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Italy’s viticulture acreage stood at 1.4 million hect-
ares in 1970. According to a survey undertaken at the
time by the National Academy of Agriculture, the vine-
yards were essentially of two types: a high-yield model
situated in the fertile lowland soils, with a yearly
production of about 18 tonnes (£) per hectare at 530 man-
hours of labor (46% of which used for harvesting and
36% for winter pruning), and a low-yield model found
mainly in drier soils and hillside areas, with a yearly
production of about 8 t per hectare at 450 man-hours
labor (37% for harvesting and 36% for winter pruning).

- Today, two decades later, while the country’s total

vineyard acreage has dropped to about 900 thousand
hectares (27), little else has changed in the overall
protfile of its viticulture. For example, more than 80% of
vineyards are less than one hectare in size and nearly
60% are planted in hillside areas. Under these condi-
tions the above-mentioned amounts of human labor
have not markedly changed,

Of these 900 thousand hectares, one-third are lo-
cated in the country’s northern and central areas,
including the Emilia-Romagna, the Veneto, and those
surrounding regions that fall within the Po and Adige
Valleys and run from the Alps in the north to the
Apennines in the south.

The viticulture of the Po Valley: The Po Valley
is marked by very fertile soil and a climate that ranges
on Winkier’s heat summation index from 1200 to 1400
degree days (dd) centigrade in the foothill areas to 1800
to 2000 dd in mid-valley (38) - a range that matches
regions 1, 2, and 3 in California. The Po Valley vines
grow vigorously, and the traditional hedgerow systems,
mainly trained to long arched cane, are markedly tall,
planted at low density and provide high yield per vine
and per hectare (17,22).

However, the terrain and soil conditions of this
valley, unlike those for high-yield vines in other areas of
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the country, are more conducive to mechanized pesti-
cide treatments and soil management and enable in-
creased efficiency of pruning and harvesting by the use
of platforms,

While these factors combined to lower the labor
demand, the valley’s vineyards not mechanized for
harvesting and pruning still need about 380 man-hours
labor yearly per hectare (Fig. 1).

The mechanization of harvesting: The need to
increase vineyard mechanization arose in the Po Valley
before other areas of the country because the marked
expansion of industrial development in northern Ttaly
inthe early 1970’s sharply decreased the seasonal labor
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Fig. 1. Yearly labor demand in hand-managed arched-cane vineyard {15).
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Fig. 2. Italian version of over-row vertical shaking harvester.

supply there,

The first attempt to address this and related prob-
lems was directly linked to the development at Cornell

University of the (Geneva double curtain (GDC) - a -

system designed specifically for mechanical harvest
employing over-row machines fitted with vertical-shak-
ing head pickers (33,34). GDC vineyards were thus
established, either as new plantations or as conversions
from the traditional systems (13,14,16,31,32), and a
tommercial prototype harvester (Fig. 2), almost ident;-
cal to the model manufactured in the US by Chisholm-
Ryder, was built and extensively tested in them (28),
Yet, despite the fact that harvested vintage quality was
good, the overall performance of the Italian machine
exhibited definite limits {2)because ofits marked width,
which made it difficult to handle on roads and in field,
and the difficulty in keeping the spiked-wheel picking
heads concurrently aligned along the two curtains. The
end result was that the machine never went into com-
mercial production.

Meanwhile, over-row harvesters fitted with hori-
zontal slappers for hedgerow systems were introduced
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Fig. 3. Inter-relationship of drive speed, slapper frequency and tota) crop
losses (37).

from US and France (5).

However, in order to employ these units in the tall,
vigorous hedgerows of the Po Valley, it was necessary to
shorten the posts. This proved unviable because the
excessive growth of the shoots covered fruiting areags of
the canopy, resulting in a logs of vintage quality and
machine efficiency as well as in damage to vines hit by
the slappers (2).

The use of this machine was thus limited to less
vigorous vines. Here, extensive testing on the interre-
lated working speed, slapper frequency, total yield loss
and injured vines showed that the best balance of these
factors, ie., a running speed of about 1.5 km per hour
and a slapper frequency of 360 cycles per minute,
resulted in yield losses of about 17% (Fig. 8). The losses
can be broken down into several parts: while on-vine
and on-ground fruit loss was limited to about 4%, juice
loss was over 12%. Yield quality, too, was compromised
as the free-running juice index from harvested fresh
mass was just over 18% (6).

At the same time as these tests were being run, the
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Fig. 4. Yearly labor demand in hgnd-managed GDC vineyard (3,4).
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Fig. 7. Tractor-mounted half-row vertical shaker.

conducted in the north, showed that GDC registered
higher yields at the same sugar contents (Fig. 5). This
response was attributed to the enhanced light intercep-
tion by clusters and leaves as a result of canopy division
and shoot hanging.

Another notable physiological response of these
trials was the control of vine growth exerted by the
hanging shoots (Fig. 6). This finding, together with the
others, pointed on the one hand to GDC’s potential for
higher planting densities and on the other renewed
interest in harvesting mechanization by vertical shaker.
Thus, in the mid-1970’s, a project was undertaken to
test a new approach based on an upgraded integration
of GDC system and harvester.

The half-row harvester and modified GDC
trellis: The basic project concept was to integrafe a
machine of relatively simple design and GDC system
(2). The prototype unit developed for it (Fig. 7) was
mounted on one side of the tractor and fitted with a
single, vertical spiked-wheel shaker to harvest a single
GDC curtain per run (10,11).

The ensuing trials were designed not only to test
harvester efficiency but also to study the stroker effect
on the crop (11). The slow-motion film used to record a
single stroke of the stationary harvester showed a very
limited area of berry drop in front of and behind the
point of impact. For comparison, this effect was then
monitored with the unit running by recording shaker
oscillation and by filming cluster movement at varying
shaker amplitude and cycles per minute (36,39). The
best performance (Fig. 8) was found at a 14-cm ampli-
tude and 300 rpm, a combination that dampened the
impact-induced oscillation about three meters ahead of
the shaker, yet left it strong enough to detach the
berries over a distance of about one meter in front of the
moving head, Thus, the advancing stroker detaches by
inertia the berries one meter shead of it, i.e., without
physical contact between shaker and berries (20). Higher
or lower amplitudes, as well as cycles, extended the
berry drop zone either too far ahead or too close to the
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Fig. 8. Vine cordon oscillation on horizantal {A) and verifcal (B) plane and
clustermovement induced by the vertical shaker {reworked from 6,36,39).

shaker (20),

This unit was then integrated with a GDC trellis
that was modified from its original Y- to a T-shape so as
to increase the catch-gondola’s coverage and to reduce
on-ground fruit losses (Fig. 9). This T-configuration
consists of two independent, upward-moving horizontal
arms, whether wire-supported at arm mid-point or self-

Fig. 9. Vertical shakar with harvesting gondola in original (A) and modified
(B) GDC {20,1).

Fig. 10. S-shape cordon for half-row harvester In modified GDG {(9).
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Fig. 11, Yearly labor demand in hand-pruned and mechanically harvested
GDC vineyard (3.4).

supporting, that feed into the overlapping, flexible ‘fish
scales’ of the catch gondola as the unit advances along
the row (12). The other main changes were the use of
coiled wire (6), to keep the cordon straight and eliminate
tying, and the S-shape of the two cordons, which ori-
ented each to the harvester’s drive direction (Fig. 10).

The commercial machines built from this prototype,
whether tractor-mounted or self-propelled, were al-
ways designed for GDC half-row harvesting. Extensive
trials of the harvester with the modified GDC trellis
showed, in comparison to the horizontal slapper, that
overall yield losses averaged about 9% against 17%,
Juice losses were reduced from 12% to 6% and vintage
quality increased as the free-running juice index of
harvested free mass dropped from about 18% to 6% (6).
The vertical unit also cut labor demand from about 335
to about 150 man-hours yearly per hectare (Fig. 11).
Since these labor data clearly indicated that winter and
mid-summer pruning claimed the largest share of the
work load, the scope of the project was accordingly
expanded to mechanize all pruning operations.

Fig. 12. Multi-purpose cutter unit with height and angle adjustable bars.

Am. J. Enol. Vitic., Vol. 46, No. 1,1985
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Fig. 13. Multi-purpose unit in winter pruning.

The modified GDC trellis integrated with
machine pruning: The trellis modification from Y- to
horizontal T-arms proved essential to the design and
manufacture of a pruning unit to be integrated with it

(7).

The pruner consists of three tractor-mounted cutter
bars (8) adjustable in height and cutting angle (Fig. 12)
so as to enable pruning above, below and on the external
side of each GDC cordon in winter (Fig. 13) and in
summer.

The original unit was later altered by the addition
of a fourth, pivot, bar that can cut the internal cordon
shoots and swing away to avoid hitting arms, posts,
support wires, or other rigid obstacles in its path (21).

The cutter unit was testedin a long-term trial (1981-
1987) designed to compare winter and summer manual
against machine pruning with and without hand-fin-

ishing in adult vines (25). While the first-year results -

showed that the mechanically pruned vines had higher
yield than hand control, as a result of the higher bud
number left by winter machine pruning, the data over
the next six years showed no significant differences
among treatments (25).

These findings demonstrate the ability of machine-
pruned vines to regulate in this case by diminishing
bud-burst, bud fertility and bunch weight so as to
maintain the same grape yield as achieved by hand
cutting despite the always higher bud number left by
the machine. These responses also explain why, from

Fig. 14, Sinuscidal patiern of machine cuts along the GDC cordon (23).
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Fig. 15. Yearly {abor demand in mechanically pruned and harvested GDC
vineyard {3,4).

the second year on, soluble solids as an index of grape
quality was comparable in all tests.

It isimportant to note that, when analyzed in detail,
machine pruning achieves in the end an effect compa-
rable to hand cufting. This because driver errors, ir-
regularities in the terrain and varying shoot growth
angles determine not a linear cut pattern, as might be
expected of a machine, but one with a sinusoidal con-
figuration of alternating short and long cuts along the

“cordon (Fig. 14).

The more severe cuts thus provide the renewal
shoots and the longer ones carry the buds for current
vear production, :

The use of mechanical harvesters and pruners cuts
the labor demand in a GDC vineyard to a mere 70 hours
yearly per hectare (Fig. 15), the only major manual
work consisting of about 20 hours for shoot positioning.

-Since these trials, shoot positioning has been greatly

facilitated by the use of platforms, their input being
especially noticeable in terms of enhanced canopy divi-
sion and the resulting enhancement of overall machine
efficiency as well as grape and vintage quality (18). A
more recent attempt to facilitate shoot positioning even

FFg. 18, Fixed (A) and pivot {B) T-bar with flexible plastic wires for curtain
shoot separation in modified GDG trellis.
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further consists of a T-bar capped to posts standing
above the GDC (one T every 5 to 6 GDC posts) through
which are run two ‘Bayco’ flexible plastic wires that can
be shifted laterally from the row’s central axis to keep
ihe shoots of the two curtains separated. An improve-
ment of this system is to secure the plastic wires at the
end of the T arms and to allow the rotation of the T-arms
90° in towards the central axis at the end of the season
so as to eliminate obstacles to mechanical harvesting
and pruning (Fig, 16). '

Another unit has also been devised to perform
disbudding and suckering from the arms and trank of
GDC vines. It consists of three brushes that are inter-
changeable with the cutter bars, being fitted to the
pruning unit.

The integration of the modified GDC and the tech-
nical advances in machinery have led to the expansion
of GDC. For, although the traditional hedgerow sys-

-{ems still account for over 50% of the country’s vine-

yards, GDC is progressively increasing in importance,
its total acreage as of 1993 being estimated at 20
thousand hectares, most of which in the Po Valley.

Training systems and machinery performance
and evolution: The success in all-round mechaniza-
tion of the GDC because of its obvious advantages over
traditional systems has spurred research into systems
that eliminate its disadvantages. Principal among the
latter are its relative trellis complexity, training young
vines to a divided cordon and, especially, the need for
yearly shoot positioning to retain a good canopy light
micro-climate. Shoot positioning is critical in prevent-
ing quality loss and it is sometimes neglected by growers
although it has been recently greatly facilitated.

Of the innovative training systems developed over
the past few years as potential alternatives to the GDC,
the most promising is the simple curtain (24). Unlike the
GDC, it has one spur-pruned cordon and a simpler
trellis but, like it, no foliage wires, so that shoots are free
to extend downwards, and fruiting area on top if it (Fig.
17). The simple curtain (SC), which is thus designed to
eliminate yearly shoot positioning, has confirmed its
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Fig. 17. Free-growing shoots and iop fruiting area of simple curtain (40).
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Fig. 18, Changes lo simple curtain for vertical shaker harvesting.

trellis viability and aptitude for quality grape produc
tion.

The simple curtain and machine integration
The simple curtain (SC) was originally designed as ¢
vertically trained trunk that develops into a gingle
horizontal, spur-pruned cordon tied to a wire secured t
the main post 1.7 meters from the ground. Prope:
training requires that spurs be oriented upwards t
facilitate standard cutting along the top trellis plane
Yet, because of its concentrated cropping zone, the SC
system is well adapted to the standard over-row har
vester with horizontal slappers, which has proved :
serious drawback to both vintage quality and vin
frame. So, before SC could be seen as a viable improve
ment over GDC, it also had to be modified to accommo
date vertical-shaker machines (24).

The first step was to use a coiled horizontal suppor
wire that retained cordon linearity and kept shoots &
well as clusters on top. This solution had the adde
advantage of facilitating mechanical pruning and ex
haneing light micro-climate in the fruiting zone.

To accommodate the system to vertical shaker ha
vesting, the coiled wire was run through moveabl
plastic caps fitted over the post tops and the trunks wer
bowed in order to follow the upward travel of the cap
(Fig. 18). So, when the wireis pushed up 15-20 cm by th
vertical shaker, the caps and cordon move freely up an
down.

The second step was to design a multi-purpose un’
integrated with the modified SC for the full mechaniz:
tion of pruning, harvesting and spraying (Figs. 19, 20
The 1986 prototype featured four main component:
The self-propelled over-row vehicle is the main body an
incorporates, one at a time, three modules (19,24},

The pruning module features two forward vertic:
cutter bars, adjustable to pruning height and angle, an
four central horizontal ones, two per side, adjustable
pruning height. The harvester module inclides twi
spiked-wheel, vertical shaking heads that are aligne
one behind the other and open away from or close i
upon the vine from below. The spray module, which

Am. J. Enol. Vitie., Vol. 46, Na. 1, 1995
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design, hence the name “Trinova’. The

Trinova’s performance in all three
configurations was extensively tested
(24).

The pruning module was rated
for both summer and winter cutting.
The summer profile of the cutter bars
is a square horseshoe, their distance
from the cordon depending on the
severity of the cut. Overall pruning
efficiency is here enhanced by a pair
of rubber paddle-wheel devices, situ-
ated at the bottom of the horizontal

bars, that push the hanging shoots
outwards to the cutfers. The unit’s
drive speed for summer pruning is
about 2 km per hour, or about 2.5 to 3
hours per hectare. The winter prun-
ing profile is also a square horseshoe
but the bars are set very close to the
cordon. The unit’s drive speed is here
about 1 km per hour, or about 5-6
hours per hectare. Its winter pruning
effectivenessis shown by the fact that
over 80% of the post-cut spurs had no
more than four buds (Fig. 21). If nec-
essary, the pruner can be fitted with
two platforms for rapid hand finish-

ing.
The harvester module was ini-

tially tested with a provisional catcher
frame featuring ten extractable bins
per side, the amount of grapes col-
lected being recorded to plot berry
drop point with respect to shalker-
head position.

The tests were run with three
cultivars and the results showed that
60% to 80% fell forward of the catcher

(Fig. 22), the range depending on
cultivar. The data confirm the iner-
tial effectinduced by the vertical shak-
ing, which causes the berries to drop
ahead of the advancing shakers, The
gecond important finding was the very
restricted area of berry drop, which
led to the final design of a very com-
pact, 3.5-meter-long catch system (Fig.

Fig. 20. Trinova pruning {B), harvesting {C), and spray modules (D} in modified SC (A).

designed to reduce and recover spray drift and ground
drip as the unit advances, consists of an open-ended
gondola with canvas-covered roof and sides, one tank
and vertical spray bars on either side, a flooring of two
overlapping flexible rubber skirts and run-off-spray
recycling tanks on each side of the floor (12,24).

The concept of three modules fitting into one carrier
vehicle was at the time an innovation in farm machine

22).

The definitive shaker unit was
then tested against a commercialhori-
zontal slapper to compare vintage quality of the culti-
vars Sangiovese, Pignoletto, and Trebbiano. Grape
samples were dropped into paired bins, placed one
above the other with the top bin having a perforated
bottom, to assay all the free juice in the fresh mass.

While the results showed no differences in the free
juice index for the easy-to-harvest cultivar, Sangiovese,
they showed a much higher value in both the more

Am. J. Enol. Vitic., Vol. 46, No. 1, 19495
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Fig. 22. Drop profile (%) for cultivars of varying berry removal force.

difficult to harvest cultivars for the
conventional slapper than for the
vertical shaker, thereby evincing that
its inertial effect provides enhanced
vintage quality in cultivars having a
higher berry removal force. The hori-
zontal slapper also splashed a higher
amount of juice on the leaves, as
shown a day or two after harvest by
the greater number of necrotic spots
on the canopy leaves. This necrosis is
an obvious effect of must sugar con-
centration, which draws off leaf mois-
ture by osmosis and induces tissue
necrosis. A similar effect can be re-
produced by spraying the leaves with
a buffer solution containing 20%
sugar, regardless of pH value.

The spray module was mainly
tested for gondola drift-recovery by
monitoring sprayer performance
against canopy gaps, which repre-

Canopy gaps on SC rows === Liguid consumption
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Flg. 23. Increasing liquid consumptionas a function of decreasing canopy
gaps with conventional and TRINOVA sprayers at the same drive speed.

sent variations in the target area, throughout the grow-
ing season. The Trinova module was tested against a
conventional sprayer at the same drive speed, nozzle
number and delivery rate. Early in the season, when
these gaps are more than 70% of the canopy, consump-
tion, which theoretically should have been the same for
both sprayers, was markedly lower for the Trinova
because of its recovery capability. The same perfor-
mance trend was evinced throughout the season, al-
though to a gradually diminishing extent as a result of
the diminishing gaps (Fig. 23).

The integrated system of the modified SC and the
Trinova is a successful innovation in the panorama of
vineyard mechanization. The Trinova prototype has
been further perfected since these trials and is today
employed in a 30-hectare vineyard of adult SC vines.
This farm has already planted another 15 hectares of
the modified SC-trained vines as the Trinova requires
about 50 hectares to make it cost-effective.

As a system in its own right, the SC, like the

200m

1.39m

Fig. 24. Modifled SPC: corden bowed and run through brackets for vertical shaking.
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Fig. 25, Pruning unit with horizonal pivot bars {(6,29).

modified GDC, is suited to the use of the dishudding
brushes along the trunk. In addition, various solutions
can be envisaged in regard to the SC wire mobility,
which is essential to vertical shaking., For example,
cement posts with either closed or open-ended slits can
be employed.

This same principle can even be applied to harvest
by vertical shaking of the traditional spur-pruned cor-
don (SPC). For instance, in established vineyards, the
cordon can be made moveable by bending the vine trunk
and running it through brackets (Fig. 24). In new SPC
plantations, on the other hand, slotted posts can be used
to the same effect.

Performance enhancement of pruner units:
The same concept of the pivot-bar employed in the GDC
pruner has been applied to the other bars of the cutter
unit (Fig. 25). This innovation enables a full range of
cuts even in the hedgerow systems, Thus, in summer,
the shoots can be cut both along the side of and within
the row. The cutting profile can also be changed as

Fig. 26. The pivot-bar empleyed to negotiate rigid obstacles fitted with a
speciiic feeler device (24).

Simple
Curtain

Spur-pruned
Cordon

Fig. 27. 8C and SPC system profiles.

desired. In winter, if the vines are trained to permanent
cordon, the shoots can be cut close to it. For this latter
pruning, the cutter bar was fitted with a specific feeler’
device. It is basically a wide- toothed comb with small
wheels at the tip of each tooth (Fig. 26). As the cutter bar
advances along the cordon, the teeth are wide enough to
let the shoots enter the gaps between them for pruning
but small enough to keep out bigger obstacles like posts,
which they roll around, thereby causing the cutter bar
to swing away {rom the obstacle. This pruner unit, too,
can be coupled to a drawn platform for rapid hand
finishing.

Comparison of the performance of the simple
curtain and spur-pruned cordon: Given its proven
adaptation to full mechanization, SC was tested for
grape quality against the spur-pruned cordon ( SPC)
(Fig. 27), which is generally considered one of the best
systems for this parameter. Because the main differ-
ence between the two iz shoot position, which in the 3C
is free and in the SPC is supported by foliage wires, the
first trial tested throughout the season canopy shape

Diagram of canopy shape variation along the season
and corresponding ratio of total leaf area (LA)
ta exposed canopy surface {SA),
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Fig, 28. Seascnal development and variation of canopy shape and the LA/
SA ratio in SC and SPC {26}.
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anopy gaps at full shoot development {(July 20)
Mean of observation taken at 9.00 and 15.00 h.
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Fig. 29. 5Cand SPG canopy gapsin cropping and non-cropping areas (35).
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Fig. 30. (A) Changes induced by wind speed in the light microclimate of a SC canopy (35). (B)
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variation and leaf density, expressed as the ratio be-
tween total leaf area (LA) and light-exposed leaf surface

Training | Simple Curtain  [Spur-pruned Cordon area (SA). The results (Fig. 28) indicated a very similar
system R \ { A J i! LA/SA ratio for each, the peak values recorded in July
(nteractive e T !} i Mean at maximum shoot development being 2.0 for SC and 2.3
SEM = 0.69 | d for SPC. These ratings are in a range considered opti-

: mum for quahty grape production in that the lower the

C:grf‘}gy index value is, the lower the shading within the canopy.
— Canopy density was also evaluated using a photo-
Cluster-zone . 1.0 2.1 graphic approach to measure and plot eanopy gaps at
Shoot 1.7 0.7 10 full shoot development, expressed as the light-to-shade
mid-zone . . ) ratio. The data (Fig. 29) show that the SC always had
Shoot 15.9 4.3 101 more gaps in both cluster and shooting zones, likely as
aplcal-zone . : ' a result of free- growmg shoots. Accordingly, at compa-
Mean 7 0 ' 5.0 rable yield per vine, sugar accumulation tended to occur

i . earlierin the 8C vines, supggesting that the free-growing

habit may increase hght penetration and possibly

sunflecks under windy conditions.

Sunflecks were thus monitored at
veraison on a day when wind speed
ranged from 2 to 7 meters per second,
rather typical conditions for late July
in the Po Valley (35). The detector
was placed inside the canopy of the
two systems and consisted of a bar,
placed 20 ¢cm above the cordon, hous-
ing 13 PAR sensors, spaced 6 cm apart.
One-second scans were taken every
ten seconds for several minutes.

The data for four representative,
consecutive scans in SC (Fig. 30A)
indicate significant wind-induced
variations of the PAR-measured light
microclimate at each sensor. By con-
trast, the light in the inner SPC
canopy, under the same wind condi-
tions, remained unchanged (Fig. 30B),
i.e., where low, it remained low. The
next step was to determine the effects
of lightflecks in terms of leaf photo-
synthetic activity on potted vines in
laboratory. Photosynthetm activity
was measured in a CO,-exchange
chamber above which were placed
light-intercept rotating filters to vary
the lightfleck frequency at constant
light-dark ratio (30).

The resulting data (Fig. 31) indi-
cated that, excluding continuous dark,
at light- -dark intervals from about
three seconds and lower photosyn-
thetic activity increasingly ap-
proached the rate it evinces under
saturating continuous light. Although
the role of sunflecks in the ripening
process needs to be more fully inves-
tigated, these findings may help to
explain the better use of radiant en-
ergy by a canopy with free-growing
shoots,
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Potatura (1% ed.) 150 pp, Clueb Bologna (1 984),

Fig. 31. Leaf gas-exchange under high ight, low light and lightflecks of varying frequency.

Conclusions

The studies we have conducted over the last fifteen
years have helped to sustain two main achievements.
The first is the full mechanization of the GDC system,
which, with its modification to a T-arm and integration
with an inter-row vertical shaking harvester and mul-
tiple-bar pruning unit, is well established in northern
and central Ttaly.

The second, which we think can be Improved even
further, is linked to a simpler, more advanced system
integrated with full mechanization that is designed to
eliminate the major drawbacks of the GDC. It consists
of the SC hedgerow, featuring moveable cordon wire to
enable vertical shaking of the fruiting area, in combina-
tion with the Trinova multi-purpose unit. This innova-
tive solution projects itself as an integrated model to
meet the demands of growers, consumers and the envi-
ronment throughout the current decade and beyond. In
addition, overallmechanization systems have been much
improved, and the concepts employed in these innova-
tions can even be applied to some traditional training
systems. It should also be noted that, although these
studies were primarily aimed at improving the tech-
niques used in vineyard planning and management, a
certain amount of information was acquired on the basic
physiology of the grapevine.
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