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Both selection and preservation of the genetic patrimony of grapevine are fundamental for the establishment of sus-
tainable and high quality viticulture. In fact, starting back in 1968 Europe regulated the production and marketing of
grapevine propagation material (68/93EEC). This legislation required that adequate structures be set up able to manage
“basic” material to be transferred into production as “certified” material through nurseries. In Italy this sort of structure
exists with the centers for premultiplication of grapevine material and one of their primary roles is to preserve, spread and
guarantee the germplasm for this important plant.

At a distance of 45 years from that first European legislation and 10 years from the founding of the Associazione
Toscana Costitutori Viticoli (TOS.CO.VIT.), the premultiplication center in Tuscany, a study day has been organized
entitled I Nuclei di premoltiplicazione e altri interventi per la qualificazione del materiale di propagazione viticolo in
Italia (Premultiplication centers and other approaches to qualify grapevine propagation material in Italy). This occasion
has made it possible to define the framework of some important realities in this sector through consideration of Tuscan
experiences and others taking place in Italy to select and preserve grapevine germplasm, as well as discuss recent solu-
tions to identify and protect it.

The event, held in Crespina (Pisa, Italy) on 15 November 2013, was attended by both private and public scholars and

operators in the field and their contributions are collected in the following section.

Prof. Enrico Triolo
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A BRIEF TRIBUTE TO PROFESSOR ENRICO TRIOLO (1946-2013)

Enrico Triolo graduated in 1972 in agriculture
from the University of Pisa. His experimental thesis,
supervised by Prof. Giovanni Scaramuzzi, investi-
gated plant virology and dealt with the selection of
grapevine based on health status, a topic which was
avant-garde at the time and which later, thanks to his
continued study, led to national legislation.

The 1970s were important strategic times for the
school of phytopathology at Pisa: the scientific cam-
pus at San Piero a Grado was forming (essentially
from nothing) and the newly graduated Dr. Triolo ap-
plied his organizational, and human- and equipment-
resource management skills to its creation. Laborato-
ries, greenhouses and experimental fields were built
and established and technical personnel was trained.
His academic career is equally worthy of note: he be-
gan as a young “precarious” staff member, then rose
to permanent assistant professor, associate professor
of plant virology and then in 1996 became a full pro-
fessor of plant pathology. Prof. Triolo held numerous
courses at the Faculty of Agriculture (where he was
president of the degree course in agricultural science
for a number of years) and Pharmacy at the University
of Pisa. He was an enthusiastic teacher who encour-
aged his students to actively participate in his lectures
and paid close attention to innovation. He was almost
theatrical in his gestures and presentation - in fact his
changes in vocal tone were famous - and these quali-
ties left an indelible mark on his students and held their attention. It was impossible to remain untouched. His “theatrical”
presence was not accidental: Prof. Triolo loved the arts, all of them, and was a talented amateur painter, respected critic,
and lover of classical music. His enthusiasm was also directed toward other, perhaps less refined aspects of daily life such
as football (a die-hard fan of Pisa, of course) and the historic annual Pisan game of strength, “Gioco del Ponte”.

Prof. Triolo was active in various fields of research, in particular with regard to plant viruses, as pathogenetic and
epidemiological facts, and with regard to therapies. As mentioned above, he was greatly involved in problems relative
to health selection of grapevine, olive and other fruiting species. Another field in which he played an important role in
research was in the fight against soil pathogens using ecocompatible techniques (for example, he was the first Italian to
use solar energy to partially sterilize soil).

Prof. Triolo was the head of research groups, a speaker and organizer of conventions, involved in international study
groups, and a member of important Accademies (Georgofili, Viti e Vino, Olivo). He also played a critical role in the for-
mation of the Associazione Toscana Costitutori Viticoli (TOS.CO.VIT), and served as President as well.

Indeed, through this organization he brought together his research and the needs of the operative world, which is the
true mission of a scientist: to support and carry forward the civil, social and economic progress of his country.
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Adv. Hort. Sci., 2013 27(3): 95

System application and the availability of vine germplasm

G. Tempesta
Consorzio Italiano Vivaisti Viticoli Ampelos, Via Tebano, 45 Faenza (RA) 48018. info@ampelositalia.com gftem-
pesta@vivaioenotria.it.

Viticulture systems are based, obviously, on the vine, man, his history, his knowledge and the environment, which
combine to form the various “terroir” or Denomination of Origin (DO). Grapevine, by its nature, has a long lifespan and
generational rhythms. Knowledge about the area, the variety and the characteristics of clones come from everyday life
and an accumulation of understanding.

Different vine-growing areas claim historical and synergic structures for processing and marketing systems. While
they are linked to tradition, innovation is necessary to respond to new lifestyles and preferences that reward typologies
that are often based on new varietal ranges and clones.

This innovation, which has led to “Vigneto Italia”, has been favored by public projects such as FEOGA 1970-1975
and incentives for renovation in 2000-2006.

Today, 15,000 to 18,000 hectares of the estimated 600,000 hectares of total cultivation area undergo renewal or re-
placement annually. This translates into a nursery demand for an estimated 50-60 million rootlings that must follow the
rapid changes and stimuli of the market. A striking example of this are the varieties Prosecco and Pinot Grigio: the former
has gone from two million grafts to nearly 18 million, and the latter from one million to the current 12 million. Similar
significant variations have taken place for low-productivity Sangiovese clones or others that are utilized for the produc-
tion of “commodity” wines.

While modern viticulture is based on tradition, at the same time, it requires nurseries to respond rapidly to changes in
a hard-to-predict market. Nurseries attempt to face this challenge thanks to vast varietal and clonal offerings but to fully
succeed in satisfying the variations in the market, a genetic patrimony that is ten times greater than what is currently
available would be necessary. Greater availability could also compensate for declassifications resulting from material
that is no longer suitable in sanitary or genetic terms. However, the economic commitment necessary to sustain public
research bodies in their quest for new genetic material is hard to come by and the spread of already available initial and
basic material is not always optimal.
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Adv. Hort. Sci., 2013 27(3): 96-97

The evolution of clonal heritage registry available
at TOS.CO.VIT.

R. Bandinelli*, M. Pagano**

*  Associazione Toscana Costitutori Viticoli (TOS.CO.VIT.), Via Vecchia di Marina, 6, 56010 San Piero a
Grado, Pisa, Italy, bandinelli.roberto @libero.it.

** Ph.D. in Agrobiotechnology for Tropical Production.

The first clonal selection works in Italy were carried out by Breviglieri in 1943, when he noticed an intravarietal
variability in the varieties cultivated in Tuscany. Since then, the study of clones has stimulated research for new genetic
materials characterized by high performance.

The Council Directive 68/193/EEC of 9 April 1968 (concerning the marketing of material for vegetative propagation
of vines) and subsequently the Presidential Decree of 24 December 1969 (n.1164) entitled “production and marketing
of vine pre-multiplication material” gave a positive impulse to promote clonal selection activity. These decrees forced a
gradual change from standard (of massal origin) to certified material (obtained through clonal selection activity).

The Institutes of Pomology of the Universities of Florence and Pisa, during the period 1960-1975, promoted research
to establish and reorganize Tuscany’s ampelographic platform. These studies focused on identifying suitable varieties
for cultivation in different Tuscan provinces. The clonal materials, identified by both universities, were preserved at the
Monna Giovannella farm (Andrenelli, 1984). In 1976 clonal selection activity continued with the National Research
Council project entitled “Improvement of crops for food and industry by genetic interventions - sub project - grapevines
to wine grapes”. Upon conclusion of the project, a new project was sponsored by the Ministry of Agriculture and Forestry
entitled “Viticulture: Production of vegetative propagation material of grapevine through by clonal selection” (Triolo,
1976; Pisani and Bandinelli, 1990). In Tuscany, research is still in progress in this sector, as carried out at public Institu-
tions and privately, and through collaborations.

Early clonal selection activities focused on finding plants with high productivity and vigor. In recent years, the trend
has been to select individuals phenotypically characterized by a reduced vegetative growth, moderate fertility and higher
tolerance to the most common plant diseases. Due to desirable enological and technological aspects, other preferred
features include looser clusters, smaller berries, good rate of polyphenols and anthocyanins, early ripening and high
sugar content. The health status of selected material is guaranteed thanks to MiPAAF (Ministry of Agriculture, Food and
Forestry) protocols.

Public interest in the genetic material obtained from clonal selection activities stimulated the creation (on 24" March
1977) of a center for premultiplication of grapevine material, thanks to an agreement signed between the Region of Tus-
cany and the University of Pisa. The agreement confirms the public interest for the multiplication and spread of plant
material obtained through genetic selection of varieties and rootstocks deemed important for our national production
chain (Triolo, 2010). The research institutions involved provided the first registered clones to this center.

Nowadays, TOS.CO.VIT. (Association of Tuscan wine-makers, founded on 29 January 2003) carries on the natural
evolution of the activities that began with the Center for premultiplication of grapevine. This institution continues pre-
multiplication activities and distribution of the genetic material — selected in Tuscany — with regard to the basic category.
A total of 63 clones of European grapevine, selected in Tuscany, from different projects (both public research institutions
and private entities) are managed, such as: 32 clones of Sangiovese, three of Prugnolo gentile, four of Ansonica, three of
Canaiolo nero, one of Ciliegiolo, two of Colorino, two of Trebbiano toscano, two of Vernaccia di San Gimignano, two
of Malvasia bianca lunga, seven of Vermentino, one of Mammolo, one of Aleatico, one of Barsaglina, two of Moscato
bianco. In addition, two clones of hybrid rootstocks are also present.

References
ANDRENELLI L., 1984 - Riordinamento ampelografico e selezione clonale delle uve bianche in Toscana. - Universita degli Studi di
Firenze, Tesi di laurea A.A. 1983-1984, pp. 76-83.

BREVIGLIERI N., 1943 - [ principali vitigni relativi ai piu diffusi tipi di vino italiano. - Estratto dal “Trattato di Enologia” del prof.
Garoglio.
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Sanitary and agronomic selection of Tuscan germplasm to
improve wine production

P. Storchi*, F. Giannetti*, P. Valentini*, I. Bazzo**, E. Angelini**
*  Consiglio per la Ricerca e la Sperimentazione in Agricoltura, Unita di Ricerca per la Viticoltura, Arezzo,
paolo.storchi@entecra.it.

*% Consiglio per la Ricerca e la Sperimentazione in Agricoltura, Centro di Ricerca per la Viticoltura, Coneg-
liano (TV).

Clonal selection of grape was launched in 1985 at the operative section in Arezzo of the former of Experimental In-
stitute for Viticulture [currently the Research Unit for Viticulture of the Council for Research in Agriculture (C.R.A.)].

Studies focused on the search for putative clones of the most popular varieties in central Italy, carrying out detailed
investigations in old vineyards in different wine-producing districts of Tuscany, initially in Maremma and later in Mon-
tepulciano, Montalcino, San Gimignano and Chianti (Armanni et al., 2010). Beginning in 1990, some experimental
vineyards were established with the progenies of the clones, which were tested for their health and evaluated for their
vegetative and productive characteristics.

The work was carried out in particular on the Sangiovese cultivar (Calo ef al., 1995), but over the years many other
varieties have been included, with particular attention to indigenous germplasm for which availability of propagation
material with good sanitary status is still lacking (Borgo et al., 2009).

Particular attention was given to the results from experimental vinifications using virus-free clones, allowing expres-
sion of their genetic properties without interferences, especially those relating to the phenolic richness and aromatic
complexity of the wines.

Through the research it was possible to evaluate the incidence of viruses in the ranges of selection. The leafroll agents,
were very common, even considering that a careful visual preselection control of symptoms was carried out. Ampelovirus
type 1 was identified in particular in materials from Pitigliano and Chianti Classico areas, while ampelovirus type 3 af-
fected, almost exclusively, selections from Maremma. This virus, along with Fleck, was found in significant proportions
in clones under selection in the vineyards of Tuscany. Among virus-like diseases of minor importance, the incidence of
vein necrosis was very high.

The selection activity led to the registration in 2002 in the National Catalogue of Grape Varieties of clones ISV-RC1
and ISV2 of Sangiovese (Storchi et al., 2004); in 2011 other clones of Sangiovese, Aleatico, Vermentino, Trebbiano to-
scano and Canaiolo were registered. Still other clones will be ready soon for application to the Ministry of Agriculture
once agronomic observations and sanitary checks are complete.

Currently, there are clone comparison vineyards in Arezzo and in the district of Chianti Classico and collaborations are in
progress regarding the clonal selection with the “Consorzio Vivaisti Viticoli Italiani”” and with the main wine cellars of Tuscany.

Since the protocol for the selection of a clone demands a long period of time, one of the next objectives will be to re-
duce the time needed to secure clone registration in the National Catalogue. In this sense, early selection of mother plants
with stable and better features, compared to the standard variety, is crucial, as is subsequent rapid propagation of plant
material to establish the fields for clone assessment and comparison in different environments.
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Innovative techniques for pre-multiplication of grapevine clones:
the CE.PRE.MA.VI. experience

F. Mannini*, L. Nervo**
*  [stituto di Virologia Vegetale, CNR Unita di Grugliasco, Via Leonardo da Vinci 44, 10095, Grugliasco (TO),

[fmannini@ivv.cnr.it.
** Vivaio Cooperativo Vivalb, Fraz. Vaccheria, 12051 Alba (CN).

The IVV-CNR Unit of Grugliasco (TO) has selected and registered in the National Grapevine Cultivar Catalogue
more than 100 clones belonging to 25 cultivars of north-west Italy. The primary sources of these clones are preserved and
pre-multiplied by the Grapevine Premultiplication Centre of Piedmont (CEPREMAVI), based in Alba (CN) and managed
by Vivalb on behalf of the Region of Piemonte. Premultiplication supplies the commercial nurseries with propagation
material of the “basic” category, i.e. selected and virus-free. In the 2013 campaign CEPREMAVI produced more than
37,000 “basic” grafted rootlings.

Healthy primary sources, in accordance with official regulations, are kept individually potted inside a screen-house,
where each clone is represented by three plants (on their own roots). Isolation from the soil and from the outside, thanks
to a double insect-proof net, safeguards the original sanitary status of the clones from both virus and phytoplasma. The
“initial material” collected from the primary sources is then used to establish mother plant vineyards (MPV) suitable for
the production of ‘basic’ material. In recent times, due to the spread of phytoplasma diseases (Flavescence dorée and Bois
noir), CEPREMAVI has undertaken a new approach in the production of “basic” clonal material, introducing complete
isolation from the ground (except for roots) and the outside, also for MPV. The aim is to prevent, at the highest level, the
propagated material from any possible virus and phytoplasma infection. The new technique consists of planting the MPV
inside insect-proof tunnels provided with a double room entrance and with complete plastic mulching of the ground. Each
plant row is isolated from the others. Along the rows a metallic structure is designed to support the net coverage as well
as the wire sets to uphold the plant canopy. A plastic pipe runs through the upper part of the tunnels with sprinklers for
fungicide and insecticide sprays. Vineyard management (i.e. the entry of workers inside the tunnels) is limited to green
pruning and to routine sanitary inspections. During winter the nets are removed from the supports and rolled up on the
ground near the rows.

In order to maintain the optimal sanitary status throughout the pre-multiplication steps, the woody propagation materi-
als collected from the covered MPV are processed by hot water treatment at 50°C for 45 min before grafting. In addition,
beginning with the 2013-14 campaign, the traditional open-field nursery will be eliminated. After the callusing period,
the grafted cuttings will be potted (biodegradable pot) and maintained for about 20 days in a greenhouse, then transferred
under a wide tunnel, ground-mulched and covered by an insect-proof net, where they will complete seasonal growth until
fall. Thanks to the new technique, CEPREMAVI will be able to produce “basic” propagation material with the maximum
degree of protection from virus and phytoplasma infection.
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Preservation and premultiplication of selected grape material in
Trentino: collaboration between FEM- S. Michele all’Adige and
Trentino Grape-Nurseries AVIT-Consortium

U. Malossini*, L. Gretter®*

*  Edmund Mach Foundtion, Istituto Agrario di S. Michele all’Adige, Via Edmondo Mach, 1, 38010 San Mi-
chele all’Adige (TN), umberto.malossini @ fmach.it.

** AVIT, Consorzio Vivaisti Viticoli Trentini, Via R. Guardini, 73, 38121 Trento.

In Trentino, the Edmund Mach Foundation-San Michele all’ Adige (FEM) is the institution responsible for the selec-
tion of grape propagation material for the wine industry, serving not only the local area. The premultiplication material,
selected and maintained by FEM, is released commercially in the vine-nursery chain in collaboration with the Trentino
Grape Nurseries Consortium (AVIT). FEM has made significant investments for the qualification of sanitary selection.
In particular, the already existing structures (screen-house of approx. 500 m?) have been totally renovated and new open-
field greenhouses/tunnels (with anti-insect nets) have been realized. Special attention was paid to scientific training and
updating of the personnel responsible for the control and treatment of clonal material primary sources. The personnel
involved in the selection programs is also qualified thanks to participation in activities and projects carried out at na-
tional level, in collaboration with other premultiplication centres and scientific institutions, for the study and validation
of official protocols of selection and/or premultiplication. Active participation in these initiatives has enabled a constant
updating of procedures for internal audit on selected materials.

The preservation of “primary sources” of registered clones takes place both under screen house and in a micropropa-
gation laboratory (tissue culture), allowing the possible “sanitation” of special accessions. This service is carried out also
for other breeders. Annually FEM manages at their farm more than 3.5 hectares of surface area for “initial”, “basic” and
“certified” categories of V. vinifera and rootstock propagation material An additional approx. 1.5 hectares of vineyards,
obtained with FEM selections but commercially classified in the “standard” category, is also under FEM control. The
“initial” materials of 84 accessions of V. vinifera and Vitis hybrid rootstock clones are preserved under screen-house.
These materials belong to clones registered by FEM, some of them in association with other institutions, or preserved on
behalf of third parties. Each accession or clone is present with an average of five or more plants (grown in 70-L contain-
ers), depending on the “commercial” interest. The yield of buds or cuttings to supply grafting activity is significant. The
two tunnel-like structures in the field (one for the production of rootstock cuttings and the other of V. vinifera scions)
cover a total area of approx. 2,000 m? with a defined mapping of every single vine. Most of the materials under the tunnels
belong to the “basic” category. In addition to vineyard management, a strict sanitary control is carried out by means of
field surveys and visual monitoring of the main disease symptoms. Plants are routinely sampled for diagnostic virus as-
says, particularly for the official verifications required by certification services. All the operations are carefully recorded
as required for genuine traceability of nursery materials and as a guarantee in the subsequent stages of propagation. Since
2008, AVIT acts as the only authorized nursery for management and marketing of “basic” category grafted rootlings of
the FEM clones. AVIT, along with its administrative office in collaboration with Nucleo di Premoltiplicazione Viticola
delle Venezie, arranges reservations, production and distribution of selected rootlings.

AVIT has recently been recognized as a co-breeder proponent, along with FEM, of seven new clones (registered in
the National Catalogue). In 2012, a consortium was formed by FEM and CIVIT AVIT with the aim of pursuing a path of
mutual interest, in the wake of innovation in the field of viticulture and wine making.
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Endangered grapevine plants of uncertain origin may represent a target for safeguarding. Current regulations guaran-
tee the propagation of selected plant material following clonal procedures with the aim of excluding the most dangerous
plant viruses. Thus, rare grapevine plants that survived the nineteenth-century plagues may be characterized by interest-
ing epigenetic features. Their progeny could take on an important role with regard to today’s viticulture: consider how
these individuals could represent an important source of genetic material that not only possesses biological, historical,
scientific and educational value, but also the qualitative potential to attract interest from the most demanding markets.

Moreover, in recent years, the recovery of ancient grapevines has been reassessed with the use of plants more than
a hundred years old to produce new wines, and for which novel characteristics may be described on the label. In this
context, in the last few years, intense research has been undertaken to evaluate forgotten plants and as a way to utilize
old plantings. The ‘Associazione Partriarchi’ of Forli was the first to apply this approach to save a group of ancient vines
that had been abandoned for decades. ‘Uva Caveccia’ and ‘Uva Morta’ were the vines involved: these very old vines
have close ties to the Romagna plain in Italy where they were cultivated in connection with maple or elm, and often with
almond, pear or plum. In another case, the trunk of a century-old, white grape vine has surfaced recently near Aosta (Mo-
riondo et al., 2010). Genetic analysis was undertaken to determine its parentage: a descendant of Pri€. The historical data,
morphological measurements and parentage with Pri€ lead to the conclusion that the surviving plant belongs to the Blanc
Comun variety. These are not singular examples of the use of old vines from the pre-phylloxera period. For instance, there
has been interest in Valdobbiadene toward 100-150 year old plants located on steeper slopes between Farra di Soligo
and Valdobbiadene. The Senarum Vinea project has made it possible to discover, also in Tuscany, ancient examples of
century-old autochthonous/minor vines that have survived, essentially forgotten, up to the current day. Among the identi-
fied vines, we can mention ‘Gorgottesco’, ‘Tenerone’, ‘Salamanna’, ‘Occhio di Pernice’ and ‘Rossone’.

In addition, another interesting application for old grapevines may derive from their use as ornamental plants, as
suggested by some examples within the monastery of S. Maria Maddalena in Bologna or in the Olivetani cloister of the
church of S. Maria in Regola in Imola.
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At the conclusion of the research project “enhancement and renewal of viticulture in the province of Grosseto”, “San-
giovese selection in the area of Morellino di Scansano” and “enhancement of candidate clones of Tuscan grapevines”
have been homologated in 2007 four clones of Ansonica and five clones of Vermentino and in 2011 three clones of
Sangiovese (Scalabrelli and Di Collalto, 1999; Scalabrelli et al., 2004, Scalabrelli et al., 2005, Scalabrelli et al, 2012).

Main traits of Ansonica clones

I-Cosa 1. Large conical bunches of medium firmness, elliptical-short berry Medium size, and greenish-yellow, slightly
amber. Bud fertility below the average (1.18); bud break medium earliness, slightly more precocious ripening. Medium-
high vigour. Pale straw yellow wine, with notes of tropical and fruity floral, light citrus, hazelnuts and honey, sapid and
structured, the most appreciated by the panel. Quality Clone requires control of production. Suitable to produce struc-
tured white wine, even with aging.

[-Settefinestre 1. Conical bunches, sometimes winged, less than average size, medium sparse and separated, berry
green-yellow, amber, slightly elliptical-short, slightly coarser than Cosal clone. Medium bud fertility (1.34). Time of bud
break and ripening are slightly later than the average of the population. Higher vigour of clone Cosa 1, production lower
than the average. Pale straw yellow wine, with notes of almond, slightly fruity and floral, with a good structure, flavor,
freshness and agreeableness. Clone less productive, suggested for the production of assembled wines, especially with the
previous clone.

I-Settefinestre 2. Bunches large, conical, mildly sparse, elliptical-short, medium size, green-yellow, amber. Bud
fertility (1.46) and yield above the average. Average earliness of bud break and ripening. Medium-high vigour; pale
straw yellow wine tropical fruity, note of floral and slightly spicy, soft nutty and honeyed notes, medium-bodied,
balanced and pleasant. Clone productive of good quality, able to bring aromatic complexity, suitable to produce also
varietal wines.

[-Settefinestre 3. Bunches of medium size, broad conical shaped, of medium size, largest of the clone Settefinestre 1
and smaller of clone Cosa 1; berry elliptical-short, medium size , yellow, amber. Production and fertility of the buds be-
low average (1.20). The earliness of bud break and time of ripening are like the average of the population; medium-high
vigour. Pale straw yellow wine, with Mediterranean spiced and nutty, with hints of fruity and honey, balanced structure
and good pleasantness. Clone of intermediate level of production and quality, suitable to produce white wines ready to
drink and for assemblage.

Main traits of Vermentino clones

I-Sirena I. Time of bud break like the population mean, average vigour and low productivity, mean bud fertility (1.26),
medium-small cluster, short conic shape and medium tightness, medium berry size, spherical shape and, firm skin. Ear-
lier ripening compared to the population average (7-10 days), sugar accumulation influenced by territorial environment.
Straw yellow wine, good structure, floral and fruity, palatable, sapid, with slightly bitter final, suitable for short aging.

I-Marem 1. Bud break timing similar to the population mean. Earlier ripening compared to the population average (7
days). Medium high plant vigour and fertility (1.40) yield lower than the population average. Loose bunch with a wing
more evident, the berry is slightly smaller than the average, the skin is firm. It exhibits low sensitivity to the bunch rot.
Sugar accumulation higher than the reference population. Straw yellow wine with notes of ripe fruit, citrus and spicy
Mediterranean (very pronounced). It maintains high qualities of freshness, good body, suitable for the production of
wines with a good structure which can be subjected to a medium aging period.
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I- Marem 3. Bud break contemporary to the population. Earlier ripening than the population average (7days). Medi-
um-high vigour and bud fertility (1.46) lower yield to the average. Bunch medium-small of truncated cylindrical shape,
with a short wing, medium loosen. Berry short- medium ellipsoidal, good tolerance against botrytis. Accumulation of
sugars compared to the reference population. Wine with aromatic complexity, good freshness, texture and excellent bal-
ance, suitable for producing structured wines and wines ready to drink.

[-Sileno 1. Bud break slightly earlier than the average of the population. Later ripening as compared to the average
(about 10 days). Low vigorous and very productive, Medium-low bud fertility (1.31). Very large, composed and tight
cluster, large berries. Sugar accumulation potential slightly below the average of the population. Straw yellow wine,
perfume with notes of fresh fruitiness and marked by spicy Mediterranean, fresh, light structure, suitable for the grapes
and the production of wines ready to drink and sparkling wines.

I-Sileno 3. Bud break slightly earlier than the average of the population. Later ripening (about 10 days after the avg.).
Low vigour and fertility (1.25). Very large, composed and tight cluster, large berry, higher yield. Accumulation potential
of sugars is below the average of the population. Straw yellow wine, aroma with notes of fresh fruitiness and marked
by spicy Mediterranean, fresh, light structure, suitable for the assemblage with other clones for the production of wines
ready to drink and sparkling wines.

Main traits of Sangiovese clones (selected in the DOCG area “Morellino di Scansano”).

I-CHI 8. Production is on the average, plant vigour slightly below the average, bud fertility above the average. The
bunch is medium-small, conical-winged and tightness on the average. Berry of spherical shape, uniform black blue color,
waxy and thick skin, very rich in polyphenols and anthocyanins. The wine has an intense ruby red color, with intense
fruity notes with evidence of red fruits and floral notes, well-structured and balanced suitable to aging.

I-CHI 10. Production and vigour on the average, bunches short, conical, rather compact. Berry black blue uniform,
ellipsoidal, skin resistant, thick and waxy. It ripens on II-III decade of September. Ruby red wine with floral notes, spicy
and fruity, with a good structure, balanced, suitable to aging. Clone suitable to the assemblage with other clones.

I-CHI 13. Bunch of size below the average, conical shape moderate compactness, sometimes winged. Berry medium-
small size, ellipsoidal shape, blue black color, waxy and thick skin, rich in color. Ripening time in the second half of
September. Intense ruby red wine with distinct notes of red fruit, good structure and balance, suitable to the production
of assembled red wines to be aged.

These new clones of Ansonica, Vermentino and Sangiovese, possess different productive, qualitative and sensorial
characteristics, some of which are complementary, therefore, they can respond to several growing and oenological re-
quirements, allowing the establishment of polyclonal vineyards to achieve the wine target using the best combinations.
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For some time, the use of rootstocks in viticulture is no longer considered only as a means of agronomic method to
avoid the phylloxera damages (Daktulosphaira vitifoliae, Fitch, 1856), but as a tool to be able to influence the physiology
of the cultivars and to adapt the vine’s behavior to the different soil conditions, the climatic characteristics and the cul-
tivation techniques (Ferroni and Scalabrelli, 1995; Intrieri et al., 1999; Di Collalto et al., 2001; Scalabrelli et al., 2001).
In particular, it is increased the need to use the rootstock as a means to control the physiological processes of the plant,
being the root activity closely related to that of the canopy, by exchanging signals and metabolites.

The selection of the vine rootstocks started at the end of 1800, originated the main part of the rootstocks currently
used in viticulture, using V. riparia and V. berlandieri. Subsequently, through the use of other genotypes were obtained
new hybrids even more complex. Currently, in Italy there are 39 varieties of vine rootstock recognized on the National
Register of Grapevine Varieties (agg. DM 23/03/2012, rev. 24/07/2012, http://catalogoviti.politicheagricole.it/catalogo.
php) but are essentially five, those used on large surfaces: Kober SBB, SO4, 140 Ru, 1103 P, 110 R (Bavaresco, 1998).

In the past, for the diffusion has had an important role the need for nurserymen, who tended to favor rootstocks with
excellent performance in propagation. While today there is a greater interest to satisfy the needs of viticulture’s tech-
niques also as a consequence of the changed cultivations’ conditions. In fact, we need of new rootstocks able to adapt to
environmental stresses caused by climate change in progress (mainly droughts and changes in the distribution of rainfall)
and/or linked to new growing environments which have restricting factors for the vines. Moreover, the need to obtain
specific qualitative characteristics (polyphenols content, grapes’ acidity, etc..), suggest to deepen even more the aspects
that can influence the wine quality. At the same time, it is necessary to reduce the period of selection (a new rootstock
from crossing takes between 20 to 25 years), which through the use of molecular markers could also be reduced by half.

In this paper we provided an overview about the behavior of some rootstocks tested in Tuscany during the last years.
In particular, the survey covered the vigor, the productivity, and the characteristics of grapes at maturity, including the
phenolic content. The rootstocks considered were: 420A, Kober 5SBB, SO4, 161-49, 140 Ru, 1103P, 110R, 779P, 775P,
3309C, 101.14, Fercal, Gravesac and 41B (Scalabrelli et al., 2003).
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Vitroplant began as a micropropagation laboratory in the early 1980’s to respond to a growing need for hybrid peach-
almond GF677 rootstocks that were particularly suited to excessively dry or soils inducing chlorosis and for replanting.
This rootstock, selected in France, is relatively simple to propagate in vitro while it is more difficult to carry out multipli-
cation by cuttings. In subsequent years the range of in vitro propagated species grew and, in addition to other peach root-
stocks, self-rooting peach, apricot, kiwi, artichoke and pear rootstocks started being multiplied. Today, micropropagation
is the most advanced agamic multiplication technique allowing an elevated number of genetically identical plants to be
obtained in a short time due to an exponential growth rate of the number of individuals with each subculture step. In vitro
culture offers the advantage of high quality and health safety of the plant material as it not subject to an accumulation of
pathogens or viruses over the years, as can occur with other agamic in vivo propagation techniques. Moreover, in vitro
procedures pass on to plants a physiologic equilibrium that is comparable to that of seed-grown individuals, demonstrat-
ing good vigor of the aerial structures and notable rhizogenic exploratory ability in roots. These behaviors can be asso-
ciated with a “rejuvenation” of the plant material. For example, the majority of grapevine cultivars have been, over the
millennia, vegetatively propagated and for this reason they present important problems from a health standpoint. Toward
the end of the 1980’s Prof. Carmine Liuni, director of the Viticulture Institute of Turi (Bari), proposed a collaboration
with Vitroplant for in vitro propagation with the aim of resolving some of the numerous problems found in viticulture
nurseries. Initially the idea was to use this propagation technique to multiply some known rootstocks and new seedless
table grape varieties. The results obtained from field tests were very satisfactory. The micropropagated plants were very
vigorous and demonstrated excellent development of rooting structures, highlighting the potential of this propagation
technique also in grapevine. This type of development, comparable to seed-grown plants, is not due to genetic mutation
but rather to phenotypic manifestations that come from the rejuvenation of in vitro-produced plants. Juvenile phases are
recognizable in some arboreal species thanks to specific morphological, cellular or physiological traits such as a particu-
lar leaf size, shape or phyllotaxis, the presence of thorns or ability to root. Plants do not however undergo genetic varia-
tions as they pass from the juvenile to the adult phase, instead these morpho-physiologic differences are expressions of
the genotype. Juvenile as well as adult tissues can be present on the same plant at the same time, a phenomenon called
heteroblasty, and leaves on a single plant can have different forms. Juvenile tissues are generally found in the lower por-
tion of the trunk and branches. To lower the point of transition from juvenile to adult tissues, it is possible to make a cut
near ground-height, avoiding the risk of juvenile tissues in the shoots intended for production. Micropropagation has
shown to be an essential technique for the production of healthy material in quantity and rapidly, two aspects that are
very useful for clonal selection or genetic improvement programs, providing nurseries with sufficient starting material in
a timely manner. Micropropagated plants, as self-rooted plants not needing rootstock, can be subject to phylloxera attack.
With careful attention to the selection of soil for mother plant fields and suitable preventative measures, it is possible to
keep this pathogen under control. In any case, after five or six years micropropagated mother plants have fulfilled their
purpose: they have provided quickly healthy buds for propagation. Today it is increasingly difficult to keep mother plants
healthy in open fields and a reduction of their useful period with frequent renewal can be predicted for the future. A new
frontier for nurseries in coming years may be the use of rootstocks amenable to genic silencing to induce resistance to
viruses or other pathogens of the varieties onto which they are grafted. Unfortunately considerable difficulty can be ex-
pected with regard to the spread of this technique in Europe where there is deep aversion toward biotechnology, while in
other emerging, future-competitor grape-growing countries the technique has a better chance of taking hold.
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Rapid and certain identification of grapevine clones is of topical interest in modern viticulture, especially with regard
to the genetic control of propagation material.

In the beginning of the twentieth century, a specific branch of research called “ampelography” was established to
identify grapevine varieties, biotypes and clones. The term derives from the Greek ampelos, for vine, and graphon, for
description, as ampelography is based on visual observation of morphological and phenological characters (Viala and
Vermorel, 1909). Currently ampelography is employed by international organizations such as the Office International de
la Vigne et du Vin (OIV), the International Board for Plant Genetic Resources (IBPGR) and the International Union for
the Protection of New Varieties of Plants (UPOV).

This type of genotypic identification of grapevines presents, however, some limitations. First and foremost, as the
method is based on visual observations it is dependent on the subjectivity of experienced operators (ampelographers).
Ampelographic description - based primarily on observation of the morphology of sprouts, adult leaves and clusters - is
limited to adult plants during vegetative periods, and for this reason varietal and clonal impurities can only be detected
some years after the planting of a vineyard. Furthermore, phenotypical changes induced by the cultivation environment,
nutritional shortages or possible viral infections often make varietal identification difficult, and sometimes impossible. In
fact, for correct varietal identification accessions must grow in the same vineyard and be virus free. However, given the
great number of vine varieties (5,000-15,000), even when plants are grouped in a single vineyard, it is extremely difficult
to differentiate them all simply on the basis of their morphological and phenological characteristics.

Thus, the availability of a rapid, practical, objective system to identify vine varieties is desirable to satisfy the need
for quality control in nursery production, for legal protection of new selections, and as a fundamental tool to recover au-
tochthonous vines with the aim of preserving biodiversity. In this context, as a support for the classic methods of varietal
identification through morphological characters, DNA molecular markers are of fundamental importance. Among these,
microsatellites are the most frequently used due to their high repeatability and reliability, high level of polymorphism and
thus the degree of information they can provide, and their co-dominant nature that permits analysis of parentage. In addi-
tion, microsatellites have made it possible to develop numerous vine-related databases, including the “Database Viticolo
Italiano” (www.vitisdb.it) which is managed by the author of the present abstract.

Although microsatellites allow rapid and certain identification of vines, they generally do not present sufficient poly-
morphism to distinguish biotypes and clones, even if some researchers have stated that analyzing an elevated number of
microsatellite loci they were able to distinguish clones of Pinot and Carmenere.

Amplified Fragment Length Polymorphisms (AFLPs), a type of molecular marker that uses digestion of DNA with
restriction enzymes, are much more polymorphic than microsatellites. Numerous publications have evidenced the ability
of these markers to distinguish clones of various species, however they have not found application for legal purposes in
the genotyping of clones due to problems of instability related to the use of restriction enzymes.

DNA molecular markers seem more stable, making it possible to combine AFLP with other markers such as SAMPL
(Selective Amplification of Microsatellite Polymorfic Loci), M-AFLP (microsatellites amplified fragment length poly-
morphism) and S-SAP (Sequenze-Specific Amplification Polymorfism). The first two combine AFLP with microsatell-
lites, while the latter combines AFLP technique with molecular markers based on transposons insertion polymorphism.
In particular, S-SAP seems to be more stable than AFLP, and recently it was demonstrated that they are efficient in dis-
criminating clones.

Another recently introduced DNA molecular marker for grapevine is Single Nucleotide Polymorphisms (SNPs). This
type of marker has developed rapidly following sequencing of the entire grapevine genome. The resequencing of a large
number of vines within the context of a specific European project has made it possible to plan an array which allows
rapid, simultaneous analysis of more than 18,000 SNPs at a reasonable cost. Currently, many research groups are testing
the utility of this type of marker in clonal discrimination and it is plausible that initial publications may appear by the
time the present convention is held.
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S L A W N

The Italian Ministry of Agriculture funded in 2009 the “ARNADIA” Project, aimed at producing validated reference
diagnostic protocols for the control and monitoring of plant pathogens of phytosanitary interest and, among them, grape-
vine viruses. In this framework, the “Working group ARNADIA — grapevine viruses (WG)”, composed of eight universi-
ties and research bodies, three accredited private laboratories, one plant health service and one association of grapevine
nurseries, was established.

The aim of the WG was to produce referenced and validated serological and molecular protocols allowing for the
harmonization of diagnosis of eight grapevine viruses: Grapevine leafroll-associated virus 1, 2, 3, (GLRaV 1, 2, 3)
Grapevine virus A (GVA), Grapevine virus B (GVB), Arabis mosaic virus (AtMV), Grapevine fanleaf virus (GFLV) and
Grapevine fleck virus (GFKV).

The validation of a protocol consists of the evaluation of specific parameters designed to determine their suitability to
identify the presence of a specific “target”. The parameters that influence the capability of the test to accurately predict the
sample’s infection status are the diagnostic sensitivity (ability of the utilized method to detect the presence of the pathogen
in the samples truly infected by the pathogen in question - true positive) and diagnostic specificity (ability of the utilized
method NOT to detect the presence of the pathogen in samples not infected by the pathogen in question - true negative).
Other parameters that must be considered and which determine the efficiency of a protocol are the analytical sensitivity
(the smallest amount of infectious entities that can be identified by the diagnostic method), repeatability or accordance
(degree of conformity of the results obtained in replications of the process, made at short time intervals, using the same ref-
erence sample and in the same working conditions i.e. equipment, operator, laboratory) and reproducibility or concordance
(degree of conformity of the results obtained using the same method with the same reference samples in different labo-
ratories). The latter parameter was defined in collaboration with five laboratories of the Regional Phytosanitary Services.

Specifically, 122 grapevine samples (varieties, rootstocks and “pools” of five plants, of which only one infected) were
analyzed by ELISA, using 25 antisera from three commercial companies (Agritest, Bioreba, Sediag) and multiplex RT-
PCR protocols. For ELISA, the tests were conducted carefully following instructions provided by the companies; multiplex
RT-PCR was performed using the protocol described by Gambino and Gribaudo (2006). The tests were performed in 18
laboratories using the same samples (analyzed in blind conditions) and reagents. In each laboratory, results were obtained
using the same threshold value calculated on the basis of the spectrophotometer readings for ELISA and by analyzing the
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electrophoretic gels for the multiplex RT-PCR. Processing of the obtained results (about 24,000 data points) led to definition
of the validation parameters according to UNI/EN/ISO 16140 and 17025 and EPPO standards PM7/76 and PM7/98.

As reported in Table 1, ELISA proved to be a highly effective technique, comparable to the molecular method, al-
though the latter turned out, as expected, to be more efficient for some viruses and on some specific samples (rootstocks
and “pool”).

Table 1 - Summary of validation parameters obtained by the ELISA test for each virus and antiserum and comparison with those obtained with the
molecular protocol

. Diagnostic A e Analytical - o
Virus protocol Sensitivity Specificity Accuracy sensitivity Repeatability ~ Reproducibility

AT™MV Multiplex 92 % 99 % 98 % 10 100% 100 %
ELISA - A/B/S 64/48/50% 85/95/96% 74172172% 10 100% 95%

GFLV Multiplex 68 % 100% 90 % 107 100% 76%
ELISA — A/B/S 75/182/77% 96/92/92% 80/84/81% 10 100% 90%

GFkV Multiplex 95% 95% 95% 10 100% 95%
ELISA — A/B/S 90/90/30% 100% 92/92/46% 10 98% 88%

GVA Multiplex 96 % 99 % 98 % 10 100% 94 %
ELISA - A/B/S 77/45/87% 100/100/96% 83/58/89% 10 98% 82%

GVB Multiplex 100% 100% 100% 102 100% 100%
ELISA - A/B/S 86/nt/nt% 100% 92% 10° (2% 100% 85%

GLRaV 1 Multiplex 74 % 100 % 94 % 10 100% 70 %
ELISA - A/B/S 89/94/96% 100% 93/96/98% 10 100% 92%

GLRaV 2 Multiplex 84% 98% 85% 10 95% 83%
ELISA - A/B/S 86/67/87% 100% 93/96/98% 10° (2% 93% 84%

GLRaV 3 Multiplex 100 % 93 % 95 % 107 100% 100 %
ELISA - A/B/S 81/90/97% 100% 84/92/97% 107 100% 94%

A= Agritest; B= Bioreba; S= Sediag.
In conclusion, harmonized and validated reference diagnostic protocols for grapevine viruses subjected to phytosani-
tary rules are, for the first time, available. The efficiency and robustness of the protocols have been proven using a large

number of samples in a variety of laboratories. On this basis, both serological and molecular protocols resulted valid, and
their use could be as a function of different specific applications.
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Agrobacterium vitis is the etiological agent of grapevine crown gall disease, an abnormal tissue growth occurring
mostly in the basal part of the trunk. The infection starts at wound sites and it is often caused by freezing temperature. The
pathogen does immediately not cause the tumour, but it can stay latent in the plant for a long time, without clear damage.
Infections occurring in the first years of planting lead to debilitation of infected grapevines, together with poor quality
and quantity of grape production.

In Italy in the last three years crown gall, a disease already known previously, has shown an unexpected increase, es-
pecially due to the cold temperatures in the 2009-2010 winters. This spread has caused serious damage for nurserymen,
and the consequences continue now: grape growers are complaining about crown galls in one-year-old vineyards, and
foreigner importers are asking for A. vitis-free rootlings.

Unfortunately, control strategies applied at present are successful in decreasing the damage but not in eliminating the
pathogen. For these reasons, CRA-VIT, together with ERSA and several nurserymen (VITIVER, VCR, MIVA), is study-
ing this disease in order to identify critical points in the grapevine production process and possible solutions to control
the infection in mother plants and in nurseries.

The research activities include: i) monitoring of soils and mother plants in the Verona area; ii) monitoring and optimi-
zation of procedures in the grapevine production chain; iii) experimental trials to verify the effectiveness of Trichoderma
spp. treatments of grafts and rootlings; iv) cleaning of multiplication material by chemical or alternative agents; v) hot
water treatments; and vi) molecular characterization of A. vitis strains in order to establish molecular markers for trace-
ability of infection sources.

Hot water treatments, unfortunately, are completely ineffective in obtaining bacterium-free rootlings (Lucchetta et al.,
2013), while initial analyses of soils and mother plants in the Verona area have been encouraging; cleaning trials with
acidic water and Virkon need further study. Other experimental trials are ongoing and initial results will be outlined in
the presentation.
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The need for knowledge about the origins and qualitative characteristics of food products or plants that are com-
mercialized worldwide has increased due to consumer demands. This fact is due in part to recent negative events
related to food production and has, in turn, led to stricter regulations to safeguard public health and ecosystems from
the spread of pathogens. In an essential step to guarantee quality, beginning in the 1960s the former European Eco-
nomic Community was involved in defining legal regulations regarding the health status of grapes and their production
(68/93/EEC). The regulation of grapevine identity, health and production continued to develop until the last decade in
Europe (2005/43/CE) and Italy (DM 13/12/2011), revealing its importance over the past 50 years. Regulations have
followed the general trends in agriculture during the past century: not only with regard to new farming approaches and
consequential environmental impact, but also the globalized trade of products which poses new challenges to import/
export regulations. Food safety, market protection, property rights and ecological conservation are common themes of
“global” consumers and governmental agencies. These concepts have been reinforced by the EU through ‘“The Euro-
pean White Paper on Food Safety”.

Nowadays, many foods and agricultural products have to carry identifying labels or documents, as required by legal
regulations (e.g. 2000/13/EC), to establish a safe traceability system. In the EU, grapevines in the certified category must
be in line with the most recent directive (2005/43/CE), and associated labels have to report essential data such as the
nursery where they were produced. Plant traceability, as in foods, can be supported by Information Technology (IT) and
can be considered a best practice in agriculture, as is the case for livestock. The IT revolution, exemplified by the Internet,
has made traceability and monitoring economically feasible and enabled traceability of food products through the laby-
rinth of the agricultural product supply chain. With regards to food plants, the implementation of IT solutions to trace the
plant-to-food chain seems to be possible only in fruit trees, including grapevine, due to the difficulties in labeling and/or
tracking herbaceous plants. The wine production line is characterized by many - effective or potential - IT innovations
as technology has been able to permeate nearly every production step. With regard to the first step (i.e. selection and
registration of a grapevine clone), an online database gives breeders, researchers and stakeholders an easy and lasting
consulting system to share information regarding available clones. Several databases are available in Europe, such as the
Italian “Catalogo Istituzionale del Registro Nazionale delle Varieta di Vite” or “Italian Vitis Data Base”, the French “Base
de données du Réseau Francais des Conservatoires de Vignes”, the German “The European Vitis Database” or “Vitis
International Variety Catalogue”. As for specific aims, some of these databases are more genetic-oriented than exhaus-
tive digital archives, while others monitor production phases of premultiplication material. In any case, if the knowledge
about varieties and clones is well supported by IT, the situation changes on farms or in vineyards where few IT solutions
are available for health and quality management as most of them are in the prototype phase. In contrast to the situation
with livestock, where technology plays an important role with electronically labeled and checked animals, farms gener-
ally have a low level of computerization, due to both the costs involved and the lack of urgency to shift to a more in-depth
traceability system (Luvisi et al., 2012). However, available technology can satisfy various needs.

Radio-frequency identification (RFID) microchips can represent a safe tool to identify plants and foods that are pro-
tected by rights or subjected to specific regulations. The initial tests in grapevine by the Associazione Toscana Costitutori
Viticoli (TOS.CO.VIT.) were carried out in 2006 on clones and involved the use of microchips implanted within the pith
of rootstock (Bandinelli et al., 2009). This technology, if appropriately supported by information management systems,
can support health controls and be a useful tool for managing risks related to environmental impacts of production sys-
tems, chemical residues and the worldwide spread of plant pathogens. In certified plant propagation and breeding pro-
grams, risk management may be a sufficient reason to change to RFID systems. Similar technology can be implemented
in order to tracking the application of agrochemicals (Peets et al., 2009), the virtualization of vineyards by combining
GPS technology (Luvisi et al., 2011), and the management of widespread monitoring stations using mobile devices
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(Cunha et al., 2010). Finally, collaborative Web 2.0-based workspaces can be used to support sampling for health checks
and the exchange of information between users and laboratories (Luvisi ef al., 2012). IT can also offer real options for
wine cellar management and bottling. Electronic labeling of wine for high value products using RFID systems and for
the fight against forgery are principal areas for application, but do not involve cross reference to information about plant
health or identity or the previously mentioned databases.

In conclusion, even if IT solutions can support management procedures with regard to the spread of pathogens in plant
material and fight forgery, much still has to be done in order to create a virtual environment for grape and wine produc-
tion, changing this fragmented agricultural “internet of things” into a coherent “internet of trees”, in which regulations
and best practices may converge in harmonized electronic labeling and databases, without losing the link between plants
and food. Indeed, the relationship between plants and food is not just a simple question of input/output, but rather a com-
plex system in which plant pathogens and their control play an important role. This link is promoted by the European
Food Safety Authority (EFSA), the agency that provides scientific advice and communication on existing and emerging
risks associated with the food chain and the Authority’s work covers all matters with a direct or indirect impact on food
safety, including plant protection and plant health as included in the general objective and mission of the EFSA.
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Radio Frequency Identification (RFID) technology has been used for some years for the identification and traceability
of various products. This approach has been successfully adopted also in the agrifood sector to guarantee a reliable trace-
ability system. In grapevine nurseries, the storage of data in a field log is an essential step in the plant production process.
Specific regulations require the presence of colored labels indicating the type, origin and other features of the material.
This system is inexpensive and simple, but has several drawbacks, thus the application of RFID technology in grapevine
nurseries has been studied. The insertion of RFID tags (microchip) in grafted and ungrafted cuttings would allow to store
and retrieve a large quantity of data concerning the single plant, including the application of hot water treatment against
phytoplasma diseases.

In March 2011, microchips (0.21 x 1.20 cm) were inserted in the pith of two types of grapevine (Vitis spp.) propaga-
tion materials: grafted cuttings (a) and grafted rootlings (b), subjected or not to hot water treatment (50 °C for 45 min).
In (a) the microchips were inserted in the rootstock cuttings (Kober 5SBB and S.0.4) after direct drilling of pith, before
grafting the cuttings with scions of ‘Barbera’ and ‘“White Muscat’. In (b) the microchips were inserted in grafted rootlings
of three ‘Nebbiolo’ clones, a few cm below the grafting point, through a “U” cut performed laterally by a specially de-
signed machine. Tags were read through a palmtop computer and an appropriate software program allowed management
of the stored data.

After the first year of cultivation in the nursery, the grafted cuttings (a) were planted in a vineyard in spring 2012.
There was some variability in the nursery take among treatments also related to the quality of the plant materials, whereas
tagging accuracy (readable microchips) in September 2012 was very good (about 90% successful read rate). The grafted
rootlings (b) were planted in a vineyard in spring 2011. In the following summer more than 90% of microchips were read-
able, whereas this percentage decreased to 50% in summer 2012 under more humid conditions, indicating that microchip
insertion in grafted rootlings can encounter some problems.

In conclusion, electronic tagging of grapevine propagation materials proved technically feasible, although the cost of
microchips (still too high compared to the average price of grapevine rootlings) continues to hinder their routine adoption
in nurseries. Nevertheless, electronic tagging could be advisable for “basic” material (that used by nurseries to establish
their mother-vine vineyards) as it has greater commercial value.
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For a critical assessment of the issues relating to the future viticulture nursery system in order to identify the strengths
and weaknesses is essential to examine the relationship between factors of the supply chain and the extrinsic factors able
of modulating the interactions between the whole wine system. The uncertainty of the evolution over time of the forecasts
suggests examining these aspects for hypothetical scenarios which involves the following interfaces: Consumer (market)/
Producer, Grower/Nursery, Research/Nursery/Grower/Consumer. Other aspects might modulate the above relations: so-
cial ethics, energy cost, globalization, economic situation, climate change, Pathogens emergencies.

Consumer (market)/producer. What is certain is that enlargement of the European Community to the East and the lack
of restrictions on the spread of viticulture in new emerging countries (Latin America, South Africa and Oceania), will
pose competition problems on traditionally wine countries such as Italy and France which will fight fiercely to defend the
current position revenue linked to the prestige of wine-growing areas. There is no doubt that the new emerging countries,
at least for several years, will base their market strategy on the best ratio between cost and price, with condition that
it will be possible to maintain rapid and streamlined trades between countries, leaving the market share of high-quality
wines. The dominant effects of the recession could lead to the reduction in the purchasing power of the population and
thus to decrease the consumption of luxury goods, within the framework of the poorer population groups. The decrease
in consumption will vary depending on the role attributed to the wine (food or hedonistic) and the ability to reduce other
purchases luxury or essential goods, although the pleasure being part of main needs (but individual) will favors the con-
sumption of high quality wine. New dietary needs could emerge, to supplement the daily diet, and especially locally or
from neighboring basins (localism, joint buying groups). Environmental sensitivity could increase the need for produce in
an environmentally-friendly way (Scalabrelli, 2010) and with less wasted energy and CO, production due to long-range
transport. There is, however, to take into account many motivational aspects regarding the future evolution of wine con-
sumption. We already feel the first symptoms of new trends that tend to favor wines with special features of healthiness,
peculiarity and uniqueness. In fact, a part of the population does not seek more homogeneous characteristics and wines
already granted who find themselves generally in varietal wines produced in a specified area or a specific brand. The
uncertainty on these issues lies in sizing the scope of this question.

Grower/Nursery. The expected decline in demand should not have immediate effects on the structural consistency of
the companies, although it might affect the renewal of new vineyards and delay the activation of new business ventures.
Consequently, with the exception of the physiological abandonment of vineyard areas, it could be envisaged a slight
decline in demand for new plantations with possible surplus of material produced. In a first stage the survival of nursery
companies will not be at risk, but those more efficient and better organized will have more chances of remain on the mar-
ket. In a longer period, the continuing demand for wine (or diversification), might request to redirect the offer to new sales
channels (or production), although it is hardly predictable as the globalized market might move and what changes might
be required in order to produce and sell. Companies will have to carefully follow the market and consumer demands,
develop new solutions to meet the new population requirements. For example, produce in an environmentally-friendly,
organic, biodynamic will be no longer just slogans, if the research will have clarified and deepened aspects and come up
with appropriate techniques, but the needs imposed by the consumer. For productive diversification, there is currently a
clear differentiation between traditional varieties and the advent of new varieties obtained by genetic improvements. The
tendency to preserve the local varieties and to use the traditional ones appears a goal practiced by small farm meanwhile
the possible use of new varieties obtained by genetic improvement will be probably a strategy of the globalized system.
Of course biodiversity conservation would not be exhaustive unless their characteristics and performance will be known
in view to utilise this source for possible direct cultivation or for genetic improvement. In this contest the nurseries could
have new opportunities either on the production of autochthon varieties or propagating new material obtained by genetic
improvement.

Research/Nursery/Grower/Consumer. The critical economic situation it is not expected to influence promptly the
work in progress for the clone selection, previously started, altogether new projects initiatives could be restricted unless,
a reversal trend towards investment of funds for research will take place. The local germplasm collection and its use are

113



prospected although this aspect is not universally shared, as worldwide is focusing attention on few international grape-
vine varieties. In any case the biodiversity of grapevine germplasm is considered a resource (Scalabrelli, 2007; D’Onofrio
and Scalabrelli, 2010). Another area of great scientific interest is the study of varietal behavior, in view of climate change
and, above all, thanks to the progress made with the grape genome sequencing (Jaillon et al., 2007) genetic improvement
to obtain varieties more resistant to biotic and abiotic stress, can take advantages of the assisted breeding techniques. We
could have, therefore, on world market engineered plants produced exclusively from several countries or companies that
can find spread depending on the acceptance or rejection by the consumers. It is clear that a fundamental part of research
will be carried out to clarify whether GMOs can pose risks to health or the environment. On this basis a possible clarifi-
cation it might also change the current hostile attitude of some countries or part of the population. The strategy choice to
cultivate or not genetically modified vines could also result in disruption in the spread of viticulture in different countries,
but this could not occur before ten years. In our opinion, it should be advisable the introduction of specific genes within
the genus Euvitis. Moreover another field of research is the intensification of the studies to understand the mechanisms
that regulate the plants functioning and the role of symbiotic microorganisms which could facilitate the cultivation and
the development of environmentally friendly techniques (biodynamic method?). Beneficial microorganisms, genetically
modified or not, will be useful for finding biotechnological solutions, especially to control biotic and abiotic stress and
for a biofertilization in balance with the aimed productions. In presence of a high critical situation of funding we need
to wisely manage the ethical aspects of research and ensure adequate and rational fund investment. It would be desirable
for local projects carry out a “Shared Research”, involving the various components of the “Wine chain”, a new need this
to satisfy, especially if the State and the Regions will not be able to devote resources to this sector, as committed to sup-
porting consumption and to invest on social safety nets
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Abstract: Research was carried out on potato (Solanum tuberosum L., cv. Spunta) growing in the field in the Campania
region (southern Italy) in 2007 and 2008, adopting organic farming practices, in order to evaluate the effects of two mulch-
ing treatments (black biodegradable film and bare soil) and six plant densities (12.5,10.0, 8.3, 7.1, 6.2 and, as a control, 5.3
plants per m?) on growth, yield and quality of “new potato” winter-spring and summer-autumn crops. Only in the case
of the summer-autumn crop cycle, mulching resulted in a higher yield, plant dry matter and leaf area compared with the
bare soil control, while in both crop cycles this latter treatment induced a delay in harvest. The winter-spring cycle gave
a higher production of 40-70 mm tubers, while the summer-autumn cycle resulted in a higher vitamin C content. For the
winter-spring crop cycle, the plant density of 8.3 plants-m? resulted in the highest yield for food-use tubers, whereas the
highest production of seed tubers was obtained with a density of 12.5 plants'm2. The plant density of 8.3 plants-m also
resulted in the highest plant dry matter and leaf area. For the summer-autumn crop cycle, the 10 plants‘m density gave
the highest production of 40-70 mm calibre tubers, as well as the highest plant dry matter and leaf area. In this cycle, the
6.3 plants'm? density resulted in the highest production of 70-80 mm calibre tubers. In terms of cost effectiveness, the
choice of biodegradable mulching could save the expense of manual weed control and, in the case of the summer-autumn
crop cycle, it is also associated with a higher yield. Overall, tuber yield increased with plant density but the final produc-
tion was also affected by the crop cycle. This may depend on the different environmental conditions and duration which

characterized each cultural cycle and, therefore, affected the vegetative development of organic new potatoes.

1. Introduction

Potato (Solanum tuberosum L.) is widely cultivated
in Italy, with a total field area of 58,398 ha devoted to
this crop in 2012, mainly in Sicily (11,236 ha), Campa-
nia (9,467 ha) and Calabria (6,115 ha) (ISTAT, 2012).
In the southern Italian regions of Campania, Sicily and
Apulia out-of-season crop production is traditionally prac-
tised and the early potato crop covers a total of 14,011 ha
(ISTAT, 2012), that is 93.1% of the total acreage under
this crop (15.051 ha) in Italy. In addition, nearly all of the
Italian potato production is obtained from conventional
farming practice, although in the last nine years there has
been a small increase in the area devoted to organic potato
production. This latter accounted for about 730 ha in 2003
and 981 ha in 2011 (1.18 and 1.58% of the total area, re-
spectively) (CCPB, 2012).

In the Mediterranean area, out-of-season potato yield
obtained from winter-spring or summer-autumn crop cy-
cles is mainly channelled into the highly profitable export
market. However, for both conventional and organic crops

! Corresponding author: gcaruso@unina.it

Received for publication 22 March 2013
Accepted for publication 2 July 2013

the availability of certified seed tubers is a limiting factor.
Indeed, this crop frequently gives a modest yield because
small and/or immature tubers are used (Delaplace et al.,
2008) which are still conditioned by apical dominance ow-
ing to the brief interval between seed tuber harvest and
their use for planting. In the case of the summer-autumn
potato crop, a possible method to improve yield is to ob-
tain seed tubers from an early crop (winter-spring cycle)
in order to harvest the product before aphid proliferation
(Monti and Struik, 1999) and to limit pathogen infections
(Hospers-Brands et al., 2008). Under organic farming
practice, Saucke and Doring (2004) found that, in addi-
tion to effective weed control, the use of biodegradable
mulch films helps reduce aphid infestation on leaves and
potato virus Y incidence in tubers. Moreover, within each
microenvironment it is important to choose the planting
time which best suits the requirements of the specific cul-
tivar (Frusciante et al., 1999; Caruso et al., 2010) in order
to obtain good results.

As a general precaution, the choice of seed tubers of
the correct size should be preferred. In fact, seed pota-
toes should be neither too big, requiring to be cut in or-
der to limit the possible diffusion of infections (Franc and
Banttari, 1984), nor undersized to avoid slow initial growth
and tuberization (Mustonen, 2004). Indeed, shoot vigour
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and development rate are inversely correlated to seed tu-
ber size, which provides meristematic resources (MacKer-
ron et al., 1988): when the latter are limited, scarce shoot
emission and hence smaller within-plant resource compe-
tition occurs. This leads to the formation of fewer large
tubers (Hide et al., 1997), which is not desirable for the
production of either food-use or seed tubers.

Crop mechanization (Green, 1962), aimed at reducing
production costs, has led to an enlargement of between-row
and in-row plant spacings. Hence, the current trend is to
use spacings of 70-80 cm between the rows and 20-30 cm
along the rows for conventional potato crops grown from
ripe tubers in February-March. In this regard, contrasting
results have been published: in some areas both lower and
higher in-row spacings resulted in yield reduction (Masari-
rambi et al., 2012) while in other environments a higher
plant density resulted in a higher production but reduced
tuber calibre (Turajizadeh et al., 2011; Fontes et al., 2012),
the latter effect being desirable for “seed” production.
Moreover, increasing in-row spacing leads to greater tu-
ber size (Tarkalson et al., 2011). In mild climates, winter-
spring and summer-autumn crops are respectively grown
from commercial “seed” potatoes or from locally (re)pro-
duced tubers. At the time of planting for out-of-season po-
tato production, the seed tubers from these two crop cycles
are still not completely mature and they are conditioned by
apical dominance. In these cases, it may be interesting to
increase plant density to balance the scarce shooting ca-
pacity of physiologically immature propagation material.

To our knowledge, no conclusive research has yet been
published regarding the use of mulching and its interaction
with plant density in organic farming practice in southern
Italy. Thus, we planned our field trials with the aim of test-
ing the effect of biodegradable mulching and of plant den-
sity on the production of “seed” and food potatoes from
winter-spring crops and on the production of food potatoes
only from summer-autumn crops. Trials were carried out
in the Campania region (southern Italy) on organic potato
crops, cv. Spunta.

2. Materials and Methods

Research was carried out in San Gennaro Vesuviano
(Naples) in 2007 and 2008 on potato cv. Spunta, grown in
the field under organic farming practices on a sandy-loam
soil (Table 1); temperature and rainfall values are reported
in Table 2 as means of the data from the first and second
experimental years.

Twelve experimental treatments were compared. These
were obtained from the factorial combination of two
mulching treatments (black biodegradable film and bare
soil) and six plant densities (12.5, 10.0, 8.3, 7.1, 6.2 and,
as a control, 5.3 plants per m?). The experimental treat-
ments were randomized in a split-plot design with three
replicates, assigning mulching treatments to the main plots
and plant densities to the elementary plots; the latter had a
18.00 m? (6.00 x 3.00 m) surface area.
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The soil was prepared by forming raised beds which
were mulched with a 15-um thick biodegradable black film
made from corn starch. Potatoes were planted in double
rows for all treatments except for the control crop which
was grown in single rows. The six different plant densities
were obtained using the following spacings: 0.40 m be-
tween the rows and 0.20, 0.25, 0.30, 0.35 or 0.40 m along
the rows for 12.5, 10.0, 8.3, 7.1, 6.2 plants-m~ treatments;
0.75 m between the rows and 0.25 m along the rows for the
5.3 plants-m™ treatment (control).

Table 1 - Soil characteristics

On 100 g of air-dried and 2 mm sieved soil

Coarse sand g 353
Fine sand g 45.5
Silt g 7.8
Clay g 114
Organic matter (Walkley-Black method) g 1.18
Total nitrogen (N) - Kjeldhal method g 0.1

Available phosphate (P,O,) - Olsen method mg 1.7
Available potassium (K,0) - ammonium acetate method mg  54.0
Total lime (Dietrich-Friiling) g traces
pH 7.4

Table 2 - Temperature and rainfall values (means of 2007 and 2008)
during winter-spring and summer-autumn crop cycles in San
Gennaro Vesuviano (Naples)

Month Dates Temperature (°C) Rainfall
intervals Minimum  Maximum (mm)
January 21-31 9.3 14.9 13.4
February 1-10 9.5 15.2 422
11-20 8.1 14.3 37.1
21-28 10.9 17.3 17.5
March 1-10 11.3 16.0 68.1
11-20 11.3 17.2 333
21-31 8.9 16.6 65.2
April 1-10 11.8 19.8 25.7
11-20 13.3 21.3 274
21-30 13.7 224 21.0
May 1-10 15.2 24.1 10.6
11-20 15.8 244 294
August 21-31 23.8 33.1 0.0
September 1-10 20.8 30.0 15.7
11-20 18.8 27.6 354
21-30 16.2 24.5 23.7
October 1-10 17.6 24.6 28.0
11-20 16.4 24.0 6.0
21-31 15.5 21.6 14.8
November 1-10 14.5 20.4 9.0
11-20 10.6 15.4 24.3
21-30 12.2 16.6 76.4
December 1-10 10.9 15.1 63.0




Plantings took place on the following dates: 24 Janu-
ary for the winter-spring crop using certified “seed” tubers
(50+2 g) and 20 August for the summer-autumn crop using
“seed” tubers obtained from the previous crop cycle (30-
40 mm). Tubers were kept at 7°C until use and showed no
pre-sprouting at planting time. Potato crops were preceded
by common bean and fava bean on the same plots.

The organic farming system was managed in compli-
ance with EC Regulation 834/2007 and the farming prac-
tices were: fertilization before planting with 100 kg-ha™!
of N, 85 of P,O, and 210 of K,O with Biolsa 6-5-13; drip
fertigation with 50 kg-ha! of nitrogen as 8.5 N hydrolyzed
animal epithelium; weed control by hand; plant protection
treatments with copper, azadirachtin and rotenone.

New potato tubers were harvested when the aerial part
of the plant showed the initial symptoms of senescence
(leaf yellowing) and wilting.

Tubers from the winter-spring crop were harvested
on 18 May 2007 and 21 May 2008. The summer-autumn
crops were harvested on 4 December 2007 and 2 De-
cember 2008. Undamaged tubers of regular shape were
classified as “marketable” and graded as follows: the 30-
40 mm and 40-70 mm grades (which are usually addressed
to the large scale retail channel and packaged in boxes or
bags, respectively) and the 70-80 mm grade (which is usu-
ally channelled to the local market).

At the time of harvest, the following determinations were
made in each plot: number of failures; number of shoots per
plant; number and weight of tubers; tuber mean weight on a
50-unit sample; tuber grading and classification into the three
calibre classes. Tubers falling into the 30-40 mm class were
classified as “seed” tubers in the case of the winter-spring
crop or as food tubers in the case of the summer-autumn crop.

The weight of tubers unsuitable for the market was also
recorded in order to monitor total biomass production for
each treatment. Plant biomass was calculated as the sum
of the aboveground plant biomass at the end of the experi-

Table 3 - Yield results and growth indices of winter-spring potato crop

ment plus the total tuber production. Dry residue was as-
sessed after dehydration of the fresh samples in an oven at
70°C under a vacuum until they reached constant weight.
Leaf area was measured at the end of the cycle, using a
bench top LI-COR leaf area meter.

In order to evaluate the quality of tubers produced both
from the winter-spring and from the summer-autumn crop,
samples of 20 tubers per plot were randomly collected at
harvest time and transferred to the laboratory, where the
following determinations were made:

- dry residue, in an oven at 70°C under vacuum until
steady weight;

- vitamin C content, using a Waters 600E HPLC system
equipped with a Waters 486 UV detector set to 410 nm A
and a Biorad column mod. HPX87H at 35°C.

Data were processed by analysis of variance and mean
separations were performed through the Duncan multiple
range test, with reference to 0.05 and 0.01 probability lev-
els, using SPSS software version 15.

3. Results and Discussion

From statistical processing of the data, no differences
were detected between 2007 and 2008, therefore only the
mean values of the two research years are shown.

In the case of winter-spring crops, mulching did not sig-
nificantly affect yield but the crop cycle of the mulched crops
was four days and a half shorter compared with the bare
soil treatments (Table 3). Similar results were published by
Boyd et al. (2001) and Déring et al. (2005) who reported that
mulching did not produce any increase in yield and tuber size
but it only caused an increase in soil temperature (Xing et al.,
2012). Conversely, Maletta et al. (2006) reported that mulch-
ing resulted in increased yield and tuber size in organic potato.

Plant density significantly affected yield (Table 3):
maximum production was obtained with a plant density

Plant growth indices

Treatment Failures (?e?;?; ShOOt,S] Tuberj me;lu\l:/iright Yiel:i dlﬁ;?il()) N (maximum values)
%o 5 no.-pt no.-m tha Dry matter LAI
no.-m g days gm? m2m?
Mulching
Biodegradable film 4.7 7.9 1.08 25.1 110.6 26.8 114.5 696.3 2.1
Bare soil 4.6 7.9 1.09 25.1 107.0 26.0 119.0 663.9 2.0
NS NS NS NS NS * NS NS
Plant density
5.3 ptm-2 4.0 5.1 1.10 169 f 1233 a 20.8d 117.2 546.4 d 1.6d
6.3 53 5.9 1.15 19.8 e 121.5 ab 24.1c¢ 117.0 6223 ¢ 19¢
7.1 4.6 6.8 1.15 22.5d 117.5 be 264D 116.8 681.0b 2.1b
8.3 3.7 8.0 1.12 26.1c¢ 112.0¢ 292 a 116.7 748.5 a 23a
10.0 5.0 9.5 1.03 299b 97.4d 29.1a 116.5 744.0 a 23a
12.5 54 11.8 1.00 355a 813e 28.8 a 116.3 7383 a 2.2 ab
NS NS NS

* = significant at p<0.05; Ns = not significant; whitin each column, means followed by different letters are significantly different according Duncan

test at p<0.05.
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of 8.3 plants-m, though it was not significantly different  plants-m? resulted in the highest incidence of 30-40 mm
from 12.5 and 10.0 plants-m™. The control plant density of ~ grade tubers, which are suitable for uncut “seed” use and
5.3 plants-m? gave the lowest yield. Similar results were  may therefore be considered the best choice as seed po-
reported by Fontes and coworkers (2012), who found that  tatoes for the following summer-autumn crop. The plant
reducing the in-row spacing from 50 to 29 cm led to a  densities of 6.3 and 7.1 plants-m™ produced the highest
higher tuber number and greater yield. However, Masari-  proportion of 40-70 mm grade tubers, which are suitable
rambi et al. (2012) reported a yield decrease when plant  for the food market, whereas plant density did not signif-
density increased from 3.7 to 7.4 plants-m™2. Due to the icantly affect the incidence of 70-80 mm calibre tubers.
early plantings, the “seed” tubers used to start the winter-  These results are in accordance with previously published
spring crops had still not reached their full physiological  studies reporting an increase in the small- and medium-
maturity. Consequently, they produced plants with only  tuber size class when the in-row plant spacing was reduced
one shoot and a small number of tubers which did not  from 50 to 29 cm (Fontes ef al., 2012) and plant density
vary between the treatments. Therefore, the productive  from 8.0 to 5.3 plants-m? (Turajizadeh et al., 2011).
results were affected both by the number of tubers per As aquality indicator of potato tubers, the dry residue was
square meter and by the tuber mean weight: the highest  not significantly affected by mulching or by plant density
number of tubers was recorded at the highest plant den-  (Table 4). Vitamin C content was higher in tubers obtained
sity while the highest tuber mean weight was obtained  from mulched plots, whereas it did not vary in response to
with 5.3 plants-m™. No difference in precocity among the  the different plant densities. Similar results were published
treatments was recorded. Total yield increased with in- by Gram (1951) who found that tubers from straw-mulched
creasing plant density up to 8.3 plants-m?, because the  crops had significantly higher ascorbic acid content. More-
apical dominance effect induced tubers to produce only  over, in more recent years Dvorak et al. (2012) reported no
one shoot, thereby reducing dramatically the competition  significant effects of mulching on potato tuber ascorbic acid
between plants and within each plant. content under different soil or climatic conditions. These
Growth parameters varied similarly to yield in response  contrasting results suggest that the actual ascorbate content
to mulching and plant density (Table 3). Dry matter and  of potato tubers may result from an interaction of multiple
leaf area were not significantly affected by mulching, factors. However, the tuber vitamin C values detected in our
while plant density increases up to 8.3 plants-m™ resulted  research fall in the range reported by Brown (2005).
in the highest values of both dry matter and leaf area, re- After discarding about 10% of virus-infected tubers, the
flecting the mulching effect on total yield. 30-40 mm tubers produced by the winter-spring crops were
The relative proportion of tubers classified into the dif- used as seed potatoes for the following summer-autumn
ferent calibre classes (Table 4) was not significantly dif-  crops. These seed tubers were to be planted about three
ferent between the mulched or bare soil treatments, but  months after harvest, before they could reach their full phys-
significant effects were recorded in response to the differ-  iological maturity, similarly to the commercially available
ent plant densities. The highest densities of 12.5 and 10.0  seed potatoes used for the winter-spring crops. As discussed

Table 4 - Grading and quality indicators of “seed”” and food-use potato tubers produced from winter-spring crop

Seed-use grade Food-use grades L
Tuber quality indicators
30-40 mm 40-70 mm  70-80 mm
Treament Yield % of total Tuber. Potential % of total % of total Dry residue Vitamin C
t-ha' yield ~ mean weight ng ' yield yield % mg-100 g f.w.

Mulching
Biodegradable film 8.9 332 49.1 3.4 58.7 8.0 18.5 23.0
Bare soil 8.8 34.0 50.6 33 58.0 7.9 18.8 222

NS NS NS NS NS NS NS *
Plant density
5.3 ptm-? 6.7¢ 322 be 50.4 ab 25e 59.8 ab 8.0 18.5 22.7
6.3 7.6d 3l4c 51.8a 2.7 de 60.5 a 8.1 18.6 22.5
7.1 87¢ 32.8b 51.1 ab 32cd 59.1 ab 8.1 18.7 229
8.3 9.8b 334D 50.3 ab 3.6bc 58.6b 8.0 18.9 223
10.0 10.3 ab 355a 48.9 be 4.0 ab 56.6 ¢ 7.9 18.6 22.7
12.5 105a 364a 47.0c 42a 55.7¢c 7.9 18.8 22.5

NS NS NS

* Using the traditional 75 x 25 cm spacings (5.3 plants-ha™') in the following summer-autumn crop; * = significant at p<0.05; Ns = not significant;
whitin each column, means followed by different letters are significantly different according Duncan test at p<0.05.
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above, their immature state caused each “seed” to originate
only one shoot and, consequently, the number of tubers per
plant did not differ among the treatments. Therefore, yield in
the different plots was only affected by the number of tubers
per unit surface area and by the tuber mean weight (Table 5).

In the summer-autumn cycle, mulching increased crop
precocity and affected tuber production favourably, as com-
pared with bare soil treatments (Table 5). This result may be
explained by the lower failures and higher tuber mean weight
recorded in mulched plots, though these variables were not
significantly affected by mulching. It was suggested that
mulching resulted in higher potato yield due to the reduction
of soil nutrient loss caused by runoff (Rees et al., 2002) and to
the prevention of excessive soil heating (Dvorak et al., 2012).

Plant density significantly affected tuber produc-
tion (Table 5) and the highest yields were recorded with

Table 5 - Yield results and growth indices of summer-autumn potato crop

10.0 and 12.5 plants-m?, whereas the control plots (5.3
plants-m?) gave the lowest production. At the same time,
tuber mean weight was affected by competition among
plants and it increased at lower plant densities. No sig-
nificant effect of plant density on precocity was recorded.
Total production increased with plant density up to 10.0
plants-m?, i.e. even over the 8.3 density threshold record-
ed for the winter-spring crop. In fact, the latter showed
greater plant expansion (Tables 3 and 5) due to the longer
crop cycle, causing presumably greater plant competition
for available resources. Moreover, both growth indexes
(plant dry matter and leaf area) attained higher values with
mulching compared with bare soil, whereas they were not
significantly affected by plant density (Table 5).

Tubers harvested in the autumn were graded only with
regard for the food market (Table 6). Mulched plots pro-

Plant growth indices

Treatment Failures dAe(I":sulztl}lz Shoot-s1 Tuber-s2 me:;lu\]?vzlright Yiel_(li dli;(t)irz) N (maximum values)
% 0.2 no.-pt no.-m o t-ha days Dry ma_lztter I;AI_2
gm m>m
Mulching
Biodegradable film 14.5 6.9 1.0 20.9 114.1 24.7 105.0 582.1 1.8
Bare soil 15.7 7.0 1.0 20.4 112.0 20.7 109.3 496.5 1.5
NS NS NS NS * * * *
Plant density
5.3 pt-m-? 15.1 4.5 1.0 13.6 f 125.7 a 17.1e 107.7 372.3d 1.2d
6.3 14.9 5.4 1.0 162e 1245 a 20.2d 108.4 475.6 ¢ l4c
7.1 15.0 6.0 1.0 18.2d 118.5b 21.6d 108.0 5102 ¢ 15¢
8.3 15.2 7.0 1.0 209 ¢ 11550 24.1c¢ 107.1 570.7b 1.7b
10.0 15.3 8.5 1.0 247D 110.0¢ 27.1b 106.4 6429 a 19a
12.5 15.2 10.6 1.0 309a 84.5d 26.1a 105.8 663.8 a 20a
NS NS NS

* = significant at p<0.05; Ns = not significant; whitin each column, means followed by different letters are significantly different according Duncan

test at p<0.05.

Table 6 - Grading and quality indicators of food-use potato tubers produced from summer-autumn crop

Food use tuber grades

Tuber quality indicators

Treatment 30-40 mm 40-70 mm 70-80 mm Dry residue Vitamin C
% of total yield % of total yield % of total yield % mg-100 g f.w.

Mulching
Biodegradable film 26.4 62.4 11.2 17.8 21.7
Bare soil 28.4 59.2 12.4 18.0 21.4

* * * NS NS
Plant density
5.3 pt-m-? 26.2d 60.8 bc 13.0d 17.9 21.5
6.3 26.0d 58.5d 155a 18.0 21.6
7.1 27.0c 599 ¢ 13.1b 17.7 214
8.3 279b 61.0b 11.1¢c 17.8 21.7
10.0 28.6 a 62.1a 9.3d 18.0 21.5
12.5 289 a 62.5a 8.6e 17.8 21.6

NS NS

* = significant at p<0.05; Ns = not significant; whitin each column, means followed by different letters are significantly different according Duncan

test at p<0.05.
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duced a higher percentage of medium-sized tubers (40-
70 mm) whereas the crops grown on bare soil produced
a higher percentage of small and large tubers (30-40 mm
and 70-80 mm, respectively).

The highest plant densities of 12.5 and 10 plants-m™
led to the highest proportion of 30-40 mm calibre tubers,
as well as of the 40-70 mm calibre. Moreover, the percent-
age of the largest tubers increased at lower plant densities,
whereas this parameter was not significantly affected in
the case of the winter-spring crop cycle.

The quality indicators of potato tubers (dry residue and
vitamin C) were not significantly affected by the experimen-
tal factors during the summer-spring crop cycle (Table 6).

Tuber dry residue and vitamin C contents of tubers har-
vested in the autumn were as much as 4 and 5% lower
compared with tubers harvested in the spring. These re-
sults were in accordance with previous research (Ierna,
2010) reporting higher values of yield and tuber dry resi-
due, but lower tuber mean weight in spring tubers com-
pared to autumn ones.

Finally, the winter-spring crop cycle resulted in lower
tuber mean weight and higher yield, compared with the
summer-autumn crop cycle.

4. Conclusions

In the case of the winter-spring cycles, the use of biode-
gradable mulching induced an anticipation of the harvest
but it was not found to have significant effects on tuber
production.

The use of biodegradable mulching for the summer-
autumn crop cycle gave better production results and an
anticipation of the harvest; moreover, it also had positive
effects on the prevention of water logging caused by abun-
dant rainfall in November.

Since chemical weed control is not permitted in organ-
ic farming, in both crop cycles mulching allowed easier
and cheaper weed control than that carried out by hand for
bare soil cultivation.

Unlike conventional “mature potato” crops which are
usually grown with a plant density of 5-6 seed tubers per
m?, in the case of “new potato” crops a higher yield was
obtained by increasing plant density both in the winter-
spring and summer-autumn cycles. In this respect, the
summer-autumn cycle allowed the highest plant density
(up to 10.0 plants-m?) compared with the winter-spring
cycle (up to 8.3 plants-m) because of the lower plant veg-
etative growth. In the case of the winter-spring cycle, a
plant density of 12.5 plants-m? density produced the high-
est amount of “seed” potatoes (30-40 mm) to be used for
the next summer-autumn crop cycle.
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Application of sucrose on tomato seedlings improves
transplant quality, crop establishment,
cold and dark hardiness
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Abstract: Transplant production is an important part of the vegetable production process. Therefore, improving trans-
plant quality and resistance to adverse environmental conditions is important. Effects of sucrose solutions (0, 5, 10, 15,
20 and 25%), applied to the foliage of tomato (Solanum lycopersicum L.) cultivars Calj-N3 and Rio-Grande were studied.
Treatments were applied to developing seedlings at every other irrigation for six weeks. Application of 25% sucrose in-
creased fresh and dry weights of shoots, fresh weight of roots, and shoot and root dry weight percentages. Application of
25% sucrose led to a 13 and 18 % higher survival to chilling temperature in ‘Calj-N3’ and ‘Rio-Grande’ tomato seedlings,
respectively. The highest transplant survival percentages in darkness were found at 10% sucrose and higher. Seedlings
sprayed with 15% sucrose solution had the highest transplant establishment in the field and flowering was approximately
four to five days earlier. A 15% sucrose treatment is thus preferred.

1. Introduction

Transplanting vegetables has benefits over direct seed-
ing. Transplanting increases crop season length, reduces
expenses of vegetable production, and decreases the risk
of chilling and other potential risks (Schrader, 2000).

Tomato (Solanum lycopersicum L.) is used for the fresh
and processing market. In most open field tomato produc-
tion areas use of transplants is beneficial because of a short
growing season. Cool temperatures are an early season
problem in some areas and they result in delays in pro-
duction and economic loss (Shukry and El-Otaby, 2011).
Strategies to increase tomato chilling resistance are nec-
essary to produce quality transplants and increase stress
resistance by appropriate treatments.

It was found that tomato seedlings are able to take up
sugar solution applied to foliage; although up-take de-
pends on environmental conditions (Berrie, 1960). Mul-
tiple applications of sugars to foliage on tomato in a dark
room increases growth rate and especially when applica-
tion is at fairly high temperatures (Went and Carter, 1948).
Tomato plants treated with a 10% aqueous sucrose solu-
tion daily up to three days before transplanting, produced
more adventitious roots (Smith and Zink, 1951). Applica-
tion of 70 g-1"' sucrose resulted in improved establishment
in the field and shoot growth as a result of producing more
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adventitious roots (Percival and Fraser, 2005). In other in-
vestigations on non-vegetable plants such as young trees
of silver birch, cherry, and red oak, applications of sugar
< 50 g-I'! in water as a root drench significantly enhanced
root vigor by week 12 (Percival, 2004). Sucrose injection
to soybeans increased leaf area and pod numbers but sup-
pressed photosynthesis (Abdin ef al., 1998).

There is very little information in the literature on the
application of sucrose on transplants to improve chilling
resistance and other transplant quality characteristics. The
present study was undertaken to investigate effects of su-
crose application on tomato transplants, as a commercially
important vegetable established from transplants, and evalu-
ate effects on increasing chilling resistance and other traits
under field conditions. Foliar application was chosen be-
cause roots take up very little sugar, stems take it up mainly
through wounds, but intact leaves absorb it readily; appar-
ently through the whole surface (Went and Carter, 1948).

2. Materials and Methods

The study was carried out in a 200 m? area, at an alti-
tude of 1810 m above sea level. The regional mean relative
humidity was 46% and the mean monthly minimum and
maximum temperatures during the growing season were
15.6 and 30.7 °C, respectively. Soil samples were analyzed
prior to the start of the experiment. The loamy soil had an
EC of 2.41 mmhos-m™ and a pH of 7.6 (soil extract 1:2).
The soil was plowed and disked to turn under existing plant



material. Fertilization was according to soil test result and
crop need to supply nutrient requirements for tomato pro-
duction (Jones, 2007).

The tomato cultivars Calj-N3 and Rio-Grande were
used. Seeds were sown in 300 ml plastic pots filled with
peat and perlite (1:1 v:v) and irrigated every other day.
Plantlets emerged after one week. Pots were irrigated with
water for the first two weeks after sowing. Afterwards,
they were fertigated with a complete NPK fertilizer as rec-
ommended by Papadopoulos (1991) for tomato transplant
production. Greenhouse conditions for transplant produc-
tion were 24+4°C and 45+5% relative humidity.

Seedling foliage was treated with six sucrose solutions
(0, 5, 10, 15, 20 and 25% concentrations) starting two
weeks after emergence. One drop of tween 20 was added
to each solution to increase leaf surface absorption. Ap-
plication covered all leaf surfaces at every other irrigation
interval until seedlings were moved to the field at the sixth
week after seed sowing. Leaves were washed using a mist
system between each sucrose application.

For the field experiment, six-week-old seedlings were
transplanted into the field at a 40X 60 cm spacing in rows
covered with black polyethylene mulch. Plots were ferti-
gated through tape irrigation with starter fertilizer 10-10-
10 NPK for the first week after transplanting to help stand
establishment according to Masson et al. (1991). Cultural
practices until the end of the experiment were carried out
as described by Papadopoulos (1991). The field experi-
ment was repeated in two subsequent years.

Seedlings at the end of the sixth week from seed sow-
ing were divided into four groups. Group A was used to
determine vegetative characteristics including leaf chlo-
rophyll content (Saini et al., 2001), transplant shoot and
root fresh and dry weights, and shoot and root dry matter
percentage. Group B was stored in darkness at 20°C for 96
h to determine effects of treatment on darkness survival.

Group C was placed in an incubator at 0°C for 96 h to de-
termine effects of sucrose on resistance to chilling. Group
D was transplanted into the field to determine degree of
field establishment, leaf number preceding first flower and
the days from transplanting to first flower formation.
Group A, B and C experiments were arranged in a com-
pletely randomized design; group D (factors after trans-
planting into field) was arranged in a completely random-
ized block design over two years. All treatments consisted
of six replicates of 10 plants. Data analysis was performed
using the SPSS12 (SPSS Inc., Chicago, IL) computer soft-
ware for Windows. If differences were significant, means
were separated with least significant difference (LSD) test.

3. Results and Discussion

The effects of treatments on all measured traits were
always significant except for leaf number, leaf chlorophyll
content, fruit set percent and yield; for group D the effects
of year and its interaction with treatments for all measured
traits were not significant (data not shown).

Fresh and dry weights of shoots and roots, shoot and root
dry matter percentage increased with increasing sucrose
concentration in both cultivars (Table 1). The highest val-
ues were for the 25% sucrose concentration. Similar results
in terms of increased dry matter of shoots and roots were
found in seedlings of a non-vegetable plant, birch (Betula
pendula Roth.), after a root drench application of sucrose
and fructose (Percival and Fraser, 2005). Accordingly, it
seems that sucrose could be absorbed by aerial and under-
ground plant organs and used in metabolism for growth and
development. Ritchie (1987) reported that root growth po-
tential is not a physiological process. However, it integrates
many important physiological processes in seedlings and
has become a popular and useful indicator of seedling vigor.

Table 1 - Vegetative characteristics of two tomato cultivars, sprayed with aqueous sucrose solution for a 6-week transplant raising period

Tomato Sucrosg ShooF fresh Shogt dry Shogt dry Root. fresh Roo.t dry R.Oot dry  Leaf nurpber Days from
cultivar concentration weight weight weight weight weight weight per-  preceding  transplanting
(%) (2) (2) percentage (2) (2) centage the first flower to first flower
Calj-N3 0 425+020e  0.33+00le 7.83+0.19f 021001 g 0.018£0.048a  8.55+0.05 ef 9.67+0.33 a 27.33+0.88 a
5 4574023 de  0.35£0.03e  7.55+0.29 fg 0.24+0.02ef 0.021£0.002a 8.79£0.12de ~ 9.33x0.33ab  26.33+0.33 b
10 4.74+020cd  0.52£0.02¢  10.89+0.15cd 0.4240.03cd 0.037£0.002a 8.86+0.12cd  8.67x0.33 ¢ 24.67+0.33 d
15 4724024 cd  0.52£0.03¢c  10.94+023bcd  0.50£0.05bc  0.046+0.005a 9.27+0.11ab  7.33+0.33ef  23.33+0.33 ef
20 5.0240.04c  0.59+£0.01b 11.73+0.31 ab 0.61+0.04a  0.057£0.005a 9.40+0.15a 7.00+0.00 f 23.00+0.00 ef
25 6.22+0.15a  0.74£0.02a 11.97+0.18 a 0.64+0.02a  0.060£0.003a 9.36£0.07ab  7.33x0.33ef  22.67+0.33f
Rio-Grande 0 324+0.19g  0.22+0.02f  6.70+0.26 h 0.1120.01h  0.008+0.001b  7.52+0.19h 9.67+0.33 a 27.33+0.33 a
3.55¢0.16fg  0.24+0.03f  6.84+0.49 gh 0.15£0.02 gh  0.012+0.002 ab 7.96+0.30 g 9.33+0.33ab  25.67+0.33 be
10 3.84x0.16 f 0.38+0.02 de  10.00+0.26 ¢ 0.31£0.03e  0.026+0.002a  8.26+0.09 f 9.00£0.00bc  25.00£0.57 cd
15 426+020e  042+0.02d  9.78+0.74 ¢ 0.40£0.05d  0.036x0.005a 8.95+0.04cd  8.00+0.00d  23.67+0.33 ¢
20 5.02£0.09¢  051x0.03¢  10.19+0.50 de 0.51£0.03b  0.046£0.004a 9.10+0.12bc  7.67+0.33de  23.33+0.33 ef
25 5.54+0.19b  0.62£0.02b  11.15+0.58 be 0.53+0.01b  0.048+£0.001a 9.12+0.05abc ~ 7.33x0.33ef  23.33+0.33 ef
LSD value 0.37 0.053 0.81 0.075 0.042 0.28 0.59 0.86

Data are mean =+ s.E. of six replicates. Different letters indicate significant differences for each column at P< 0.05 by LSD test.

123



Any physiological problem affecting seedlings should show
up as a decrease in the seedling’s ability to produce roots.
Thus, sucrose spray is an applicable method to increase root
fresh weight and thereby increase transplant vigor.

Survival in dark

Tomato growers often purchase seedlings from distant
transplant producers, risking deterioration of transplants
during transportation. Transportation conditions, status
of flower development at time of transport, planting con-
ditions after transport, and unfavorable combinations of
these conditions often result in flower abortion and de-
layed fruit development of the first truss (Kubota et al.,
2004). Low-temperature storage in darkness has been re-
ported as a way to preserve seedling quality (Leskovar and
Cantliffe, 1991; Kaczperski and Armitage, 1992; Kaczper-
ski et al., 1996). Nearly all plant food reserves are stored
as starch or sugars. These are produced by photosynthe-
sis and consumed by respiration to sustain plant growth
and metabolism. Cold storage affects photosynthesis and
respiration in two ways. First, absence of light interrupts
photosynthesis, and second, low temperature decreases
respiration rate. The net effect is that seedlings very slow-
ly burn up their supply of reserve carbohydrates in stor-
age (Ritchie, 1987). Therefore, survival in darkness and
seedling quality are important for transplant transporta-
tion. Low temperature and dim light during transportation
maintain transplant quality at an acceptable level (Kubota
and Kroggel, 2006). Our results showed that by increas-
ing sucrose concentration, survival of transplants in dark-
ness was increased. The highest transplant survival per-
centage in darkness was found with 10% concentration of
sucrose and was not cultivar dependent (Fig. 1). Kubota
et al. (1997) reported reductions in levels of soluble sug-
ars and starch in dark-stored broccoli (Brassica oleracea
L. Botrytis ‘Group Green Duke’) plantlets. In spite of
interruption of the supply of photosynthates in darkness,
amounts of soluble sugars increase through degradation of
starch in shoots (Sato er al., 2004). Accordingly, it is con-
cluded that foliar application of sugars can be used as an
energy source for respiration in darkness with low, or no,
decrease in transplant quality.
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Fig. 1 - Effect of sucrose foliar spray on the percent of survived ‘Calj-
N3’ and ‘Rio-Grande’ tomato transplants in darkness.
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Chilling temperature survival

Seedling survival percentage increased as sucrose con-
centration increased in both cultivars (Fig. 2). Applica-
tion of 25% sucrose solution produced the best survival
in response to chilling. Compared to controls there was 13
and 18 times greater chilling resistance in ‘Calj-N3’ and
‘Rio-Grande’ seedlings, respectively. Since carbohydrate
reserves undergo a net loss during low temperature stor-
age and hardiness development requires an expenditure of
metabolic energy (Ritchie, 1987), providing sucrose as an
available source of energy through foliar application can
help transplants survive low temperatures. Sucrose has
been reported as a metabolite for stabilizing membranes
in plant tissues during chilling (King et al., 1988). Sugar is
able to maintain dry mass of plantlets under a wider range
of environmental conditions during low temperature stor-
age (Kubota, 2005).

[ Calj-N3
B Rio-Grande

Survived chilling (%)
E]
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20 ]
104 ] _'
o  Cm e | M _ _
[+] i) 10 15 20

Sucrose conc. (%)

25

Fig. 2 - Effect of sucrose foliar spray on the percent of ‘Calj-N3’ and
‘Rio-Grande’ tomato cultivar transplants that survived chilling
temperatures.

Leaf chlorophyll content

Leaf chlorophyll content was not different in cultivars
due to treatment (data not shown). The same result was
observed in birch (Percival and Fraser, 2005) where sugar
feeding at 25 g-1'' level had no significant effect on carot-
enoid and chlorophyll concentrations.

Field establishment efficacy

High transplant establishment percentage in the field
results from quality transplants and successful transplant-
ing. Tomato seedlings treated with 15 or 25% sucrose had
the highest and similar transplant establishment rates (Fig.
3). This could be related to the greater root systems pro-
duced by those plants. Root growth is considered a useful
indicator of seedling vigor (Ritchie, 1987).

Number of leaves and days to first flower

A standard indicator for flowering time is the number
of leaves produced on the primary shoot before first flow-
ers are initiated (Koornneef et al., 1991). In tomato, the
number of leaves produced before flowers is genetically
controlled, but mediated by environmental conditions.
Usually only from six to 11 leaves are required below the
first inflorescence in tomato (Kinet and Peet, 1997), with
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Fig. 3 - Effect of sucrose foliar spray on the percent of successful stand
establishment of ‘Calj-N3’ and ‘Rio-Grande’ tomato cultivar
transplants.

the lower number being found in an early crop. The ‘Calj-
N3’ and ‘Rio-Grande’ seedlings treated with 15 and 20%
sucrose solution, respectively, produced flowers sooner
than other treatments (Table 1). In those concentrations
there were fewer leaves than in the controls. It may be that
sucrose application provides additional carbohydrates re-
quired for flower initiation. Flowering was observed to
occur approximately four to five days earlier in cultivars
treated with 215% sucrose (Table 1).

Fruit set percent and yield

Analysis of variance for both cultivars over two years
did not show differences for fruit set percent and fruit yield
(data not shown). It seems the effect of sucrose applica-
tion on seedlings might not extend beyond flowering. Fruit
set (and eventually yield) is affected by environmental fac-
tors and plant growth regulators during the fruit set period
(Kinet and Peet, 1997).

4. Conclusions

Overall, transplant quality of horticultural crops is
generally defined by physiological potentials (growth and
developmental characteristics and photosynthetic ability),
visual quality (color and morphology), genetic uniformity,
and pathogen status (Kubota ef al., 2002). In the present
study, in most cases the 15-25% sucrose treatment gave
the best results. The main detracting factor for the 25% su-
crose concentration was sticky leaf surfaces after applica-
tion, which may attract insects. Washing leaves to remove
stickiness and applying this amount of sugar is probably
not economical. Therefore, the 15% level is recommended,
which can be applied through overhead mist or irrigation
system in commercial transplant production operations.
Overhead irrigation systems wash excesses sucrose off
leaves, reducing problems. The results from this investiga-
tion can be useful for transplant production companies and
growers. Adverse environmental conditions do not always
allow immediate transplanting into the field and sucrose-
treated seedlings can be held for a few days, thus allowing
flexibility in crop scheduling and labor management.
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Abstract: C, grasses are best adapted to the transition, warm-arid, and warm-humid climatic zones and have the ability
to acquire thermotolerance by exposure to acute heat stress. Exposure to sub-lethal temperatures results in changes in
physiological, biochemical, metabolic, and molecular processes. The response of two warm-season grasses to prolonged
heat stress was investigated. Plants of hybrid bermudagrass (Cynodon dactylon x C. transvaalensis ‘Tifway’) and Japanese
lawn grass (Zoysia japonica Steud. ‘Meyer’) were exposed for 168 h to supraoptimal temperature conditions (47°C) in
controlled-environment chamber. Compared with zoysiagrass, bermudagrass showed greater damage. Metabolite pro-
files were affected by prolonged heat exposure, with significant differences between these species. Consistent differences
were found in total soluble sugars accumulation over the study period and severity of plant organ senescence. Bermu-
dagrass roots were more affected, as compared to leaves. Leaf proteins expression determined by sodium dodecyl sulfate
polyacrylamide gel electrophoresis showed an early degradation in zoysiagrass, as thermal exposure proceeded. A signifi-
cant net decline in protein content was observed after 48 h of exposure, while in bermudagrass an analogous decline was
not detected until 96 h of treatment. Although heat stress is not considered a detrimental factor to C, grass species, the

two species showed significant differences in their physiological response to continuous high temperatures.

1. Introduction

Higher plants exhibit a photosynthetic limitation as a
function of temperature. Warm-season grasses, character-
ized by the Hatch-Slack pathway (C,), evolved a RuBis-
CO (Ribulose-1,5-bisphosphate carboxylase/oxygenase)
type that more efficiently utilizes high CO, at high tem-
perature, and have an optimum growth temperature range
of 27 to 35°C, which is approximately 10°C higher than
in C, plants (Leegood, 1993). C, grasses are best adapted
to the transition, warm-arid, and warm-humid climatic
zones and usually have the ability to acquire thermotol-
erance by exposure to acute heat stresses (DiPaola and
Beard, 1992).

Plants compensate for their sessile nature by develop-
ing specific responses to abiotic conditions. Exposure to
sub-lethal temperatures results in changes in physiologi-
cal, biochemical, metabolic, and molecular processes,
developing an active regulatory mechanism for maintain-
ing cellular homeostasis, as well as enhanced tolerance
(Kislyuk et al., 2004, 2007; Guy et al., 2008; Kumar et
al., 2013). The severity of damage to cellular and subcel-
lular structures mainly depends on the intensity, duration,
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and rate of temperature increase. Changes in protein me-
tabolism have been correlated with the thermotolerance
mechanism. In particular, transcription and translation of
specific heat shock proteins (HSPs) are induced or en-
hanced when plants are exposed to supraoptimal temper-
ature, playing a crucial role in adaptive mechanism. Most
of the HSPs are molecular chaperones, functioning by
binding and stabilizing proteins at intermediate stages of
folding, assembly, degradation, and translocation across
membranes (Xu et al., 2011).

Furthermore, carbohydrate metabolism was found to
be affected by heat shock on Arabidopsis, with an ac-
cumulation of maltose, sucrose, galactinol, myo-inosi-
tol, raffinose and monosaccharide cell-wall precursors
(Rizhsky et al., 2004). Induction of the triose phosphate
and starch hydrolytic pathways of carbohydrate metabo-
lism provides precursors, leading to raffinose biosynthe-
sis and accumulation of galactinol and raffinose. Soluble
sugars are known osmolytes that are beneficial during
heat stress conditions, providing protection of cell mem-
branes during stress exposure (Diamant et al., 2001).

Bermudagrass (Cynodon spp. Rich.) and zoysiagrass
(Zoysia spp. Willd.) provide excellent surfaces for func-
tional, recreational, and ornamental areas, including golf
course fairways, ornamental lawns and parks. The ability
of these perennial, warm-season grasses to tolerate heat
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stress is reported to be excellent compared to cool-season
grasses (Beard, 1973). In an investigation, conducted to
determine the relative effects of drought and heat on cool-
season tall fescue (Festuca arundinacea Schreb.) and
Manilagrass [Zoysia matrella (L.) Merr.], the superior
heat and drought tolerance recorded for zoysiagrass has
been associated with its ability to maintain photochemi-
cal activity and cellular membrane stability (Du et al.,
2008). This characteristic was also associated with main-
tenance of more active antioxidant enzymes and lower
membrane lipid peroxidation (Du et al., 2009). Addition-
ally, comparing the ability of three warm-season turfgrass
species to mitigate heat accumulation during a prolonged
60-day summer drought, zoysiagrass increased rates of
leaf damage and maintained significantly higher canopy
temperatures during drought conditions, as compared to
bermudagrass and St. Augustinegrass (Stenotophrum se-
cundatum (Walt.) Kuntze), suggesting these latter spe-
cies have an enhanced heat dissipation through greater
evapotranspiration (Steinke et al., 2009). Amongst the
species, few significant differences were observed dur-
ing cultivar comparisons, although Manilagrass tended to
accumulate and retain heat more quickly than cultivars of
Japanese lawn grass (Zoysia japonica Steud.). The differ-
ential heat tolerance after prolonged stress, exhibited by
bermudagrass as compared to Poa pratensis (L.), was at-
tributed to a higher accumulation of organic acids, amino
acids, soluble sugars, and inositol (Du et al., 2011).

Differences in photosynthetic response in C, plants do
exist. RuBisCO in Cynodon dactylon constantly exhib-
ited a higher catalytic turnover rate at 16, 28, and 40°C
than in Zoysia japonica, with analogous activation en-
ergy of 50.1-51.2 kJ mol™! (Sage, 2002). However, it ex-
ceeded the photosynthetic capacity above 25°C, and was
not a limiting factor at warm temperature.

Limited work has been done to examine and com-
pare physiological responses in protein induction and
degradation, as well as carbohydrate metabolism under
heat stress in C, grasses. The objectives of the present
research were (i) to evaluate the heat tolerance of ber-
mudagrass and zoysiagrass standard cultivars using con-
trolled environment and heating procedures, and (ii) to
determine differences in stress responsive metabolite ac-
cumulation in C, standard cultivars to short- and long-
term heat stress.

2. Materials and Methods

Experimental conditions

The research was carried out at the department of Ag-
riculture, Food and Environment, University of Pisa, It-
aly. On 22 February 2011, plants of Cynodon dactylon x
C. transvaalensis Burtt. Davy cv. ‘Tifway’ and Zoysia ja-
ponica Steud. cv. ‘Meyer’, selected as standard cultivars,
were collected and clonally propagated as phytomers (1-
to 2-cm segments of stolon obtained from mature plants,
containing root tissue, crown, and shoot material) into
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a sphagnum moss peat-based growing medium, mixed
with volcanic sand, into 160-hole seed trays, with a cell
volume of 5 cm?. Plants were established at 23°C (x4°C)
day/night temperatures for 32 weeks in a greenhouse.
During the active growing season a mineral solution
(8N-7P-19.9 K + 4 Ca? Mg) at 1.3 g I'' was supplied
three times per week. The fertilization program was peri-
odically adjusted according to the physiological age and
state of the grass. Irrigation was applied as needed to pre-
vent wilting and plant material was maintained at a cut-
ting height of 2.5 cm throughout the entire pre-treatment
phase. Mature plants were then acclimated in a growth
chamber for four weeks before treatments were applied,
and maintained at 22+1°C with a 12-h photoperiod and a
light intensity of 90 umol m2s™.

All treatments were performed in parallel. The con-
trol was maintained in a growth chamber, and stress was
applied by exposing plants to 47+1°C with 45% relative
humidity and 12-h photoperiod of 90 pmol m=s~' pho-
tosynthetically active radiation. Temperature was moni-
tored with a datalogger (Campbell Scientific, Logan,
UT, USA), and plants exposed to heat stress were sub-
irrigated daily to avoid drought stress. For each species,
five plants were removed from the heat chamber at target
times (set at 6 h, 24 h, 48 h, 96 h, and 168 h), and finally
transferred again to the growth chamber for assessment
of vitality after three weeks. Biometric response to heat
stress was evaluated as fresh weight (FW) (expressed
in percentage compared to tO= 100%) regrowth in the
growth chamber for three weeks.

Analysis of carbohydrates

Samples (0.5 g FW) were ground to a powder and ex-
tracted as described by Tobias ef al. (1992) in order to
quantify glucose, fructose, and sucrose (total soluble sug-
ars, total soluble carbohydrates). Samples were assayed by
coupled enzymatic assay methods (Guglielminetti et al.,
1999) measuring the increase in A, . The accuracy of the
method was tested using standards with known amounts of
carbohydrates. Incubations of samples and standards were
carried out at 37°C for 30 min. The reaction mixtures (1
ml) were as follows. Glucose: 150 mM Tris-HCI, pH 7.6,
3 mM MgCl, 2 mM ATP, 0.6 mM NADP, 1 unit Glc6P
dehydrogenase, 1 unit hexokinase; fructose was assayed as
described for glucose plus the addition of 2 units of phos-
phoglucose isomerase; the increase in A,, was recorded.
Sucrose was first broken down using 85 units of invertase
(in 50 mM Na-acetate, pH 4.6) and the resulting glucose
was assayed as described above.

Recovery experiments evaluated losses taking place
during the extraction procedures. Two tests were done
for each metabolite by adding a known amount of au-
thentic standards to the samples prior to the extraction.
The concentration of the added standards were similar to
those estimated to be present in the tissues in preliminary
experiments. The percentage of recovery ranged between
94 and 107% depending on the sugar. Data were correct-
ed on the basis of the recovery percentages obtained for



each sample, and expressed as pmoles hexoses equiva-
lent g! FW.

Analysis of pigments

Pigments were extracted by incubating tissues (50-100
mg FW) in 1.5 ml 80% acetone for one week at 4°C in
darkness. The absorbance of extracts was measured spec-
trophotometrically at 470.0, 663.2, and 646.8 nm. These
absorbance values were used for calculation of chlorophyll
a, chlorophyll b, and carotenoids contents in accordance
with Pompeiano et al. (2013).

Protein extraction and separation

Leaves were collected at the experimental target times
previously reported and extracted in 50 mM Tris-HCI buffer
(pH 7.6 containing 10 mM DTT and 10% glycerol). Protein
quantification was performed according to Guglielminetti ez
al. (1997). Equal amounts of protein (2 pg) were subjected
to sodium dodecyl sulfate polyacrylamide gel electrophore-
sis (SDS-PAGE) on 12.5% polyacrylamide gels followed by
conventional silver nitrate staining.

Statistical analysis

The experiment was replicated for a total of four exper-
imental replications. The statistical analyses of biometric
and growth traits were performed using one-way analysis
of variance (ANOVA) to determine whether significant
differences among cultivars and groups existed. When sig-
nificant differences were found, the means were compared
using the Least Significant Difference (LSD) test. Signifi-
cant differences for all statistical tests were evaluated at
the level of p= 0.05. All computations were performed
with R 2.15.0 (R Development Core Team, 2012) and R
package agricolae (de Mendiburu, 2012). For the photo-
synthetic pigments and soluble carbohydrates data, the
Student-Newman-Keuls (SNK) test was used for a poste-
riori multiple comparison of means.

3. Results

Heat tolerance

Both species exhibited an increasing susceptibility, ex-
pressed as percentage of fresh weight canopy regrowth rel-
ative to the control, following prolonged exposure to heat
stress (Fig. 1). No significant difference between the two
species was detected after 6 h of treatment. Bermudagrass
showed significant (p< 0.001) higher resistance to heat
stress than zoysiagrass at all target times after the first 6
h of imposed stress. Moreover, our data showed that, after
6 and 24 h of exposure at sub-lethal temperature, recovery
of ‘Tifway’ was greater as compared to t0, although these
differences were not significantly different vs. the control.
No significant difference was observed until 96 h of heat
stress for this species. A prolonged exposure to sub-lethal
temperature revealed a significant decline, although can-
opy recovery at the last target time, 168 h, still displayed
49.8% of regrowth as compared to t0. In contrast, a rapid,
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Fig. 1 - Changes in canopy recovery after heat treatments as percent-
age of living fresh tissues at control time. Error bars represent
standard error of the mean (n=4).

sharp decline was clearly evident in ‘Meyer’ after 6 h of
treatment, with 36.3% of regrowth as canopy recovery. No
vitality was detected following 96 h of exposure.

Photosynthetic pigments

Clear differences in photosynthetic pigments were no-
ticed between control and heat shock-stressed plants (Fig.
2). Under heat stress conditions, significant (p < 0.05)
changes in chlorophyll a, b and carotenoid contents were
observed, although the species had different behaviors. In
bermudagrass, a progressive decline was detected from the
initial hours of stress, particularly evident in chlorophyll b
levels. Chlorophylls were completely degraded after 168
h of exposure, while the degradation of carotenoids was
less severe at the end of the treatment (-64.7% compared
to the control). In contrast, zoysiagrass pigments showed
a sharp increase and attained a peak level at 48 h of heat
exposure, resulting in a significant (p< 0.001) difference be-
tween treatments. Thereby indicating a significant decline
under increasing heat stress as compared with the control.
In bermudagrass, changes in photosynthetic pigments did
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Fig. 2 - Leaf photosynthetic pigments in (a) bermudagrass control, (b)
bermudagrass heat shock, (c) zoysiagrass control, and (d) zoy-
siagrass heat shock observed over time. Error bars represent
standard error of the mean (n=4).
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not lead to any significant difference in the carotenoids-to-
chlorophylls ratio at 48 h exposure, whereas in zoysiagrass
the ratio significantly (p< 0.01) increased under heat stress.

Soluble carbohydrates

Analysis of total soluble sugars data showed differen-
tial responses to heat stress in the two warm season grass-
es (Figs. 3, 4). With few exceptions, total soluble sugars
(TSS) levels in the controls remained constant throughout
the experiment. Under control and heat stress conditions,
sucrose comprised the majority of the total sugar concen-
tration in all the tissues analyzed.

In bermudagrass leaves, heat stress stimulated a signifi-
cantly (p<0.001) greater TSS production in the initial 48 h as
compared with the control (Fig. 3). Although a pronounced
peak after 24 h of stress was observed (with a concentration
of 49.8 umol g'' FW), TSS declined gradually thereafter till
16.0 umol g' FW, 42.2% lower than the control (Fig. 3B).
Glucose and fructose concentrations generally remained
constant throughout the investigation, and no significant
differences were detected between the control and treated
samples. Zoysiagrass leaves reduced significantly their TSS
content soon after the beginning of the heat stress, with a
sudden contraction (-52.4%) found at the 6 h sampling. A
gradual decrease in TSS was observed when treatment was
prolonged; the minimum concentration of 9.8 pmol g'! FW
at 96 h (-74.7% compared to the control) was reached, and a
plateau level was attained at the last target time.

Bermudagrass roots contained significantly (p< 0.001)
higher TSS than zoysiagrass under both control and heat
stress conditions. Overall, TSS content decreased consid-
erably in plants exposed to heat stress. The averages of all
the independent observations were 64.6 and 32.7% lower
than those of the control plants in bermudagrass and zoysia-
grass, respectively (Fig. 4). Under heat conditions, sucrose
levels showed a pronounced decline (-79.0% vs. the con-
trol) 6 h after the beginning of treatment. This metabolite
significantly increased during the first 24 h to 36.8 umol g'!
FW, but later decreased constantly with the treatment (Fig.
4 B). Significant decreases in glucose and fructose contents

80

== Glu
=== Fru
— Suc

I

6h 24h 48 h % h 168 h 6h 24h 48 h 9 h 168 h

Total soluble sugars (umol g"I fresh wt)

Fig. 3 - Glucose, fructose, and sucrose (as hexose equivalents) leaf con-
tents in (a) bermudagrass control, (b) bermudagrass heat shock,
(c) zoysiagrass control, and (d) zoysiagrass heat shock over
time. Error bars represent standard error of the mean (n=4).
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were recorded in bermudagrass roots exposed to stress. In
‘Meyer’, TSS content decreased considerably in both treat-
ments compared to bermudagrass. Moreover, levels of TSS
showed a sharp decline after 48 h of exposure to heat stress.

Protein expression during heat stress

In both C, grasses, soluble protein expressions were
significantly affected in response to heat stress. In ber-
mudagrass leaves, protein synthesis mostly ceased after
96 h of heat shock exposure, whereas in Japanese lawn
grass degradation occurred after 48 h of treatment (Fig.
5). However, a few bands of zoysiagrass leaf protein SDS-
PAGE persisted till the end of the treatment period. Degra-
dation of a large band, corresponding to the large subunit
of RuBisCO (about 50 kD), occurred after 48 h of heat
exposure in zoysiagrass, while in bermudagrass it was no
longer detectable at 96 h of heat stress.
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Fig. 4 - Glucose, fructose, and sucrose (as hexose equivalents) root con-
tents in (a) bermudagrass control, (b) bermudagrass heat shock,
(c) zoysiagrass control, and (d) zoysiagrass heat shock over
time. Error bars represent standard error of the mean (n=4).

4. Discussion and Conclusions

In open fields usually plants are simultaneously exposed
to combined drought and heat effects, two interacting abi-
otic stresses that limit growth and quality. Since initial re-
ports, ‘Meyer’ has been identified as a heat and drought
tolerant species (Forbes and Ferguson, 1947; Dunn, 1989).
In the Midwest transition zone, it was observed to lose col-
or in response to extreme midsummer heat, yet still leav-
ing a playable surface (Dunn, 1998). However, a lower
dehydration rate and drought resistance were attributed
to zoysiagrass when compared to Cynodon spp., due to a
limited root system, higher ET rate, and slower rate of epi-
cuticular wax production under stress conditions (Beard
and Sifers, 1997). The present study indicates that zoy-
siagrass has a moderate tolerance to prolonged heat stress
compared to bermudagrass. After the initial 6 h period of
stress, zoysiagrass canopy recovery exhibited a sharp de-
cline, while bermudagrass maintained an unaltered plant
regrowth response until 96 h of exposure.
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Fig. 5 - Representative SDS-PAGE profiles of leaf soluble proteins for
(a) bermudagrass and (b) zoysiagrass, respectively with control
(left) and exposure to high temperature (right) for 168 h. Equal
amounts of protein were loaded in each lane. Standard molecu-
lar weights in kD are reported.

Physiological characterization of C, plants subjected
to prolonged heat stress revealed significant differences
between the species. While in bermudagrass a gradual net
decline of photosynthetic pigments was observed through-
out the experimental period, zoysiagrass enhanced chloro-
phyll synthesis during the first 48 h of heat stress, followed
by a severe leaf senescence induced by a prolonged expo-
sure. The increasing chlorophylls and carotenoids contents
might reflect an adaptive physiologic response to the abiotic
stress. It may be associated with a higher photosynthetic
performance, as well as with a better dehydration tolerance
of ‘Meyer’ in comparison to ‘Tifway’ (Kim, 1987). More-
over, under heat stress conditions, carotenoids resulted more
stable than chlorophylls in both species, as shown by the
chlorophyll a, b:carotenoids ratios in the treated plants, in
agreement with Wahid (2007) observations.

Changes in TSS content exhibited consistent differences
in the timing and severity of plant organ senescence induced
by the heat treatment. Compared with bermudagrass, zoy-
siagrass had greater damage. Moreover, bermudagrass root
tissues were more affected than leaves, which had a peak
of soluble sugars after 24 h of exposure. Previous studies
showed similar results in soybean (Djanaguiraman and
Prasad, 2010; Djanaguiraman ef al., 2011) and, as observed
in our study, this effect occurred despite a concomitant loss
of chlorophyll pigments, usually attributed to membrane
damage. Causes of this significant accumulation of soluble

sugars are unknown, although degradation of starch (Gei-
genberger et al., 1998) could be involved.

Examination of the pattern of leaf proteins subjected to
SDS-PAGE showed an early degradation in zoysiagrass as
thermal exposure proceeded. A significant net decline was
observed after 48 h of exposure, while in bermudagrass an
analogous decline in soluble protein was not detected until
96 h of treatment. Overall, bermudagrass showed a greater
ability to cope with high-temperature stress, as indicated
by the persistence of the band, corresponding to the large
subunit of RuBisCO. In accordance with previous reports
(Hashimoto et al., 1989; Veerasamy et al., 2007), our re-
sults showed that chlorophyll breakdown was related to
protein degradation, as a progressive decline of both oc-
curred under prolonged stress conditions.

In summary, although heat stress is not a detrimental
factor for C, grass species, which usually respond posi-
tively to complex and simultaneous environmental con-
ditions occurring in the field, the two species showed
significant differences in their physiological response to
continuous exposure to high temperature. Compared to
bermudagrass, zoysiagrass showed a greater susceptibility
to heat stress: differences in chlorophyll breakdown, TSS
content and proteins expression revealed a different ability
to species-specifically modulate its response to supraop-
timal temperatures. Considering all the observed physi-
ological parameters, bermudagrass provided a less marked
response to heat stress, manifesting an enhanced thermo-
tolerance not detected in zoysiagrass. For this species, the
time-course experiment of metabolite changes during heat
shock showed, in contrast, a sudden response, associated
with a significant decline.
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BOOK REVIEWS

LE PAYSAGE SACRE - SACRED LANDSCAPE. Ribouillat D., and M. Weemans.
Giardini e Paesaggio, vol. 29. Leo S. Olschki, Florence (Italy), 2011, pp. XXXII + 368.
ISBN 978-88-2-6126-72. € 48.00.

This is the 29th volume in the “Giardini e Paesaggio” series. Unlike other studies that
have been influenced by the idea of an “autonomous landscape”, this volume underlines
the importance of the sacred aspect of nature in the representation and creation of land-
scapes in the early modern period in Europe. The work, examining areas from literature
to gardens and painting to microarchitecture, suggests that landscape in the period under
study should be considered as an interpretation of the artists in the “Book of Nature”.

The various contributions - in English and in French - that make up the volume are
enriched with images from the period that have been carefully assembled by highly re-
garded international experts in the field of landscape history, stimulating the debate sur-
rounding the concept of scared landscapes. It is necessary to underline the importance of
this topic and the efforts undertaken by various scholars to reveal the deep relationship
between landscape and sacredness.

This volume is a significant addition to the vast literature on the evolution of landscapes through history, from a sci-
entific and technical, as well as historical and cultural perspective and offers the reader meaning and understanding with
regard to the sacred values that make up the environments considered.

Francesco Ferrini

IL PINO DOMESTICO. Elementi storici e botanici di una preziosa realta del pae-
saggio mediterraneo. Lorenzini G., and C. Nali. Giardini e Paesaggio, vol. 37. Leo S.
Olschki Editore, Florence (Italy), 2013, pp. 96. ISBN 978-88-222-6252-3. € 15.00.

This volume, as the authors describe, aims to attract the reader’s attention to a “friend”
in trouble. The “friend” is the pine tree. It deserves, according to the authors, attention and
support as it has always been generous with man, and is symbolic of the Italian landscape.

The book consists of 96 pages, divided into three parts and a premise, and is written not
only for scholars in the field but also to those who, to varying degrees, are interested in this
species and to the typical landscapes it has created in our country.

The authors are well known experts in the field as, for many years, they have carried out
studies and taught many courses on the topic.

The first part of the book is devoted to the natural history of pine and its dissemination,
the second to breeding for productive purposes and the third to the place that this species
occupies in mythology, history, tradition and art. The appendix is of particular interest as it
presents curiosities (and not only) about this species.

The volume includes illustrations and both color and black and white photos, as well as a bibliography to conclude
the book. The authors offer through this work a key upgrade on the subject, from a scientific and technical perspective
and with regard to our historical and cultural heritage. The book is of great value for all researchers working in the field
of arboriculture and for those who have an interest in basic physiology, applied ecology, and biology to preserve this
precious and much-loved species.

Francesco Ferrini
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MANUALE DI ORTOFRUTTICOLTURA. Innovazioni tecnologiche e prospettive
di mercato. Sansavini S., and P. Ranalli (eds.). Ministero delle politiche agricole e
forestali. Edizioni Agricole de Il Sole 24 Ore, Bologna, 2012. pp. xxiv + 668. ISBN

MANUALE
LOI'tQ 1 978-88-506-5360-7. € 50.00.
tthO SRR This volume, carefully edited by Silviero Sansavini and Paolo Ranalli and with con-

tributions by renowned experts in the field, offers considerable breadth.

The text covers a wide range of agricultural products, from fruits to vegetables, with
particular emphasis on integrated and organic productions, as well as on the market and
its prospects. The up-to-date knowledge regarding the fruit and vegetable sector, and in
particular pertaining to genetic improvement and new varieties, make the “Handbook of
horticulture “ an immediate tool for operators, students and researchers. The presence

- ol of numerous mainly color illustrations and the orderly succession of tables render each
treated topic easy to consult and encourage further investigation.

The text consists of the following five parts: Part One, “Stato dell’arte
dell’Ortofrutticoltura italiana™ (Italian horticulture: state of art); Part Two, “Frutticoltura” (Fruitculture); Part Three, “Or-
ticoltura” (Horticulture); Part Four, ‘“Produzione integrata e biologica: caratteristiche, disciplinari, gestione” (Integrated
and organic production: characteristics, disciplines and management); Part Five, “Il mercato e le prospettive future” (The
market and future perspectives).

ln.*,ﬁ- sas

Enrico Rinaldelli

PRODUZIONE ED IMPIEGO DELLE PIANTE OFFICINALL P. Catizone, L.
Barbanti, 1. Marotti, and G. Dinelli. PATRON Editore, Bologna, 2013. pp. 348.
ISBN 978-88-555-3233-4. € 44.00.

PRODUZIONE ED IMPIEGO
-1 1L E PIANTE OFFICINAL It’s not easy to write a book on medicinal plants. As explained on the back cover of

' the book: “the term medicinal plants defines a large group of plant species that have

been used in pharmaceutical laboratories, but in a broader sense also includes plants for

aromas, cosmetics, dyes, biocides and other agricultural purposes”.

After a period of declined interest, due to the belief that chemistry would rap-
idly produce active principles via synthetic processes, in recent years there has been
swift development in the study of these plants, which has led to substantial progress
in knowledge. The acquisition of this not only scientific and technical knowledge
prompted the authors to bring together a text that is both useful for experts in the field
and for other readers, such as students, who look this difficult subject for the first time.
The subject of medicinal plants calls for multidisciplinary knowledge ranging from
botany, arboriculture and natural science to chemistry, pharmaceutical sciences and medicine. Indeed, the authors have
presented in a concise manner a mass of knowledge and shed innovative light on the subject to eliminate the sense of
uncertainty for those who are approaching it for the first time (and not only) and are dealing with the heterogeneous
reality that is the world of herbs.

After a general introductory part, the text is divided into seven chapters: the first is dedicated to cultivation, the
second examines economic aspects, the third regulatory framework, the fourth focuses on metabolism and active prin-
ciples, while the fifth to seventh chapters examine in detail cultivation and post-harvest processes and utilization. A spe-
cial part consists of detailed records of individual species (two to three pages each) accompanied by photos of plants,
flowers and seeds.

The 348-page book also includes an appendix with an extensive glossary, many of which are medical terms.

This manual is undoubtedly of great value for students, technicians and all researchers working in the field, but it
can be considered interesting for growers of medicinal species at amateur level as well.

Cinzia Silori
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