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SUMMARY

Although extensive work has been reported on winegrapes (Vitis
vinifera L.) regarding canopy structure, management and microcli-
mate on berry ripening and composition, scarce information has been
devoted to this issue in tablegrapes. Canopy microclimate, photosyn-
thesis and other physiological traits were determined in three year old
‘Perlette’ vines trained on a T-trellis, in Sonora, México. In the undi-
vided commercial T-trellis UTT) vine canopy, the photosynthetic pho-
ton flux densities (PPFD) reaching external, middle and internal leaf
layers were 1922, 53 and 34 pmol m? s, respectively. In the same
order, net photosynthesis (Pn) rates were 19.0, 1.7 and 1.0 pmol CO2
mZ s, while chlorophyll contents were 1.9, 1.7 and 1.0 mg mL". No
differences in total protein content were found between leaf layers,
but significant differences in rubisco specific activity were found
among external, middle and internal leaves, reaching 1.07, 0.65 and
0.25 pmol min' mg?', respectively. Four training systems were com-
pared against a commercial undivided T-trellis (UTT): Slanted pergo-
la (Pergola), a specifically designed system (CIAD), Lyre (Lyre) and a
divided T-trellis (Divided). Significant differences in PPFD on Lyre,
Pergola, CIAD, Divided and UTT yielded 2192, 2076, 1900, 885 and
711 pmol m? s'. At véraison, Pn in Pergola, CIAD, Lyre, Divided
and UTT was 12.7, 11, 12.5, 10.5 and 5.1 gmol COz2m?s !, respecti-
vely. Five days after harvest, Pn showed a decrease in all training
systems, particularly in UTT which showed only 3.7 pmol CO2m? s,
Stomatal resistance at véraison and postharvest was highest in UTT
with 4.2 and 6.8 s cm™ for both periods. Total soluble solids by 27
April were 15.7 °Brix for CIAD, while for UTT was only 12.1 °Brix.
A week later, CIAD, Lyre, Pergola and Divided reported 16.3, 15.9,
15.5 and 15.2 °Brix, while UTT reached only 13.1 °Brix. Thus by
dividing canopies and applying canopy management techniques the
harvest date in the early season seedless grapes can be advanced, by
increasing light harvest, photosynthetic rate and berry sugar accumu-
lation.
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RESUMEN

Aunque hay extensos reportes en uvas para vinificacién (Vitis vi-
nifera L.) sobre el efecto de la estructura, manejo y microclima del
dosel en la maduracion y composicién de las uvas, poca informacion a
este respecto esta disponible para uva de mesa. El microclima del do-
sel, fotosintesis y otros parametros fisiolégicos fueron determinados
en vides ‘Perlette’ de tres afios conducidas en una espaldera en T en
Sonora, México. En la espaldera testigo sin division de dosel (UTT),
las densidades del flujo de fotones fotosintéticos (PPFD) que alcanza-
ron a las capas de hojas externas, medias e internas de parras en es-
palderas en T fueron de 1922, 53 y 34 umol m? s, respectivamente.
En el mismo orden, las tasas de fotosintesis neta (Pn) fueron de 19,
1.7 y 1 pmol CO: m?s’!, mientras que los contenidos de clorofila fue-
ron de 1.9, 1.7 y 1 mg mL"'. No se encontraron diferencias en el con-
tenido de proteina total entre las tres capas de hojas, pero la activi-
dad especifica de rubisco fue significativamente diferente en las capas
de hoja externas, medias e internas, con valores de 1.07, 0.65 y 0.25
pmol min'mg. Después se establecieron cuatro sistemas de conduc-
cion: pérgola inclinada (Pérgola), un sistema disefiado exprofeso
(CIAD), el sistema Lira (Lyre) y una espaldera en T dividida (Dividi-
do), para comparacion con el sistema comercial de espaldera en T sin
division (UTT). Las PPFD presentaron diferencias significativas entre
Lyre, Pérgola, CIAD, Dividida y UTT con valores de 2192, 2076,
1900, 885 y 711 pmol m™ s™'. Durante el envero, las tasas de Pn en
Pérgola, CIAD, Lira, Dividido y UTT fueron 12.7, 11.0, 12.5, 10.5 y
5.1 pmol CO: m? s, respectivamente. Cinco dias después de la cose-
cha, la Pn mostré un decremento en todos los sistemas de conduc-
cion, con los valores menores en UTT que asimilé solamente 3.7 pmol
CO:2m? s, La resistencia estomitica medida en envero y poscosecha
fue estadisticamente mayor en UTT, con 4.2y 6.8 s cm™ en ambos
periodos. En abril 27, los sélidos solubles totales fueron 15.7 °Brix
para CIAD mientras que UTT tenia sélo 12.1. Una semana mas tar-
de, CIAD, Lira, Pérgola y Dividido registraron 16.3, 15.9, 15.5 y
15.2 °Brix, aunque UTT solo subi6 a 13.1. Por tanto, la apertura del
dosel y el uso de técnicas de manejo del mismo si adelantan la fecha
de cosecha en uvas sin semilla de maduracion temprana al incremen-
tar la cosecha de luz, las tasas fotosintéticas y la acumulacion de azii-
cares en la baya.

Palabras clave: Vitis vinifera, sistemas de manejo, fotosintesis, ma-
duracion del fruto.
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INTRODUCTION

It has been widely reported that trellis systems (TS) di-
viding vine (Vitis vinifera L.) canopy increase sunlight pe-
netration, which in turn increase yield and fruit quality
(Carbonneau and Casteran; 1987; Reynolds er al., 1996;
Smart, 1985). Extensive work has been devoted in a diver-
sity of winegrape varieties like ‘Tempranillo’ (Baeza et
al., 2005), ‘Chardonnay’ and ‘Cabernet franc’ (Vanden-
Heuvel et al., 2004), ‘Chenin blanc’ (Volschenk and Hun-
ter, 2001a) and ‘Riesling’ (Percival et al., 1994) among
others. However, no reports were found on table grapes,
where harvest is indexed to sugar accumulation in berries.
Considering that those sugars are formed by photosynthe-
sis, getting an insight on these events may help in design-
ing more efficient practices.

Benefits from a more efficient use of sunlight, the only
energy source freely available to growers, include increa-
ses in photosynthetic rates, bud differentiation, berry size,
color and sugar content (Archer and Strauss, 1989; Smart,
1985; Vanden-Heuvel et al., 2002). Vineyard productivity
is also affected by dividing the canopies because stored re-
serves increase, while necrotic buds (Hunter and Visser,
1988; Peléez et al., 1994) and cluster susceptibility to fun-
gal infections decrease (Percival ef al., 1994).

The Sonoran Desert in northwest México is a Class V
region (Winkler et al., 1974), where short-season seedless
grapes are grown for the early season market. An early
harvest starting in late April or early May increases the
probabilities of achieving the highest prices of early sea-
son. The industry relays on a wide variety of alternatives
to achieve early markets. Canopy management may provi-
de an effective tool to maximize vineyard profitability,
since an increased light use efficiency by canopies may ad-
vance ripening and lead to early markets. The objective of
this study was to determine the effect of canopy division
on vine microclimate and physiological factors affecting
harvest timing.

MATERIALS AND METHODS

This research was conducted in a three-year old ‘Per-
lette’ vineyard, near Pesqueira, Sonora in northwest Méxi-
co (29°21°28° NL, 110°53°33”> WL, and 317 m of alti-
tude). Rows were planted in an East-West orientation, like
most in the region. Planting pattern was 3.2 m between
rows and 1 m within vines, although individual vines were
trained in an alternate fashion to lateral fruiting wires.
‘Perlette’ vines were growing in its own roots and an ave-
rage fertilization of 80N-40P-100K at a dripping rate of 4
L h' was used at budbreak, bloom, berry set and after
harvest. The vines were trained as bilateral cordons and
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pruned to two-bud spurs, retaining an average of 32 buds
per vine, depending on vigor; although crop load was
fixed at 15 clusters per vine.

Initial diagnosis. During the first season a preliminary
study was conducted in grapevines in a commonly used T-
trellis system where the following variables were meas-
ured: photosynthetic photon flux density (PPFD, umol m™
s™), net photosynthetic rate (Pn, umol CO2 m?s™), chloro-
phyll and total leaf protein contents, and rubisco specific
activity (umol min’ mg"'). Measurements were made at
harvest on five plants, at three canopy positions (one leaf
per position), namely external, middle and internal layers;
these positions were determined perpendicularly to the
light beam direction as it penetrates the canopy.

PPFD of the incident light was measured at midday
with a LI-191 linear quantum sensor (LICOR Inc. Lincoln,
NE, USA), by placing the sensor at 1 m above ground le-
vel, parallel to row orientation. Depending on canopy
depth, the sensor was placed in the area next to clusters, in
the middle of the canopy and in the external side of the fo-
liage, thus resulting in three positions resembling those of
internal, middle and external leaves. A LI-6250 non-
dispersive CO: infrared analyzer was used to measure Pn
(LICOR Inc. Lincoln, NE, USA). Once these variables
were taken, the same leaves were detached and individua-
lly wrapped in aluminum foil, labeled, immersed in liquid
nitrogen, and stored at -40 °C for further analyses of chlo-
rophyll content (Arnon, 1949), total protein content (Low-
ry et al., 1951) and rubisco specific activity (Lilley and
Walkers, 1974).

Trellis systems evaluation. Once the preliminary stu-
dy was completed, four open-canopy TS were installed for
comparison with the T-trellis commercially used (thereaf-
ter called Undivided T- Trellis, UTT) (Figure 1); this re-
gional control is characterized by a lack of canopy mana-
gement, resulting in dense canopies. Such systems were
slanted pergola (Pergola), the Lyre system (Lyre), and a
T-trellis with a divided canopy (Divided). In an E-W row
orientation, the canopy side facing South is always expo-
sed to sunlight, while the North side is always shaded and
underexposed; therefore the North side was lifted to in-
crease foliage exposure and this TS was called CIAD, after
the institution responsible for this project. In the four sys-
tems the canopies were managed in order to keep foliage
in place by using mobile wires (Figure 1). Each TS was
established in three rows 100 m long, and four sampling
stations were established in the middle row. On each TS,
by opening the canopy two foliage curtains were formed,
thus presenting internal and external sides. Sampling was
done on eight external and internal leaves for a compound
sample of 16 measurements per station, and four replica-
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tions per TS. The following variables were evaluated at
véraison (berry color change) and after harvest:

a) PPFD. Measurements were made as described abo-
ve. However, total light was computed by adding incident
radiation, reflected radiation inside and outside the canopy,
and soil reflected radiation (Peldez et al., 1994). An ad
hoc aluminum frame was built to achieve such goal, allow-
ing placing the linear sensor at specific positions, heights
and depths in the canopy, so that the above types of radia-
tion could be measured.

b) Pn and stomatal resistance. These variables were

measured as described above, although the latter is com-
puted by default, when measuring Pn.

Undivided T-trellis

Divided T-trellis
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c) Total soluble solids (TSS). At each sampling station,
ten berries were sampled for TSS determination with a
temperature-compensated refractometer ATC-1 (Atago,
Japan). A compound sample of ten berries from the distal
end of 10 clusters was taken. Sampling was done 9 d be-
fore expected harvest date, as well as during harvest.

d) Flower differentiation. A compound sample of 20
buds was obtained from fruiting spurs at each TS and im-
mediately transported to our lab wrapped in moist paper.
No further replications were considered. Bud differentia-
tion was done by free-hand section cuts of primary and se-
condary buds examined under a stereoscope, and then clas-
sified as: 1) differentiated flowers, 2) no flowers observed,
and 3) necrotic buds.

Lyre

115 cm

Dotted lines indicate canopy position by fully developed shoots

Figure 1. Trellis designs for five vine training systems used to evaluate the performance of ‘Perlette’ grapevines.
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Statistical analyses. A completely randomized design
with four replicates was used. Mean separation was done
by Tukey (P < 0.05) (SAS Institute, 1987).

RESULTS AND DISCUSSION

Initial diagnosis of a commercial
T-trellis system

PPFD decreased significantly toward the canopy cen-
ter. External leaves received as much as 90 % of the ave-
rage 2100 pmol m? s of incident light, whereas internal
leaves received only 1.6 % (Table 1). Similar data were
reported elsewhere (Smart and Robinson, 1991). Under the
last condition net CO: fixation is unlikely, since PPFD is
below the compensation point, and CO: fixed by photo-
synthesis was less than that lost by respiration (Mullins et
al., 1992; Nobel and Long, 1988). A large proportion of
interior vs. exterior leaves may be costly with respect to
vine carbohydrate budget due to translocation of photoas-
similates from light-adapted to dark-adapted shoots (Ven-
den Heuvel et al., 2002).

The data also showed that Pn decreased drastically to-
ward the canopy center; i.e., external leaves yielded an
activity of 19 umol CO:2 m? s, while internal leaves rea-
ched only 0.9 yumol CO2m?s" (Table 1). Thus, photosyn-
thetic rate in internal foliage was not enough to account for
the carbohydrates lost by respiration (Mullins et al.,
1992). Leaf chlorophyll content was significantly lower in
internal leaves with only 1.2 mg mL™", compared to exter-
nal and middle leaves which presented 1.9 and 1.7 mg
mL", respectively (Hunter and Visser, 1988; Pelaez er al.,
1994).

The leaf protein content, however, was independent of
light exposure since no differences were found among leaf
positions. On the other hand, rubisco specific activity was
dependent upon leaf exposure to sunlight, with values of
1.07, 0.65 and 0.25 pmol min' mg™ for external, middle
and internal leaves, respectively. Since protein content did
not change, these results imply that photosynthetic rates
were dependent upon enzyme activity triggered by increas-
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ing light exposure, although other factors might also influ-
ence the rubisco activity. Bertamini and Nedunchezhian
(2001) reported that chlorophyll content in shaded leaves
of grapevines cv. ‘Moscato giallo’ was 38 to 71 % higher
than in light exposed leaves; these authors also found a
significantly low rubisco activity in shaded leaves, with
values 29 to 46 % lower than in exposed leaves. By then,
it was evident that a solution to avoid the shading problem
was required, as well as other canopy management strate-
gies.

Comparison of trellis systems

Light incidence. No significant difference was found
in the amount of PPFD reaching basal leaves of ‘Perlette’
vines trained on Divided and Undivided T-trellis, which
yielded 771 and 885 umol m? s, respectively (Table 2).
However, treatments including a more expanded canopy
such as CIAD, Pergola and Lyre highly increased PPFD
with values of 1900, 2076 and 2192 pmol m?s?, respec-
tively. The highest light interception reached by Pergola,
CIAD and Lyre is a direct result of opening the canopy in
two leaf curtains. They increased light penetration simply
by separating the foliage, thus allowing sunlight exposure
to an increased leaf area and higher photosynthetic rates of
exposed leaves. Similar findings have been reported in
‘Perlette’ vines trained on a Factory Roof System, very
similar to a Pergola (Lavee, 1994). ‘Riesling’ vines trained
on divided canopies also had fewer leaf contacts and
shaded leaves compared to those with undivided canopies
(Reynolds et al., 1996).

Pn and SR. At véraison, no significant differences in
photosynthetic rates were found between open or Divided
TS (Table 2). Pn ranged from 12.7 to 10.5 pmol CO:
m? s, rates significantly higher than the 5.1 pumol CO2
m? s registered in the Undivided TS (UTT). Divided
canopies imply an increased leaf area exposed to sunlight
(Shaulis and May, 1971; May and Scholefield, 1973;
Scholefield et al., 1977).

Table 1. Canopy microclimate and physiological factors in ‘Perlette’ grapevines trained on a T-trellis with a dense canopy, at Sonora, México.

Leaf layer PPFD Net photosynthesis Chlorophyll Total leaf Rubisco specific activity
(umol m?s) (pmol CO2m? s) (mg mL™) protein (umol min' mg™)
(mg ml™")
External 1922 a 19.0 a 1.9a 1.7 ns 1.07 a
Middle 53b 1.7b 1.7a 1.7 0.65 ab
Internal 34b 1.0b 1.2b 1.4 0.25b

* Means (n = 5) within columns followed by different letters are statistically significant (Tukey, 0.05). PPFD= Photosynthetic photon flux density.
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Table 2. Overall effect of trellis system on photosynthetic active radiation, net photosynthesis and stomatal resistance of ‘Perlette’ grapevines in five
training systems measured at véraison and following harvest, at Sonora, México.

Net photosynthesis Stomatal resistance
Trellis system PPFD (umol CO2m?%s!) (s cm™)
(umol m?s™) Véraison After harvest Véraison After harvest

Pergola 2076 a 12.7a 9.0a 26 b 350
CIAD 1900 a 11.0a 8.1a 28 b 2.3b
Lyre 2192 a 125a 9.0a 34 ab 250
Divided T-trellis 885 b 10.5a 5.1a 39 a 29b
Undivided T-trellis 771 b 5.1b 3.7b 42 a 6.8a

*Means within columns followed by the same letter are statistically the same (Tukey, 0.05).
Each value represents the mean of four compound replicates of 16 samples each. ** PPFD = Photosynthetic photon flux density.

In measurements obtained 5 d after harvest, a de-
creased response due to the water stress imposed to the vi-
nes during harvest was observed, since irrigation is stop-
ped a week before harvest to favor an increase in TSS. An
advanced leaf senescence and a decrease in organic amino
acids content have been mentioned under such condition
(Hunter and Visser, 1988).

Pn values of Pergola, Lyre, CIAD and Divided reached
9.0, 9.0, 8.1 and 5.1 umol CO2m™s™, respectively. Pn in
UTT went down to 3.7 umol CO:m? s, and it was sig-
nificantly lower than the above treatments; such drastic
decrease is explained by the fact that on this Undivided T-
trellis design, the lower arm is only 60 cm from center (Fi-
gure 1). Although shoot positioning wires were used on
the upper arm to keep shoots in place, in this condition
leaves became shaded by the developing laterals during the
20 d interval between readings, because in this region
vegetative growth may continue up to the early Fall. In
addition, at harvest, labor tends to loose the original shoot
arrangement. Therefore, although a marked decrease in Pn
was observed in the Divided TT, it was still higher than in
the undivided canopies. Hunter er al. (1994) pointed out
the importance of foliage remaining active after harvest in
order to extend the carbohydrate and nitrogen compounds
storage period through active photosynthesis and stable ni-
trate reductase activity.

As mentioned before, the CIAD system was designed
to increase light use efficiency in vineyards with an E-W
row orientation. In this system the upper and lower leaf
curtains are South-exposed to maximize sunlight harvest.
However, some adjustments should be added to avoid or
diminish the tendency to develop vigorous shoots along the
curvature of the lower curtain, since these new shoots sha-
de other areas. Although other researchers have reported
diminishing Pn responses on shoots trained downwards,
mostly because these shoots reduce water translocation to-
ward the apical parts, and because of reductions in rubisco
activity and concentration (Schubert ef al., 1995), our re-
sults showed a dramatic increase in Pn by splitting the vine
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foliage for a higher sunlight exposure, regardless of leaf
curtain direction.

Stomatal resistance was inversely proportional to Pn.
Regardless of sampling period, the open-canopy systems
always had lower resistance values as compared to Undi-
vided canopy. Kriedemann (1977) reported maximum pho-
tosynthetic rates at stomatal resistance values between 2
and 3.5 s cm™. In our study, the open canopy systems had
values in this range. Since leaf chlorophyll content did not
differ among trellis systems (data not shown), it is likely
that the explanation must be related to different light expo-
sure and rubisco activity.

Total soluble solids. On April 27, the Undivided ca-
nopy had only 12.1 °Brix (Figure 2). Considering that the
minimum sugar content required for export of ‘Perlette’ is
set at 15.5 °Brix, this system obviously requires more time
before harvest could be started. In such period prices
commonly fall down dramatically. Because of the standar-
ized crop load of 15 clusters per vine, open canopies re-
ported a gain in maturity as a result of increased light ex-
posure and photosynthetic rate. At the same date, CIAD
had reached 15.7 °Brix and Pergola had 15.3 °Brix. On
the second sampling date, 2 d later, ripening in the Undi-
vided controls had advanced only to 13.1 °Brix, while
CIAD, Lyre and Pergola reported -in the same order-
16.3, 15.9 and 15.5 °Brix; that is, all of them were ready
to be picked.

Consequently, dividing the canopy of a T-trellis (as in
Divided) had an effect on berry ripening, since the accu-
mulated sugars accounted for 15.2 °Brix, very close to the
commercial harvest index and well in advance of the 13.1
°Brix recorded for UTT. These results imply that, with
such an advance in maturity, harvest can be accomplished
at an earlier date; therefore, access to the top prices of
early season is more likely. The low sugar content attained
in Undivided can be attributed to a reduced foliage expo-
sure to sunlight, which in turn caused a reduced photosyn-
thetic rate and a delay in sugar translocation to berries
(Volschenk and Hunter, 2001b; Gladstones, 1992; Smart
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and Smith, 1988). In this particular vineyard harvest did
not start but until May 6, so that dividing and managing
canopies can advance harvest by 7 to 9 d.

20 -
[l First harvest (April 27)
D Second harvest (April 29)

12 4

10 4

Total soluble solids (°Brix)

Undivided
T-Trellis

Divided
T-Trellis

CIAD Pergola Lyre

Training systems

Figure 2. Berry total soluble solids of ‘Perlette’ vines managed with
five trellis systems at Sonora, México. Undivided T- trellis reached
commercial maturity (15.5 °Brix) by May 6th. Vertical lines repre-
sent the standard deviations (n = 10).

Flower bud differentiation. Flower differentiation and
bud necrosis development as a function of the TS were not
statistically different. However, there was a tendency for
the better exposed canopies to have a higher differentiation
and less necrotic buds, both in primary and secondary
buds. Such findings are in agreement with previous reports
(Pérez and Kliewer, 1990).

CONCLUSIONS

Because of lack of management and canopy structure
the Undivided T-Trellis system limits an efficient sunlight
distribution within the canopy, thus decreasing the photo-
synthetic activity. Dividing canopies is a feasible alternati-
ve to advance maturity and harvest, mostly due to an in-
crease in berry sugar accumulation, as a result of increa-
sing light harvest and leaf photosynthetic activity. Such
physiological responses allow earlier harvest by 7 to 9 d
and better opportunities of accessing the highest prices of
the early season export market.
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