RELATION BETWEEN ROW AND LEAF ORIENTATION OF SYRAH/101-14 MGT

Summary

w orientation may have a determining effect on terroir
iorization, mainly because of its effect on the total amount of
uilight enerpy being intercepted. Impact of row orientation on
sctioning of leaves and grapes would also depend on other
tors, such as growth dimensions, plant spacing, trellis and
jimde. Orientation of a2 vineyard row is critical for energy
itnbution and sunlight and heating effects on leaves and grapes
vmeyard level. Row orientation may be a management tool to
snipulate the impact of environmental stress in practice. The aim
fthis study was to determine the refationship between row and
af orientation of Syrah/101-14 Mgt, planted to four different row
\entations in the Robertson region of South Africa. In general,
w orientation showed a clear impact on the orientation of leaves
v a horizontal plane, with a significant change in the direction of
imary leaf dorsal surface exposure from a early to a late ripening
slage. Specific leaf weight was also affected. It is envisaged that
e study will contribute to understanding the effect that row
inentation may have on energy balances in the grapevine canopy
ind how this may impact on the seasonal dynamics of
jhysiclogical parameters, such as carbon assimilation and water
wiential. In addition, it would provide further insight into
inentating vineyard rows for a specific product objective focused
in a preferred wine style.

INTRODUCTION

The orientation of grapevine rows is decisive during
the establishment of a vineyard. It may have a determining
¢ffect on terroir valorization, mainly because of its effect on
the total amount of sunlight energy being intercepied
{Intrieri et al., 1996; Zufferey er al., 1999; Hunter ef al.,
2008; Hunter ef al., 2010a). The impact of row orientation
on the functioning of leaves and grapes would also depend
on other factors, such as growth dimensions, plant spacing,
trellis, canopy management, latitude, wind conditions, etc.
(Smart, 1973; Intrieri ef al., 1999; Tarara ef a/., 2005; Nadal
et al., 2009; Hunter et ai., 2010b).

Orientation of a vineyard row is critical for energy
distribution and sunlight and heating effects on leaves and
grapes at vineyard level. The initial planting decision about
Tow orientation, and subsequent training and trellising,
determine the efficiency of sunlight interception (Smart,
2010). Row orientation affects canopy photosynthetically
active radiation distribution (Grifoni er al., 2008) as well as
berry temperature during ripening, with diurnal differences
between canopy sides being more pronounced under higher
ambient temperature (Hunter er al, 2010). A number of
mechanisms may be used by the grapevine to deal with
environmental conditions and cultural practices in an effort
lo satisfy source and sink requirements during different
Stages of the growth season. Over the years, physiological
thanges in grapevine canopies received much attention.
However, morphological contributions to physiological

brocesses have not been systematically investigated in
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complex configurations such as grapevine canopies. It is
generally accepted that shoot orientation, spatial
distribution of leaves, leaf age, leaf exposurc and
environmental conditions such as light and temperature
would all impact on carbon allocation and water fluxes,
generally contributing to canopy function at different
stages of the growth season. However, leaf orientation,
being an integral factor that would impact on light
terception and reflectance, light and temperature
balances, and thus physiological processes (Jiang et al.,
2006), have not been studied to any appreciable level.

Light and temperature are the main factors impacting
on sugar content, anthocyanin formation and the level and
composition of aroma during grape maturation (Crippen
and Morrison, 1986; Dokoozlian and Kliewer, 1996;
Marais ef al., 1999; Spayd et al., 2002; Hunter et af., 2004;
Chorti et al, 2010). However, a combination of high
irradiance and high fruit ternperature can compromise berry
colour and phenolic composition (Bergqvist ef al., 2001).
Full bunch exposure leads to lower quality (Haselgrove er
al.,, 2000; Spayd et al, 2002; Barbagallo er al, 2007,
Tarara et al., 2008).

The aim of this study was to determine the
relationship between row and leaf orientation in a vineyard
of Syrah/101-14 Mpgt, planted to four different row
orientations in the Robertson region of South Africa. It is
envisaged that the study will contribute to understanding
the effect that row orientation may have on energy balances
m the grapevine canopy and how this may impact on the
seasonal dynamics of physiological parameters, such as
carbon assimilation and water potential. In addition, it
would provide further insight into orientating vineyard
rows for a specific product objective focused on a preferred
wine style.

MATERIAL AND METHODS

Vineyard: The study was done in 2009 in a
Syrah(clone SH 9C)/101-14 Mgt vineyard that was planted
during 2003 to four row ortentations, i.e. North-South,
East-West, North-East-South-West, and North-West-
South-East, replicated five times on a flat terroir with
clayey loam soil at the Robertson experiment farm of ARC
Infruitec-Nietvoorbij in the Breede River Region,
Robertson (33°5'S/19°54'E/159m), South Africa. Vines
were spaced to a fixed distance of 1.8 x 2.7 m and pruned
to two buds per spur. A VSP irellis with four sets of
movable wires was used. Canopies had approximately four
leaf layers (side to side) and were uniformly managed by
means of suckering, vertical shoot orientation, shoot
positioning and apical topping. Suckering consisted of the
removal of shoots not located on spurs at approximately 30
cm primary shoot length. Topping was done twice during the
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period berry set to véraison and comprised the remova) of up
to 30 cm of shoots at 3 time. Vines were irrigated every
seven days due to the region receiving low winter rainfall
(average 150-300 mm Per annum). Since vines were
harvested at three ripeness levels (commonly at 1, 15 and 30
March), water restrictions were introduced from the lasi
wecek in February.

Sampling: Sampling was replicated three times for
each of the four row orientations at two dates in 2009,
namely 30 January (approx. 13 °Brix - two weeks post-
véraison) and 17 March {(approx. 25 °Brix). Leaves were
sampled from a canopy volume of 1 m width, 1.2 m high
and approximately 40 cm  wide and were separated
according to the orientation of the dorsal side of the leaf
lamina. Leaves of each group were counted and the leaf area
determined by means of a LICOR Model 3100 area meter,
Specific leaf mass (expressed as mg/em’®) was determined by
drying in an oven at 60 °C until constant weijght,

Statistics: Data were subjected to a one-way analysis
of variance (ANOVA) using Systat 10 software,

RESULTS AND DISCUSSION

The change in tota] surface area of primary leaves per
canopy sampling volume and for each row orientation from
30 January to 17 March is shown in Table 1. Changes were
most pronounced for NW-SE and NE-SwW orientations,
decreasing and increasing, respectively. Re-growth and a
loss of leaves with ageing during the late ripening stage may
be reasons for this phenomenon,

Table 1. Total surface area of primary leayes per canopy volume
and per row orientation for tWwo dates during the growth season.
Measuring stage

Row orientation 30 Janvary 17 March
cm? cm’
N-8 32126 32 408
E-w 30123 28 185
NW-SE 32215 27 593

NE-SW 30770 35811

peipendicular to  the relevant row orientation. This
orientation changed drastically after 1.5 months (from 30
January - 17 March). At the second measuring stage, a more
uniform distribution was evident (Fig. 1).
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Figure 1. Effect of row orientation on the surface of primar
leaves (%) orientated to different sides of the canopy.

The initial orientation of leaves in the canepy (UPH
the first measuring stage) may have been primarily stecred
by factors such as the physical restriction to leaf orienlﬂtlﬂf
by adjacent shoots and the impact of interior-canopy shadé
Up to full canopy development, leaves of adjacent shooty
would force each other outwards because of a physical lack
of space. Interior shade during canopy development W"“l‘;
result in leaves orientating themselves towards the Pumdq
of the canopy because of photo-morphogenesis
phytochrome  effects and to increase photosyntheti¢:
capacity.

The orientation of the primary leaves and the Ch"mgesfj
that are observed from the first to the second measurmg.
stage may be attributed to many factors, such as:

*  The change in the azimuth of the sun, leading #0 &°
more direct exposure of the laaf lamina #



sunlight. This change may have resuited in the
leaves turning/rolling with their dorsal surfaces
perpendicular to the rays of the sun in order to
avoid photo-destruction of light absorbing
compounds (chlorophyll and carotenoids) and
excessive photo-chemical quenching/inhibition of
photosynthesis. It is, however, unlikely that photo-
damage protection would have been a high priority
for the vine at this stage of the growth season.

o The late ripening conditions that are normally
associated with the introduction of drier conditions
in order to concentrate the berry contents. Under
such conditions, grapevine leaves tend to turn to
avoid excessive water loss through transpiration
and an increase in leaf temperature, especially at
high mid-day temperatures. However, the elasticity
of the Ieaves and petiole would have been low at
this stage of the growth season and re-orientation
of the leaves may have been difficult, also because
of the physical restriction by adjacent leaves in a
fully developed canopy.

*  The berry as a sink would be highly demanding
regarding source supply during the early stages of
berry ripening (first measurement stage). The vines
were well-watered during this time and the canopy
highly functional without any obvious restrictions
on photosynthetic activity — and transpiration
(Hunter er al, 2008). However, during the last
stages of ripening, the functioning of the canopy
would decrease due to leaf senescence (Hunter ef
al., 1994); at the same time, drier conditions due to
waler restrictions may result in the triggering of
protective mechanisms.

Table 2. Specific primary leaf weight (mg/cm?) per row and leaf

orientation at two dates during the growth season.
Measuring stage

Row 30 January

orientation

17 March

Leaf ortentation Leaf orientation

N s w E N S W E

E-w 6.6 63 57 39| 60 56 57 57
N-§ 6.6 63 69 67| 63 60 63 63
NW SE NE SW | NW SE NE SW

NW-SE 6.1 63 72 67| 63 58 64 59
NE-SW 6.7 69 60 61| 60 58 59 57

Although re-orientation as a result of photo-damage
protection and low water potential may be argued as
unlikely at a late stage of the growth season, high irradiance
and low water availability, may lead to thermal dissipation
being insufficient to protect the physiological processes,
including the photosynthetic apparatus, in the leaf from
thermal- and photo-destruction (Feng et al, 2002). A
physical process such as leaf rolling would therefore
¢ffectively reduce the light interception, especially during
high temperature and evaporative demand conditions over

S

mid-day.

The decrease in the activity of the canopy from the first
lo the second measuring stage seems to be supported by the
‘pecific leaf mass data showed in Table 2. It is clear that the
pecific leaf mass of the groups of leaves that were
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orientated perpendicular to the row orientation decreased
from the first to the second measuring stage. This may have
been related to the physiological activity of the leaves and
may indicate reduced photosynthetic activity.

Although  the obvious occurrence of leaf
turning/rolling is not easily explicable during such
relatively late stage of the growth season, it most likely
resulted from a combination of the factors mentioned.
Further research into this phenomenon is underway,
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