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Photosynthetic activity in grafted and ownrooted Erbaluce grapevines trained to four
trellis systems
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Summary: Photosynthetic activity of grafted (Kober 5SBB) and ownrooted grapevines (cv. Erbaluce) trained to four trellis
systems (alternate curtain, central curtain with one or two canes and pergola) was assessed for three years. The overall photosyn-
thetic response to training, the seasonal and diurnal photosynthetic trends and the response of the training systems to different
photosynthetic photon flux densities were evaluated. The training systems had a significant influence on the rate of photosynthetic
assimilation: the two central curtains generally had higher rates of CO,uptake compared to the vines which were trained to pergola
and to alternate curtain. With one exception Kober SBB improved net assimilation rates.
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Introduction

The training system can be an effective technique to
control the vegetative and productive potential of grape-
vines. Canopy manipulation can in fact modify the micro-
climate and thus the photosynthetic efficiency. The latter
is notoriously influenced by light intensity (KRIEDEMANN
1968; KrRIEDEMANN and SMART 1971; DuriNG 1988; FLORE
and Lakso 1989), air and leaf temperature (Canu et al.
1988), soil moisture and air humidity (DURING 1987; FLORE
and Lakso 1989), leaf age and position (KRIEDEMANN e al.
1970; ScHUBERT et al. 1992; ScHuserT and NovELLO 1992).
Particularly, leaves growing at different light levels differ
in their anatomy and physiology. In shaded leaves the
lamina is thinner and the photosynthetic compensation and
saturation points are lower than in sun leaves (Guccr and
CoRrEeLLI-GRAPADELLI 1989). Leaves of different age and
shoot position are differently affected by clusters and api-
ces which are the main sinks (FLore and Guccr 1988).

Moreover, the photosynthetic activity shows diurnal
fluctuation reaching a maximum in the morning (LAKso
1985; DownNTON et al. 1987) and seasonal fluctuations of-
ten reaching a maximum during the periods of intensive
growth in mid-summer (FLORE and Sams 1986).

In this work, the photosynthetic activity of Erbaluce

vines trained to alternate curtain, central curtain with one -

or two canes and pergola was compared. As Erbaluce is
usually grown ownrooted in old vineyards, the photosyn-
thetic performance of ownrooted and grafted vines was
compared.

Material and methods

Vines of the Erbaluce clone CVT TO 55, grafted on
Kober 5BB and ownrooted vines, were planted at Caluso

(Turin Province) in 1983. The following training systems
were compared:

- Alternate curtain (AC): it is similar to the double
curtain system. Plant spacing was 3 m x 2 m. Each vine
had three cordons (with one ten-bud cane per unit). The
cordons were alternatively fixed to one of the two lateral
wires (1.8 m above the soil, 0.6 m away from the row axis).

- Central curtain: in the one cane system (C1), plant
spacing was 3 m x 2 m; one twenty-bud cane was fixed to
a wire 1.8 m above the ground and shoot growth was not
influenced. In the central curtain with two canes (C2), two
ten-bud canes were fixed to a wire 1.8 m above the ground.

- Pergola (P): Vine spacing was 6 m x 2 m. Each plant
had, at 1.8 m above the ground, three productive units called
‘cords’. Each ‘cord’ consisted of three cordons each end-
ing with a ten-bud cane; the three cordons and their canes
were interlaced all together. The ‘cords’ were trained per-
pendicularly to the row axis; on alternate vines, two ‘cords’
were on the right and one was on the left of the row.

The vineyard achieved full production in 1987.

Photosynthetic parameters were measured from 1990
to 1992 by means of a portable infrared gas analyzer (ADC-
LCA 3, Analytical Development Co. Ltd, Hoddesdon, UK).
The following parameters were measured:

Net Photosynthesis (PN), umol m? s!; Photosynthetic
Photon Flux Density (PPFD), umol m* s!'; Quantum Yield
(QY) = PN:PPFD ratio.

To investigate the overall photosynthetic rate of vines
measurements were performed on 5 mature leaves of the
medium part of the shoot arising from the middle of the
cane.

Measurements were taken every 2 h, between 10:00
and 18:00 from July to September and between 12:00 and
16:00 in October, because of the weather conditions. Meas-
urements were normally taken at light saturation level; in
1993 they were also performed at different PPFD levels.
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Data were statistically processed by means of GLM
procedure of SAS package (SAS Institute Inc., Cary, NC,
USA).

Results and discussion

Overall photosynthetic response: All
variation sources were significant for both grafted and
ownrooted vines. By testing non-orthogonal contrasts (P vs.
AC,Pys. Cl and C2, AC vs. C1 and C2), P vs. AC did not
exhibit any difference in both kind of vines.

In grafted vines the two central curtains (C1, C2), as
well as AC and P showed similar rates of assimilation; the
latter two had lower values. Quantum yield was similar in
C1, C2 and P but lower in AC (Table).

For the ownrooted vines AC and P had, again, lower
rates of CO, uptake; comparing the central curtains, C2
exceeded C1. Quantum yield had the same trend as PN.

Table

Net photosyntesis (PN) and quantum yield (QY) obtained with
different trellis systems using grafted and ownrooted vines

Training systems PN
(umol m? s')

QY
(PN/PPFD)-1000

Kober 5SBB
AC, alternate curtain 465B 3.63B
C1, central curtain, 1 cane 552A 429 A
C2, central curtain, 2 canes 5.80 A 443 A
P, pergola 481 B 4.08 A
Ownrooted
AC, alternate curtain 395C 3.08C
C1, central curtain, 1 cane 520B 405 B
C2, central curtain, 2 canes 6.80 A 5.16 A
P, pergola 415C 346 C

Means followed by the same letter are not significantly different
at P=0.01 (Tukey test).

It has been suggested that, for the central curtains the
light interception is improved and that the canopy allows
a better light penetration than in the alternate curtain
(NoVvELLO et al. 1992). Moreover, shoots of shorter canes
(C2) seem to be more efficient than those from longer ones
(C1), the bud number per vine being equal (NovELLO 1994).

The interaction between trellis system and grafting
combination was highly significant (P= 0.001): in contrast
to all the other systems, C2 showed higher rates of photo-
synthesis and quantum yield in ownrooted vines (Table).

Diurnal photosynthetic trends dur-
ing the season: During all the season, the
photosynthetic activity appeared to be depressed in the
afternoon (Fig. 1). This has been thought to be the conse-
quence of a reduction of stomatal conductance due to an
increment of temperature and vapour pressure difference
(ScHuLzE et al. 1974; KRIEDEMANN et al. 1976; DowNTON
et al. 1987), or as a consequence of diurnal changes of
hormones (Hoap et al. 1977; Loveys et al. 1987). Non-
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stomatal factors have also been hypothesised to play a
role: the accumulation of carbohydrates in the leaves can
cause a feed-back effect on PN (HeroLD 1980; AzcoN-BiETO
1983) or an inhibition of PN by ABA, which affects
stomatal closure (Cornic and MiGiNiac 1983; RascHKE and
Heprich 1985).
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Fig. 1: Diurnal changes of net assimilation (PN) of leaves of
grafted (Kober SBB) and ownrooted vines trained to four trellis
systems in July. AC, C1, C2, P: see Table.

For the grafted vines, the central curtains had the high-
est photosynthetic rates in July (Fig. 1) and October, but
the same tendency was found in the other months. Quan-
tum yield generally followed the PN trend during the first
part of the day. Among trellises, the main differences be-
came evident, except for October, at the end of the day
(e.g. July, Fig. 2) when C1 became the most efficient sys-
tem in the late afternoon.

Within the ownrooted vines, the central curtains gen-
erally reached higher values than AC and P, especially in
the afternoon, except for October; C2 was often found to
be superior to C1. In October although at the end of the
growing season, all trellises still showed considerable pho-
tosynthetic rates which can be compared with those ob-
served in the previous months. The quantum yield trend
was very close to that found for PN.

Extending the measurements to October, i.e. after har-
vest, allows to evaluate the effect of fruit on the photosyn-
thetic process. In many woody species, the absence of fruit
has been found to depress photosynthesis (HANSEN 1970;
AVERY 1977; LENz 1979; MonseLiSE and Lenz 1980; Fui
and KeNNEDY 1985; DE JonG 1986; DOWNTON et al. 1987).
These results seem to be related to an accumulation of
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carbohydrates in the leaves, which leads to the above men-
tioned feed-back effect on PN and which can possibly be
ascribed to the lack of active sinks (Azcon-Biero 1983).
In our experiments, on the contrary, the photosynthetic
process did not appear to change after harvest; to our know-
ledge, there are no similar experiences we can refer to.
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Fig. 2: Diurnal changes of quantum yield (QY) of leaves of grafted
(Kober 5BB) and ownrooted vines trained to four trellis systems
in July. AC, C1, C2, P: see Table.

Response to different PPFD levels:
At increasing light intensity both, grafted and ownrooted
vines trained to central curtains reached, once more, higher
photosynthetic values than those trained to pergola and
alternate curtain (Fig. 3). Within grafted vines, this trend
was evident starting from PPFD >200 pmol m? s (C2)
and from PPFD >700 umol m? s (C1). Within ownrooted
vines, the same trend was already evident at values lower
than 200 pmol m? s,

Moreover, in ownrooted vines trained to central cur-
tain, CO, uptake increased with PPFD even at light inten-
sities exceeding 800-900 umol m? s (Fig. 3), which is
commonly assumed to be the point of light saturation in
grapevines and in many other C, species (Lakso 1986;
CarBONNEAU 1987; DURING 1988; Guccl et al. 1990).

Conclusions
Training systems were shown to significantly influ-

ence the photosynthetic assimilation .
The photosynthetic response of vines trained to per-

gola and to alternate curtain was similar; as the pergola is
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Fig. 3: Net assimilation (PN) response to different PPFD levels

of grafted (Kober SBB) and ownrooted vines trained to four trel-

lis systems. The width of the standard error (S. E.) curve corre-
sponds to the standard error at each point of the plot.

the only trellis used for Erbaluce, the alternate curtain,
which is a less complicate and a less expensive trellis to
establish and to maintain, could be proposed as an alterna-
tive.

The two central curtains generally induced higher rates
of CO, uptake; in C2, this was particularly significant.

With regard to pergola, the low net assimilation is nor-
mally compensated by the total leaf area which greatly
exceeds that of the curtains, thus allowing to achieve a

high CO, uptake per vine (NOVELLO et al. 1992).

The use of the rootstock Kober SBB improved the
Erbaluce net assimilation with one exception in compari-
son to ownrooted vines: similar results were achieved by
DuRrING (1994) with Riesling. Further investigations with
Erbaluce have been planned in order to evaluate the effect
of other rootstocks.

Acknowledgement

Research support provided by the Centro Miglioramento
Genetico ¢ Biologia della Vite, C.N.R. (Italian National Research
Council), Turin. Paper no. 324.

Literature cited

Avery, D. J.; 1977: Maximum photosynthetic rate: A case study in apple.
New Phytol. 78, 55-63.




144

Azcon-Biero, J.; 1983: Inhibition of photosynthesis by carbohydrates in
wheat leaves. Plant. Physiol. 73, 681-686.

Cornic, G.; MiGINIAG, E.; 1983: Non-stomatal inhibition of net COZ uptake
by (+) abscisic acid in Pharbitis nil. Plant Physiol. 73, 529-533.

CARBONNEAU, A.; 1987: Stress modérés sur feuillage induits par le systéme
de conduite et régulation photosynthétique de la vigne. 3° Symp. In-
tern. sur la Physiologie de la Vigne, 24-27 Juin 1986, Bordeaux, 378-
385.

De Jong, T. M.; 1986: Fruit effects on photosynthesis in Prunus persica.
Physiol. Plant. 66, 149-153.

Downton, W. J. S.; Grant, W. J. R.; LovEys, B. R.; 1987: Diurnal changes
in the photosynthesis of field-grown grapevines. New. Phytol. 105,
71-80.

DurinG, H.; 1987: Stomatal responses to alterations of soil and air humid-
ity in grapevines. Vitis 26, 9-18.

- -; 1988: CO, assimilation and photorespiration of grapevine leaves: Re-
sponses to light and drought. Vitis 27, 199-208.

- ~; 1994: Photosynthesis of ungrafted and grafted grapevines: Effects of

rootstock genotype and plant age. Amer. J. Enol. Viticult. 45, 297- -

299.

FLorg, J. A,; Sams, C. E.; 1986: Does photosynthesis limit yield of sour
cherry (Prunus cerasus) ‘Montmorency’?. In: A. N. Lakso and F.
Lenz (Eds.): Regulation of Photosynthesis in Fruit Trees. Symp. Proc.
Publ. NY State Agr. Exp. Sta., Geneva, New York, 105-110.

- -3 Gueer, R.; 1988: L'influenza dell’attivita dei centri di richiamo per gli
assimilati sulla fotosintesi degli alberi da frutto. Frutticoltura 50 (4),
63-68.

- -; Lakso, A. N.; 1989: Environmental and physiological regulation of
photosynthesis in fruit crops. Horticultural Reviews 11, 111-157.

Fuin, J. A.; Kennepy, R. A.; 1985: Seasonal changes in the photosynthetic
rate in apple trees. A comparison between fruiting and non-fruiting
trees. Plant Physiol. 78, 519-524.

Gucct, R.; CoreLLI GRAPPADELLL L.; 1989: Misura della fotosintesi. 2. Campi
di applicazione e problematiche relative al materiale vegetale e alle
condizioni ambientali. Frutticoltura 51 (12), 75-80.

- =5 - -; NERry, D.; Piccorvo, D.; 1990: Misura della fotosintesi in campo. 3.
Tassi di fotosintesi netta fogliare e curve di risposta a fattori ambientali
di alberi da frutto. Frutticoltura 52 (7-8), 75-80.

HaNsEeN, P.; 1970: ¥C-studies on apple trees. VI: Influence of the fruit on
the photosynthesis of the leaves, and the relative photosynthetic yields
of fruits and leaves. Physiol. Plant. 23, 805-810.

HeroLp, A.; 1980: Regulation of photosynthesis by sink activity - The
missing link. New Phytol. 86, 131-144.

Hoap, G. V.; Loveys, B.R.; SKENE, K.G.M.; 1977: The effect of fruit re-
moval on cytokinins and gibberellin-like substances in grapevines.
Planta 136, 25-30.

KrieDEMANN, P. E.; 1968: Photosynthesis in vine leaves as a function of
light intensity, temperature, and leaf age. Vitis 7, 213-220.

- -; Kuewer, W. M.; Harris, J. M.; 1970: Leaf age and photosynthesis in
Vitis vinifera L. Vitis 9, 97-104.

D. Bica and V. NovELLO

- -; Loveys, B. R.; PossiNGHAM, J. V.; SaToH, M.; 1976: Sink effects on
stomatal physiology and photosynthesis. In: J. F. WarDpLow and J. B.
Passioura (Eds.): Transport and Transfer Processes in Plants, 401-
414. Academic Press, London.

- -; SMarT, R, E.; 1971: Effects of irradiance, temperature and leaf water
potential on photosynthesis of vine leaves. Photosynthetica 5, 6-15.

Lakso, A. N.; 1985: The effects of water stress on physiological processes
in fruit crops. Acta Hort. 171, 275-290.

- -; 1986: Photosynthesis in fruit trees in relation to environmental factors.
In: A. N. Lakso and F. Lenz (Eds.): Regulation of Photosynthesis in
Fruit Trees. Symp. Proc. Publ. NY State Agr. Exp. Sta., Geneva, New
York, 6-13.

LANDSBERG, J. J.; BEADLE, C. L.; Biscok, P. V.; BUTLER, D. R.; Davipson, B.;
IncoLL, L. D.; JaMEs, G. B.; Jarvis, P. G.; MarTIN, P. J.; NEILsoN, R. E.;
PoweLL, D. B. B.; SLack, E. M.; THORPE, M. R.; TURNER, N. C.; WARRIT,
B.; Warrs, W. R.; 1975: Diurnal energy, water and CO, exchanges in
an apple (Malus pumila) orchard. J. Appl. Ecol. 12, 659-684.

Lenz, F.; 1979: Sink-source relationships in fruit crops. In: T. K. Scotr
(Ed.): Plant Regulation and World Agriculture, 141-153. Plenum Press,
New York.

Loveys, B. R.; RoBINsoN, S. P.; DowntoN, W. J. S.; 1987: Seasonal and
diurnal changes in abscisic acid and water relations of apricot leaves
(Prunus armeniaca L.). New Phytol. 107, 15-27.

MonsELISE, S. P.; Lenz, F.; 1980: Effect of fruit load on photosynthesis of
budded apple trees. Gartenbauwissenschaft 45, 220-224,

NoveLLo, V.; 1994: Effects of four trellis systems on productivity and must
quality of grapevine cv. Erbaluce. Compte Rendue G.E.S.C.0. 7, 67-
72.

- -; Bica, D.; PysqQyL, G.; 1992: Photosynthesis in four trellis systems of
cv. Erbaluce. Proc. IVth Intern. Symp. Grapevine Physiol., Turin, 575-
580.

RascHKE, K.; HEpricH, R.; 1985: Simultaneous and independent effects of
abscisic acid on stomata and the photosynthetic apparatus in whole -
leaves. Planta 163, 105-118.

ScHUBERT, A.; NovELLO, V.; SaLARis, C.; 1992: Photosynthesis and stomatal
conductance of grapevine leaves in relation to shoot positioning. Proc.
IVth Intern. Symp. Grapevine Physiol., Turin, 43-48.

- - - -, 1992: Leaf gas exchanges in grapevine cv. ‘Freisa’ as related to
light intensity and leaf age. Proc. IVth Intern. Symp. Grapevine
Physiol., Torino, 581-584.

ScruLzg, E.D.; LANGE, O.L.; EVENARI, M.; KaPPEN, L.; BuscHBom, U.; 1974:
The role of air humidity and leaf temperature in controlling stomatal
resistance of Prunus armeniaca L. under desert conditions. I. A simu-
lation of the daily time course of stomatal resistance. Oecologia 17,
159-170.

Received April 10, 1995



