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Abstract 

 

The characteristics of the berries and the seeds of two Sicilian cultivars compared 

to an international variety have been studied to gain a better understanding of some 

aspects concerning the reproductive process and fruit set in grapevine. Particularly, 

the empty-seededness phenomenon and its impact have been investigated by 

performing some viticultural practices in a randomized complete block in a wine grape 

vineyard located in the North-West Sicily, South Italy. 

This phenomenon led to empty seeds due to the embryo that aborts later becoming 

very small and endosperm that shrivel and degenerate, leaving them more or less 

hollow. 

It was evaluated how the performed treatments may affect these aspects evaluating 

their impact on the vegetative growth and productive activity. 

The leaf removal appeared suitable to prevent empty-seededness phenomenon 

decreasing floater seeds number in cultivars Grillo and Merlot, whereas in cv Nero 

D’Avola the tipping treatment was particularly relevant reducing the floater seed 

percentage. 

 

Key words: Vitis vinifera L., seed, fruit set, berry growth, leaf removal, source/sink 

balance. 
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Resumo 

 

As caracteristicas dos bagos e graínhas das duas castas Sicilianas comparadas 

com a variedade internacional tem sido estudada de modo a entender melhor alguns 

aspectos relacionados com o processo reprodutivo e vingamento na vinha. O 

fenómeno da graínha vazia (empty seeds) foi investigado recorrendo ao uso de 

práticas culturais em blocos aleatórios completos numa vinha localizada no noroeste 

da Sicilia, sul de Itália. 

O facto de não ter graínha vazia é deve-se ao embrião que aborta tarde, tornando-se 

muito pequeno, levando ao enrugamento e degeneração do mesmo, deixando a 

graínha mais ou menos vazia. 

Foi verificada a forma como os tratamentos efectuados podem afetar este fenómeno, 

avaliando o seu impacto no crescimento vegetativo e na produção. 

A desfolha parece adequada para evitar este fenómeno, diminuindo o numero de 

grainhas vazias nas castas Grillo e Merlot, enquanto que na casta Nero D'Avola a 

remoção do ápice vegetativo foi o tratamento mais relevante para reduzir a 

percentagem de grainhas vazias. 

 

Palavras-chave: Vitis vinifera L., grainha, vingamento, crescimento do bago, 

desfolha, equilíbrio source-sink. 
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Resumo executivo 

 

O vingamento é um estado de desenvolvimento fisiológico utilizado para descrever 

a transformação de flores em frutos. Em muitos casos o processo de frutificação è 

normal e são produzidas graínhas normais, porém, em outros casos, algumas 

alterações podem ocorrer modificando as próximas etapas. 

Esta tese incidiu no aborto tardio das graínhas, conhecido como o fenomeno “empty 

seededness” que consiste em bagos com graínha vazia terem a mesma forma de 

bagos com graínha normal e, por isso, aparentam ser saudaveis a partir do exterior. 

Na verdade, o endosperma degenera num determinado nível, deixando as grainhas 

mais ou menos vazias. 

Este estudo foi realizado a partir de Junho 2014 num vinhedo de uva para vinho perto 

de Alcamo, que está localizado no noroeste da Sicília, na Itália do Sul (200 m de 

altitude). 

O ensaio foi conduzido em três variedades de uva (Vitis vinifera L.): Grillo, Nero 

D'Avola e Merlot. 

Realizando alguns tratamentos, em blocos casualizados, como a desfolha e a 

remoção do ápice vegetativo proximo do final da floração, os três cultivars 

apresentaram uma resposta diferente em relação ao controle negativo (sem 

tratamento). 

O vinhedo experimental foi submetido a cinco amostragens (6 no Nero D'Avola) para 

avaliar a área foliar em duas fases fenológicas, e as características dos bagos e 

graínhas.  

Como mencionado por Olmo (1934) e mais tarde por Ebadi et al. (1996), tal 

fenômeno está principalmente relacionado com as características genéticas da 

variedade. 

Em cultivares Grillo e Merlot a falta de source (determinada pela desfolha) originou 

mais graínha normais (sinker seeds) e número inferior de graínhas vazias (floater 

seeds) como resultado da demanda foto-assimilativa nos órgãnos de reserva pela 

graínha  que se tornou um sink mais forte. 

A remoção do ápice vegetativo foi particularmente evidente na cv Nero D'Avola. Este 

tratamento levou a menor percentagem de graínhas vazias. 
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Em conclusão, a desfolha mostrou-se adequada para evitar o fenômeno “empty-

seededness” diminuindo o número de graínhas vazias nas cultivares Grillo e Merlot. 

No entanto, o mesmo trattamento, não obteve bons resultados na cv Nero D'Avola. 

Os estudos futuros devem ser orientados para a comprensão de como as graínhas 

vazias podem afetar o tamanho dos bagos e a qualidade do produto final. 
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Introduction 

 

For several years the role of the grapevine in the wine sector constitutes an 

intensive discussion in the development of Italian viticulture and enology.  

Such exaltation is particularly directed to the indigenous varieties, nowadays 

considered as an element of uniqueness, differentiation and cultural and territorial 

promotion of Italian wine production. 

New wine orientation of the twenty-first century, in general, is moving increasingly 

towards products of higher quality that are typical (terroir), safe and natural (Martínez-

Carrión et al. 2010). 

Reasons for such changes should be sought in a new concept of vine-growing that 

is currently focused towards quality research in response to the winemaking objective.  

All that is due to several factors such as an increase of the international competition 

between countries, but mainly as a result of changing models of wine consumption 

from the modern consumer who wishes to high quality wines.  

As it has already known, both the grape and the wine qualities are strongly 

influenced by the interaction of three factors which are the genotype, the cultivation 

environment (soil, temperature, sunshine, water availability) and the vine-growing 

techniques that interact between themselves to determine the outcome quantity and 

quality in the vineyard. 

The valorization of the vine-growing and winemaking qualities depends on the ability 

to manage and coordinate the interaction between the three factors whose their study 

should not be done separately, rather it must be taken into consideration and 

analyzed according to the different wine objectives and consumer preferences (Di 

Lorenzo, 2005). 

Since a long time the consumer has become more pragmatic, careful, quality 

demanding and expert in evaluating proposals.  

Consumers more and more appreciate the wine diversification and try to find in the 

wine the link between indigenous variety and its production area (Colussi, 2008). 

The following work has taken into more consideration the varietal conducting of two 

of the most remarkable Sicilian grape varieties really important from a commercial 

point of view. While the international varieties have been extensively studied, there is 

still the necessity of studying in more thoroughly the indigenous grape varieties. 
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The aim of this study is to provide a better understanding of some Sicilian varieties in 

quantitative terms compared to an international variety, by the study of some aspects 

of the grapevine floral biology and the characteristics of the berries and the seeds.  

Particularly, the focus was on the empty-seededness phenomenon (causes and 

impacts) which has been investigated on two Sicilian grape varieties compared to an 

international variety.  

It leads to seeds that 

appear normal, but 

while normal seeds 

have a normal, 

complete structure 

which is constituted by 

most part of the 

internal tissue and is 

snugly enclosed by the 

seed coat and they possess an embryo and an 

endosperm (fig. 2), seeds from empty seededness phenomenon are hollow due to the 

embryo that aborts later becoming very small and endosperm that shrivels and 

degenerates, leaving them more or less hollow (fig. 1) (Galet, 2000). 

Therefore, it was evaluated as the summer canopy managements, such as leaf 

removal and tipping, may affect these aspects evaluating their impact on the 

vegetative growth and production activity. 

 

Figure 2. Complete structure of normal seed consisted of the internal tissue and 

snugly enclosed by the folded seed coat and an embryo and an endosperm. 

Figure 1. Hollow seed from empty seededness phenomenon.  
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Chapter 1: The reproductive process in grapevine (Vitis vinifera L.) 

 

The process of flowering has been one of the most well studied phenomena in the 

plant biology over the centuries.  

Nowadays, most of the phenological stages are much more clear and pretty well 

explained, even if all the details of each single step have not been completely studied.  

The formation of the reproductive organs in grapevine spreads over two successive 

seasons, in the first one the initiation of inflorescence primordia takes the main part, 

whereas the second season is characterized by inflorescence emergency, flower and 

berry development during their growth evolution (fig. 3). 

Flower formation in grapevine is a really complex phenomenon which is influenced 

by several factors, such as the variety, the environment, and the last one, but not less 

important, the genotype (Vasconcelos et al., 2009). 

The combination among these three factors gives rise to a significant variability that 

will impact in the resulting in a range of berries used for the winemaking process. 

Season variation can also contribute to wide variations in yield and quality. 

The grapevine flowering occurs depending on the latitude and altitude from 

beginning of May to end of June. In the bunches the flowering process is not 

simultaneous but scalar in time, indeed the central part of the cluster is the first one to 

bloom, followed by the base part and finally the wings and the tip. The same scalarity 

is also kept in the shoot as central clusters are the first to bloom, then followed by 

those at baseline and last the highest one (Fregoni, 1986). 

Therefore, different flowering stages might be discerned, such as beginning of 

flowering (when 10% of flower hoods fallen), full flowering (when 75% of flower hoods 

fallen and some flowers are already set) and end of flowering (when all the flowers are 

open or involved in the process of fruit set). 

 

Figure 3. The reproductive process in grapevine (Vitis vinifera L.) (Source: Vasconcelos, 2009). 
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 Factors influencing reproductive process in grapevine 

 

Temperature: several works attest the necessity of high temperatures for the 

formation of the floral primordia during the first season in grapevine. Air temperature 

and percentage of productive shoots are strictly positive correlated. 

There is a positive correlation between the temperature from mid-June to mid-July 

and the number of inflorescences that appear on the shoot in the following season.  

In particular, the high temperatures during the early stages of the development of the 

dormant bud, are closely related to the fertility of winter buds. 

Nevertheless, Buttrose M. S. (1969) took in consideration five varieties and 

examined the role of temperature, light intensity and daylenght in fruit bud formation in 

grapevine contributing to provide further information on that (fig. 4). 

 

 

 

 

Figure 4. The effect of temperature and light intensity on the mean number of bunch primordia per bud for the basal 12 

buds on shoots of five grape varieties grown in controlled environmental cabinets. In left side of figure light intensity 

was 3600 foot candles for 16-hour days. In right side of figure temperature was 25°C (77° F.) for 16-hour days. The 

vertical bars equal 1 x standard error of the mean. (Source of Data: Buttrose, 1970). 
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As it is shown in the figure 4, Buttrose M. S. (1969) asserted that the fruitfulness of a 

bud is directly related to the temperature surrounding the bud during a period of about 

three weeks. During that time, the node subtending changed in position, as a result of 

shoot growth, from the shoot apex to ten nodes back on the shoot. 

He proved that the maximum bud fruitfulness was achieved in all varieties when 

grown at 30° to 35° C.  

The critical period for susceptibility of the response to high temperatures is three 

weeks before the formation of the flower-stems from the apexes of dormant buds 

(Fregoni, 1986). 

Moreover, talking about the formation of floral primordial there are substantial 

differences regarding the temperature demand from budburst to flowering among 

cultivars from several geographical areas. It has been shown that temperatures need 

to be minimum above 20°C. 

 

Light intensity: the effects of light intensity on bud fruitfulness are independent from 

the temperature regime. The light intensity effect on grapevine reproductive process is 

in relation to the hours of sunshine.  

Direct exposure of dormant buds to high light intensity improves their fertility, whereas 

no effects of light quality has been found on flower formation.  

The number of bunch primordia per bud increases with increasing light intensity over 

the range of 900 to 3.600 foot candles (fig. 4) (Buttrose, 1969). 

Similar to the effect of temperature, the grapevine responses to the different light 

intensities depend on the cv. 

Light may influence fruitfulness through its effect on photosynthesis and carbohydrate 

availability or through a direct effect on the bud itself (Vasconcelos et al., 2009). 

 

Photoperiod: it has not effect on the grapevine reproductive process, even if in some 

cultivars is evident that the number of floral primordia is higher with long day rather 

than short day.  

Some authors assert that the temperature is a dominant factor for the formation of 

floral primordia, thus, believing that the light intensity is a limiting factor.  

However, it seems that exposure to high temperature and high light intensity is 

required for maximum fertility of winter buds (Keller, 2010). 
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Water stress: soil moisture is one of the most important factors that influences the 

inflorescence development in grapevine, and studies conducted on the vines grown in 

a controlled environment have reported that the number and size of inflorescence 

primordia is reduced by persistent water stress during the first season. 

Vine growth is sensitive to water stress and this result determines at the same time a 

reduction in the buds fertility and in the dry weight of the shoots. This suggests that 

water stress may act indirectly on fertility through photosynthesis decrease (Buttrose, 

1974). 

A moderate water stress, from budburst to fruit set, can control the vegetative 

growth by reducing the competition between vegetative sinks and productive sinks, 

thus encouraging the process of differentiation and modifying the structure of the 

canopy by increasing light penetration within the canopy (May, 1965). 

On the other hand, persistent water stress has negative effects on the processes of 

differentiation by causing a decrement in flowers number and inflorescence size, since 

it reduces the photosynthetic activity, increases the production of abscisic acid and 

decreases the amount of cytokinins in the xylem sap (Livne et al., 1972). 

 

Mineral nutrition: an adequate nitrogen supply is necessary for the floral primordia 

formation and flowers differentiation during the first season (Alleweldt, 1964).  

Floral primordia size is generally slight influenced by nitrogen nutrition, but there is an 

increase in the number of floral primordia resulting from the nitrogen application when 

its level is too low (Baldwin, 1966). 

Initially, the growth of the shoot occurs preferentially through the nitrogen reserves 

of the wood, thereafter about 20 days from budburst, the shoot starts to absorb the 

nitrogen of the roots, that is why a nitrogen application to the soil might seem 

unnecessary (Mullins et al., 1992). 

During the first season differentiation process is promoted only when the C/N ratio is 

balanced.  

A nitrogen excess may cause high vigor and poor flower differentiation: an intense 

vegetative growth with production of gibberellins, which probably are inhibitors when 

in excess. The vegetative growth then causes a deficiency of carbohydrates in the 

bud with a lower C/N ratio. The carbohydrates produced by the sources, however, are 

translocated and used by the vegetative apex. 

A nitrogen deficiency is consequence of stunted vegetative growth and poor flower 

differentiation. 
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The excellent phosphorus nutrition promotes bud fuitfulness increasing vine vigor, and 

its deficiency is damaging for inflorescence formation (Kobayashi, 1961). 

The positive grapevine response to the application of potassium into the soil is due to 

its use for the growth and response of the buds rather than that stored in the wood 

(Larsen, 1963). 

 

Phytohormones: there is a little source information regarding the hormonal control of 

flowering, but the available evidence is that flowering is regulated by a gibberellin-

cytokinin interaction. 

There is a specific effect on roots about the inflorescence development and probably 

the root system is an important source of the growth substances with regulate 

flowering. 

The role of gibberellins in grapevine flowering depends on the stage of 

development of the latent bud: at an early stage, gibberellins are flowering promoters 

because they are involved in the formation and growth of inflorescence axes. 

Subsequently, they become inhibitors of flowering due to their incidence to direct the 

Anlagen to form tendrils (Chailakhyan, 1977). 

On the other hand, the role of cytokinins affects several reproductive aspects in the 

grapevine, although their operating mechanism is still unknown, but probably 

conferred on the photo-assimilative compartmentation as they are strong mobilizers of 

photo-assimilates. 

A short term exposure to high temperature, high light intensity and optimum levels 

of soil moisture and macronutrients are external factors which support the cytokinin 

biosynthesis in the grapevine from budburst to flowering  (Mullins et al., 1992).  

On the other hand, factors that inhibit endogenous cytokinin production causing the 

suppression of flower formation are low light intensity, low temperature and water 

stress. 

It is evident that cytokinins play a central role in the control of grapevine flowering 

promoting flower formation in vines grown at non-inductive low temperatures, and in 

plants grown in the dark. 

 

 Pollination and fertilization 

 

The transfer of pollen from the anthers to the stigma is called pollination. Most 

authors agree that grapevine is primarily wind-pollinated (Mullins et al., 1992). 
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Nevertheless, someone else also mentions that vine flowers may be self-pollinated 

(Barbagallo et al., 1988). There is likely to be some involvement of insects in the 

dissemination of pollen. 

There is a difference of opinion how pollination is implemented in the vine.  

Some insects visit grape flowers to a limited extent, so some pollen is transferred 

by them. However, the grape flower attracts only casual visits by insects, so the 

insects rarely assist the grapevine pollination because of the pollen grains that are 

very small and also the limited nectar. 

In general, two or three days after pollination process, fertilization is implemented 

in the vineyard as shown by the presence of the pollen tube to the embryo sac or 

changes in ovules or ovaries. 

Briefly, pollination and fertilization processes trigger the renewal of the ovary 

development which will become fruit. 

Cleistogamy is the term referred to vine flowers self-pollinated, a phenomenon that 

occurs when pollination and fertilization happen at closed flower. 

As Kozma P. (1974) asserts in his observations, cleistogamy is a phenomenon that 

affects only abnormal grape flowers that are closed at flowering, since the failure 

formation of the septum separating between the caliptra and the receptacle. 

Some other researchers point out that such phenomenon can also be found in flowers 

that have normal bloom (Avramov, 1955 – Kanwar et al., 1969 - Castelli et al., 1986). 

The occurrence of cleistogamy and its variability depend on cultivar and weather 

conditions, such as temperature and relative humidity at the time of flowering. The 

conformation of the grape flower and the mechanism of anthesis in grapevine, 

however, encourage self-pollination (Di Collalto et al., 1982). 

 

Chapter 2: Fruit set  

 

Fruit set represents a change-over from the static condition of fully developed 

flower to the rapidly growing condition of the young fruit. It is a developmental 

physiological stage used to describe the transformation of flowers into fruits (Coombe 

1962; Weaver 1976). 

Fruit set is typically determined by the pollination that achieves fertilization and seed 

development, processes that encourage and possibly determine the level of berry 

development. 
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Fruit set might be attributed both to the percentage of flowers in an inflorescence 

which get into fruits and to the physiological processes implicated in the early stages 

of fruit growth. Grapevine set is typically between 5% to 35% of the flowers, 

depending on the cultivar and season (Coombe, 1973). 

 

The amount of fruit set is the outcome of genetical and climatical conditions, with 

some cultivars setting most of their flowers, while others only a small percentage 

(Lavee et al., 1986).  

Mineral nutrition deficiencies, viticultural practices and environmental factors such as 

low temperatures, overcast sky or rain, are often the cause of reduced fruit set. 

(Caspari et al., 1998).  

These factors take a disadvantageous part in reducing photosynthesis or interposing 

between carbohydrates availability, which appears to be a major determinant of fruit 

set in field grown grapevines (Caspari et al., 1996). 

Under normal conditions, fruit set percentage can be considered a varietal 

characteristic, although it is subjected to external and physiological factors relating to 

organic nutrition (Mullins et al., 1992).  

It could happen that, on the one hand, most of the grape flowers are not set 

because they fall down at the end of flowering (early flower drop), whereas on the 

other hand, when the percentage of fruit set is abnormally too low, that is the case of 

blossom dropping.  

Abscission appears to be a function of endogenous growth regulators status in 

ovaries and metabolic regulation during floral development. Hormonal signals and 

competition or depletion for photo-assimilates remain primary factors influencing 

fruitlet abscission (Aziz 2003; Aziz et al., 2001). 

In most cases fruit set process is normal and viable seeds are produced. However, in 

some other cases, when fertilization is partly achieved or not completely occurred, 

berries start to set but a premature arrest of their growth occurs resulting limited 

berries size, seedless or with primitive seeds (Winkler, 1974). 

Once that pollination has been occurred, the fertilization process takes place and, 

through the pollen tube, the pollen reaches the ovules and fertilizes them.  

Weather conditions, particularly the temperature, may slow down this process or even 

prevent it as a result of sterility, that is due to lack of temperature, nutritional 

deficiencies (very rare) and it may also depend on constitutional causes. 
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Morphological and cytological sterility are the infertile phenomena which affect the 

grapevine. 

Morphological sterility comes from insufficient development of one of the two sexual 

organs, very often due to genetic causes, and for which there is absence or deficiency 

of development of stamens and ovary.  

Cytological sterility derives from chromosomal disorders in the cells of embryo sac. 

Fertilization cannot take place because the number of chromosomes that has been 

distributed (in the meiosis) is not uniform in the cells responsible for reproduction, 

thus, the division and pairing of chromosomes cannot occur regularly (Huglin, 1986).  

According to such abnormalities two main types of seedlessness phenomena have 

been identified, stenospermocarpy and partenocarpy, as a consequence of grapevine 

sterility. 

While they deal with an early abortion of the seed, the following thesis has been taken 

into major consideration the late abortion of grape seed known as empty-seededness 

phenomenon. 

 

 Stenospermocarpy 

 

This phenomenon takes place when fertilization is partly achieved, that means it 

has been occurred only from oosfera either from the secondary nucleus. 

In such case the embryo or the endosperm abort after a few days from the partial 

fertilization; if it is the oosfera to be fertilized (most common case), the embryo dies 

due to a nutrition lack, or an endosperm degeneration may incur in absence of 

embryo if the secondary nucleus is fertilized (Pearson, 1932). 

The short survival of the incomplete portion of the seed is, however, sufficient to 

achieve the setting, thus berries have a smaller size because of the termination of 

growth promoters hormones almost immediately after fruit set. In this kind of berries 

there are remains of aborted seed coats. The phenomenon is typical in cultivar 

Sultanina, a stenospermocarpic cultivar known for raisins production. 

 

 Vegetative and stimulative partenocarpy 

 

Parthenocarpy, or seedlessness, refers to a complete absence of seeds in a berry 

as a result of early and complete degeneration of the unfertilized ovules. 
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This abnormal occurrence has been assigned to defective embryo sac formation with 

some or all of the nuclei degenerating. The pollen, on the other hand, has high 

germination (Champagnol, 1984). 

Such phenomenon can occur in different ways and leads to berries with different 

characteristics.  

In the common varieties, clusters with normal berries (presence of one or more 

seeds), can be subjected to green or sweet seedlessness.  

The green seedlessness, resulting from a vegetative parthenocarpy, is characterized 

by ovary development without pollination and this does not allow the successive berry 

ripening. 

Berries set without pollination and, in certain cases, they may persist, but not having 

sufficient auxin, they grow hardly at all taking on small size at ripening (Winkler et al., 

1974). 

The sweet seedlessness, that is a consequence of the stimulative parthenocarpy, 

takes place when seedless berries remain small size because of limited auxin or 

gibberellins supply in the total absence of seed development, and in contrast, they are 

able to achieve ripening.  

The development of the ovary is stimulated by pollination, while fruit development will 

stop due to absence of fertilization and development of the seed.  

The stimulus of pollination, however, allows the berry to activate the ripening process 

(Failla, 2008). 

Black Corinto, mainly known for the production of raisins, is considered an example of 

stimulative parthenocarpic cultivar which produces only seedless berries. 

 

 Empty-seededness 

 

The following phenomenon regards seed development more than fruit set, since 

empty seeded berries are not affected by substantial changes, or none at all. 

Empty seededness phenomenon shows berries that have the same shape to 

normal seeded berries and appear to be normal from outside.  

It also shows seeds that appear normal, but while normal seeds have a normal, 

complete structure with a thin outer integument and a sclerified inner integument and 

possess an embryo and an endosperm, these seeds are hollow, devoid of embryo, 

endosperm or nucellus, do weight less and their endosperm has degenerated to a 

certain level, leaving only a few traces (Galet, 2000). These seeds float on water.  
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In any case, the factors influencing fruit set are implicated, at least to a significant 

extent. 

As Olmo H. P. (1934) identified in his experimentation focused on a study 

concerning empty-seededness phenomenon in Vitis vinifera varieties, marked varietal 

differences were detected. Comparing several grape varieties, he realized an 

opposite response noting that seed of cv Chaouch, an important table grape in 

Turkey, Greece and Crimea, did not produce more than three or four per cent of 

seedlings, whereas, at the other extreme, cv Muscat of Alexandria and Emperor 

produced an 80 per cent seedling stand. 

Investigating on 20 varieties that presented low seed viability, all presented a large 

amount of mature seeds that were empty: seeds classified as empty floated in water, 

whereas normal seeds sank.  

Empty seeds have a normal evolution of pollination and fertilization processes, and 

the growth of zygotes, before abortion, is sufficient to result in the formation of a seed 

coat of almost normal size and texture than in fully matured seeds. 

While in the mature seeds the fatty endosperm constitutes most part of the internal 

tissue and is snugly enclosed by the folded seed coat, the empty seeds present 

embryo that aborts later becoming very small and endosperm that shrivel and 

degenerate, leaving them more or less hollow.  

By submitting the seeds to favorable germinating conditions, Olmo found that most 

of the sunk seeds released a high percentage of germination, instead, empty seeds 

rarely germinated because of the presence of degenerated contents in the seeds. 

In 1930 Professor Bioletti F. T. and a few years later Dr. Helen Pearson supplemented 

records collected by Olmo H. P. confirming what he had already affirmed. They took 

samples of three to four clusters at random from several vines, not always located in 

the same position in the vineyard. The seeds extracted by hand were washed and 

dried at room temperature (table 1). 

In most cases the results from year to year were of the same entity, such as in cv 

Chaouch where empty seeds produced over the 5-year period were almost the same. 

Some marked fluctuations appeared for example in cv Molinera where a high 

proportion of empty seeds rocketed over the years.  
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Table 1. Percentages of empty seeds in some vinifera varieties during different seasons (Source: Olmo, 1934).  

 

Furthermore, Olmo H. P. tested that empty seeds were usually recognized by an 

abnormal color of the seeds coat that was very dark brown-looking and they were 

smaller than the normal seeds.  

In conclusion, the poor germination of many grape varieties may be assigned to 

empty seededness phenomenon.  

Thank to records obtained over a 4-year period for a number of varieties, Olmo has 

affirmed that the empty-seededness phenomenon is hereditary, although its 

expression may be significantly modified by climate.  

A comparative study of Vitis vinifera L. varieties and their hybrids showed that such 

phenomenon is inherited as a recessive factor complex.  

In addition, Olmo H. P. noted that the percentage of empty seeds is significantly 

higher in several cases: by obtaining some seeds from cross-pollinated ovaries, on 

bagged clusters, he claimed that the one secured from bagged clusters showed a 

higher presence in hollow seeds than from unbagged clusters.  

This consequence may come from different conditions within the bags, such as 

possibly higher temperature, which contributes to a marked increase in the number of 

seeds classified as empty. 

The expression of empty seededness is the same whether the ovaries are cross or 

self-fertilized. This explains that the cause of empty seededness is to be sought in 

maternal tissue and is exterior to the developing zygotes.  
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Studies on the mechanism of empty seededness were conducted by Ebadi A. 

(1996) who investigated on cv Chardonnay that has normal and viable seeds when 

flowering occurs under favorable climate conditions, but that is sensitive to cool 

climate, thus causing a poor set, or a small number of seeds per berry, or a high 

proportion of empty seeds (Ebadi et al., 1995a). 

He observed the development of the seed by light microscopy in early and late 

flowering bunches taking several samples in some dates after the first flowers opened 

and at berry maturity.  

 

 

 

Figure 5. Line diagrams representing the types of seed development in Chardonnay grape berries. The five columns 

show development schematically at the five sampling days. The four rows describe the development patterns as 

follow. Ovule: no embryo sacs, no integument growth, and nucellus degenerate at all stages. Traces: embryo sac 

present but unfertilized or, in some cases, fertilized, as evidenced by endosperm formation, with degeneration setting 

in at the free nuclear stage; no zygote; testa development incomplete; degree of sizing and hardening of the testa, and 

timing of nucellus degeneration varied. Floater: at early stages, embryo sac present; testa fully developed but 

nucellus, endosperm, and proembryo degenerate later. Sinker: testa, nucellus, endosperm, and embryo develop 

normally. (Source: Ebadi et al., 1996). 
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Empty seeds were mostly the consequence of embryo degeneration followed usually 

by endosperm degeneration (Marasalt, 1992). 

In cv Chardonnay the three possible causes of defective transition from ovule to 

seed are: 1) aberrant embryo sac development before flowering; 2) lack of fertilization 

at flowering; 3) incomplete development of zygote/embryo after flowering (fig. 5). 

He showed that seeds are aborted not only when their embryo sac misses or have not 

been fertilized, but also once that fertilization has occurred.  

In this last case, the zygote/proembryo or the endosperm or both are disintegrated a 

few weeks after the beginning of flowering. 

An abortion occurred during later stages of seed development may conduct to empty 

seeds (floaters) and, however, it provides to achieve the berry ripening, although 

seeds are smaller than berries with normal seeds. 

Ebadi A. (1996) realized that berries that come from the earlier flowering have a 

higher incidence of floater seeds than for those flowering two weeks later. 

It might be responsible the lower minimum temperatures in the vineyard for the 

inflorescences flowering earlier (Ebadi et al., 1995b). 

The degradation of zygote/embryo is considered the key point that influences this 

phenomenon.  

 

 Seed development 

 

Seed development from fertilization to full maturity may be divided into three parts: 

 

I. Seed growth stage (Phase I): fertilization process starts up and a period of 

rapid cell division occurs once all seed structures are formed, while the 

embryo is still small. By the end of this period, seeds reach nearly their full size 

and change color from bright green to green-yellow; 

 

II. Intermediate stage (Phase II): the increasing in water content leads to a cell 

enlargement resulting from an increase in cell volume. The embryo develops 

rapidly and reaches its maximum size around 70-75 days after flowering. 

Seeds accumulate mainly reserve substances and their coat takes on intense 

yellow color; 
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III. Seed drying and maturation stage (Phase III): reserve substances 

accumulation slows down till stopping at the physiological maturity. At the 

ripening seeds are pursued by a rapid dehydratation of the external coat, they 

show a hard and rough surface and a progressively more brown appearance. 

 

 Friut growth and its regulation 

 

The berries pass through several periods of development from the time of setting 

to they are fully ripe. Fruit set is subject to influence by complex interactions among 

genotype, environment and vine growth regulators.  

Fruit set stimulates the berry growth which proceeds at different rates during certain of 

these stages; however, it is not continuous and regular in time (Jackson, 2008). 

Berry enlargement follows a double sigmoid growth curve divided in three phases that 

last from about 50 to 120 days, depending on the earliness or lateness of ripening of 

the grapes (fig. 6). 

 

 

Figure 6. General pattern of the growth curve of the berry. (Source: L’uva da Tavola, Coltura e Cultura). 

 

I. Initial phase of rapid growth: during this initial period the berries growth rapidly. 

The pericarp and the seed increase in size and weight, while the embryo 

development is very small. In the pericarp, cell division will be finalized 3 to 4 

weeks after anthesis and it will be followed by a rapid cell expansion. The 
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small berries remain green accumulating organic acids. This stage normally 

lasts 40-60 days. 

 

II. Lag phase: this second period is marked by a slow growth of the pericarp and 

maturation of the seed. The embryo develops rapidly reaching its maximum 

size. At this stage berries contain the highest acidity level and start to 

accumulate sugar, while their color undergoes to changes since they lose 

chlorophyll. The lag phase lasts 7-40 days. 

 

III. Resumed growth and maturation: at this stage berries are characterized by 

softer texture and skins color changes in pigmented cultivars since the 

veraison takes place and anthocyanin pigments first appear (Winkler et al., 

1974). Berry size increases due to cell expansion. Berries accumulate sugar, 

decrease in acidity and develop in aromas. This period approximately lasts 35-

55 days.  

 

This sequence of berry growth seems to imply a competition between seed and 

fruit development. The reserve substances used in embryo development are 

accumulated in the fruits, advancing their ripening and causing the abortion of the 

embryo and early maturity (Winkler et al., 1974). 

The hormonal evolution in the berry is correlated to different phenomena of 

development before veraison and thereafter during ripening.  

While the first phase (when the berry is a young organ with an active cell division) is 

controlled by the growth promoting hormones (auxins, gibberellins, cytokinins), the 

third phase of the growth curve is rather influenced by the presence of abscisic acid, 

an inhibitor of the mitotic processes, which transforms the berry in a senile and 

accumulating organ through the processes of maturation.  

Hormones and small amounts of abscisic acid are synthesized in the seeds during the 

first phase and spread in the berries.  

After veraison, however, the high content of abscisic acid is due to an active transport 

of the hormone from the leaves to the berries. 
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 Source/sink relation in fruit set  

 

Several studies have shown that during the annual cycle there is a complex flux of 

carbohydrates in the whole vine between annual (leaves, inflorescences and berries) 

and perennial organs (roots, trunks and canes). 

The developing organs attract nutrients and represent sink organs which are normally 

reproductive organs, while the organs which are able to synthesize sugars to the 

sinks are the source organs (mature leaves). 

During the season, in the grapevine some organs accumulate or release sugar 

reserves and others assimilate carbon through photosynthesis (Lebon et al., 2008). 

The balance between those activities can affect the development of reproductive 

organs since the main steps of source-sink interactions in grapevine correspond with 

key points of reproductive development. 

Modifications of source-sink balance produce complex reactions that involve not only 

the assimilative breakdown, but also the allocations of mineral elements and 

endogenous plant growth regulators.  

The pruning vine practices, performed both on the canopy (tipping, leaf removal, 

shoot trimming, etc..) and productive zone (cluster thinning, berry thinning, etc..), 

depending on the time and intensity of execution, may affect mainly the source 

(functional mature leaves) or the sink (young leaves, shoot tips and buds).  

Therefore, they should be carefully considered as they could unbalance the source-

sink relation and cause stunted growths and productivity unacceptable, especially 

from a qualitative point of view. 

 

Leaf removal: one of the most recurrently performed summer canopy management 

operations in winegrape growing is leaf removal applied in the fruit zone of the vine 

(Perceival et al., 1994; Reynolds et al., 1996). 

Even though the aims of this viticultural practice may be diversified depending on the 

cultivation area and the oenological objective, it is normally performed from fruit set to 

veraison on high density canopies to improve the light exposure and air circulation 

around the clusters, often achieving remarkable benefits in terms of increased 

pigmentation, aromatic typicity and tolerance to rot (Bledsoe et al., 1988). 

However, it should be noted that the grape quality increasing is not a consistent 

result of leaf removal, and if present, it is often an indirect reflection of the improved 

microclimate at the clusters level. 
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In more detail, some surveys have showed that the effects and the variability of the 

vine responses as a result of leaf removal appear quite varied depending on time, 

execution mode and intensity of intervention. 

According to the consolidated physiological principle under which the fruit set 

percentage is the main function of photo assimilates availability in pre-flowering, the 

goal of this project was to create a source lack by the leaf removal stimulating a 

competition between productive activity and vegetative growth. 

As Poni S. (2006) has reported in his observations, a early leaf removal conducted 

on the basal portion of the shoot is a very effective practice to reduce fruit set. The 

berries number is  the component that more contributes to the reduction of the bunch 

weight compared to the control. The fruit set percentage (ratio of normal berries and 

flower buds) was reduced in all the defoliated theses. Furthermore, in the case of the 

primary goal is to achieve a berry size reduction, a post-flowering leaf removal 

appeared much more sensitive than a pre-flowering leaf removal.  

 

Tipping: what in the vineyard has been performed was the tipping, a sort of canopy 

management which consists to remove the growing 3 to 6 inch tip of a shoot with 

thumb and finger.  

Its weakening effect is very slight, since no expanded leaves are removed, rather only 

a little material is taken off. The immediate effect is to arrest elongation of the shoot, 

thus, eliminating the apex competition and promoting fruit set.  

If this is done when the shoot is 15 to 18 inches long, the shoot can toughen 

sufficiently to resist the wind before becoming long enough to afford the wind much 

pressure surface. Tipped shoots as early as will usually produce, from a lateral, a new 

growing tip which later cannot be distinguished from an original growing tip.  

It has been reported by several investigators that the tipping of fruiting shoots at the 

beginning of blossoming induces a better fruit set. The increase in fruit set on tipped 

shoots is believed to be due to reduced competition between developing leaves and 

ovaries for available organic nutrients (Winkler et al., 1974). 
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Chapter 3: Materials and methods 

 

This study was set up from June 2014 in a wine grape vineyard near Alcamo, 

which is located in the North-West Sicily, in the South Italy (200 m elevation). The 

climate in this area is typically Mediterranean with dry-windy summer and mild-rainy 

winter.  

The plots were established in a hilly area. Soils in the vineyard were relatively uniform, 

typified by a limestone-clay component.  

The experimentation was conducted on three grape varieties (Vitis vinifera L.) such as 

Grillo, Nero D’Avola and Merlot, all grafted on rootstock 1103 Paulsen.  

The year of plantation varied from 2002 to 2004 and the vines were trained on a VSP 

system and Guyot pruning system. The vineyard had a planting density of 4100 vines 

per hectare, spaced 1.0 m within and 2.4 m between east-west oriented rows. The 

vineyard was managed according to the conventional farming and it was equipped 

with a drip irrigation system. 

 

Experimental design 

 

The experimental design was conducted identifying and selecting three rows per 

cv. Three treatments were established per cv in a randomized complete block design 

with three replications per treatment (fig. 7). 

The three treatments, performed manually near the end of the flowering phenological 

stage (BBCH: 69 for Grillo and Merlot, BBCH: 67 for Nero D’Avola), were as below: 

 

 Leaf removal (LR): removal of all the primary shoot leaves and lateral shoots 

up to two nodes above the last cluster; 

 

 Tipping (T): removal of the vegetative apex of the main shoot and not tipping 

on the lateral shoots; 

 

 Control (CTR): any kind of treatment. 

 

Three rows with 108 vines each were identified per variety and 36 vines were 

considered per plot. Each sampling was collected from different vines.  
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LR-1 CTR-2 T-3 

CTR-1 T-2 LR-3 

T-1 LR-2 CTR-3 

 

 

 

Figure 7. Representation of the three treatments performed in the experimental vineyard CTR (control), LR (leaf 

removal) and T (tipping) and the three rows identified to establish three replications per treatment.  

The experimental vineyard was subjected to five samplings (6 for cv Nero D’Avola due 

to a later grape picking) from the development of the fruits (BBCH: 75 – end of June) 

till the ripening of the berries when grapes were harvested (BBCH: 89 - end of 

August/beginning of September). 

Days from the treatment: 

 0: when the three treatments where performed in the vineyard (3th June 2014); 

 +  23: days after the treatment (26th June 2014); 

 +  35: days after the treatment (8th July 2014); 

 +  49: days after the treatment (22th July 2014); 

 +  63: days after the treatment (5th August 2014); 

 +  83: days after the treatment (25th August 2014); 

ST 

CTR LR 

CTR 
T 
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 +  98: days after the treatments (9th September 2014, only reserved at cultivar 

Nero D’Avola). 

 

Fifteen shoots per cv were collected at two different phenological stages (the first one 

when treatments were established, the second one at the grape ripening) to evaluate 

the following parameters: primary shoot length, primary shoot nodes and leaves 

number, lateral shoots number, lateral shoot length, lateral shoot nodes and leaves 

number, the total leaf area (primary shoot leaf area plus lateral shoots leaf area), the 

removed leaf area and the remaining leaf area. Primary shoot and lateral shoots leaf 

area were only reported in this thesis. 

 

The grape samples were collected from the development of the berries up to the 

harvest every two weeks (5 samplings per cv Grillo and Merlot, 6 samplings per cv 

Nero D’Avola).  

The average yield per vine was: 

 cv Grillo: 12 shoots – 13.4 bunches; 

 cv Nero D’Avola: 7.8 shoots – 8.1 bunches; 

 cv Merlot: 7.9 shoots – 11.5 bunches. 

The sugar content at harvest was: 22.5° Bx in cv Grillo, 25.3° Bx in cv Nero D’Avola, 

25.8° Bx in cv Merlot. 

Berries and mainly seeds characteristics were evaluated. Particular attention has 

been devoted to empty seededness phenomenon verifying the incidence of the 

treatments on that phenomenon. This experimentation had the aim to mark varietal 

differences regarding the presence of empty seeds showing their variation during the 

seeds growth evolution. 

 

Lab preparation and processing of the samplings to be analyzed  

 

Per each treatment 3 repetitions of 50 berries each were taken from all parts of the 

cluster (apical, central, basal, front and back zones) and submitted to several 

measurements and analysis.  

Initially it has been noted the weight (g) of each 50 berries and after the longitudinal 

(DL) and transversal (DT) diameter (mm) by a digital calliper per each repetition. 

Thus the berries were split in half to collect by hand all the seeds counting the number 

of seeds taken out from each berry. After that all the seeds have been put into a 
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becher with distilled water where two classes of seeds were classified as seeds that 

floated on water and seeds that did not. The floated, or empty seeds were defined 

floater seeds whereas the others at the bottom of the becher were normal seeds 

defined sinkers (Ebadi et al., 1996). 

The two classes of seeds were dried in paper towel and weighed, so after stored in 

the fridge to observe and examine their cavity by a microscope. 

In addition it has been revealed the thickness of both the two categories by the digital 

calliper to compare these two phenomena. 

At each sampling dates the seeds were split in half, observed by the microscope and 

photographed for all the cultivars. 

 

Of the last sampling taken at the harvest time, 20 clusters per repetition (60 per 

treatment, 180 per variety) were weighted by calculating their average weight and 

selecting the best 5 ones per repetition which were brought to the laboratory. Each 

cluster was weighted and berries counted for each one, and then, 50 berries per each 

repetition were selected to repeat the same observations mentioned above. The 

coefficient variation (CV) was calculated on sixty clusters per cultivar and treatment. 

 

Climate data of the area 
 

The table 2 shows the 2014 main climate data (temperature and rainfall) of Alcamo 

area where the study was performed.  

month T max T min T med Rainfall 

January 13.6 7.0 10.3 86 

February 14.7 7.4 11.0 83 

March 16.4 8.4 12.4 73 

April 19.8 10.7 15.3 60 

May 24.4 14.2 19.3 29 

June 28.2 17.5 22.9 10 

July 30.4 19.6 25.0 4 

August 30.8 20.2 25.5 13 

September 27.2 17.8 22.5 42 

October 22.8 14.6 18.7 90 

November 17.7 10.7 14.2 88 

December 14.5 8.1 11.3 100 
 
Table 2. Climate data of 2014 Alcamo area (Source: data Sias). 
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General properties of soil 
 

Some chemical and physical properties of soil were provided by the company 

where the experimentation was set up (table 3). These soil properties were similar for 

all the three cultivars since the soil characteristics were relatively uniform. 

Soil was typified by a limestone-clay component with a pH of 7.29 (neutral). The 

cation-exchange capacity (CEC) was very low 7.52 meq/100 g.  

A large set of indicators, such as nutrients and some other parameters, was reported 

as the table 3 shows below. 

parameters unit value conclusion 

sand  % 34   

loam  % 20   

clay  % 46   

reaction pH 7.29 neutral 

EC  µS cm-1 192 n.s. 

HM  % 6.2 rich 

CEC  meq/100 g 7.52 low 

N  % 0.31 high 

P.I  p.p.m 49.7 normal 

K.I p.p.m 154 normal 

Mg.I  p.p.m 68 low 

Ca.I  p.p.m 1274 low 

Na.I  p.p.m 43 normal 
 
Table 3. General soil properties of the experimental vineyard. 

 
 
Statistical analysis 

 

Leaf surface area of main and lateral shoots (cm2) were measured using an area 

meter (Delta-T_Devices). 

Analysis of variance (ANOVA) and Tukey’s (HSD) test was used at 5% level of 

significance (α=0.05). Lowercase letters mean statistically significant differences at 

5% level of significance. All statistical analyses were performed using SYSTAT 10. 
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Chapter 4: Results 

 

The table 4 introduces the leaf area in the control thesis, the removed leaf area 

and the remaining leaf area in cv Grillo at BBCH stage 69, when the three treatments 

were performed manually in the vineyard and the randomized complete block was 

established. 

By the leaf removal treatment the 54.2% of primary shoot area and 58.6% of lateral 

shoot area were removed. The remaining leaf area per shoot was approximately 993 

cm2, consisted of 80% primary shoot and 20% lateral shoot area. 

03/06/2014 
primary 

shoot area 
(cm2) 

lateral shoot 
area (cm2) 

total leaf 
area (cm2) 

% 
primary 
shoot 
leaf 

removal 

% lateral 
shoot 
leaf 

removal 

% total 
leaf 

removal 

control 1742.74±59.2 469.77±110.6 2212.51±138.1       

removed leaf 
area 

944.23±59.6 275.48±56.2 1219.71±103.6 54.18 58.64 55.13 

remaining 
leaf area 

798.51±53.0 194.29±90.6 992.80±107.7       

 
Table 4. Leaf area at BBCH stage: 69 – cv Grillo. 

 

The table 5 reports the leaf area in the control thesis, the removed leaf area and the 

remaining leaf area in cv Nero D’Avola at BBCH stage 67.  

Once that the leaf removal treatment was set up, the removed leaf area was split into 

primary shoot area that was 39.6% and the lateral shoot area that was 61.6%. The 

remaining leaf area per shoot was approximately 1485 cm2, made up, even in that 

variety, of 79.2% primary shoot and 20.8% lateral shoot area. 

03/06/2014 
primary shoot 

area (cm2) 
lateral shoot 

area (cm2) 
total leaf 

area (cm2) 

% 
primary 
shoot 
leaf 

removal 

% lateral 
shoot 
leaf 

removal 

% total 
leaf 

removal 

control 1948.37±99.8 803.32±129.8 2751.40±209.9 
   

removed leaf 
area 

771.74±40.3 495.00±103.1 1266.75±124.8 39.61 61.62 46.04 

remaining 
leaf area 

1176.63±109.4 308.32±72.2 1484.65±178.6 
   

 
Table 5. Leaf area at BBCH stage: 67 – cv Nero D’Avola. 
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The table 6 shows the leaf area in the control thesis, the removed leaf area and 

remaining leaf area in cv Merlot at BBCH stage 69.  

By performing the leaf removal treatment on the vines, the removed leaf area was 

divided into 43.7% of primary shoot area and 67.6% of lateral shoot area. The 

remaining leaf area per shoot was approximately 991 cm2, consisted of 81.5% primary 

shoot and 18.5% lateral shoot area. 

03/06/2014 
primary 

shoot area 
(cm2) 

lateral shoot 
area (cm2) 

total leaf area 
(cm2) 

% 
primary 
shoot 
leaf 

removal 

% lateral 
shoot 
leaf 

removal 

% total  
leaf 

removal 

control 1435.63±59.5 565.83±124.7 2001.46±142.6 
   

removed leaf 
area 

627.65±39.8 382.62±107.4 1010.27±124.9 43.72 67.62 50.48 

remaining leaf 
area  

807.98±57.3 183.21±74.4 991.19±104.1 
   

 

Table 6. Leaf area at BBCH stage: 69 – cv Merlot. 

 

In summary, the cultivars Grillo and Merlot had approximately the same leaf area per 

shoot once that leaf removal was performed, whereas cv Nero D’Avola had a higher 

leaf area value per shoot (+ 22%) than the other two varieties. 

The remaining leaf area (after the leaf removal) was equally subdivided in all the 

three cultivars, approximately consisted of 80% primary shoot and 20% lateral shoot 

area. 

Compared to Nero D’Avola and Merlot varieties, cv Grillo had a major percentage of 

removed leaf area of primary shoot (54.2%) depended on two factors: the first one 

was the average position of the node where the last cluster was located on the 

primary shoot (5.4 in Grillo, 3.2 in Nero D’Avola and 3.3 in Merlot); the second factor 

was the lower presence of lateral leaves in the defoliated part (5.6 lateral leaves in 

Grillo than 9.6 lateral leaves in Nero D’Avola and 10.07 lateral leaves in Merlot). 

In cv Merlot the percentage of lateral leaves removed was higher (67.6%) than in cv 

Nero D’Avola (61.6%) due to a smaller primary leaves size (122 cm2 in Merlot versus 

145 cm2 in Nero D’Avola) and also as a result of a smaller lateral leaves size. 

The number of primary and lateral leaves removed was nearly similar in these two 

varieties (5.3 primary leaves and 9.6 lateral leaves in cv Nero D’Avola, 5.13 primary 

leaves and 10.1 lateral leaves in cv Merlot). 
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The table 7 introduces the leaf area in the three treatments in cv Grillo at BBCH stage 

89, when the berry ripening was achieved and the bunches were harvested. 

In the three thesis the leaf area distribution (including primary shoot and lateral shoot 

area) was different at harvest. 

It was observed that the percentage of lateral shoot area was higher in tipping (+ 

33.4%), followed by leaf removal (+ 28.6%) and finally the control (+ 18.9%). 

The leaf removal thesis had the lowest total leaf area than the other two treatments. 

Furthermore, in the leaf removal the primary shoot area at harvest increased of 

56.7% than the remaining leaf area at BBCH stage 69, whereas the lateral shoot area 

incremented of 158%. Despite this last increment, vines from leaf removal treatment 

were not able to recover the removed leaf area amount. 

The tipping treatment showed the highest total leaf area (+ 16% than the control and 

+ 34% than leaf removal). By taking out only the apex and removing the competition 

executed by that, the tipping increased the lateral shoot (+ 100%). 

20/08/2014 
primary shoot area 

(cm2) 
lateral shoot area 

(cm2) 
total leaf area (cm2) 

control 1641.52±103.2 383.65±153.2 2025.17±256.5 

leaf removal 1251.09±123.5 501.42±187.3 1752.51±63.8 

tipping 1567±186.9 788±193.9 2355±7.1 

 n.s. n.s. n.s. 

 
Table 7. Leaf area at BBCH stage: 89 – cv Grillo. Means followed by a different letters within a column are significantly 

different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

The table 8 indicates the leaf area in the three treatments in cv Nero D’Avola at 

BBCH stage 87. 

At harvest, the control did not express differences in total leaf area than the first shoot 

relief both in the primary shoot and in the lateral shoot area distribution, and there 

was no evolution showed in the primary shoot and in the lateral shoot area. 

Compared to the first shoot relief, in the leaf removal thesis the primary shoot area 

increased of 20%, while the lateral shoot area decreased probably due to an earlier 

leaf drop that characterizes cv Nero D’Avola. At harvest, the total leaf area found in 

leaf removal thesis was 55% less than the control; this result meant that vines did not 

react to this viticultural practice.  

On the other hand, in the tipping the lateral shoot area incremented of 240% than the 

remaining lateral shoot area at BBCH stage 67. Even in cv Nero D’Avola, at harvest 

the leaf area distribution between primary shoot and lateral shoots was modified and 

the major lateral shoot area percentage was found in the tipping. 
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20/08/2014 primary shoot area (cm2) lateral shoot area (cm2) total leaf area (cm2) 

control 2016.31±357.9 848.65±138.7 a 2864.96±194.3 a 

leaf removal 1410.13±104.5 166.28±34.8 b 1576.41±109.3 b 

tipping 1761.04±132.3 1048.49±176.2 a 2809.53±191.3 a 

sign n.s. * * 

 
Table 8. Leaf area at BBCH stage: 87 – cv Nero D’Avola. Means followed by a different letters within a column are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

The table 9 shows the leaf area in the three treatments in cv Merlot at BBCH stage 

89. 

The control had a poor development of primary shoot area from the first up to this last 

shoot relief (+13%), whereas the lateral shoot area decreased so much that at 

harvest the leaf area was subdivided in 92% primary shoot area and 8% lateral shoot 

area. 

The leaf removal thesis reported a primary shoot area increase (+ 106%) and a lateral 

shoot area increment (+ 65%) than the leaf area revealed at BBCH stage 69. By this 

viticultural practice the vines from leaf removal had a higher total leaf area (+12%) 

than the control reacting, although slightly, to the treatment performed. 

Moreover, the tipping showed a considerable increment (+ 148.4%) of lateral shoot 

area than the leaf area revealed at the first shoot relief, therefore, at harvest the leaf 

area consisted of 48.4% lateral shoots and 51.6% primary shoot. In the end the total 

leaf area in tipping was + 65.7% upper than the control. 

20/08/2014 primary shoot area (cm2) lateral shoot area (cm2) total leaf area (cm2) 

control 1621.4±189.6 131.89±32.6 b 1753.29±148.4 b 

leaf removal 1662.2±105.9 302.34±164.6 b 1964.54±242.2 b 

tipping 1500±116.8 1405.43±236.2 a 2905.43±317.4 a 

sign n.s * * 

 
Table 9. Leaf area at BBCH stage: 89 – cv Merlot. Means followed by a different letters within a column are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

The response to the leaf removal was quite different in the three cultivars: while Grillo 

potentiated the lateral shoot growth than the primary shoot one, an opposite effect 

was found in Nero D’Avola and Merlot varieties. 

In all the cultivars a considerable lateral shoots increment characterized the tipping 

treatment expressed to a greater extent in cv Merlot, followed by Nero D’Avola and 

finally Grillo. 
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In cv Grillo the table 10 shows the characteristics of the bunch and coefficient 

variation (CV) of bunch weight in the three treatments at harvest. 

The leaf removal thesis decreased the bunch weight of 17.4% than the control, and 

the bunch weight variability declined of 18%, but the berry number per bunch did not 

change between the two treatments. 

The tipping thesis, instead, did not influence neither the bunch weight nor the berry 

number per bunch than the control, but the bunch weight variability decreased of 9%. 

 
average bunch weight (g) berry number/bunch 

Treatment CV mean ± SE  mean ± SE 

control 41.35 223.92 23.06 a 91 23.62 

leaf removal 23.33 184.92 11.19 b 87 21.93 

tipping 32.25 228.54 7.72 a 94 9.68 

sign  * n.s. 
 

Table 10. Characteristics of the bunch and coefficient variation (CV) of bunch weight in the three treatments at harvest 

– cv Grillo. Means followed by a different letters within a column are significantly different at  =0.05 (HSD Tukey’s 

test); n.s.=not significant. 

 
As the table 11 reveals, in cv Nero D’Avola no one important effect was showed in 

leaf removal and tipping than the control.  

The tipping treatment appeared to have positive influence in response to an increase 

in the bunch weight (+9.5%) than the control which in part was due to the increase (+ 

5.4%) of berry number per bunch. 

The leaf removal did not have significant effects on bunch weight compared to the 

control. Slight differences in berry number per bunch were found although not 

significant (+8%). 

Both the leaf removal and the tipping seemed to slightly increase the berry number 

per bunch. There were not bunch weight variability than the control. 

 
average bunch weight (g) berry number/bunch 

Treatment CV mean ± SE mean ± SE 

control 18.81 287.72 27.35 149 26.68 

leaf removal 17.17 303.78 48.81 161 32.15 

tipping 17.89 314.91 39.39 157 26.38 

sign  n.s.  n.s.  
Table 11. Characteristics of the bunch and coefficient variation (CV) of bunch weight in the three treatments at harvest 

– cv Nero D’Avola. Means followed by a different letters within a column are significantly different at  =0.05 (HSD 

Tukey’s test); n.s.=not significant. 
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Concerning the cv Merlot, the table 12 shows the average bunch weight, the berry 

number per bunch and coefficient variation of bunch weight in the three treatments at 

harvest. 

It was clearly reported that no one significant difference was found between the three 

thesis for bunch weight but, the berry number was reduced of 10.06% and 8.5% by 

the leaf removal and tipping compared to the control.  

On the opposite way, the leaf removal increased the bunch weight variability. 

 
average bunch weight (g) berry number/bunch 

Treatment CV mean ± SE mean ± SE 

control 31.57 186.56 12.70 141 15.43 

leaf removal 41.19 180.18 10.33 126 9.99 

tipping 33.88 184.24 17.89 129 15.72 

sign  n.s.  n.s.  

 
Table 12. Characteristics of the bunch and coefficient variation (CV) of bunch weight in the three treatments at harvest 

– cv Merlot. Means followed by a different letters within a column are significantly different at  =0.05 (HSD Tukey’s 

test); n.s.=not significant. 

 

The table 13 shows that cv Grillo was the most responsive to the leaf removal.  

All the three viticultural practices carried out a significant increase in the weight of the 

berry over the five reliefs.  

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (g) ± SE sign mean (g) ± SE sign mean (g) ± SE sign 

+  23 0.88 0.04  1.02 0.07  0.99 0.06 n.s. 

+  35 1.30 0.06  1.11 0.08  1.19 0.08 n.s. 

+  49  1.33 0.01  b 1.44 0.11  ab 1.60 0.02 a 

+  63 1.92 0.34  1.56 0.16  1.71 0.40 n.s. 

+  83 2.46 0.01  a 2.12 0.05   b 2.42 0.01 a 
 

Table 13. Berry weight – cv Grillo. Means followed by a different letters within a row are significantly different at  

=0.05 (HSD Tukey’s test); n.s.=not significant. 

 

At the first relief the control thesis had a lower berry weight than leaf removal and 

tipping, but from the second up to the third one the berry growth was characterized by 

a lag phase, followed by an increase. 

Berry growth was affected by a shorter and later lag phase in leaf removal and tipping 

treatments.  
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From the fourth to the last relief there was a sudden jump of berry growth in all the 

three treatments, but in leaf removal from the fourth one the berry weight began to be 

lower compared to control and tipping. 

At harvest, the result of leaf removal was the lower berry weight compared to control 

(- 14%) and tipping (- 12,5%) where berry weight was almost equivalent.  

Should be took into consideration that at the first relief the control had lower berry 

weight than the leaf removal, and thereafter, at the second relief the leaf removal 

showed a lag phase, whereas in the control berry growth had a greatly increase.  

The veraison occurred at the third sampling (22th July 2014). 

 

In cv Nero D'Avola (table 14) the three treatments pointed out a constant increase of 

the berry weight over the five samplings. 

The lag phase in the berry growth was evident in all the thesis from the second to the 

third sampling dates, but it was more relevant in the control (+14%) than the other two 

treatments (+ 18% and +21% for leaf removal and tipping).   

From the fourth relief up to the clusters picking, the leaf removal, even in this case, led 

to a lower berry weight compared to the control, although the defoliation effect was 

not so significant rather than in cv Grillo (table 13). 

The veraison occurred between the third and the fourth sampling (31th July 2014). 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (g) ± SE mean (g) ± SE mean (g) ± SE  

+  23 0.65 0.03 0.58 0.02 0.58 0.07 n.s. 

+  35 0.94 0.07 0.88 0.09 0.92 0.11 n.s. 

+  49  1.07 0.06 1.04 0.08 1.11 0.14 n.s. 

+  63 1.53 0.05 1.38 0.09 1.52 0.12 n.s. 

+  83 1.77 0.14 1.69 0.11 1.84 0.09 n.s. 

+  98 1.93 0.07 1.89 0.05 2.01 0.13 n.s. 
 

Table 14. Berry weight – cv Nero D’Avola. Means followed by a different letters within a row are significantly different 

at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 
 

As it is shown in table 15, in cv Merlot the three treatments conducted to a constant 

increase in the berry weight with the progress of samplings, but in this cultivar 

defoliation had an opposite way having no effect. 

In short, there was a different effect between the varieties on the berry weight. 

The tipping had not significant effects on the berry growth in the three cultivars. 
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The veraison occurred at third sampling (22th July 2014). 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (g) ± SE mean (g) ± SE mean (g) ± SE  

+  23 0.57 0.01 0.57 0.003 0.56 0.03 n.s. 

+  35 0.69 0.01 0.86 0.09 0.70 0.04 n.s. 

+  49  0.81 0.03 0.83 0.01 0.88 0.05 n.s. 

+  63 1.21 0.11 1.19 0.02 1.16 0.05 n.s. 

+  83 1.32 0.11 1.43 0.04 1.43 0.04 n.s. 
 

Table 15. Berry weight – cv Merlot. Means followed by a different letters within a row are significantly different at  

=0.05 (HSD Tukey’s test); n.s.=not significant. 

 

The table 16 indicates a slight reduction of DL/DT in cv Grillo over the five samplings. 

Particularly, from the first to the second relief the DL/DT decreased in all the three 

viticultural practices, for a higher increase in DT than DL. 

At the third relief, in the leaf removal and tipping thesis DL/DT kept constant and 

declined in the last two samplings, whereas in the control it continued to decrease in 

the third relief from which remained constant till the last one.  

This situation was due to a lag berry growth phase that occurred in the control from 

the second to the third sampling (and that did not occur in the other two treatments). 

A modification in berry growth curve did not influence the berry weight at harvest in 

the control, resulting a bigger berry size rather than the values obtained in leaf 

removal and tipping.  

At harvest, however, berries from the three treatments showed the same shape 

defined by DL/DT ratio. 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean ± SE sign mean ± SE sign mean ± SE 

+  23 1.15 0.004 ab 1.18 0.01 a 1.13 0.01 b 

+  35 1.08 0.01 1.09 0.01 1.07 0.02 n.s. 

+  49  1.03 0.012 b 1.10 0.01 a 1.08 0.0002 a 

+  63 1.02 0.003 1.04 0.01 1.03 0.01 n.s. 

+  83 1.03 0.01 1.04 0.001 1.02 0.01 n.s. 
 

Table 16. Longitudinal and transversal diameter ratio (DL/DT) – cv Grillo. Means followed by a different letters within a 

row are significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 
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In cultivar Nero D’Avola, the three thesis reported a DL/DT reduction from the first to 

the second sampling, after which that parameter was constant both in time and 

between the three treatments (table 17). 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean ± SE mean ± SE mean ± SE sign 

+  23 1.21 0.01 1.25 0.01 1.25 0.02 n.s. 

+  35 1.13 0.01 1.16 0.01 1.13 0.04 n.s. 

+  49  1.15 0.02 1.14 0.02 1.16 0.03 n.s. 

+  63 1.12 0.01 1.10 0.01 1.12 0.02 n.s. 

+  83 1.09 0.005 1.11 0.01 1.10 0.02 n.s. 

+  98 1.15 0.01 1.14 0.01 1.14 0.01 n.s. 
 

Table 17. Longitudinal and transversal diameter ratio (DL/DT) – cv Nero D’Avola. Means followed by a different letters 

within a row are significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

Particularly in cv Merlot DL/DT was constant both in time and between the three 

treatments (table 18). 

The increase or modification of the berry weight impacted in the same way the DL and 

DT in cv Nero D'Avola and cv Merlot, where there were not differences between the 

thesis compared to both these two grape varieties; therefore DL and DT were 

influenced by the variation of the berry growth. 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean ± SE sign mean ± SE sign mean ± SE sign 

+  23 0.97 0.01 0.98 0.003 0.96 0.004 n.s. 

+  35 0.93 0.002 0.93 0.003 0.94 0.01 n.s. 

+  49  1.06 0.01 a 1.01 0.01 b 1.04 0.01 a 

+  63 0.97 0.01 0.97 0.01 0.92 0.05 n.s. 

+  83 0.97 0.01 0.98 0.01 0.97 0.01 n.s. 
 

Table 18. Longitudinal and transversal diameter ratio (DL/DT) – cv Merlot. Means followed by a different letters within 

a row are significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

By the values obtained from the DL/DT ratio in cultivars Grillo and Nero D’Avola, it 

was observed that berry growth was more in lenght than in width, after then the 

growth kept going the opposite way (more in width than in length). 
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The cultivars Merlot was affected by a constant DL/DT ratio in all the treatments and 

reliefs; thus, the berry growth was always proportionally subdivided between DL and 

DT. 

 

The table 19 just above shows the differences between the three cultivars on the 

average of seeds number per berry, the number and percentage of sinker and floater 

seeds at harvest. 

The sinker seeds were greatly present in Merlot, then in Nero D’Avola and finally in 

Grillo. 

 Variety           Treatment 

 
Total seeds per 

berry 
 

sinker seeds 
 

floater seeds 
 

n° ± SE n° ± SE % n° ± SE % 

Grillo 
  
  

Control 1.36 0.04 1.02 0.04 75.00 0.34 0.04 25.00 

leaf removal 1.50 0.10 1.16 0.04 77.46 0.34 0.11 22.54 

Tipping 1.35 0.08 0.94 0.05 69.80 0.41 0.02 30.20 

N. D’Avola 
  
  

Control 1.54 0.11 1.19 0.18 77.37 0.35 0.05 22.63 

leaf removal 1.57 0.08 1.19 0.03 76.00 0.38 0.04 24.00 

Tipping 1.41 0.13 1.13 0.13 80.57 0.27 0.03 19.43 

Merlot 
  
  

Control 2.05 0.08 1.85 0.05 90.16 0.20 0.06 9.84 

leaf removal 2.09 0.16 2.00 0.06 95.66 0.09 0.04 4.34 

Tipping 2.03 0.13 1.85 0.12 91.28 0.18 0.04 8.72 
 

Table 19. Total seeds number per berry, number and percentage of sinker seeds and number and percentage of 

floater seeds at harvest. 

 

The table 19a showed the two-way analysis of variance (variety and treatment) at 

harvest. It is evident the effect of varieties on seed number per berry and on sinker 

and floater seed number per berry. 

  
Total seeds per 

berry 
 

 
sinker seeds per 

berry 

 
Floater seeds per 

berry 

Source F sign F sign F sign 

Variety 78.33 ** 74.31 ** 22.038 ** 

Treatment 2.53 n.s. 3.29 n.s. 0.814 n.s. 

Variety*Treatment 0.67 n.s. 1.22 n.s. 1.657 n.s. 

 

Table 19a. Two-way analysis of variance (variety and treatment) at harvest for total seed number per berry, sinker and 

floater seed number per berry. 
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It was clearly noted that the average of seeds number per berry was lower in 

cultivars Grillo and Nero D’Avola rather than in cv Merlot for which, according to the 

common knowledge, the international varieties had a higher seeds number per berry.  

Thus, cultivars Grillo and Nero D’Avola had less seeds per berry, but probably this 

consequence could come from fruit set drawbacks which resulting from sterility events 

that affected these varieties. They might be affected by sterility (for example cv Grillo 

seems to be characterized by a lower pollen vitality and pollen germinability, data not 

published) more than others, therefore the two Sicilian varieties may be characterized 

by abnormalities during seeds formation and next degeneration.  

However, in all the three cultivars, leaf removal carried out tendenzially more seeds 

into the berries compared to the other two treatments, but not in significant way (table 

18a) and, in cultivars Grillo and Nero D’Avola, also a lower berry weight. Moreover, 

the leaf removal in cv Grillo showed more significant results than in cultivars Nero 

D’Avola and Merlot. 

In cv Merlot and especially Nero D’Avola, the tipping thesis seemed to reduce the 

seed number per berry. 

 

In the three cultivars floater seeds did not find at the first relief per each treatment. 

Specifically in cv Grillo, the thesis expressed a slight constant increase in % floater 

seeds from the second sampling up to the fourth one (fig. 8). 

In all the treatments the last relief was characterized by a sudden peak which strongly 

increased the floater seeds percentage (table 20). 

The control had a higher percentage of floater seeds than the other two treatments up 

to the 4th relief especially compared to leaf removal but not in significant way (fig. 9). 

On the other hand the empty seededness phenomenon dealt with a late abortion of 

the seeds that was particular focused from veraison (at the third relief on 22 th July 

2014), starting from which it took place into the berries. 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (%) ± SE sign mean (%) ± SE sign mean (%) ± SE sign 

+  23 0.00 0.00 0.00 0.00 0.00 0.00 - 

+  35 13.77 0.19 a 6.62 3.13 b 5.89 3.57 b 

+  49  15.42 5.13 9.23 5.54 12.99 4.66 n.s. 

+  63 16.36 5.07 11.79 0.77 14.87 4.87 n.s. 

+  83 25.00 2.50 22.54 4.73 30.20 0.35 n.s. 
Table 20. Percentage (%) of floater seeds – cv Grillo. Means followed by a different letters within a row are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 
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Figure 8. From left to right: sinker seeds in cv Grillo at the second and the third sampling dates. Some seeds were 

usually characterized by a dark-brown mark in the internal integument as showed in the right picture. 

 

 

 

Figure 9. Floater seed in cv Grillo at the third sampling date. It is pretty evident how the degeneration process has 

already been occurred causing the later seed abortion responsible of empty seededness phenomenon. 

 

The table 21 highlights the evolution of the percentage of floater seeds in cv Nero 

D’Avola, which increased with the advance of the samplings (fig. 10). 

There were not empty seeds, however, at the first relief (fig. 11). 

While in the control the number of floater seeds highly increased from the second to 

the third relief, the leaf removal and tipping treatments were undergone to a jump 

increase from the fourth up to the fifth sampling. 
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Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (%) ± SE mean (%) ± SE mean (%) ± SE sign 

+  23 0.00 0.00 0.00 0.00 0.00 0.00 - 

+  35 4.04 1.40 4.56 0.83 4.48 1.16 n.s. 

+  49  12.73 0.91 7.55 1.72 16.90 5.89 n.s. 

+  63 18.31 3.77 14.56 4.67 18.50 2.99 n.s. 

+  83 18.39 2.55 21.07 0.74 23.35 2.73 n.s. 

+  98 22.63 2.11 24.00 1.88 19.43 2.12 n.s. 
 
Table 21. Percentage (%) of floater seeds – cv Nero D’Avola. Means followed by a different letters within a row are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

 

 

Figure 10. Floater seed at the fourth relief completely empty once endosperm degeneration took place.  
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Figure 11. From left to right: sinker seeds in cv Nero D’Avola 

at the third sampling dates. In the left one, the seed development process occurred in the best conditions. Picture on the 

right shows the initiation process of seed late abortion and the starting of seed emptying.

In the table 22 is evident how the empty seededness phenomenon did not affect cv 

Merlot likewise the Sicilian varieties Grillo and Nero D’Avola. 

There were not floater seeds, however, at the first relief as in the other two cultivars, 

whereas the percentage of sinker seeds among the sampling dates and the three 

treatments was highly instable (fig. 13) since it was also manifested the starting of the 

endosperm degeneration (fig. 12). 

Nevertheless, as observed in the table, the control showed the highest percentage of 

floater seeds especially compared to leaf removal (fig. 14). 
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Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (%) ± SE sign mean (%) ± SE sign mean (%) ± SE sign 

+  23 0.00 0.00 0.00 0.00 0.00 0.00 - 

+  35 11.02 4.23 a 2.82 1.18 b 5.04 2.32 b 

+  49  14.75 5.97 3.65 1.06 8.91 0.03 n.s. 

+  63 7.58 4.08 3.83  3.83 5.61 1.17 n.s. 

+  83 9.84 2.99 4.34 1.71 8.72 1.75 n.s. 
 
Table 22. Percentage (%) of floater seeds – cv Merlot. Means followed by a different letters within a row are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

Figure 13. Sinker seed well formed in cv Merlot. 

 

Figure 12. Seed submitting to starting endosperm degeneration in cv Merlot. 
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 Figure 14. Floater seed devoid of endosperm in cv Merlot. 

 
The table 23 just above shows the evolution in the weight of sinker seed over five 

sampling dates in cv Grillo. 

In the leaf removal and control thesis the weight remained approximately constant 

from the first to the second relief, then it increased progressively by achieving the 

highest value at the fourth relief, and finally at the last one it declined probably due to 

water loss from the seeds as a result of lignification and following wrinkling of the 

integument.  

In the tipping the sinker seed weight reduction began already from the fourth relief.  

In all reliefs (except for the fourth one) the tipping showed the highest sinker seed 

weight in significant manner and compared to the control it was kept up to the third 

sampling.  

At harvest, the tipping treatment had the highest sinker seed weight.  

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (g) ± SE sign mean (g) ± SE sign mean (g) ± SE sign 

+  23 0.046 0.001 b 0.049 0.005 a 0.050 0.003 a 

+  35 0.048 0.002 b 0.047 0.002 b 0.054 0.001 a 

+  49  0.054 0.001 b 0.054 0.005 b 0.062 0.002 a 

+  63 0.060 0.001  0.060 0.008  0.053 0.0004 n.s. 

+  83 0.046 0.003 b 0.045 0.001 b 0.051 0.001 a 
 
Table 23. Evolution in the weight of sinker seed – cv Grillo. Means followed by a different letters within a row are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 
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As the table 24 indicates, in the tipping and the control thesis the weight of sinker 

seed increased up to third relief and then decreased till the harvest, especially in the 

tipping, probably caused by a rapid dehydratation of outer integument of the seed at 

ripening, its surface became hard with a rough surface. 

At the first sampling date the leaf removal had the highest weight of sinker seed 

between the other treatments but not significant way, it increased at the second relief 

and then decreased. 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (g) ± SE sign mean (g) ± SE sign mean (g) ± SE sign 

+  23 0.032 0.003  0.035 0.003  0.032 0.003 n.s. 

+  35 0.045 0.002  0.051 0.003  0.048 0.001 n.s. 

+  49  0.047 0.001  0.040 0.008  0.054 0.002 n.s. 

+  63 0.040 0.004  0.043 0.002  0.038 0.005 n.s. 

+  83 0.042 0.002 a 0.037 0.002 b 0.037 0.002 b 

+  98 0.041 0.003  0.040 0.003  0.042 0.003 n.s. 
 

Table 24. Evolution in the weight of sinker seed – cv Nero D’Avola. Means followed by a different letters within a row 

are significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

Concerning cv Merlot, there were not significant differences in the weight of sinker 

seed between the three treatments over the five sampling dates. 

In all the thesis the highest weight of sinker seed was achieved at the second relief, 

and then it progressively decreased up to the final sampling (table 25). 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (g) ± SE mean (g) ± SE mean (g) ± SE sign 

+  23 0.042 0.001 0.041 0.001 0.038 0.002 n.s. 

+  35 0.051 0.004 0.051 0.002 0.053 0.002 n.s. 

+  49  0.046 0.001 0.049 0.002 0.047 0.002 n.s. 

+  63 0.044 0.002 0.047 0.001 0.046 0.001 n.s. 

+  83 0.035 0.0003 0.037 0.003 0.036 0.001 n.s. 
 
Table 25. Evolution in the weight of sinker seed – cv Merlot. Means followed by a different letters within a row are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

The table 26 reports the evolution in the weight of floater seed over the five reliefs in 

cv Grillo.  

In general, at the first sampling there were not floater seeds per each treatment and 

in any cultivar (“missing”).  
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At the second relief, the leaf removal had the maximum weight of floater seed 

compared to the control, and it kept that constant weight through the next samplings. 

The tipping achieved the highest weight of floater seed at the fifth relief in the 

significant manner, whereas the control had a constant weight through the sampling 

dates, except in the last one where was submitted to a slight decrease. 

Despite the evolution in the weight of the floater seeds appeared approximately 

hardly constant between each sampling date, we can affirm that at the final relief the 

floater seed did less weight as a consequence of dehydration of the seed, but 

especially due to the full incidence of empty seededness phenomenon which caused 

a endosperm degeneration to a certain level leaving the seeds devoid of embryo, 

endosperm or nucellus. 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (g) ± SE sign mean (g) ± SE sign mean (g) ± SE sign 

+  23 missing missing missing  

+  35 0.031 0.002 b 0.038 0.001 a 0.035 0.0004 a 

+  49  0.036 0.002  0.036 0.002  0.037 0.002 n.s. 

+  63 0.033 0.001 b 0.034 0.001 b 0.051 0.013 a 

+  83 0.026 0.005  0.036 0.003 a 0.031 0.004 ab 
 

Table 26. Evolution in the weight of floater seed – cv Grillo. Means followed by a different letters within a row are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 
The table 27 shows the evolution in the weight of floater seed over the six reliefs in cv 

Nero D’Avola. 

From the third up to fourth sampling the control had the maximum weight and then no 

differences between the other reliefs. 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (g) ± SE mean (g) ± SE sign mean (g) ± SE sign 

+  23  missing  missing missing missing missing missing  

+  35 0.028 0.002 b 0.039 0.007 ab 0.049 ????? a 

+  49  0.037 0.001  0.036 0.003  0.041 0.001 n.s. 

+  63 0.038 0.003 ab 0.043 0.004 a 0.033 0.003 b 

+  83 0.029 0.003  0.028 0.002  0.028 0.001 n.s. 

+  98 0.030 0.003  0.031 0.002  0.031 0.002 n.s. 
 

Table 27. Evolution in the weight of floater seed – cv Nero D’Avola. Means followed by a different letters within a row 

are significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 
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The leaf removal was characterized by a general constant weight of floater seed in all 

the sampling dates, except at the fourth relief at which it had the highest weight. 

The tipping kept the highest weight between the three thesis at the first and the 

second relief, and then the weight declined at the third one and progressively 

decreased at the last two reliefs (table 27). 

The evolution in the weight of floater seeds in cv Merlot was inconstant in each 

treatment. The control kept an approximately regular weight till the fourth sampling, 

and then it decreased. From the fourth relief up to the harvest, leaf removal and 

tipping had a higher weight of floater seed than the control which showed the lowest 

floater seed weight, probably occurred by case, since the empty seededness 

phenomenon was absolutely not predominant in this variety.  

Moreover, the tipping thesis had the highest weight from the second to the third relief 

(table 28). 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (g) ± SE mean (g) ± SE mean (g) ± SE 

+  23  missing  missing missing missing missing missing 

+  35 0.033 0.002 b 0.033 0.008 b 0.047 0.004 a 

+  49  0.033 0.001 ab 0.027 0.004 b 0.036 0.0005 a 

+  63 0.029 0.010  0.035 
 

 0.035 0.004 n.s. 

+  83 0.022 0.005 b 0.026 0.002 ab 0.028 0.002 a 
 
Table 28. Evolution in the weight of floater seed – cv Merlot. Means followed by a different letters within a row are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

The table 29 shows the evolution in the thickness of sinker seed over the sampling 

dates in cv Grillo. 

At the final relief there were not significant differences among the treatments. 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (mm) ± SE mean (mm) ± SE mean (mm) ± SE sign 

+  23 2.34 0.41 2.12 0.08 2.23 0.07 n.s. 

+  35 n.r.  n.r. n.r. n.r. n.r. n.r.  

+  49  2.64 0.001 2.71 0.10 2.73 0.01 n.s. 

+  63 2.91 0.09 2.73 0.12 2.84 0.10 n.s. 

+  83 2.69 0.06 2.74 0.02 2.74 0.03 n.s. 
 
Table 29. Thickness of sinker seed – cv Grillo. Means followed by a different letters within a row are significantly different at 

 =0.05 (HSD Tukey’s test); n.s.=not significant. 
n.r.: Data not recorded. 
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The table 30 just above reports the evolution in the thickness of sinker seed for cv 

Nero D’Avola. 

The general evolution over the sampling dates per each treatment was that seed 

thickness showed a gradually increase from the first to the fourth relief, therefore 

decreasing once that lignification occurred. 

Even for this grape variety, at the final relief there were not significant differences 

among the treatments. 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (mm) ± SE mean (mm) ± SE mean (mm) ± SE sign 

+  23 2.34 0.41  2.12 0.08  2.23 0.07 n.s. 

+  35 n.r.  n.r. n.r. n.r. n.r. n.r.  

+  49  2.40 0.04 b 2.53 0.01 a 2.55 0.05 a 

+  63 2.84 0.09  2.73 0.07  2.57 0.27 n.s. 

+  83 2.61 0.07 a 2.59 0.05 a 2.43 0.01 b 

+  98 2.40 0.24  2.50 0.08  2.32 0.07 n.s. 
 

Table 30. Thickness of sinker seed – cv Nero D’Avola. Means followed by a different letters within a row are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

n.r.: Data not recorded. 

 

In cv Merlot occured the same growth progress as seen in cv Nero D'Avola from the 

first to the fourth relief (table 31) and there were not differences between the 

treatment. 

In the last sampling date the seed thickness was lower for the same reasons that 

dealt with previously. 

In all the three varieties there were fluctuations on the thickness values relevated. 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (mm) ± SE mean (mm) ± SE mean (mm) ± SE sign 

+  23 2.34 0.41 2.12 0.08 2.23 0.07 n.s. 

+  35 n.r.  n.r. n.r. n.r. n.r. n.r. 

+  49  2.71 0.11 2.74 0.02 2.69 0.10 n.s. 

+  63 2.84 0.07 2.85 0.06 2.96 0.01 n.s. 

+  83 2.54 0.02 2.45 0.04 2.52 0.03 n.s. 
 
Table 31. Thickness of sinker seed – cv Merlot. Means followed by a different letters within a row are significantly different at 

 =0.05 (HSD Tukey’s test); n.s.=not significant. 

n.r.: Data not recorded. 
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The table 32 shows the evolution in the thickness of floater seeds over the last three 

sampling dates in cv Grillo.  

In this case the floater seeds had the following thickness evolution: the control 

showed the lowest value at the last relief compared to the leaf removal and tipping 

treatments, but not in significant way. 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (mm) ± SE mean (mm) ± SE mean (mm) ± SE sign 

+  49 2.56 0.11 2.35 0.23 2.45 0.03 n.s. 

+  63 2.73 0.20 2.36 0.24 2.70 0.10 n.s. 

+  83 2.51 0.06 2.63 0.07 2.61 0.08 n.s. 
 

Table 32. Thickness of floater seed – cv Grillo. Means followed by a different letters within a row are significantly 

different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

In cv Nero D’Avola the thickness of floater seeds achieved the maximum value at the 

second relief per each treatment. After that, it decreased due to the seed 

physiological maturation process. 

At harvest the floater seed of the tipping treatment showed the lowest value 

compared to control and leaf removal (table 33). 

Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (mm) ± SE sign mean (mm) ± SE sign mean (mm) ± SE sign 

+  49 2.32 0.02  2.22 0.10  2.28 0.05 n.s. 

+  63 2.56 0.17  2.62 0.01  2.48 0.12 n.s. 

+  83 2.31 0.08  2.30 0.08  2.35 0.13 n.s. 

+  98 2.37 0.1 a 2.39 0.05 a 2.15 0.04 b 
 
Table 33. Thickness of floater seed – cv Nero D’Avola. Means followed by a different letters within a row are 

significantly different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

As the table 34 shows, in cv Merlot at the second relief the thickness of floater seeds 

achieved the highest value, while as for the other cultivars, the lowest occurred at 

harvest.  
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Days from 
treatment 

 
Control 

 

 
Leaf removal 

 

 
Tipping 

 

  mean (mm) ± SE sign mean (mm) ± SE sign mean (mm) ± SE sign 

+  63 2.63 0.03 ab 2.46 0.10 b 2.67 0.07 a 

+  83 2.87 0.05 a 2.71 
 

b 2.85 0.04 a 

+  98 2.39 0.06  2.32 0.07  2.36 0.05 n.s. 
 

Table 34. Thickness of floater seed – cv Merlot. Means followed by a different letters within a row are significantly 

different at  =0.05 (HSD Tukey’s test); n.s.=not significant. 

 

By observing the seeds from outside it was noted that by comparing the two classes 

of seeds per each variety was impossible to identify and separate the floaters from 

the sinker seeds since there were not so many differences between them. 

The figure 15 just below makes a comparison between floater seeds and the sinker 

seeds of cv Nero D’Avola at harvest: as the figure represents both the two classes of 

seeds appear normal from outside and no external differences were found. After 

repeated and careful observations we can assert that floater seeds seem to be 

slightly smaller than normal seeds as there are differences between the varieties but 

not within the cultivar. 

 

 

 

Conclusion 

 

 

 

 

 

 

Figure 15. Sinker and floater seeds at harvest in cv Nero D’Avola. Floater seeds appear normal from outside and there 

are not differences between the two classes of seeds. 
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Chapter 5: Discussions 

 

The floater seeds are the result of late degradation process which affects the 

endosperm and the embryo. This phenomenon has different effects on the varieties 

studied, particularly on the two Sicilian varieties Grillo and Nero D’Avola.  

As mentioned by Olmo (1934) and later by Ebadi et al. (1996), such phenomenon is 

mostly related to the genetic characteristics of the variety, and that is what emerges 

from the research. 

The seed characteristics (seed number, seed weight, % sinker and % floater seeds) 

are not linked to the berry characteristics. In fact, the berry weight is independent 

from the number of seeds. Therefore, compared to the two Sicilian varieties that have 

opposite characteristics, the cultivar Merlot is characterized by the lowest berry 

weight and the highest number of seeds per berry that normally is higher than two. 

The cv Grillo has the highest berry weight and lowest number of seeds. Thus, the two 

Sicilian varieties, which are affected by defects on the fertilization process, have a 

number of seed per berry less than 2. 

The variety that has the highest number of seeds has also the greatest amount of 

sinker seeds and the lowest percentage of floater seeds, whereas cv Grillo has the 

lowest seed number per berry. So there was a strict positive relation between seed 

number per berry and number of sinker seeds per berry. Furthermore, the percentage 

of sinker seeds at harvest was strictly linked to the variety. This means that there 

could be a link between the disorders of the fertilization process and the late seed 

abortion.  

In cultivar Grillo there is a higher decrease in the weight of floater seed (- 47.5%)  

than the sinker seed at harvest compared to cv Merlot (- 27%). This might suggest 

that in cv Grillo the degradation process starts earlier than Nero D'Avola, which has a 

later berry ripening. However, these aspects needs to be further studied. 

Seed abortion begins to increase at veraison, reaches its maximum at harvest, 

keeping almost constant in this period probably due to the variability that affects berry 

ripeness at different levels within the bunch, the vine and the vineyards. As it is 

known, the berry ripening scalarity is related to the flowering scalarity.  

Ebadi et al., 1996, analyzed cv Chardonnay, found that the highest percentage of 

floaters was into the berries which first set than the others. 

Compared to cv Merlot, the two Sicilian varieties Grillo and Nero D’Avola have a 

different berry growth mode: while within 20 days before veraison their growth is more 
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in lenght than in width, and then on the contrary, from that time up to the harvest they 

widen more than lengthen, in cv Merlot berry growth is characterized by the 

progressive increase in longitudinal and transversal diameter at all the sampling 

dates.   

The variety Merlot is marked by the lowest berry weight, the lowest weight of sinker 

seed, the highest number of seeds per berry and, therefore, the highest incidence of 

the weight seed on the berry weight compared to Nero D'Avola. This aspect, as is 

known, is particularly important for the red grape varieties and the red wine quality.  

Finally cv Grillo has opposite characteristics: the highest berry weight, the lowest 

seed number per berry, the highest weight of the single seed and the lowest weight 

seed incidence on the berry weight. 

 

By performing the treatments on the vines it is showed a different response between 

the three cultivars both in the primary shoot and lateral shoot leaf area reaction both 

the characteristics of the bunch, the berries and the seeds. 

Although the leaf removal treatment was set up at different phenological stages 

between the varieties (at the end of flowering for Nero D’Avola and beginning of fruit 

set for Grillo and Merlot), it did not lead to lower fruit set. 

The leaf removal adversely affected berry weight especially cv Grillo and less cv Nero 

D’Avola, and it did not have effect on Merlot berries. 

In cultivars Grillo and Merlot the source lack (determined by the leaf removal) led to 

higher sinker seed number and lower floater seed number, as a result of photo 

assimilates demand in the reserve organs by the seed becoming a stronger sink. 

The tipping treatment effect was particularly evident in cv Nero D’Avola. The removal 

of the apex led to lower seed number and lower floater percentage, a higher weight of 

the sinker seed, at least in the first reliefs, because of many competitions occurred 

and at the same time to an increasing sources availability (higher lateral shoot 

development). In Merlot and in all the tipping thesis there is also a higher weight of 

sinker seed. 

The viticultural practices showed minimal and different effects in relation to the 

variety.  

The leaf removal appeared suitable to decrease the floater seed number and to 

prevent the empty-seededness phenomenon in cultivars Grillo and Merlot.  

There were not significant effects of leaf removal and tipping on cultivar Nero D’Avola. 
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Chapter 6: Conclusions 

 

 

The thesis is a first contribution to a better understanding of the grapevine floral 

biology of the two Sicilian cultivars and their abnomalies in the fertilization process. 

Such abnormalities typical of Grillo and Nero D’Avola lead to a lower seed number 

per kg of grapes (-47.5% and -59.4%) compared to Merlot (Grillo 601, Nero D'Avola 

778 and Merlot 1482 seeds/kg of grapes).  

In red grape varieties that aspect has particular relevance as the difference in the 

number of seeds has consequences in the amount of polyphenolic substances 

extracted during the winemaking process (lower in the Nero D'Avola than the Merlot), 

however taking out of consideration the quality of these compounds and the amount 

present for each seed. 

This research has also showed two classes of seeds (sinkers and floaters) which 

may differently affect not only the berry size, but also the final product quality. 

Therefore particular reference will be spent especially to red grape varieties in which 

the seeds have an important role into the final wine quality, by understanding how the 

floater seeds may affect the quantity and the quality of tannins and their influence of 

the wine quality. Moreover, compared to the sinkers, the floater seeds are in the 

fermenting mass together with the skins in contact with the must, and they cannot be 

eliminated in any way. 

Finally, we note that in addition to the contribution of Olmo (1934) and Ebadi et al. 

(1996) other references concerning the empty-seededness phenomenon were not 

found. The phenomenon of the floater seeds is certainly linked to genetic 

characteristics, as this research showed, but it will take a lot more work to understand 

the causes. 
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