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Effect of Time and Severity of Thinning on Fruit Quality and Yield in
Hardy Kiwifruit (Actinidia arguta)

INTRODUCTION

Actinidia arguta (Sieb. & Zucc.) Miq., commonly known as the hardy kiwifruit,

is indigenous to Siberia, Japan and North East China. It is commercially produced in

New Zealand, British Columbia, Canada and in Oregon, Washington, Pennsylvania

and New York, USA. Oregon ranks first in the world for planted hectarage, estimated

at 35 ha in 1999 (Strik, 1999). The main cultivar grown in Oregon is 'Ananasnaya'.

A. arguta is a vigorous, perennial, deciduous vine that is trained to a structure

that gives support to the shoots and fruit when grown commercially. The mature vine

has a permanent framework of cordons. The shoots can have either terminating or

non-terminating vegetative growth and are vegetative or mixed (producing both leaves

and flowers). The plants can be female, male or monoecious. Flowers are borne in the

leaf axil either singly or in a small cyme. The fruit of 'Ananasnaya' is an ovoid, green

to red blushed beny with a smooth, edible epidermis. Fruit weight ranges fom 4.5 to

16 g (Strik, 1999). The pericarp is very juicy with an appealing flavor, which many

consider much superior to that of 'Hayward', A. deliciosa (Ferguson, 1989). Fruit

mature in late summer to autumn, depending on region (Ferguson, 1990; Strik 1999),

with firmness, decreasing slightly in the later stages of ripening (Kabaluk and

Kempler, 1997). Fruit are generally once-over harvested at an average percent soluble

solids, °Brix, of 8-10 (Strik, 1999). The fruit can be consumed fresh or processed.
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Vitamin C content is about 100 mg ascorbic acidl 100 g fruit and is comparable to that

found A. deliciosa (Ferguson and Mac Rae, 1991).

The commercial cultivation of hardy kiwifruit is relatively new and, thus there is

little information related to the management of this crop. Presently, most of the

decisions made about cultivation of hardy kiwifruit are based on research carried out

on A. deliciosa 'Hayward' in other parts of the world. However, existing research

(Kabaluk and Kempler, 1997; Kempler et al., 1995; Snowball, 1997; Walton and Wu,

1999) and preliminary work conducted on A. arguta in Oregon indicate that this

species is quite different morphologically I physiologically than A. deliciosa.

Fruit size and quality are the most important characteristics affecting price and

marketing of kiwifruit. In A. deliciosa (Cooper and Marshall, 1991) and many other

fruit crops (Knight, 1980; Link, 1998, 2000; Reynolds, et al., 1986), the amount of

fruit supported by the vine directly affects yield, fruit quality and flower bud

differentiation thus, subsequently affecting yield and fruit quality the following

season. A high fruit number per vine was found to be inversely correlated to average

fruit weight of 'Hayward' (Burge et al, 1987; Cooper and Marshall, 1991; Lahav et al,

1989; Richardson and McAneney, 1990) and reduced flowering in the following

season (Antognozzi et a!., 1991; Burge et a!., 1987; Cooper and Marshall, 1991). The

relationship between yield and fruit weight has not been determined in A. arguta.

In A. deliciosa, photosynthetically active leaves supply carbohydrates to the fruit

creating a relationship between leaf area and fruit size. Competition between

vegetative growth and fruiting and among fruits within the same vine for

carbohydrates, amino acids, mineral elements and water often exist (Lai et a!., 1 989b;
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Cooper and Marshall, 1991). Also, in other fruit crops, the leaf area andlor competition

among fruits in the same vine are factors limiting fruit growth (Antognozzi et al. 1991;

Dokoozlian and Hirschfelt, 1995; Fishier et a!, 1983; Reynoids, 1989; Snelgar et a!.,

1986).

Generally, average fruit weight has been shown to decrease with increasing fruit

number (Antognozzi et al., 1991; Burge et a!., 1987; Reynolds, 1986). Thus, the

average fruit weight at harvest may be manipulated in the orchard or vineyard by

pruning and thinning practices. Thinning of A. deliciosa, grapes, and apple has been

shown to reduce yield but improve fruit size and quality (Antognozzi et a!., 1991;

Burge et a!., 1987; Cooper and Marshal, 1991; Knight, 1980; Lahav eta!., 1989; Link,

1998; Reynolds, 1986; Richardson and McAneney, 1990).

In studies with A. deliciosa cv. Hayward no effect of fruit thinning has been

found in young vines (Xiloyannis, 1997). Vasilakakis et al. (1997) observed that fruit

thinning in A. deliciosa 'Hayward' during July improved fruit size at harvest

significantly. In another experiment in 'Hayward', the yield of vines thinned at flower

bud swell stage was almost identical to the un-thinned control vines, but the fruit size

was significantly larger than un-thinned vines. Regardless of the intensity and time

that thinning was done, it had a positive effect upon fruit size (Antognozzi et al.,

1991). The time of thinning treatment may influence the effect on yield and/or fruit

quality (Antognozzi et a!., 1991; Lahav et al., 1989). Tiyayon and Strik (1999,

unpublished) determined that fruit growth of A. arguta cv. Ananasnaya follows a

double sigmoidal curve, based on fruit fresh weight development. Fruit fresh weight

increased from anthesis until the end of week 3, apparently at the time of fruit cell
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division. Early thinning at an early stage of cell division (before bloom or during the

cell division stage) has been shown to be most affective (Antognozzi et al., 1991;

Lahav et a!, 1989), perhaps by increasing carbohydrate supply per individual fruit and

augmenting fruit cell division (Richardson et al., 1997).

In 'Hayward', fruit soluble solids were not significantly influenced by fruit

number per vine (Antognozzi et al, 1991; Burge et al, 1987; Famiani et at, 1997).

Conversely, Tombesi et a!. (1994) found that the soluble solids concentration

decreased when the ratio of leaf area index (LAI) to crop load decreased in T-bar

trained 'Hayward' kiwifruit vines. Thus, achieving a balance between vegetative

growth and fruit production is a primary goal in tree or vine management. Techniques

such as thinning, which alter the leaf to fruit ratio, provide a means to modify that

competition. In A. arguta, it is not known how cropload affects fruit soluble solids.

In A. deliciosa 'Hayward', fruit weight was positively correlated with seed

number (Ferguson, 1989; Grant and Ryugo, 1984). Thus, adequate pollination of

kiwifruit flowers is important for good fruit size (Grant and Ryugo, 1984; Lai, et al,

1989b). The relationship between seed number and fruit weight in A. arguta has not

been established.

The objectives of this study were to: 1) determine the effect of time and severity

of fruit thinning on fruit growth and quality, and 2) ascertain the relationship between

fruit size and seed number, percent soluble solids, and leaf area of A. arguta.
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LITERATURE REVIEW

Botanical classification and plant morphology

The genus Actinidia (family Actinidiaceae), composed of more than 50 species

and 100 taxa, is indigenous to a wide geographic range from Siberia to Indonesia. The

genus is therefore remarkably widespread, from latitude 50 °N to the equator, from

cold-temperate or arctic forests to the tropics. However Actinidia seems best adapted

to warm, humid environments (Ferguson, 1990). Among the Actinidia pecies with

economical uses are A. deliciosa (A. Chev.) C.F. Liang & A.R. Ferguson, A. chinensis

Planch., A. arguta (Sieb. & Zucc.) Miq., and A. kolomikta (Maxim. & Rupr.) Maxim.

The most common commercial kiwifruit grown is A. deliciosa cv. Hayward. It is a

temperate, sub-tropical plant that requires a period of winter chilling for adequate bud

break. However, this species is susceptible to damage from frost in spring (to newly

produced vegetative shoots, developing flower buds, and flowers) and in fall (to fruit),

thus requiring a particularly long frost-free period of 7 to 8 months (Ferguson, 1989).

Actinidia arguta, commonly known as the hardy kiwifruit, is indigenous to

Siberia, Japan and China, further north (in cool temperate regions) than the other

Actinidia species such as A. deliciosa. The plants are generally resistant to most pests

and diseases. The fruit matures in late summer - autumn (it is harvested before fall

frost damage) when few other soft fruits are available (Ferguson, 1990). It is a

vigorous, perennial, deciduous vine that is trained to a structure that gives support to

the shoots and the fruits when grown commercially. Under most systems of vineyard
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management, the vine has a single trunk of about 2m in height. The mature vine has a

permanent framework of cordons from which fruiting "arms" or canes are trained at

right angles. One-year-old wood overwinters with fruiting (mixed) or vegetative buds

submerged either partially or completely in corky tissue above each leaf scar. Buds

emerge in spring producing the current season's shoots. The shoots can have either

terminating or non-terminating vegetative growth and are vegetative (leaves only) or

mixed both leaves and flowers). The plants can be female, carrying only

pistillate flowers, male carrying only staminate flowers or monoecious with perfect

flowers. The percent bud break in A. arguta female vines ranged from 45 to 50% in

New Zealand (Snowball, 1997). The average cane length is 1 m with an average shoot

bud diameter of 1.5mm. A cane may produce only vegetative shoots along its length

with an average of 25 to 30 leaves per shoot. The percentage of floral shoots per vine

was found to range from 12% to 34% in New Zealand (Snowball, 1997). The leaves

are alternate and simple, smoothly toothed and are pubescent on the abaxial surface

and on the petiole.

Flower bud differentiation in A. arguta occurs in the late summer of the previous

year, with the buds formed before leaves senesce, being longer than those formed after

senescence (Snowball, 1997). However, visible differentiation starts only in spring

(Ferguson, 1989). The flowers are borne in the leaf axil either singly or in a small

inflorescence. Bees act as the primary pollinators. On average, A. arguta blooms about

two weeks earlier than A. deliciosa, in coastal British Columbia (Kabaluk and

Kempler, 1997).
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The fruit is an ovoid berry developed from a superior multicarpelar ovary. It has

a thin epidermal layer, and an outer pericarp lying beneath the epidermis. It is

separated from the inner pericarp by a cylindrical network of vascular bundles, which

bear many black seeds in a green flesh, surrounding the central white core (Beever and

Hopkirk, 1990; Hopping, 1976). The green inner and outer pericarp color is due to the

presence of plastids containing chlorophyll, which are not lost in storage or ripening

(Beever and Hopkirk, 1990; Ferguson, 1989). The fruit weight ranges from 4.5 to 16 g

(Strik, personal communication). There is a strong positive relationship between seed

number and fruit weight in 'Hayward' (Ferguson, 1989). The relationship between

seed number and fruit weight in A. arguta has not been established. The epidermis is

smooth without multi-cellular hairs and the pericarp very juicy with an appealing

flavor, which many consider much superior to that of A. deliciosa 'Hayward'

(Ferguson, 1989). The fruit can be consumed fresh or processed. Vitamin C content is

about 100 mg ascorbic acid! 100 g fruit and is comparable to that of A. deliciosa.

(Ferguson and Mac Rae, 1991).

Fruit growth

Hopping (1976) found that both cell division and cell development in 'Hayward'

fruit occurred during the first few weeks after flowering; the subsequent increase that

occurred in fruit size was mainly due to cell enlargement in the inner pericarp. Two

thirds of the increase in both fruit volume and fruit weight occurred during the first 10

weeks after anthesis (Hopping, 1976; Pratt and Reid, 1974). Pratt and Reid (1974) and
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Reid et a! (1982) divided fruit growth into four periods, following a triple sigmoid

curve. In the second period, there was little increase in growth, as seeds began to

harden and started to change color. In the third, period rapid growth occurred and the

seeds became dark brown. In the fourth period, there was very little growth, seeds

became dark brown and softened, and soluble solids started to increase. Conversely,

Hopping (1976) and Grant and Ryugo (1984) characterized fruit growth as double

sigmoidal. The first period was a time of cell division and cell enlargement of all

tissues; the second period showed slow growth, and the third was a period of rapid

growth (produced mainly by cell enlargement in the inner pericarp) until fruit

maturity. Tiyayon and Strik (1999, unpublished) determined that fruit growth follows

a double sigmoidal curve in A. arguta cv. Ananasnaya, based on fruit fresh weight

development Fruit weight increased from anthesis until the end of week three, then

there was little change in fruit weight for about two weeks, followed by a second

period of fruit growth, until physiological maturation was reached, around eight weeks

after anthesis.

The external appearance of A. deliciosa kiwifruit does not change as the fruit

matures. Internally, however the seeds become dark brown reaching maturity

(Hopping, 1976). In 'Hayward', flesh firmness is hard during fruit development,

decreasing slightly in the later stages of ripening, a process that is also observed in A.

arguta (Kabaluk and Kempler., 1997). However, in A. arguta, the fruit or the part of it

exposed to the sun changes to a reddish or brownish color at maturity.

Changes in the concentration of several chemical components have been

documented in 'Hayward' during fruit development. Starch and total sugars are the
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components that have the most marked change among the carbohydrates following the

fruit growth curve pattern, reaching higher values when the fruit is fully mature and

then declining gradually (Okuse and Ryugo, 1981; Reid et aL, 1982). The

concentration of soluble solids remained approximately constant between 4.5 and 5%

until 17-20 weeks after anthesis, then increased at an accelerating rate reaching 7 %

after 23 weeks and up to 10% after 26 weeks (Beever and Hopkirk, 1990). The soluble

solids concentration of 'Hayward' kiwifruit juice accurately reflects the sugar content

of the fruit (Given, 1993). Total sugar content declined slightly from week nine 9 to 15

after anthesis, then started to increase between weeks 15 to 33 after which it started to

decline again. The total sugar content ranged from 8 to 15% of total fruit weight, with

glucose and fructose being the major sugar constituents (Beever and Hopkirk, 1990).

The starch content was high at the end of the first fruit growth period (20 weeks after

anthesis), but then started to decrease rapidly to about 2/3 of its initial level,

coinciding with the most rapid increase in fruit sugar (Okuse and Ryugo, 1981; Pratt

and Reid, 1974; Reid et a!., 1982).

Reid et a!. (1982) suggested that soluble solids content, being easily measured in

the field, could be the basis for estimating and predicting the maturation date for A.

deliciosa, based on the highly significant regression of increasing soluble solids with

time during weeks 19 and 35 after anthesis under New Zealand conditions. Also, Ben-

Arie et a!. (1982) found that the total soluble solids represent the principal change that

occurs in A. chinensis fruit, as the fruit ripens on the vine. Thus, soluble solids is a

criterion commonly used to determine harvesting time.
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Variation in soluble solids content exists between individual fruits and also

within a single fruit. Less variation is found in the middle of the fruit than on the ends

and in either the inner or outer pericarp than in the core tissue. Heavier and larger fruit

have a higher soluble solids concentration than lighter and smaller fruit. Fruit from

light cropping areas on the vine and those located close to the leader on canes

originating at a distance from the trunk were found to have higher soluble solids

concentrations (Hopkirk et a!., 1986).

A. arguta cv. Ananasnaya fruit reached peak soluble solids content

(approximately 7.5 %) around the end of October in British Columbia, Canada

(Kabaluk and Kempler, 1997). In a trial located at the North Willamette Research and

Extension Center, Aurora, Oregon, vine-ripened 'Ananasnaya' reached 21% soluble

solids content in early November (Strik, 1999).

A. arguta fruit has superior flavor when ripened on the vine than when ripened

in storage, but the fruit are too soft when allowed to vine-ripen causing damage at

harvesting and shortening storage time. As with A. deliciosa, fruit are harvested when

firm and at physiological maturity, with sufficient soluble solids to ripen off the vine

in refrigeration. However, A. arguta ripen very unevenly, thus producing a certain

percentage of fruit that are excessively soft even at an early harvest time (Kabaluk and

Kempler, 1997). A minimal amount of soft fruit with an adequate level of sweetness

is reached at soluble solids content of 7-9% in the coastal area of British Columbia,

Canada (Kempler et a!., 1995), and at 8 to 10% soluble solids in Oregon (Strik,

personal communication). This stage of maturity occurs in early September in Oregon.

Similarly, A. deliciosa is harvested after the fruit has reached a minimum of 6.2 % of
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soluble solids concentration, achieving better storage life and eating qualities when

that concentration is between 7 and 10% (Beever and Hopkirk, 1990).

Fruit size and quality

Fruit size and quality are the most important characteristics affecting price and

marketing. Fruit size in A. deliciosa is affected by cultivar, pollination- fertilization

(seed number/fruit), yield, vine age, fertilization, irrigation, pruning and disease-

control (Vasilakakis et a!., 1997). The amount of fruit supported by the vine directly

affects yield, fruit quality and flower bud differentiation (Cooper and Marshall, 1991).

High fruit number per vine was found to be inversely correlated to fruit weight (Burge

et a!., 1987; Cooper and Marshall, 1991; Lahav et a!., 1989; Richardson and

McAneney, 1990) and reduced flowering in the following season. Conversely, with an

adequate crop load, a larger fruit size could be obtained and biennial cropping avoided

(Burge et a!., 1987; Tombesi, eta!., 1994).

The inverse relationship between fruit weight and yield has also been noted in

other crops. For example, overcropping of 'Red Fuji' apple (Malus domestica Borkh.)

by allowing natural fruit set resulted in very poor fruit weight and size (Jones, et a!..

1992). In attempts at finding the optimal way to control fruit load of 'Maigold' apple,

pruning, even severe, could not substitute for thinning (Darbellay, 1998).

Also, adequate pollination of 'Hayward' kiwifruit flowers is important for good

fruit size (Grant and Ryugo, 1984; Lai, et a!., 1989b), as seed number has been shown



12

to be directly correlated to fruit weight (Grant and Ryugo, 1984). Because of this

relationship it has been suggested that the seeds may produce a substance which

regulates the size and number of kiwifruit cells (Given, 1993).

Since the photosyntheticaly active leaves supply carbohydrates to the fruit, leaf

area is related to fruit size. Competition between vegetative growth and fruiting and

among fruits within the same vine for carbohydrates, amino acids, mineral elements

and water often exist (Cooper and Marshall, 1991; Lai et a!., 1989b). In A. deliciosa

(Antognozzi et a!., 1991; Cooper and Marshall, 1991; Samanci, 1997; Snelgar et a!.,

1986), grapefruit (Fishier et a!., 1983), 'Riesling' grapes (Reynolds, 1989), 'Flame

Seedless' table grapes (Dokooziian and Hirschfelt, 1995), different apple cultivars

(Jones et a!., 1992; Link, 1998), 'Septic' apricot (Ozguven et a!., 1997) and peach

trees (Byers, 1989) the leaf area andlor competition among fruits in the same vine are

factors limiting fruit growth.

However, the effect of leaf area and fruit load on fruit growth is different in

young vines. Reducing fruit load had little effect on the fruit growth rate and greatly

reduced yield of 'Hayward' (Xiloyannis, 1997). Furthermore, the presence of 8 leaves

distal to the last fruit on a lateral, due to lack of pruning intensity, in young vines

reduced fruit growth (Lai et a!., 1 989b). It was suggested that leaf inhibitory factors

were responsible for reduced fruit size because fully expanded leaves do not compete

for carbohydrates (Lai et al., 1 989b).

In 'Hayward', fruit on shaded shoots were shown to be smaller than those on

exposed shoots and they did not exhibit the rapid increase in fresh weight late in the

season shown by fruit on exposed shoots. Since cell division and enlargement within
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fruit depend on imported assimilates, reduced fruit size would be expected where

assimilate production and availability are limited in shadowed shoots (Grant and

Ryugo, 1984).

Fruit soluble solids were not significantly influenced by fruit number per vine, in

'Hayward' (Antognozzi et al., 1991; Burge et a!., 1987; Famiani et at., 1997).

Conversely, Tombesi et a!. (1994) found that the soluble solids concentration

decreased when the ratio of leaf area index (LAI) and crop load decreased in T-bar

trained 'Hayward' kiwifruit vines. Thus, achieving a balance between vegetative

growth and fruit production is a primary goal in tree or vine management. Techniques

such as thinning, which alter the leaf to fruit ratio, provide a means to modify that

competition.

Vasilakakis et a!. (1997) observed that fruit thinning (one fruit removed per node

applied at weekly intervals starting 37 days after full bloom) in 'Hayward' during July

improved fruit size at harvest significantly. In 'Hayward', the average fruit weight and

yield per vine was significantly higher when thinning was done at flower bud swell

stage than after fruit set. However, at lower initial crop loads, the difference between

the two thinning times was small (Lahav et a!., 1989). Antognozzi et a!. (1991) also

found that thinning performed at the flower bud swell stage produced larger fruit than

thinning after fruit set. The yield of vines thinned at flower bud swell stage was almost

identical to the un-thinned control vines, but the fruit size was significantly larger than

in un-thinned vines. Regardless of the intensity and time that thinning was done, it had

a positive effect upon fruit size (Antognozzi et a!., 1991). The effect of thinning on

soluble solids concentration is not very clear.
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A similar relationship between time of thinning and fruit size has been shown in

other crops. For example, thinning of several varieties of apple ('Boskoop', 'Cox',

'Golden Delicious' and 'Red fuji') led to larger fruit and thinning at bloom produced

much larger fruit than later thinning (Jones et a!., 1992, Link, 2000). Flower cluster

thinning of 'Riesling' grapes resulted in a linear increase in yield per vine, but berry

weight, berries per cluster, cluster weight, and °Brix increased with decreasing crop

level (Reynolds, 1989).

The hardy kiwifruit in Oregon

The hardy kiwifruit is commercially produced in New Zealand, British

Columbia, Canada and in Oregon, Washington, Pennsylvania and New York, USA.

Oregon ranks first in the world for planted hectarage and production.

In 1997, there were 26 ha of hardy kiwi (A. arguta) planted in Oregon. The

predominant cultivar was 'Ananasnaya' with the A. arguta male planted at a ratio of 1

male to 8 females. Plant spacing was typically 4.5 m x 4.5 m with 70% of the

hectarage trained to a pergola and 30% to a T-bar (Strik, 1999). The estimated

hectarage for the 1999 season was 35 ha of which only 0.9 ha were expected to be

mature (? 8 years old) and 21 ha immature, fruiting plants (4-7 years) (Strik, 1999).

In 'Ananasnaya', average yields as high as 73 kg/vine were obtained at

commercial harvest (8 °Brix in late September) in a trial located at the North

Willamette Research and Extension Center, Aurora, Oregon. Average fruit weight

ranged from 6.6 to 11.2 g. (Strik, 1999)
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The commercial cultivation of hardy kiwifruit is relatively new and, thus there is

little infonnation related to the management of this crop. Presently, most of the

decisions made about cultivation of hardy kiwifruit are based on research carried out

on A. deliciosa in other parts of the world. However, research on A. arguta (Kabaluk

and Kempler, 1997; Kempler et al., 1995; Snowball, 1997; Walton and Wu, 1999) and

preliminary work conducted in Oregon indicate that this species is quite different

morphologically / physiologically than A. deliciosa.
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MATERIALS AND METHODS

The study was carried out in 1999 in a five-year-old A. arguta cv. Ananasnaya

commercial vineyard in Wilsonville, Oregon. The vines were trained to a pergola

system and spaced at 4.5 x 4.5 m. The vineyard had a between row sod cover crop and

was drip irrigated. Male vines were situated diagonally opposite the female study vines

in an adjacent row. The 28 vines used were selected during the dormant period for

uniformity in size. Beehives were introduced into the vineyard during bloom, but there

was also additional artificial supplemental pollination. The vines were not summer

pruned.

Seven treatments were studied: an un-thinned control; thinning by removing

15%, 30% or 50% of flowers before bloom (BB; June 2 to 5); and thinning by

removing 15%, 30 % or 50% of set fruit (AIFS; July ito 7). The experimental design

was completely random with four single-vine replicates.

Thinning was done by hand. It was observed that the inflorescences, in most

cases, were. cymes of 3 flowers or fruit. Thus, to achieve the desired thinning

seventies, every other cluster was removed to achieve 50 % thinning; two lateral

flowers or fruit were removed from every other cluster for 30% thinning, and one

lateral flower or fruit was removed from every other cluster for 15 % thinning (Fig. 1).

The total number of flowers per vine was counted in the un-thinned control. In

the thinned vines, the number of flowers (thinned BB) or fruits (thinned AFS)

removed at thinning were counted and flowers or fruits left per vine thus estimated.



Figure 1: Diagram showing method of achieving 0%, 15%, 30% and 50% thinning seventies of flowers or fruit of 'Ananasnaya'.

Control (un-thinned) 15 % thinning

30% thinning

Un-thinned cluster Thinned cluster

50% thinning

Un-thinned cluster

King with lateral King without lateral

Un-thinned flower/fruit
Thinned flower/fruit

Un-thinned cluster Thinned cluster

Thinned cluster
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The length (taken from the base of the receptacle to the end of the persistant

stylar column) and diameter in each of two directions of 10 fruit in each cluster

position (king with lateral, king without lateral and lateral in a cluster of three; Fig. 1)

per vine, were measured bi-weekly during fruit development. At harvest, a sub-sample

of 10 fruit in each cluster position per vine (20 fruit per vine for 50% thinning and Un-

thinned vines and 30 fruit per vine for 15% and 30% thinned vines) was collected and

fruit fresh weight, percent soluble solids, seed number and seed dry weight measured.

Fruit volume was calculated using the formula: V= Ti L [(Dl + D 2) / 2]2 / 6, where L=

length in mm, Dl and D2 are the two diameters (cm) and V volume (cm3).

Vines were harvested by hand on 5 October 1999, when the average percent

soluble solids reached commercial maturity (8 %). Total yield per vine was weighed.

Fruit were sorted into non-marketable (less than 12 mm in diameter, a commercial

standard), overripe (soft) and marketable (>12 mm) and then counted and weighed by

category. In addition, 100 marketable fruits were randomly sub-sampled and weighed

for each vine and average marketable fruit weight calculated. Two sub-samples of 10

fruit per vine were collected to measure, in one sub-sample, fresh and dry weight and,

in the second sub-sample, to determine percent soluble solids. The LAI (Leaf Area

Index) for each vine was estimated after harvest by collecting the leaves in a 0.5 m2

area at the center of the canopy and measuring leaf area (LI — 3100 Area Meter,

LICOR Inc., USA). LAI was calculated by dividing the leaf area by the ground surface

area covered by the vine.
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The seeds of 20 fruit (10 kings and 10 laterals) from vines thinned 50% BB, 50%

AFS and 0% were separated from the fruit pulp and dried (individually per fruit) at

15.6 °C until a constant dry weight and to obtain seed dry weight per fruit.

Data were subjected to analysis of variance (ANOVA) using SAS (Version 8.0.

SAS Institute Inc. Cary, NC, USA). Shoot number per vine, LAI, vine position in the

field, and trunk diameter (15 cm height) were used as covariate. Total yield per vine,

marketable yield, non-marketable yield, average fruit weight, average marketable fruit

weight, average king weight, average fruit volume, average king volume and °Brix

were analyzed using flower number per vine as a covariate for before bloom

treatments and fruit number per vine as a covariate for the after fruit set treatments.

Linear regression was used to determine the relationship between thinning severity

and yield and fruit size and weight using SAS Analysis for all variables.
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RESULTS AND DISCUSSION

Yield

There was a high variability in yield within treatments, especially in un-thinned

vines (Fig. 2). Variability in vine performance has also been reported in A. deliciosa

for yield and fruit size (Lai et a!., 1989b; Lawes et al., 1986; Woolley et a!., 1988).

However, yield variability among vines was reduced by thinning (Fig. 2).

Shoot number per vine, LAI, vine position in the field and trunk diameter were

not effective covariates for yield or other variables (data not shown). Fruit number per

vine could not be used as a covariate because it did not meet the statistical requirement

of equality of slopes. However, the number of flowers, for before bloom (BB) thinning

treatments was an effective covariate to determine the effect of thinning severity on all

variables except marketable fruit weight and °Brix. The following results are presented

with data analyzed using the number of flowers as a covariate (for BB treatments)

separately from the analysis of AFS treatments with no covariate.

There was no significant interaction between time of thinning and severity.

When vines were thinned BB, 50% thinning reduced yield significantly from un-

thinned vines and from those thinned 15% (Table 1). However, when vines were

thinned AFS, there was no effect of thinning compared to control, un-thinned vines

(Table 1). In A. deliciosa, Burge et al. (1987) also found a significant reduction in

yield (3 5%) in vines thinned 50% at full bloom. Lahav et a!. (1989) reported the

highest yield but lowest average fruit weight in un-thinned vines.
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Figure 2: The effect of thinning before bloom (BB) and after fruit set (AFS) at different seventies on average yield per vine (kg).
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Table 1. The effect of time and severity of thinning on yield and fruit quality of 'Ananasnaya' hardy kiwifruit in 1999. (See
Appendix for SE

Thinning
Treatment

Total Yield
per vine

(Kg)

Marketable
yield
(Kg)

Non-marketable
yield
(Kg)

Average Fruit
Weight z

(g)

Marketable
Fruit Weight "

(g)

King
Weight x

(g)

Average
Fruit volume z

(cm3)

King
Volume x

(cm3)
Brix x

(%)

Un-thinned(0%) 32.5 a 27.2 3.8 a 6.03 b 6.9 c 6.1 b 4.4 4.3 bB 15.1

Before Bloom (BB)

15%

30%

50%

31.3 a

24.4 ab

18.7 b

26.4

20.9

16.2

3.5 a

2.7 ab

1.6 b

6.86 a

6.96 a

7.14 a

7.4 bc

7.8 ab

8.3 a

7.3 a

7.2 a

7.3 a

5.1

5.3

5.2

5.5 a

5.5 a

5.4 a

16.5

15.4

15.5

After Fruit Set (AFS)

15%

30%

50%

27.1

24.0

28.3

22.8

19.8

24.5

2.6

2.7

2.7

6.82

6.52

6.78

7.8

7.5

7.6

6.9

7.0

6.8

5.1

4.9

5.1

5.1 A

5.3 A

5.3 A

15.3

15.4

16.4

Significance:

BB 0.0372 0.074 0.015 0.016 0.04 0.061 0.025 0.27
AFS 0.64 0.61 0.61 0.16 0.32 0.21 0.20 0.043 0.19
Contrast

BB vs 0%
AFS vs 0%

0.0325
0.26

0.57
0.28

0.03
0.001

0.0023
0.043

0.008
0.087

0.006
0.043

0.01
0.0063

0.0034
0.0077

0.39
0.23

z: average truit voiume anci weignt, i suo-sampies per vme, n=4. V= L RJJ1 ± U 2)i 2]' /
y: Average weight of 100 fruit per treatment vine, fruit diameter> 12 mm.
x: King fruit = center fruit in cluster, 20 sub-samples per vine. n = 4
w: Means followed by the same letter are not significantly different within time of thinning and the un-thinned. Lowercase is used for BB. Capitals for AFS.
v: P values given for BB and AFS are adjusted and are from the ANCOVA for BB un-thinned seventies with flower number as a covariant and ANOVA for
AFS and un-thinned seventies.
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Thinning vines before bloom led to a linear decrease in yield with increased

severity from 0% to 50% of flowers removed (y = 38.7 — 4.8 x; r2 = 0.271; P =

0.039)(Fig. 2). However in the vines thinned after fruit set, the yield response to

thinning severity was not linear, probably due to the high variability among vines (Fig.

2). Vines thinned 50% AFS had a higher pre-thinned fruit number (estimated at 7100

fruits per plant) than vines thinned 15%, 30% or un-thinned vines (estimated at 5630,

6100 and 5680 per plant respectively).

The contrast, comparing yield of un-thinned vines to those thinned BB was

significant, with a higher yield on un-thinned vines, probably only due to the effect

caused by thinning vines by 50% (Table 1). Although thinning BB, on average,

significantly reduced total yield, there was no significant effect on marketable yield (P

= 0.074)(Table 1). In general, thinning BB and AFS led to a reduction in non-

marketable yield (Table 1). There was no treatment effect on the weight of overripe

fruits (P = 0.44, data not shown).

There was a positive linear relationship between fruit number per vine and yield

(y= 4.296 +0.0049 x; r2 = 0.9116, P = 0.0001;). However, as fruit number increased,

average fruit weight decreased linearly (y= 6.691 +0.0002 x; r2 = 0.1584; P = 0.0441)

(Fig 3). These results are similar to those found in A. deliciosa (Antognozzi et a!.,

1991; Burge et a!., 1987; Cooper and Marshall, 1991; Lahav et a!., 1989; Richardson

and McAneney, 1990), 'Seyval blanc' grapes (Reynolds, 1986) and apple (Knight,

1980; Link, 1998, 2000).



Figure 3: The relationship between crop load (fruit number per vine) and yield and average fruit weight of 'Ananasnaya'
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Fruit size

On average, thinning BB and AFS significantly increased average marketable

fruit weight compared to un-thinned vines (Table 1). The highest fruit weight occurred

in vines thinned 50% BB, which also had the lowest yield (Table 1). On average,

thinning BB and AFS increased average marketable fruit weight by 14% and 11%,

respectively. Thinning BB and AFS improved average king fruit weight (Table 1). In

A. deliciosa, Burge et a!. (1987) reported a 5% and 14% increase in the mean fruit

weight with 25% and 50% of the flowers removed, respectively. In 'Cox Orange

Pippin' apple, thinning by 15%, 33% and 53% resulted in 14%, 30% and 19% fruit

weight gain, respectively (Knight, 1980). Similar results were also found by

Antognozzi et a!. (1991) in A. deliciosa, where fruit thinning, regardless of intensity

and timing, had a positive effect upon fruit size, and thinning done at flower bud-swell

stage improved fruit size more than that done after fruit set. Vasilakakis et a!. (1997)

also reported greater improvement in A. deliciosa fruit size with early thinning.

Improvement in fruit weight as a result of reducing fruit load by thinning has also been

shown in apple (Jones et a!., 1992; Knight, 1980; Link, 1998), grape (Reynolds,

1989), apricot (OzgUven et al., 1997), peach (Byers, 1989) and pistachio (Boler, 1998)

On average, thinning increased average fruit volume by 18% and 14% for BB

and AFS treatments, respectively (Table 1). Similarly, king volume was increased by

27% and 22% when thinning BB and AFS, respectively. King fruit weight and average

fruit weight in vines thinned BB was significantly higher (19%) than in un-thinned

vines.



26

In un-thinned vines, the growth of king fruit showed an initial phase of rapid

increase in fruit volume (35—40 days after flowering) coincident with a stage of

cellular division (Fig. 4). This was followed by a phase of reduced growth, which may

have coincided with seed hardening (from 35 to 50 days after flowering). Fruit

thereafter rapidly increased in volume as a result of cellular expansion comparable

with fruit development in A. deliciosa (Hopping, 1976). Fruit reached maximum size

at approximately one month prior to harvest. The lag in fruit growth, perhaps during

seed hardening, was less apparent in thinned vines than in un-thinned vines. Perhaps

the reduced inter-fruit competition in thinned vines and the resultant increased

carbohydrate supply was enough for seed hardening to occur concurrently with fruit

growth (Fig. 4).

The fruit growth rate during cell division was greater in vines thinned before

bloom than in un-thinned vines (Fig. 4). AFS vines were also thinned early enough to

lead to increased cell division perhaps as a result of reduced fruit competition. The

differences in fruit growth rate early on in development were magnified in the later

stages of fruit growth resulting in fruit from thinned vines having a 28% larger

volume, one month before harvest (Fig. 4). The fact that AFS vines were thinned at an

early stage of cell division, helps explain the lack of a significant difference in fruit

size between vines thinned BB or AFS (Table 1).

Thinning time or severity did not significantly affect lateral fruit weight (data not

shown). There was no effect of thinning time or severity on the fruit volume of the

laterals (Table 2). In A. deliciosa, Davison and Sutton (1984) suggested that the lateral



Figure 4: Effect of flower (before bloom, BB) or fruit (after fruit set, AFS) thinning (average of 15 %, 30 % and 50% thinning) on
king fruit volume. Arrow indicates time of AFS thinning. BB thinning was done on June 2-5. BB n =4, AFS n=3, un-
thinned n =4. The bars represent ± the SE of the mean.
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The effect of time
hardy kiwifruit. S

Un-thinned

King

•0•
Thinned vines, 15%

so o,o
TK UK

0°
Lateral

King

Lateral

Table 2: and severity of thinning on fruit volume (cm3) relative to the position in the cluster in 'Ananasnaya'
ub-samples = 10,

Fruit Volume
(cm3)

Untflinned vines

King 4.3 ef
Lateral 4.5 cdef

BB Thinning

15% UK 5.4 ab

15%TK 5.6ab
15% Lateral 4.3 def
30% UK 5.2abcd
30%TK 5.8a

Thinned vines, 30%
30% Lateral 4.7 bcdef

50% UK 5.4 ab .\

50% Lateral 5.1 abcde \. S

AFS Thinning TK UK

15% UK 4.8 bcdef Thinned vines, 50%
15%TK 5.Sab
15% Lateral 4.9 bcdef
30%UK 4.8 bcdef \. 1 (

30% TK 5.8 ab
30% Lateral 4.2 f
50% UK 5.3abc
50% Lateral 4.8 bcdef

00
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fruit in a cluster of three do not have the same capacity to size as does the terminal

fruit, justifying in part the lack of sizing response of lateral fruit to thinning.

In A. deliciosa, the central (king) fruit is considered to be larger than the lateral

fruit (Davison and Sutton, 1984). In this study in A. arguta, there was no significant

difference between the size of the king fruit and the two laterals in un-thinned vines

(Table 2). In contrast, lateral fruit tended to be, on average, a little larger than king

fruits (Table 2).

All thinning treatments improved the volume of the king fruit compared to un-

thinned vines, with the exception that king fruit from un-thinned clusters in 15% and

30% AFS treatments were not significantly larger than those from un-thinned vines

(Table 2).

Size distribution by category

There was no significant treatment effect on the number of fruit in various size

categories (Fig. 5). However, there was a trend for un-thinned vines to have more

unmarketable fruit (7%) than vines thinned 15% or 50% BB and vines thinned 50%

AFS. Also, vines where 50% of flowers were removed before bloom produced 13%

more fruit that weighed 9 to 11 grams than the un-thinned vines. Other thinning

treatments led to a 5% to 10% increase in the fruit weight category of 9 to 11 grams

over, un-thinned vines (Fig. 5). Budge et al. (1987) detected an increase in fruit

number in the larger commercial grades of A. deliciosa, with increasing thinning

intensity. In another study, low market-value fruit was reduced from 11.5% in un-
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thinned vines to 2.0 2.9% in thinned vines regardless of the intensity and time it was

done (Antognozzi et a!., 1991). They also showed the greatest response to thinning of

the king fruit, when lateral flowers were removed at the bud swell stage (Antognozzi

eta!., 1991).

Percent soluble solids

Thinning of many fruit crops (apples, grape) results in earlier fruit maturity

(Johnson, 1995; Reynolds, 1989; Reynolds, 1986; Samanci, 1997; Wells and

Bukovac, 1978). In this study, there was no treatment effect on percent soluble solids

(°Brix) of the fruit, a measure of fruit maturity (Table 1). This agrees with the results

of Burge eta!. (1987) on thinning of A. deliciosa.

At harvest, there was a positive correlation between percent soluble solids and

fruit number per vine (y = 14.54 + 0.0002 x; r2 = 0.1849; P = 0.0252) and yield (y =

14.35 + 0.045 x; r2 = 0.504; P 0.018). In contrast, a negative correlation between

total soluble solids and yield has been found in A. deliciosa (Samanci, 1997). Percent

soluble solids was positively related to fruit size in 'Hayward' (Hopkirk et al. 1986;

Richardson et a!. 1997). In this study, there was a positive linear relationship between

°Brix and volume of the king fruit from whole clusters (y = 12.48 + 0.0006 x;

0.18; P = 0.0165)(Fig. 6). However, there was no relationship between percent soluble

solids and volume of lateral fruits or king fruit with one or no laterals present (data not

shown).



Figure 6: Relationship between king fruit °Brix and king volume. Volume = * length * [diameter 1 + diameter 2)/2]2}/6
(data are an average of 10 king fruit sub-samples per treatment vine, n 4)
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Seed number and seed weight

Among the un-thinned, 50% BB and 50% AFS treatments, seed number per fruit

ranged from 7 to 219, with a mean of 70 seeds and an average seed weight of 0.086 g.

In A. deliciosa, assimilates are transported to fruit from vegetative and fruiting shoots,

and are imported more strongly by fruits with a high seed number (Lawes et a!.,

1990). In this study, there was a positive quadratic relationship between fruit weight

and seed number, (y = 1.34 + 0.69 x2; r2 = 0.69; P <0.001) and fruit weight and total

seed weight (y=1.37 + 19.41 x2; r2 = 0.70; P = <0.0001) (Fig. 7). A similar quadratic

relationship between fruit weight and seed number has been found in A. deliciosa (Lai

et a!., 1989 b; Lai et a!., 1990; Vasilakakis, et a!. 1997). However, Lawes eta!. (1990)

found, within the same season, a linear, curvilinear and asymptotic relationship

between fruit weight and seed dry weight depending on whether fruit from different

single vines were assessed or fruit from many vines were pooled. They also found

that mean seed weight tended to be higher at lower seed numbers per fruit. However,

in this study, mean seed weight was not affected by seed number per fruit (Fig. 8).

There was no significant thinning treatment effect on seed number or seed

weight, agreeing with the findins of Lai et a!. (1990) in A. deliciosa. However, the

contrast for seed weight between un-thinned vines and vines thinned AFS was

significant (Table 3). The contrast for seed number per fruit in un-thinned vines and

vines thinned 50% AFS was not significant at P <0.05 (Table 3). The trend was for

the 50% AFS to have a higher seed number (Table 3). Hopping (1976) stated that

nucellus and endosperm development in A. deliciosa occurred concomitantly in both
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Table 3: The effect of time and 50% thinning BB and AFS on volume (cm3), seed number and seed weight (g) of 'Ananasnaya'
hardy kiwifruit in 1999.

Thinning Treatments Z Volume
(cmi)

Seed number Seed Weight
(g)

Un-thinned (0%) 4.3 b 66 0.08

Before Bloom 50% 5.4 a 68 0.08

After Fruit Set (AFS) 50% 5.3 a 89 0.11

Significance X 0.006 NS 0.093

Contrast

0% vs BB

0% vs AFS

BB vs AFS

0.0036

0.0063

NS

NS

0.067

0.090

NS

0.048

0.072

z: Inut or U7o tmnnea vmes ma not snow ainerences m seea number or seea weight trom truit trom un-thinned vines, data from 15 % or 30% thinned
vines BB and AFS were not collected.
y: Average per fruit, 20 sub-samples, n=4
x: NS indicates non-significant.
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stage I and II and embryo growth commenced during Stage II and continued until the

middle of Stage III of fruit development. AFS thinning was done after June fruit drop,

perhaps during the beginning of embryo development. Thus, reducing competition for

carbohydrates among seeds at the beginning of seed development, may have reduced

seed abortion and improved seed set.

A negative potential regression line was fitted between fruit fresh weight per

seed and seed number (Fig. 9). These findings are similar to those obtained by Lai et

al. (1990) in A. deliciosa. Therefore, individual seeds contribute to fruit weight

differently depending on the number of seeds per fruit. In fruit with few seed (10 to

70), seeds contribute two to three times more to fruit weight than in fruit with a higher

number of seeds (more than 70). In A. deliciosa, seeds produce hormones apart from

auxin, cytokinin and gibberellin that contribute to fruit growth (Hopping, 1976; Lawes

et a!., 1990; Woolley et a!., 1988). Perhaps, at a lower seed number per fruit, a

reduced competition occurs among seeds for substrates and seeds are thus capable of

producing more growth regulators, being stronger sinks and contributing individually

more efficiently to fruit growth.

Leaf area index

In A. deliciosa, a reduction in fruit number per vine by thinning led to an

increase in leaf to fruit ratio and as a consequence an improvement in fruit size

(Antognozzi et a!., 1991; Samanci, 1997; Xiloyannis, 1997). However, in this study a

reduction in cropload per vine by thinning caused a reduction in leaf area at harvest.
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Our contradictory results may have been the result of the vines being immature. Vines

with a reduced crop load, instead of directing energy to vegetative growth where it

was not necessary to support fruit growth, may have re-directed it to root development

and vine establishment. There may also have been an interaction between vegetative

growth and fruit load, where vegetative growth was dependent on the stimulation of

fruit number or load.

There was no relationship between LAI and fruit weight or volume. LAI was not

significantly different among treatments (P = 0.09). The contrast of un-thinned vines

versus BB thinning was not significant (P = 0.087).

The range of leaf area (cm2) per fruit was from 5.9 to 7.4 and per gram of fruit

was from 0.97 to 1.15 and was not significantly affected by thinning (Table 4). Thus,

the improvement in fruit volume or weight by thinning was not due to differences in

leaf area per fruit or gram of fruit.

The linear regression of average fruit weight on leaf area accounted for less than

1% of the observed variation (Fig. 10). This relationship has also been noted in A.

deliciosa (Snelgar et a!., 1986; Snelgar and Thorp, 1988) and suggests that

carbohydrates can be freely translocated among vegetative and reproductive shoots.

This may also explain the lack of a treatment effect on percent soluble solids.

A productivity of 100 grams fresh weight of fruit per 97 115 cm2 of leaf area is

high in comparison with other crops. Snelgar and Thorp (1988) reported that in A.

deliciosa, 600 cm2 leaf area per 100 g of fruit was needed to reach average marketable

fruit size. In grapes, 600 — 1300 cm2 per 100 g of fruit has been reported (Winider,

1930).



Table 4: Effect of time and severity of thinning on leaf area index (LA1) and leaf area per fruit (cm2/fruit), gram of fruit (cm2! g) and
fruit number (fruit number/m2)

z actual lear area occupied me vme estmiateci trom vme aivided by ground sutace area covered by the vine
y: n= 4 replications per treatment, 30% AFS thinning n= 3 replications.
x: NS indicates non-significant

Thinning
Treatments

LA! L Leaf area
(m2)

Leaf area per fruit
(cm2/fruit)

Leaf area /gram of fruit
(cm2/g)

Fruit number/leaf area
(number! m2)

Un-thinned (0%) 3.15 29.44 5.9 0.97 187

Before Bloom (BB)

15%

30 %

50%

3.19

2.36

2.75

26.41

19.52

21.40

5.6

7.4

6.6

0.9

1.02

1.15

194

227

165

After Fruit Set (AFS)
15 %

30 %

50%

2.59

2.76

3.34

24.67

21.52

31.71

5.6

5.2

6.7

0.93

0.9

1.14

189

203

160

Sigmficancex NS NS NS NS NS

Contrast
0%vsBB
0% vs AFS
BBvsAFS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0



Figure 10: Relationship between leaf area and average fruit weight in 'Ananasnaya'. N = 27. y = -0.0096 x + 6.9794;
R2 = 0.0168.
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CONCLUSIONS

Thinning, regardless of the severity or the time it was done, had a positive effect

on fruit size increasing fruit volume and king volume an average of 16 % and 24%,

respectively.

On average, thinning BB significantly increased average marketable fruit weight.

The highest fruit weight occurred in vines thinned 30% or 50% BB. King fruit weight

and average fruit weight in vines thinned BB were significantly higher than in un-

thinned vines (20% and 16% respectively). In contrast, flower or fruit thinning did not

significantly affect lateral fruit size or weight. There was no significant difference

between the size of the king fruit and the two laterals in un-thinned vines.

Average yield of vines thinned BB was significantly lower than in un-thinned

vines. However, marketable yield from vines thinned 15% and 30% BB and average

marketable yield of BB thinned vines were not significantly different from un-thinned

vines.

The most effective thinning treatment was thinning vines by 30% BB which did

not significantly reduce total or marketable yield, but significantly increased average

fruit weight (15%), average marketable fruit weight (13%), king weight (18%) and

king volume (28%). Thinning flowers at bud swell stage, when the vegetative shoots

and leaves were beginning to expand and flowers were more visible than fruit, was

less labor intensive than thinning fruit after fruit set.

In addition, thinning 30% of flowers (BB) by removing one lateral in every

cluster rather than two laterals from every other cluster as was done in this study, may
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be more effective at improving king fruit size, without reducing total yield or total

marketable yield.

Thinning vines 50% BB caused a reduction in yield compared to un-thinned

vines and to those thinned 15% BB. However, the yield was not significantly reduced

in vines thinned 15% or 30% BB. There was no effect of thinning AFS on yield.

As in other crops, fruit growth in this study followed a sigmoidal curve with two

stages of rapid growth. The difference in fruit volume between thinned and un-thinned

vines was observed from the first stage of fruit growth, but was accentuated during the

second fruit growth stage.

Contrary to other crops, in A. arguta cv. Ananasnaya the percent soluble solids at

harvest (°Brix) of the king fruit was not significantly affected by thinning. There was a

positive linear relationship between °Brix and volume of the king fruit from whole

clusters, but there was no correlation between °Brix and volume of king fruit with one

or no laterals present or lateral fruit.

Seed number per fruit ranged from 7 to 219, with a mean of 70 seeds and an

average seed dry weight of 0.086 g. There was a positive quadratic relationship

between fruit weight and seed number and fruit weight and total seed dry weight.

Average seed weight was not affected by seed number per fruit. There was no thinning

treatment effect on seed number or seed weight but there was a trend for AFS-thinned

vines to have a higher seed number.

In contrast to work in A. deliciosa, a reduction of cropload per vine by thinning

in this study caused a reduction in leaf area. There was no treatment effect on LAI.

There was a tendency for LAI to decrease as thinning seventies increased in the BB
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Table 1. Standard errors corresponding to the means of total yield per vine, marketable yield, non-marketable yield, average fruit
weight, marketable fruit weight, king weight, average fruit volume, king volume and °Brix.

Thinning
Treatment

Total Yield
per vine

(Kg)

Marketable
yield
(Kg)

Non-marketable
yield
(Kg)

Average Fruit
Weight w

(g)

Marketable
Fruit Weight z

(g)

King
Weight "

(g)

Average Fruit
volume w

(cm3)

King
Volume Y

(cm3)
°Bi-ix Y

(%)

Un-thinned (0%) 6.6 5.6 0.9 0.2 0.4 0.2 3.0 2.2 0.09

Before Bloom (BB)

15%

30%

50%

4.1

5.6

3.2

3.6

4.8

2.9

0.6

0.9

0.2

0.3

0.1

0.2

0.1

0.3

0.3

0.5

0.2

0.2

0.6

0.7

0.7

0.6

1.5

1.5

0.62

0.30

0.59

After Fruit Set (AFS)

15%

30%

50%

4.6

1.9

1.4

3.8

1.4

1.2

0.7

0.8

0.4

0.2

0.5

0.2

0.3

0.4

0.3

0.4

0.4

0.3

1.3

3.9

1.6

2.4

3.6

2.3

0.45

0.41

0.29

0


