outgrowth is especially prevalent in warm climates, where it can lead
to erratic and nonuniform budbreak.

Like the evolution of tendrils, this behavior is an adaptation to the habitat of wild vines, which
enables them to access sunlight at the top of tree canopies with a small investment in shoot
biomass per unit height gain.

This adaptive behavior creates both a viticultural problem (mainly in warm climates) and an
opportunity (mainly in cool climates, delay in budbreak) for cultivated grapevines. The problem
arises from the inconsistent budbreak of cane‐pruned vines. Viticultural practices aimed
promoting uniform budbreak include spur pruning, bending and partial cracking of canes, and
application of hydrogen cyanamide.



shootRudimentary 
shoot



Compound (dormant) and lateral bud



• Flower development in grape is described as a three-step 
process (occurring within …)

• 1‐ formation of uncommitted primordia by the growing points od
developing dormant bud. (similar primordia for both flower and tendril:
anlage)

• 2‐ The primordia become committed to becoming a flower cluster
or a tendril (before or just at bloom). (Difference in branching)
(time of branching)

Cluster primordia develop during current season, and the final step:

• 3‐ formation of flower from the cluster primordia, begins after
budbreak in the following spring (this stage is completed as bloom
time is approached)

Effect of light and temperature on flower cluster initiation (tendril or flower?)





Factors affecting branching …



Because buds in the varying node positions go through the process of
flower cluster initiation at different times, changing environmental factors
that affect this process will also affect the potential crop for each bud in
the following season.

Temperature

• Cool and excessively hot temperatures discourage the initiation process

• The optimum for maximizing potential crop is thought to be in the range 
of 30‐35°C, but this also appears to vary with cultivar.

• In many cool climates, achieving this range of temperature during
flowering, when flower cluster initiation is going on, is relatively rare, …



Light

• It affects the rate at which photosynthesis can occur and hence 
photoassimilate supply.

• The carbohydrate supply near bloom is an important factor
affecting the number and potential size of the flower clusters being
initiated.

• Vine carbohydrate status following fruit set will also affect flower 
cluster number and size in the following season.

• Overly vigorous shoots are associated with fewer flower clusters
because vigorous vines generally have shadier canopies, and also
the growing points of a vigorous shoot are much better at drawing
carbohydrates away from the developing flower clusters.



Plant growth regulators

• The two most involved are gibberellines (GAs) and cytokinins (CKs).

• GA enhances the development of an uncommitted primordium that forms 
to the side of the shoot apex, encouraging the development of tendrils.

• CKs will encourage the formation of flower clusters from the tendrils.

• So the net effect of applying GA to a grapevine shoot during the flower 
cluster initiation period will be to promote the production of tendrils rather 
than flower clusters.

• The net effect of applying CKs to the shoot would be more flower clusters.



• Chlormequat blocks the synthesis of GA (primarily, though it may 
have some effect on CK production as well).

• Cytokines are also important later on in flower development, as
their presence promotes the formation of flower primordia on the
inflorescence near budbreak in the following spring, and can
improve fruit set during flowering as well.

• Analysis of the bleeding sap from cuts on vines before budbreak
show that CKs are being transported from the roots to the upper 
parts of the vine at this time of year.


