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\ ABSTRACT

This work was carried out for two seasons : 2004 and 2005 on twelve years old
Thompson Seedless grapevines. Vines were differently trellised, three systems of
trellising were applied at three locations in the vineyard; the first was the simple
traditional telephone cane tralning system (in which vines had a high canopy density),
the second was T trellis system {moderate density) and the third was double T trellis
system (Low density). For measuring the canopy density a point quior thin long metal
was used. This was inserted 50 times in the canopy, then its going through gaps,
leaves or clusters after which the deta was recorded. Scores shest was used for
measuring the canopy density through different steps then data were calculated. The
results showed that number of clustersivine, cluster dimensions, cluster weight and
TSS in berry juice were Increased at the low canopy density (double T system).
Chiorophyll content was found to increase in this treatment whereas leaf area was
decreased. [n the traditional cene system (high density), cluster weight, cluster
dimensions and total soluble solids in berry juice were decreased whereas acidity of
the juice was increased, this was attributed to the high density canopy which did not
allow light and aeration to penetrate within the canopy as to reach the interior parts of
the foliage. This high density canopy needs special management with the aim of
modifying microclimate of the vines.

INTRODUCTION

Canopy management has become an active area of research
especially in the new vineyards with modified trellis system.

A Canopy, is defined as the leaf and shoot system of the vine
(Shautis and Smart, 1974). It is described by dimensions of the boundaries in
space (i.e., width, height, length etc), and also by the amount of shoot system
within this volume (typically leaf area). Canoples are continuous where the
foliage from adjacent vines down the row intermingle, and where there are no
large gaps. If canopies are separated from vine to vine they are
discontinuous. Where canopies of one vine (or adjacent vines) are divided
into discrete foliage walis the canopy is termed divided. Canopies are
crowded or dense where there is much leaf area within the volume bounded
by canopy surfaces for example a high value of the ratio leaf area; canopy
surface area (Smart, 1985), or of leaf layer number (Smart, 1988).

The tenm canopy management includes a range of techniques which
can be applied to a vineyard {o alter the position or achieve a certain amount
of leaves, shoots and fruit in space and so0 as to achieve some desired
arrangements (i.e., canopy microciimate). These techniques include winter
and summer pruning, shoot positioning, leaf removal, shoot vigour control
and use of improved training systems. Canopy management techniques can
be used to improve production and cluster quality, reduce disease incidence,
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and faciitiate mechanization. Open canoples also lead to more efficient
distribution of applied agricultural chemicals (Travis, 1987).

Grapevine leaves as for other plants are strong absorbers of solar
radiation, especially In the waveband 400-700 nm of photosynthetically active
radiation (Smart, 1987). Since only about 6% of light in this waveband is
transmitted by a leaf (Smart, 1987), light levels at the center of dense
canopies are very low, less often than 1% of abovementioned canopy values
(Smart, 1985). - :

Recent reviews (Smart 1984, 1985) have emphasized three means
of canopy microclimate management, these being training system design,
shoot number control and vigour manipulation. Since excessive canopy
shading Is the common fault of medem canopy management, the use of
these techniques to reduce shading are emphasized.

At prasent, vine canopy size Is_commonly described using qualitative
terms related to vine canopy and vigor. The term capacity is generally used to
describe the total vegetative and reproductive blomass produced during the
growing season, while the term vigor Is used to describe the rate of
vegetative blomass accumulation. (Winkler et al,, 1974).

Vines with large growth capacity and high vigor, such as those grown in
fortile soils with large water-holding capacities, often produce canopies of
high leat area density and less favourable interior light exposure (Kliewer,
1982).

In contrast, vines cutltivated under less favorable growth conditions
nomally produce canopies of lower leaf area density and more favorable
interior light exposure.

Research on canopy characteristics can seek understanding in both
the relation of such characteristics to the canopy microclimates, and to the
size of the canopy per unit area of land. Advances in that understanding, and
its relations to climate, varlety, and the desired composition of grapes, can
lead to canopy specifications and, then, to vmcultural practices to attain those
specifications (Shaulis, 1982).

This research will throw the light on the improper canopy
management made by some growars, how problem canopies can be
identified, and give some practical techniques of canopy management.

Management includes concepts of problem Identification and then
their solution.

MATERJALS AND METHODS

Owing to the fact that no research work dealing with this subject was
available in the literature in Egypt at least in the field of viticulture, this part of
the paper will be discussed in details. This Investigation was carried out
during two successive seasons, 2004 and 2005 on 12-years-old Thompson
Seedless grapevines, grown in Sanheira Kaliobeya governorate in a clay soil,
irrigated by the furrow system and trellised to the double T (telephonse trellis
system), single T trellis systern and the traditional cane training system. The
three trollis systems were found in three separate sites of the vineyard.
Cultural practices were performed In accordance with the -standard
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commercial production practices already applied for this variety. Vines in
each system were similar in vigour and in canopy density. However, the
systems were different in their canopy density. According to their canopy
density, vines were classifled into three categories : (high, low and
~ moderate). Forty vines were chosen for each site according to their replicated
- four times, ten vines per each replicate to determine the density of canopy by
difterent means of measurements. All vines were pruned according to the
mixed pruning system {(canes + spurs) to 6 cane with 12 buds per cane for
each vine in both season.

Diagnosls of canopy problems :

This research includes two parts: the first presents in detail tieid
methods for evaluating grapevine canopy density and the second, the
yieldvine and some physical and chemical properties of clusters and berries.
Canopy assessment :

This was carried out through the period between veraison and
harvest using eight characters as previously proposed by Smart and Smith,
(1988); Smart and Sharp, (1989). Three of these characters describe the
microclimate {(canopy gaps, canopy density and fruit exposure) to light and
aeration and the other five with prior growth/physiological status (leaf size,
leaf colour, shoot length, lateral growth and growing tip presence. Each
character is assessed out of 10 points thus giving a total of 80. It is to be
noted that the scorecard should not be used for diseased, unhealthy or
excessively stressed vines.

The techniques developed for diagnosing canopy problems are
designed for practical field use by researchers and growers. The techniques
are oasy o leam and interprete, quick to use and also inexpensive.

This technique was first applied 1o vineyard canopy studies in 1980
(Smart et al,, 1982). This simple method describes the distribition of lsaves
and fruit in space, and provides quantitative canopy description as follows :
Point Quadrat Measurement :

A sharpened thin metal rod is passed at a fixed inclination into the
canopy (normally in the fruit zone) where it contacts with leaves. Clusters and
canopy gaps are noted.

The passage of the fine rod through the simulates of a beam of light
is observed. Therefore the contact of the rod with parts of the canopy can be
related o the exposure of that part to light. Contacts are recorded only with
leaves and clusters but acknowledge that contact with stems may sometimes
be significant {Smart, 1988).

Recommend the rod be inserted in the fruit zone, which is normally
20-40 cm wide for vertical canopies, the needle can be inserted horizontally.
The needle is inserted perpendicular to the canopy face. Where the canopy is
very dense, it is only necessary to insert to the center of the canopy.

Wae generally use-50 to 100 insertions per canopy 10 be described,
this normally is a sample of 5-10 vines. The need'e is inserted at random, we
don’t look at the canopy before insertion and for the sake of preciseness we

‘rest a board against the canopy and make an insertion for each of the
premarked intervals; i.e. each 10 seconds.
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Using this fine rigid welding rod (2 mm diameter and sharpened at
one end), It is easy to hold the needle in a tube of a slightly larger diameter,
20-30 cm long. This will stop the needle moving about in the canopy. It is aiso
easy to have one person on the needle and another acting as recorder. One
insertion can be made about each 10 seconds or about 360 times per hour.

Calculation of data :

The following score sheet gives the results of 50 determinations at
the three sites of the vineyard. The first represents the higher canopy density
(the traditional cane system), the second represents the low density as in the
double T and the third, moderate density as in the T system.

These canopies were assessed from side to side. The following
paramseters could be readily calculated :

a} Percent gaps : The total number of “G” is divided by number of

passes (50 here}, multiplied by 100 to obtain the percentage.
b} LLN : total number of leaf contacts divided by number of passes
(50 here).

¢) Percentage Interior leaves : The number of interior leaves, i.e.,
not at either surface, divided by tota! number of leaves multiplied
by 100 to obtain the percentage.

dy Percent interior clusters : The number of interior clusters, i.e. not

at either surface, divided by the total number of clusters,
multiplied by 100, to obtain the percentage.
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This scorecard Indicates Potential for Producing Quality of Grapes |

Note : If majority of shoots are less than 30 cm lon i i
] g, or if these vines are
clearly diseased or chlorotic or necrotic, or excessively stressed, do Not

Score Vineyard
Standing away from canopy

.CANOPY GAPS (from side to side of
-canopy, within area contained by 90% of

canopy boundary)

s about 40%

» about 50% or more
» about 30%

» about 20%

» about 10% or less

0

S B OV 0D e

LEAF SIZE (basal-mid leaves on shoot,
exterior).

For this variety are the leaves relatively:
« Slightly small

* average

» stightly large

» very large

» very small

0

R Ch0O

LEAF COLOUR (basal leaves in fruit zone).
* |eaves green, healthy, slightly 10
dull and pale

o leaves dark green, shiny, healthy 6

« leaves yellowish green, healthy 6

» leaves with mild nutrient deficiency 6
symptoms

¢ unhealthy leaves, with marked 2
necrosis or chlorosis

Standing at Canopy
CANOPY DENSITY (from side to side in
fruit zone), mean leaf layer number
» about 1 or less -
» about 1.5

» about 2

® more than 2

0

LS -

FRUIT EXPOSURE (remember that the
canopy has -two sides normally-that fruit
which is not exposed on your side may be
exposed to the other side)

« about 60% or more exposed
¢ about 50%

* about 40%

» about 30%

» about 20% or less

0

B b SN GG e

SHOOT LENGTH 6599

« about 10-20 nodes 10
e about 8-10 nodes 6
¢ jbout 20-25 nodes 6
¢ less than about 8 nodes 2
+ more than about 30 nodes 2

7. LATERAL GROWTH (normally from about

point where shoots are trimmed. If laterals
have been trimmed, look at diameter of

stubs).

» limited or zero lateral growth 10
» moderate vigour lateral growth 6
 very vigorous growth 2

8. GROWING TIPS (of all shoots, the
proportion with actively growing tips - make
due allowance for trimming).
» about 5% or less
» about 10%
© about 20%

* about 30%
- o about 40%
» about 50% or more

0

S b b OV

Total pint score __ /80=__ %

OTHER COMMENTS
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Some hints
First, stand away trom the canopy with your back against the adjacent row to
score the first three characters (canopy gaps, leaf size, and leaf colour).
Canopy gaps : Estimate the proportion of gaps in the canopy. Do not count
as gaps the 'holes’ which occur between spiky shoots at the edges of the
canopy.
Leaf size and leaf colour : These scores require experience with the variety -
to know what are relatively large or small leaves and healthy, normal
coloured leaves. Observe only exterior leaves in a basal to mid shoot
position. Be careful not to include iateral leaves in your size assessment as
these are generally smaller.
Canopy density : Assess this by putting your face near the canopy fruit
zone, and fix your gaze straight ahead. Use your finger to move leaves aside
in your line of sight, counting the number of leaves until you reach the other
side of the canopy. Count zero for a canopy gap. Record the leaf layer
number. Repeat to get a representative number.
Fruit exposure : Develop a mental image of the fruit you can see at the
canopy exterior. Then, brush away the leaves, and assess how much fruit is
in the canopy and not visible from the outside. Percent fruit exposure is the
ratio of the two values. Repeat to get a representative number.
Shoot length : Count the nodes on some representative shoots and average
them. Be careful not to unconsciously select the longest shoots. 1t is a good
practice to close your eyes to select shoots so they will be chosen at random.
Lateral growth : Again select some shoots at random and look for lateral
growth up and down the shoot. If the shoot has been trimmed, most lateral
growth will be near the cut end. Again experience will help you in your
assessment. The following guide will also help :
e \Very vigorous lateral growth : Laterals are growing at most nodes,
and the majority of them are ionger than five nodes.
« Moderate vigorous: Laterals are developed at about one third of the
nodes on the shoot and most laterals are less than four nodes long.
« Limited or zero vigorous: Laterals occur infrequently, and normally do
not develop more than two nodes long.
Growing tips : Assess all the tips on main shoots and laterals. Tips that are
actively growing will always have the blunt apex extending beyond any young
leaves on the shoot. Tips which have stopped growing have young leaves
which can be folded in front of the growing tip.
Optimum values
The scorecard will give high total points to a canopy which is very open,
where vigour is moderate and where the vines are under slight water and
nutrient stress. - - ~—- - '
Vineyard Scoring : !
There are two primary groups of factors affecting grape quality; th
canopy microclimate and the vine physiological status. As it turns out, both
these factors can be visually assessed, leading to the concept of a vineyard
scorecard, an idea first published in 1985 . (Smart et al, 1985). Eight
characters are to be assessed, three of them deal especially with
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. microclimate (canopy gaps, canopy density and fruit exposure) and the other
five with prior growth/physiological status (leaf size, leaf colour, shoot length,
lateral growth and growing tip présence). Each character is assessed out of
10 points, leading to a total of 80. “Ideal” canopies have more than 40%
canopy gaps, slightly small and dull green heaithy leaves, LLN of 1.0 or less,
about 60% fruit exposure, 10-20 node length, shoots with limited or zero

lateral growth and 5% or less growing tips.

The scorecard should not be used for diseased, unhealthy or
excessively stressed vines.

Vegetative measurements
Leaf area (cm?).

At veraison, mature leaves at 5-7™ posmon from shoot tip were

collected to measure the individual leaf area using Ci-203 laser area meter
made by CID, inc, Vancouver, USA.
Chlorophyll was measured using nondestructive Minoita chlorophyll meter
SPAD 502 (SPAD as an acronym for soil plant analysis development, Wood
et al, (1992). It measures the relative amount of chlorophyil present by
measuring the transmittance of the leaf in two wave bands 600-7C0 and 400-
500 nm. The reading is proportional to the amount of chlorophyil.

At harvest, sixteen grape clusters were picked when total soluble
solids of berry juice attained 17-18% (Kader et al., 1985) and brought to the
laboratory for the determination of cluster weight, length and width and
number of clusters Avine was also recorded.

TSS (by a hand refractometer), acidity was determined in the juice

according to A.O.A.C (1985).
Weight of Prunings : Immediately after prumng weight of one year old wood
was determined as kg per vine at each location,(high density canopy,
moderate density canopy and low density canopy). The values were
considered as an indicator for the canopy density and vigour.

The data were subjected to analysis of variance according to
Snedecor and Cochran {1980) and the new L.S.D test {5%) was used to
compare between means.

RESULTS AND DISCUSSION

Cluster characteristics :

Cluster weight, length, width and yield : data in table {2) showed
that the lowest values of these parameters were evident at the high canopy
density at the two seasons of the study. The effect of crowded shoots and
high canopy density had its negative effect on shading, thus giving poor fruit
quality {Jackson and Coombe 1988). Cluster weight and yield recorded the
highest values for the low canopy density in both seasons.

Data in Table (2} show that number of clusters per vine decreased at
the vines with high canopy density, while it increased at the vines with low
canopy density and those with moderate density. These resulls indicate that
the double T treflis system and 7 trellis system gave an open canopies and
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which are not close together, leaves and fruit had a uniform microclimate as
possible. The obtained results are in agreement with those obtained by
Shaulis and Smart {1974); Shaulis (1982) and Smart ef al., (1982) who found
that shading of the new shoots of the center zone reduced cluster initiation
and frult quality.
TSS and acidity

As shown in Table (2) the highest values of TSS were evident at -
vines having low density canopy and followed by the moderate density
canopy at the two seasons of the investigation. These results are in harmony
with those obtained by Smart (1985) who found that shading reduced fruit
sugar and increased malic acld and there existed a relationship between
canopy microclimate and cluster quality. It is to be noticed that in the
traditional cane trallising system, the leaves and shoots were shaded by the
overhanging foliage. The new introduced trellis designs T and double T were
found to have horizontal vertical canopies without crowded shoots. These
systems had the highest percentages of TSS in both seasons of the study.

The results in this respect are in the same trend with Kliewer {1989)
who found that the decrease in TSS induced by the high canopy density was
due to fruits from interior shoots which had lower sugar and higher acidity.

Table (2) : Cluster characteristics and welght of prunings for different
trellis systems (at season 2004 and 2005).

Clu No. of Cluster | Cluster
chara clusters “'(“)'m' k;;:::e length width | TSS (%) A:'l:,:_ty
vine 9 ~{em) cm

Canopy
densit 2004 2005| 2004|2005/ 2604 | 2005 | 2004|2005 2004 200520042005 2004 (2005

KDouble T} i - -
Low density) 31 | 34 | 200 | 330 | 8.9911.22| 28.0 |126.0| 14.0 | 12.0/18.4|18.8|0.7410.41

24 | 27 (220 (230 |5.28| 6.21 |22.0(24.0/12.0/10.0|16.0|16.8 0.64 |0.59

18 | 21 | 175]180|3.15 3.99 | 18.0 |19.0( 9.0 | 8.0 | 14.4]16.0|0.72|0.67

|_
4.50]3.33/16.0/22.8(1.46] 1.81 [2.34|3.60|/2.50 1.4 [1.00/0.63]|0.11|0.09

Data presented in table (3) show that leaf area varied significantly
among the three trellising systems ranging between 198 to 186 in vines with
low canopy. density to.143, 133 for those having high canopy density. Leaf
area decreased significantly at vines with high density canopy, while it
increased significantly at the low and moderate canopy densities at the two
seasons of the investigation.

Data In table (3) clear out that leaf chiorophyll content was higher in
vines of low density canopy. This can ascribed to the presence of a high
number of the gaps which allowed light to penetrate the foliage to the center
of the vine canopy.
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Table (3): Leaf area, chlorophyll content of leaves and weight of
prunings per vine as affected by canopy denslity In
Thompson seediess grapevines at 2004 and 2005 seasons.

juster characte Leaf area Chlorophyll Welght of
- (cm®) mglg d.w pruningsivine kg
Canopy density” 2004 | 2005 | 2004 | 2005 2004 2005
(Double T)
| ow donsity canopies 198.0 | 186.0 4.4 4.6 0.90 0.75
KOne T)
Moderate density ies{ 1630 | 1540 4.0 39 1.95 1.70

(Traditional cane training)
High density canopies 143.0 | 133.0 35 3.0 2.35 7.80

L.S.D 5% 14.4 12.6 0.21 0.32 0.56 0.64

Weight of prunings :

It is evident from data in Table (3) that vines with high canopy density
recorded the highest weight of prunings in comparison with the other canopy
densities (low and moderate canopy densities). The results in this connection
agree with those obtained by Shaulis and Smart, (1974), who found that high
density of canopy was retained at winter pruning as one year old shoots.
Weight of prunings was found to increase with leaf area density increased.

Point Quadrat analysis :

The following canopy descriptors can be generated from the data-
percent gaps, LLN (leaf layer number) percent interior leaves and percent
interior clusters. Table (1) showed typical data for high, iow and moderate
density canopies and demonstrated the method to calculate canopy density
indices (Kliewer, 1989). Data showed that.the low density canopies had the
highest number of Gaps followed by the moderate whereas no gaps were
found at the high canopy density.

It is worthy to note that the high number of gaps causes an adequate
fruit exposure to sunlight, promotes and improves cluster quality while the
lower number of gaps causes the shaded canopy to produce clusters with
increased malic acid in berry juice and reduced sugar content and colour. It is
apparent from data of Table (4) that the low canopy density had the least
number of interior leaves and interior clusters as compared with other levels
of two canopy densities (low and moderate). 1t is clear that the high density
canopy system needs canopy management to improve the microclimate for
the vines.

The scorecard as presented is based on observation and
measurement of high qualily vineyard. To solve the problem of the ltow
cluster quality different ways of agricultural practices should be applied such
as summer pruning, winter pruning, proper irrigation, fertilization, ....etc..

ldeal canopies have more than 40% canopy gaps, slightly small and
slightly dull green healthy leaves, LLN of 1.0 or leaves about 60%, fruit
exposure, 10-20 node length, shoot with limited or zero lateral growth and 5%
or less growing tips.
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The results in this respect are in the same trend since vines having
low canopy density were considered as Iideal, followed in a descending order
by those with moderate canopy density. It was concluded that the double T
trellis system is ideal for growing grape vines with open foliage and canopy
management. A useful tool was found to diagnose canopy problems and to
assess management procedurss to improve canopies ie. Leaf plucking.

Sample point Quadrat Analysls Sheet
Each site has 50 value {(average of 2004 and 2005) seasons

Low density canopy Moderate denslity canopy High density canopy

1 |G 26 UL [l [26 1 JLeC 26 |LLCLCL

2 |G 27 |u 2 |ILCL 27 |LCL 2 |CLL 27 JLLLCLLLL
3 |u 28 |G G 28 |LC 3 L 28 |LLLCL

4 ILG 29 |G 4 |LL 29 |LCCL 4 |LLL 29 JLLCCL

5 JLL 0 |LC 5 UG 30 JLLL § JLCLLLL | 30 |LLCCL

6 |L a1 |IC 6 [CL 31 |LCLL 6 LLLL 31 |LLCLL

7 JLL 32 |cC 7 |LLL 32 |LCL 7 (LCL 32 |LLCLL

8 |LL 3 |G 8 |LCL 33 [LC 8 |LL 33 |LLL

9 |CL 34 |CLCC |9 |LC 4 |Lc 9 |JLLL 34 |CCLL

10 JLL 35 |CC 10 |LCL 35 |LL 10 JLLL 35 LCL

11 L 36 |G 11 |LL 36 |LL 11 JLLLL 36 [CLL

12 ICLC | 37 (C 12 |LLC 37 CL 12 ILCLCL 37 |LCCCCLL
13 |LC 8 G 1310 38 |IC 13 JLLL 38 JLCLL

14 JLL 39 LL 14 |CL 39 |LCL 14 JLLL 39 jLLLLLLC
15 |G 40 JLLL 15|G 40 |LCCL 15 |LLL 40 jLL

16 |LCC | 41 JLCL 16 |LL 41 |LLL 16 |LL 41 |LCCLL
171G 42 G 171G 42 JLL 17 JLCLL 42 ILLL

18 |G 43 (G 18 [LCL 43 CL 18 |LLCL 43 |L.CLL

19 |LCL 44 |LLL 19 (LL 44 |L 19 jCLLL 44 [LLCCLL
20 |G 45 |C 20 1L CG 45 |CL 20 |LLCL 45 [LL

2t |LC 46 |G 21 1LC 46 |LCC 21 | 46 JLLLL

22 ILC 47 |G 22 JLCL 47 |LCC 22 JLLL 47 JLLLLL

23 jLLC 48 |G 231G 48 |G 23 LU 48 JLLLLLCLL
24 ILLC 49 |LCL 24} - 49 |LC 24 LLL 49 [LLLLLL
25 |G 50 JLCC | 25] 50 JLCL 25 |LLCCL 50 JLLLLL
Percent gaps: 17/50°= 0.34 /50 = 0,12 0/50=0
LLN: 46/50 = 0.92 73/50 =1.46 170/50 = 3.4
Percent interior lesvas: 7/46 = 0.152 7113 = 0.096 74170 = 0.435
Percant interlor clusters: 6/26 = 0.23 15/33 = 0.45 37/39 0.948

The results of this investigation indicated that the double T treliis
system gave a wide surface of horizontal vegetative growth and light leveis
enter through the center of the canopies. Studies indicated that Shade at the
center of the vine growth causes a reduction in the yieid and ciuster quality
and number of clusters per vine.

Shade should be avoided by reducing leaf area, number of crowded
shoots and increasing canopy gaps. Canopy management techniques should
be considered according to vine vigour. More or high density of canopy
increases the shade. For low to moderate vigour vineyards, summer pruning
practices or fruit zone removal may be sufficient to improve the microclimate.
High density of canopy needs to change the wires of the trellis system to be
horizontal for the vegetative growth. .
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Table (4) : Calculation of data : The sample scorecard overleat has been
used to describe Thompson Seedless vines trellised to double
Telephone trellis, one Telephone trellis and the traditional
cane training systems. The results are set out below.

Results of Scoring Canopy density (average of 2004 and 2005) seasons

Doubie T trellis Old cane trainin
Character system Low O:‘z:;rrg‘l:z:ﬁt:m system High densgity
. density Y canopy
Cancpy gaps 10 6 0
i_eaf size 10 6 2
eal colour 10 6 8
Canopy density 10 2 2
Fruit exposure 10 2 2
hoot length 8 6 10
Lateral growth 8 4 2
Growing tips 10 8 8
Total/80 78 42 30
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