Flower development and anthesis

- Differentiation of the flowers on the inflorescences starts near the
time of budburst as soil and air temperatures begin to rise, which also
means that the full cropping potential of the vine has been realized.

« The pollen sacs in the anthers mature shortly before capfall, as does
the receptivity of the style itself. The mechanical disruption caused by
the movement of the cap off the ovary and style means that grapes
are mostly selfpollinated.




- Capfall has been associated with a certain number of nodes on the
flower cluster’s shoot, though the number seems to vary between
cultivars. However ...

« When the shoots have approximately 15-17 nodes formed on them,
the flowers begin to open and the calyptra fall from the rest of the
flower.

Plate 8. Anthesis (cap fall) in a flower cluster. This is the first day any of the florets have opened on
this flower cluster.




- The duration of flowering is also highly dependent on the
environment at the time.

- Cool, overcast weather, associated with rainfall, lengthens the
flowering period, whereas warm and sunny conditions hasten it.

« Thus, flowering can occur over a period of a few days to longer
than a month.

- Capfall occurs mainly in the morning hours, with the highest rate

occurring between 7.00 and g9.00, and the final ones falling by
12.00. This is thought to be a result of changes in turgor pressure
within the cells in the calyptra’s abscission zone.




Photo source: commons. wikimedia.org




Unlike many other perennial woody crops, grapes flower long after

budbreak. As it takes some time for the shoot to develop leaves that are
capable of supplying the carbohydrate needs of the rest of the vine, it is
critical that enough stored carbohydrate is available to support the
development of shoots, roots and flower clusters. If there is not, then it is
the flower clusters that suffer the most, as they can drop off the vine due to
a lack of available carbohydrate.




- The flowering and fruit set process in grapes is very weather
dependent.

- Pollination is mostly by wind, though insects may also contribute.

« Self-pollination, occurring as the cap comes off the ovary, is the
norm

- Some studies have suggested that cross-pollination results in
bigger fruit and higher seed counts.

 Airborne pollen counts have been used as a predictor for fruit set in some
grape-growing areas as there is a good correlation between pollen in the
air and fruit set, but this may be due to more pollen being released when
the weather is warmer and dry, which is generally conducive to fruit set.




Grape pollination

s Concord and vinifera
grapes are self pollinating

s Muscadines: some
varieties need cross
pollination
= Scuppermnong, Fry, Noble,

Nesbitt, Jumbo, Hunt

m Self-fruitful: Carlos,
Cowart, Dixiland,
Southland
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~ Fertilization occurs 2-3 days after pollination, as the pollen tube
must grow (a highly temperature-dependent process) down
through the style and up into the micropyle in a ‘J’ shape.

\ Sl o b} I

100um

Fig. 3.3. Growth of pollen tubes (lighter paths through the style) from stigmatic surface
to the micropyle, shown using a fluorescent dye (image courtesy of M. Longbottom).




- Even relatively brief spells of cool temperatures cause degeneration of
embryos and decrease the chance of fruit set, which goes some way to
explaining why this is a problem in cool climate grape-growing areas.

» Typical success rates for fruit set may be in the 30-45% range.

« Flower clusters may contain from just a few to more than 1000 flowers,
depending on conditions at flower cluster initiation and cultivar.

« Once viable pollen lands on a receptive stigmatic surface, a germ tube emerges
from the pollen grain within a short period of time, as little as 30 min. It then
begins to grow down through the style to the micropyle, following a J’-shaped
path.

- The speed at which the pollen tube grows is very much dependent on the
temperature, with colder temperatures resulting in drastically lower rates of
elongation. (the size of the flower, and thus the length the pollen tube).




Plate 13, Close up o qrapenine fowers, showing a mois! stgmalic surace on he open one. Once
i the tip of the ovary has dried out it 18 no longer receptive to polen tube growth







Once fruit is set on the vine, it is unlikely that the vine will lose it.
Apple and other tree fruit crops have one or more times of the
year when the crop abscises naturally; however, with grape the
fruit cannot be dropped, and the vine is pretty much committed
to bringing it to maturity. As such, after fruit set it becomes the

most important destination for the vine’s carbohydrate supply, as
carbon radio-tracer studies have shown.




Fruit Growth

Berry development commences after successful
pollination and fertilization of ovules within a flower.
Flowers with unfertilized ovules soon shrivel and die,
while those remaining begin growth into berries. Many
of these tiny berries, abscise (drop off) within the first
two to three weeks. Following this drop period (called

shatter), the retained berries generally continue to
develop to maturity. Commonly, only 20-30% of
flowers on a cluster develop into mature berries, but
this is adequate to produce a full cluster of fruit.




Berry growth occurs in three general stages—rapid
initial growth, followed by a shorter period of slow
growth, and finishing with another period of rapid
growth. A graph of grape berry growth thus appears
as a double sigimoid pattern. Berry growth during the
first stage is due to a rapid increase in cell numbers

during the first three to four weeks, followed by two to
three weeks of rapid cell enlargement. During this
stage the berries are firm, dark green in color, and
rapidly accumulating acid. Seeds have attained their
full size by the end of the first growth stage.




The middle stage, called the lag EhﬂSE_, is a time of
slow growth. The embryo is rapidly developing within
each seed, and the seed coat becomes hardened.

Berries reach their highest level of acid content and

begin to accumulate sugar slowly. Toward the end of
lag phase, berries undergo a reduction in chlorophyll
content, causing their color to change to a lighter

green.




The final stage of berry growth coincides with the
beginning of fruit maturation (ripening). The begin-
ning of ripening, referred to by the French term
veraison, is_discernable by the start of color
development and softening of the berry. The color
change is most easily visible on dark-colored varieties,
but “white” varieties continue to become lighter green,
and some varieties turn a yellowish or whitish-green
color by harvest. Softening of the berry and rapid sugar
accumulation occur abruptly and simultaneously.
Berry growth, occurring by cell enlargement, becomes
rapid again in this final stage oI ripening,. It is thought
that most of the water entering the berry after veraison
comes from phloem sap, since xylem at the junction

of the berry and its pedicel (stem) appears to become
blocked at this time (Coombe, 1992).




During ripening, acid content declines and sugar
content increases. It is widely believed that flavors
develop in the later stages of ripening. Berries begin
to accumulate sugar rapidly at the start of the ripening
period, and the rate tends to remain steady until
accumulation slows as the end of the maturation
period is approached. Sugar is translocated as sucrose

to the fruit, where it is quickly converted into glucose
and fructose. Both sugars and acids primarily accum-
ulate in cells constituting the pulp (flesh) of the berry;,

although a small amount of sugar accumulates in the
skin.




The skin (epidermis) and the thin tissue layer
immediately below it contain most of the color, aroma
and flavor constituents, and tannins contained in the
berry. Thus, all things being equal, small berries have
greater color, tannins, and flavor constituents than
large berries because the skin constitutes a larger
percentage of the total mass of small berries. Seeds
also contain fannins that can contribute to the overall
astringency of wine.

The chemical composition of grape berries is
complex, consisting of hundreds of compounds, many
in tiny quantities, which may contribute to fruit
quality attributes. The single largest component is
water, followed by the sugars fructose and glucose,
then the acids tartaric and malic. Other important
classes of chemical compounds within grape berries
include amino acids, proteins, phenolics, antho-
cyanins. and flavonaols
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Fig. 3.4. Individual growth curves (by measurement of diameter) for eight grape
berries, demaonstrating the double-sigmoid shape characteristic of seeded fruit (from
Creasy, 1991).
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VERAISON

Chlorophyll is replaced by
anthocyanin (red grapes).

Sweetness increases.
Acidity decreases.
After veraison it takes

30-70 days for grapes to
fully ripen.

@ WINE FOLLY

2017 vintage Cabernet grapes at Jordan Winery in Alexander Valley AVA in Sonoma County, CA.



- In Phase 1 of growth there is no significant accumulation of sugars
in the berry, as much of the photoassimilate is used for cell division
and expansion.

- However, there is an accumulation of organic acids, primarily malic
and tartaric, the latter of which is relatively unusual in fruit crops.

- The duration of Phase | seems to be similar for most grape
cultivars, while that for Stage Il can vary considerably depending on

cultivar, management and environment.

- Many characteristics in the grape change in the period leading up
to maturity




The chemical composition of grape berries is
complex, consisting of hundreds of compounds, many
in tiny quantities, which may contribute to fruit
quality attributes. The single largest component is
water, followed by the sugars fructose and glucose,
then the acids tartaric and malic. Other important
classes of chemical compounds within grape berries
include amino acids, proteins, phenolics, antho-
cyanins, and flavonols.

- The primary component of mature grapes is water, making up about 75-85% of their weight
- Approximately 15-25% is in the form of sugar, a higher percentage than in many other fresh fruits.
- The organic acids tartaric, malic and citric make up 0.5-1.0% of the fruit,

- pectin about 0.25% and there is a long list of other nutritional components.




Ripeness factors of the fruit that are
typically considered when scheduling harvest are
sugar content, acid content, pH, color, and flavor. The
combination of these factors determines the fruit
quality of the harvest. Ripening processes in the fruit
cease upon harvest, but while fruit is on the vine
ripening is a continuous process. So there is usually a

short time, influenced by weather, during which the
fruit remains within the desired ripeness parameters.
Berries can become overripeif harvest is delayed until
the fruit has developed beyond the desired range of
ripeness. Consider also that ripeness parameters can
vary considerably depending on the intended use.




Fruit ripening can be delayed, and the attainment
of desired ripeness parameters inhibited, by an
excessive crop load (amount of fruit per vine). A vine
that is allowed to produce more fruit than it can

develop to the desired level of ripeness is considered
to be overcropped. Severe overcropping can negatively
impact vine health as well as fruit quality




- There are several measurable parameters in grapes that relate in some
way to quality factors

- measure of sugar concentration (°Brix)

- Specific gravity (density of a Solution)

- the amount of acid (titrating a sample of juice)

- ratio of sugar to acid (usually °Brix:TA)

- concentration of hydrogen ions (H+) in a solution (pH)

(is important for the biological stability of grape juice and wine as well as

having an effect on the ionic forms of some molecules, such as
anthocyanins, affecting their colour)

- Other factors, such as physical damage, presence of disease or non-grape
materials (leaves, stems, insects, sand, etc.). These can often be measured
objectively. For example, the level of botrytis infection in grapes can be
estimated by measuring the amount (or activity) of the enzyme laccase in
the juice.

Baumeé?
Oechsle?




- Evolutionarily speaking, the seeds within the fruit are the most important part of the vine: the vine
produces seed to propagate and spread the offspring.

« So how have seedless berries come about?

- Random mutations can cause a vine to arise that has seedless berries. In addition, some crosses of
plants can result in sterile offspring, so a seeded cultivar pollinating another seeded cultivar may
result in a seedless offspring.

- In most cases seedless cultivars are not, in fact, really seedless.

- Many of the popular seedless table grapes are stenospermocarpic. The flowers are pollinated and
the embryos fertilized, but soon after the embryo aborts;

- however, in the time that the fertilized embryo is developing, it produces enough plant growth
regulators to encourage growth of a large berry.

- In some cases there may be something that looks like a viable seed, but is in fact the lignified shell
of a seed with no embryo within.

- Parthenocarpy, a process that requires pollination but not fertilization to set fruit, does occur with
cultivars like ‘Black Corinth’ (syn. *Zante Current)’,




 Fig. 3.6. Seed remnants within a seedless table grape (‘Perlette’).

ulbdiiee. Bl naihid
Plate 14. A Black Corirth / Zante Currentcluster shumng the small size nf me parthenocarpic

-~ berries.




Factors influencing fruit set

« There are many factors that will affect the percentage fruit set in grapevine.

« Among the most important are:

- availability of light,

-moderate temperatures
-dry weather.

~The grapevine grows in the wild, as the vine is vegetative until it has grown up the tree
trunks and emerged into the higher light levels in the canopy above.

~QOlder vines (having more permanent wood than younger vines) perform better.
(stored carbohydrates are more important).

~As flowering occurs early in the season, water is usually available in the soil profile,
and stress must be actively avoided in only the driest of regions, or in those areas with
soils of very low water-holding capacity.

- Deficiencies in certain nutrients can also reduce fruit set, chief among them being zinc
and boron.




One physiological disorder that is probably connected to a lack of available
carbohydrate is early bunchstem necrosis (syn. inflorescence necrosis). This
fruit set problem results in the loss of individual flowers, branches of flower

clusters or even entire flower clusters in the weeks leading up to and including
the fruit set period (Jackson and Coombe, 1988; Ibacache, 1990; Plate 15). It

is thought that this problem is a result of a build-up of toxic ammonium in the
flower cluster tissues because of an inability of those tissues to convert
ammonium to the amino acid glutamate] — a process that requires carbo-
hydrates (Jordan et al., 199 3). Its appearance is sporadic and difficult to predict,
but can have a significant effect on yields.




Girdling

Topping and tipping

Zinc application

S ,'_._t/“_

LAl
Pre-bloom is time for micronutrients primarily. This is the best and usually the only time that
micronutrients are applied and the application method is usually foliar. Commonly, boron and zinc are

applied at this time, but some vineyards have benefitted from an application of molybdenum as well




- Plant growth regulators

- Inflorescences, clusters, berries and seeds from grape cv. '‘Kyoho' following GA Tapplication. (A and
P

B) Inflorescences from untreated control (A) and GA.-treated (B) ants 72 h after
treatment; (C and D) Magnification of the portions of (A) and (B) enciosed in a red frame, respectively; (E and
F) Ianorescences from untreated control (E) and GA, -treated (F) plants 8 d after treatment. (G and H) Clusters
from untreated control (G) and GA,-treated (H) pIants 57 d after treatment (45 d after full bloom, DAF); (I) Berries
from untreated control (top-row) and GA, -treated (bottom-row) plants 57 d after treatment (45 DAF); (J) Seeds
from untreated control (top-row) and GA, treated (bottom-row) plants at maturity.




Factors influencing fruit quality

Crop load regulation

< Winter pruning

“Shoot thining

(1) Stage for berry thinning {2) Cluster after berry thinning

. .. Fig. 1: cluster before and after berry thinning according to HERRERA (2002).
«Fruit/cluster thining i B e




a Control (no thinning);

b Flower-cluster thinning or brushing, prior to anthesis;

¢ Berry-cluster thinning, when berries were 3-6 mm in diameter;
d Berry-cluster thinning, when berries were 7-10mm in diameter;
e Berry-cluster thinning, when berries were 11-15 mm in diame-

ter; and
f Berry-cluster thinning, when berries were 16-18 mm in diameter.

To aid in understanding, the main parts of a grape bunch are
illustrated in Fig. 1 (Dokoozlian, 2000).

Scientia Horticulturae 197 (2015} 297-303

Contents lists available at ScienceDiract

i Scientia Horticulturae
b

. RSl
ELSEVIER Journal homepage: www.elsevier.com/locate/scihorti

Berry-cluster thinning to prevent bunch compactness of ‘BRS Vitoria’,
a new black seedless grape

Sergio Ruffo Roberto**, Wellington Fernando Silva Borges“, Ronan Carlos Colombo*,
Renata Koyama?, [brar Hussain?, Reginaldo Teodoro de Souza”

clusters

Flg. 1. The main parts of a grape bunch.




Plant growth regulators (PGRs), such as gibberellic acid (GA,) or forchlorfenuron (CPPU), to
increase berry size, may further suppress color. Therefore, to ensure timely and uniform color
development, it is often necessary to apply other PGRs.

The most widely used PGR for improving grape berry color is ethephon (Ethrel). The degradation
of ethephon releases ethylene, a plant hormone that stimulates pigment accumulation in grapes.
One or two pints of Ethrel® is applied at (5%-30% berry color) in a spray volume that is
sufficient to achieve thorough fruit coverage. Late or excessive applications of ethephon can
result in soft berries, which decreases their post-harvest shelf life.

Recently, another active ingredient, abscisic acid (ABA), has become available as an agrochemical
(ProTone™, Valent BioSciences, Libertyville, IL). Like ethephon, the application of ABA
accelerates and improves the coloring of grapes (Figure 1). Abscisic acid is generally applied

at , Wwhen about 50% of the berries have softened, but post-veraison applications also
may be effective. Typical applications range from 75 to 250 grams of active ingredient (g/a.i.) per
acre, in a spray volume that is sufficient to ensure thorough coverage of the . Suboptimal
coverage may result in unsatisfactory results.

Caution: Plant growth regulators (PGRs), including ethephon and abscisic acid, are classified as
pesticides and are subject to the same rigorous regulatory framework. Plant growth regulators
may not be approved for grapes in certain regions, or for particular cultivars of grapes.



Figure 1. ‘Crimson Seedless’ grapes that received
no PGRs for color improvement (left column), or
increasing concentration of ABA (middle and right
columns). Photo by Cecilia Peppi, University of
California.
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Dormancy, Acclimation and Cold
Hardiness
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Because of the different mechanisms involved,
tissues vary in tolerance to freezing temperatures.
Woody tissues of the trunk, cordon, and canes
generally have greater cold hardiness than dormant
buds and roots. In comparisons of grapevine woody
tissues, the vascular cambium is thought to be the last

tissue to be damaged by cold temperatures, followed
in sequence by younger xylem, older xylem, and
phloem (Wample et al., 2000). Within dormant buds,
primary buds are typically less cold hardy than
secondary buds, and tertiary buds are the most hardy.




Poor management practices or growing conditions
can inhibit the acclimation process, resulting in
reduced cold hardiness.

Acclimation 1s promoted by
exposure of shoots and leaves to sunlight and is
associated with periderm development and low
relative water content.

Reduced
hardiness has been associated with large, dense
(shaded) canopies, canes with either long internodes

or large internode diameter, and canes with large
persistent lateral canes..

Additionally, heavy fruitloads
or defoliation (early leaf fall due to stress, disease, or
pest activity) inhibit acclimation, probably through
reduced availability of photosynthates.

neither nitrogen fertilization nor
irrigation practices reduce grapevine cold hardiness,
unless nonstandard practices are used that encourage
continued late-season growth, which inhibits ac-
climation




Cold hardiness of buds is fairly stable through the
winter months, but sharp increases in temperature
can cause buds to deacclimate and lose hardiness, and
the extent of deacclimation can vary by variety or
species. Bud hardiness has been correlated with air
temperature of the preceding five-day period. Cold

hardiness decreases as the grapevine rapidly de-
acclimates in response to warm temperatures in the
spring. Deacclimation is much less gradual than cold
acclimation in the fall, and the rate of deacclimation
accelerates through the dormant season.




Plate 19. Spring frost-affected grapevine shoots. One (centre), however, seemed 10 escape damage

and is pushing forth.
Plate 20. Yellowing of leaves caused by early season sub-lethal cold temperatures while the leaf

tissues were developing in the bud.







_a

i

& Srawoer
s&_
NS




STRAWBERRY

Growth, Development and Diseases

EDITED
AMJAD M. HUSAINI A

) DAVIDE NERI

CABIl is a trading name of CAB International

CABI CABI
Nosworthy Way 745 Atlantic Avenue
Wallingford 8th Floor
Oxfordshire OX10 8DE Boston, MA 02111
UK USA
Tel: +44 (0)1491 832111 Tel: +1 (617) 682 9015
Fax: +44 (0)1491 833508 E-mail: cabi-nao@cabi.org

E-mail: info@cabi.org
Website: www.cabi.org

© CAB International 2016. All rights reserved. No part of this publication may
be reproduced in any form or by any means, electronically, mechanically,
by photocopying, recording or otherwise, without the prior permission
of the copyright owners.

A catalogue record for this book is available from the British Library,
London, UK.

Librarv of Congress Cataloging-in-Publication Data

Names: Husaini, Amjad M., editor. | Neri, Davide, editor.

Title: Strawberry : growth, development and diseases / [edited by]
Dr. Amjad M. Husaini and Davide Neri.

Description: Boston, MA : CABL [2016] | Includes bibliographical
references and index.

Identifiers: LCCN 2016022767 (print) | LCCN 2016023629 (ebook) | ISBEN
9781780646633 (hbk : alk. paper) | ISBN 9781780646640 (ePDF) | ISBN
9781780646657 (ePub)

Subjects: LCSH: Strawberries.

Classification: LCC SB385 .5743 2016 (print) | LCC SB385 (ebook) | DDC
634/.75--dc23

LC record available at https://lcen.loc.gov/2016022767

ISBN-13: 978 1 78064 663 3



Ch. 1 Strawberries: a General Account

1-1 Origin and History of strawberry cultivation

 The genus Fragaria
« Family Rosaceae.

 Recorded history of the Fragas dates back to 23—79 ad.




Northern Europe, including France, cultivated the woodland strawberry,
Fragaria vesca (L.), as early as 1300. It was appreciated as much for its
flowers as for the fruit.

North America cultivated the native strawberry, Fragaria virginiana, which was
a hardy plant with the ability to withstand cold temperature and drought.
In the early 1600s, F. virginiana was imported to Europe.

In the 1700s, explorers found a wild strawberry in Chile, Fragaria chiloensis,
which grew large fruit but was not well suited to a wide range of climates.

Additionally, musky strawberries, Fragaria moschata, were also cultivated in
Europe and Russia for centuries. Musky strawberries are light red to purple,
and have a strong vinous flavour like Muscat grapes.
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Fragaria vesca L.




Fragaria moschata




°In 1714, the most important event in the history
of the modern strawberry took place.

Amedee-Francois Frezier, a member of the
French army, ...
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g. 2.1. World distribution of Fragaria spp.



1.2. Taxonomy and Biology

The French botanist Antoine Nicolas Duchesne is credited with identification
of the natural hybrid Fragaria x ananassa.

The cultivated strawberry £ . ananassa Duch. is a member of the family
Rosaceae, subfamily Rosoideae, along with blackberries and raspberries.

There are about 34 species of Fragaria found in Asia, America (North and
South) and Europe, of which two are cultivated commercially for their fruit:

F. moschata, the musky or Hautboy strawberry,
F. vesca, the woodland or alpine strawberry.

These species were cultivated for centuries, but there is very little production of them
today, due to the success of £. . ananassa.




Strawberries can be diploid, tetraploid, hexaploid, octoploid and even decaploid.

2X: The woodland strawberry, F. vesca, and most of the native species around
the world are diploid. (They range from dioecious to hermaphroditic and self-
fertile to self-incompatible).

3X: Fragaria moupinensis, Fragaria orientalis, and Fragaria corymbosa.

6X: F. moschatais a hexaploid strawberry and is known for its musky flavour.

F. chiloensis and F. virginiana are both ?,

220 = 183
Fragaria moupinensis - WikiVisually

Fragaria moupinensis




This polyploidy of the Fragaria spp. makes selection of desirable
traits via traditional breeding using cross-pollinationof the flowering
plants tedious and time consuming.

Due to the difficulties imposed by the complicated octoploid genome on
conventional breeding strategies, manipulation through recombinant

DNA technology, Golden Gate cloning and CRISPR (clustered regularly interspaced
short palindromic repeats)/Cas systems are favourable options in strawberry
improvement.

The problem of strawberry fruit softening is a classic example of this kind of
intervention by biotechnological tools. Genetic transformation has also improved
strawberries for many traits that confer adaptive advantage to these plants such as
the challenges imposed by climate change




1.3. Area, Production and Yield

Strawberry is a highly popular crop and is in great demand for fresh markets
as well as in the fruit processing industry for preparing jams and other
products.

Its popularity can be judged from the fact that the production of strawberries
has increased considerably in recent years (Table 1.1, Figs 1.1-1.3).

Table 1.1. Total area and production of strawberry across major regions.

Production (t) Area (ha)

Region 2003 2013 2003 2013

World 5,041,331 /739,622 320,990 361,662
Europe 1,224,692 1,484 987 162,543 162,315
Asla 2,334,869 3,845,553 113121 143,036
LISA 977,945 1,360,869 19,587 23,549
Africa 184,582 417,135 6,250 10,671

Source: http:/ffaostat.fao.ong.
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Fig. 1.1. Trend in strawberry area harvested across major regions. K, thousand.
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1.4. Health-promoting Properties

In the past few years, the antioxidant power of fruit has been considered an indicator of
the beneficial bioactive compounds present in foodstuffs and therefore of their
healthfulness.

Indeed, strawberry phenolics are best known for their antioxidant and anti-
inflammatory action, and possess direct and indirect antimicrobial,
anti-allergy, and anti-hypertensive properties, as well as the capacity for
nhibiting the activities of some physiological enzymes and receptors,
preventing oxidative stress-related diseases.

The maijor class of strawberry polyphenols is flavonoids, mainly anthocyanins.

There is consolidated evidence to classify strawberries as a functional
food with several preventive and therapeutic health benefits.




Strawberry phenolics are able to:

(i) detoxify free radicals, blocking their production;

(i) modulate the expression of genes involved in metabolism, cell proliferation
and antioxidant defence; and

(iiif) protect and repair DNA damage

Of its many positive characteristics, the nutritional value of
strawberries is nearly perfect (Table 1.2).

Eight medium strawberries contain more vitamin C than an orange,
20% of the recommended daily allowance for folic acid, no fat and no
cholesterol, and are considered high in fibre.

Another significant nutritional feature is the concentration of folate (24
ug per 100 g of fresh fruit): among fruit, strawberries are one of the
richest natural sources of this indispensable micronutrient, which
represents an essential factor in health promotion and disease
prevention



Table 1.2. Mutritional composition of strawberry (Fragana x ananassa Duch.). (From U5 Department of Agriculture: httpz//ndb.nal.usda.govindb/search/

list?glookup=09316&format=Full.)

Component Per 100 g Standard error  Component Per 100 g  Standard error
Mutrient Lipids

Water (g} 60.95 0.214 Fatty acids, total saturated (g) 0.015 -
Energy (kcal) 32 ~ 16:00 (g) 0.012 -
Energy (k]} 136 ~ 18:00 (g) 0.003 -
Protein (g) 0.67 0.026 Fatty acids, total monounsaturated (g) 0.043 -
Total lipid (fat) (g} 0.3 0.047 16:1 undifferentiated (g) 0.001 -
Ash (g) 0.4 0.021 18:1 undifferentiated (g) 0.042 -
Carbohydrate, by difference (g) 7.68 - Fatty acids, total polyunsaturated (g 0.155 -
Fibre, total dietary (g) 2 0.152 18:2 undifferentiated (g 0.09 -
Sugars, total (g} 4.89 - 18:3 undifferentiated (g) 0.065 -
Sucrose (g) 0.47 0328 18:4 (g 0 -
Glucose (dextrose) (g} 1.99 0.194 20:4 undifferentiated (g) 0 -
Fructose (g) 2.44 0.198 20:5 n-3 (EPA) (g) 0 -
Lactose (g) 0 0 22:5 n-3 (DPA) (g) 0 -
Maltose (g) 0 0 22:6 n-3 (DHA) (g} 0 -
Calactose (g) 0 0 Cholesterol {mg) 0 -
Starch (g) 0.04 0.029 Phytosterols {mg) 12 -
Vitamins Amino acids

Vitamin C, total ascorbic acid (mg) 588 2473 Tryptophan (g) 0.008 -
Thiamin (mg) 0.024 0.003 Threonine (g) 0.02 -
Riboflavin {mg) 0.022 0.008 Isoleucine (g) 0.016 -
Miacin (mg) 0.386 0.037 Leucine (g} 0.034 -
Pantothenic acid (mg) 0.125 0.003 Lysine (g} 0.026 -
Vitamin B-6 (mg) 0.047 0.m2 Methionine (g 0.002 -
Folate, total (pg) 24 5.465 Cystine (g) 0.006 -
Folic acid {pg} 0 - Phenylalanine ig) 0.019 -
Folate, food (pg) 24 5.465 Tyrosine (g) 0.022 -
Folate, DFE (pg) 24 - Valine (g} 0.019 -
Choline, total (mg) 57 - Arginine (g} 0.028 -
Betaine (mg} 0.2 - Histidine (g) 0.012 -
Vitamin B-12 (pg) 0 - Alanine (g) 0.033 -
Vitamin B-12, added (pg) 0 - Aspartic acid (g) 0.149 -
Vitamin A, RAE (pg} 1 0.031 Clutamic acid (g) 0.098 -




Retinol (pg)

Carotene, p ipgh

Carotene, o (pgl
Cryptoxanthin, p (pg)
Vitamin A, (IL}

Lycopene (pg)

Lutein + zeaxanthin (pg)
Vitamin E (a-tocopherol) (pg)
Vitamin E, added (mg)
Tocopherol, B (mg)
Tocopheral, ¥ (mg)
Tocopherol, & (mg)

Vitamin D (D2 + D3) (pg)
Vitamin D (IU)

Vitamin K (phylloquinone) ipg)
Anthocyanidins

Petunidin img)

Delphinidin (mg)

Malvidin (mg)

Pelargonidin (mg)

Peonidin (mg)

Cyanidin (mg)

Flavan-3-ols

(+)-Catechin (mg)
(--Epigallocatechin (mg)
{-}-Epicatechin (mg)
—}-Epicatechin 3-gallate img)
(-)-Epigallocatechin 3-gallate (mg)
{+)-Gallocatechin (mg)
Flavanones

Hesperetin (mg)

Naringenin {mg)

Flavones

Apigenin (mg)

Lutealin (mg)
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0.29
0.01
0.08
0.01
2.2

0.1
0.3

24.8

1.7

0.22

0.625

8.04
0.024

0.002
0.01
0.005

0.29

0.1

0.28
0.01
0.69
0.05
0.05

0.19
0.35
0.13
0.02
0.06
0.005

0.25

0.001

Glycine (g)

Proline (g}

Serine (g

Minerals

Calcium (Ca} img)

Iron (Fe) (mg)

Magnesium (Mg) (mg}
Phosphorus (P} {mg)

Potassium (K} (mg)

Sodium (Na) (mg)

Zinc (Zn) (mg)

Copper (Cu) (mg)

Manganese (Mn) (mg)

Selenium (5e) (pg)

Fluoride (F) (pg)

Flavonols

Isorhamnetin (mg)

Kaempferol img)

Myricetin (mg)

Quercetin (mg)

Isoflavones

Daidzein (mg)

Genistein (mg)

Glycitein (mg)

Total isoflavones (mg)
Formononetin (mg)

Coumestrol (mg)
Proanthocyanidin
Proanthocyanidin monomers (mg)
Proanthocyanidin dimers (mg)
Proanthocyanidin trimers (mg)
Proanthocyanidin 4-6mers (mg)
Proanthocyanidin 7-10mers (mg)
Proanthocyanidin polymers (>10mers) (mg)

0.026
0.02
0.025

16
0.41
13
24
153

0.14
0.048
0.386
0.4
4.4

281
23.9
75.8

0.562
0.026
0.222
0.72
4.073
0.1
0.013
0.004
0.018

0.01
0.04
0.04

=

0.005

0.8
1.89
227
6.47
47
13.36




Strawberry plants

Perennial

herb

crown (compact stem in the center)
runner (doughter plant)

leaves (triplet denticulated)
flowers and fruits




Modified Stems

e A stolon is a horizontal stem that is fleshy
or semi-woody and lies along the top of
the ground.

e A runner is a type of stolon. Strawberry

e It is a specialized stem that grows on the
soil surface and forms a new plant at one
or more of its nodes.

e The leaves on strawberry runners are

. small but are located at the nodes whicv




STRAWBERRY PLANT

When planting strawberries, take care to
get the planting depth just right. Don't bury
the CROWN. Leaves, flowers, and

fruit arise from there.
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The Crown

» The crown is a short stem.
- New leaves develop with a bud in the axil of each leaf (auxiliary buds).

- The auxiliary buds will either remain undeveloped, grow and form runners
or grow to form a side or branch crown.

- Environmental factors like day length and temperature influence the
development of auxiliary buds.

- for example: The buds of June bearers develop into runners during the
summers long 14 to 16 hour days. Once the days grow shorter in August
and September, the buds no longer form runners. Instead they form branch
crowns and flower buds.

- The more branch crowns that are formed, the greater the potential for fruit
production during the next year since each crown can produce one flower
stalk on which fruit is borne.
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Strawberry inflorescence




The inflorescence develops a central or
primary flower that opens first. This is followed
by smaller secondary, tertiary and quaternary
flowers opening up in sequence. The large
primary flower develops into the largest berry,
known as the "king" berry.

It usually takes about 30 days for flowers of
June bearers to develop into fruit. This period
may be reduced to 18 days with good growing
conditions and high temperatures. Adverse Erliﬁdritﬂ
conditions like cool weather could extend sepal ; le with
development to 40 days or more. T o receptacie wit
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Cross-pollimation by insects Self B Wind pollination




The Root

The strawberry plant is shallow rooted. Most of its roots are contained in the top 6 in
(15 cm) of soil.

Day neutral plants have a shallower root system with most roots in the top 3 to 4 in
(8 to 10 cm).




£| Strawberries

* Types of strawberries
— Junebearing
— Day neutral
— Alpine
— Ornamental

UNIVERSITY OF MISSOURI




June-Bearing Strawberries

The primary type of strawberry is the June-bearing
strawberry. These cultivars are sometimes referred to
as short-day strawberries because they initiate flower
buds the previous summer/fall as the days become
shorter. This type of strawberry is commonly grown
in perennial matted rows, where runners are encour-
aged to root within the row each year to establish
productive crowns for the following year.

Day-Neutral Strawberries

In the 1970s, day-neutral (remontant) strawber-
ries were developed at the University of California.
Day-neutral strawberries flower throughout the
growing season as long as temperatures are below
90°E. Periods of hot weather will cause a temporary
gap in fruit production. Day-neutral strawberries
do not produce as many runners as the other types,
so they are usually grown commercially with plastic
mulch in a hill system, where runners are removed to
maintain individual plants. This type of strawberry
can be grown in annual or perennial production sys-
tems.

Everbearing Strawberries

As people noticed that some types of strawber-
ries bore small fall crops in addition to a spring
crop, breeders and hobbyists began selecting for
this trait. The result was everbearing strawberries,
such as ‘Ft. Laramie, ‘Gem, "‘Ogallala; ‘Ozark Beauty;,
‘Quinault, and ‘Rockhill’ Everbearing strawberries
tend to have large spring and fall crops, with little
fruit in hetween




Distinguishing between everbearing and
day-neutral cultivars can be confusing for the home
gardener. Day-neutral cultivars are “everbearing,”
whereas the old everbearing cultivars produce two
distinct crops—one in the spring and one in the
fall. Furthermore, both day-neutral and everbear-
ing cultivars are usually sold as “everbearing” in
retail nurseries.

(03,U o) Ay j9, (03,U Aiasod) shivs 39, olssS s9,

Gem Selva Kordestan

Ogallala Albion Camarosa
Ozark Beauty Seascape Chandler
Quinault Aromas Gaviota

Portola Cavendish

‘Rockhill’




Strawberries

* Self fruitful

* Cultivars

— Junebearing

* Early season: ‘Earliglow’, ‘Annapolis’

* Midseason: ‘Honeoye’, ‘Allstar’, ‘Redchief’,
‘Guardian’, ‘Darselect’

* Late season: ‘Lateglow’, ‘Winona’

— Day Neutral: ‘Albion’, ‘Seascape’, ‘San
Andreas’

— Alpine: ‘Alexandria’, ‘Alpine Yellow’, ‘Reugen’

— Ornamental: ‘Pink Panda’
UNIVERSITY OF MI.?I{'}UR[




Strawberry Breeding

- The first breeding activities were carried out in the UK in the 19th
century.

- in 1821, strawberry cultivar -'Keens’ Seedling’- released, which was
then grown successfully for about a century.

- In the 20th century, strawberry breeding activity expanded further
around the world.

- The programmes have become so numerous that a recent survey.

- registered that more than goo new cultivars were obtained from
1982 to 2008 worldwide.

» The USA topped the list, with more than 190 cultivars, followed by
Italy (74), France (70), Japan (65), the UK (56), Canada (51) and other
countries (33).




Most of the cultivars that have been introduced belong to the
octoploid species F. x ananassa, but there also exist cultivars with
diploid (Fragaria vesca), hexaploid (Fragaria moschata) and decaploid
(Fragaria x vescana) chromosomes. (?)

Some Fragaria x Potentilla intergeneric hybrids have also been
obtained.




Potentilla fruticosa



Table 3.1. Results obtained in the breeding programmes carried out in California, USA, and Po Valley, ltaly.
{(From 5haw and Larson, 2008.)

Location Yield (g per plant) Fruit size (g) Firmness (M)

California® 1945-1966 595 14.9 0.245
19932004 1.429 24.9 0.456
Italy® 1970-1980 768 16.5 0.389
2000-2010 1.390 26.1 0.572

*Average data from the two cultural techniques of winter planting and summer planting of the reference varieties.
“Average data from the five best advanced selections (summer planting).




1.Yield

Yield depends on the combination of a series of characteristics including:
the number of flowers, and consequently of fruits,

their size,

the plant crown number,

hardiness and resistance to disease.

Problem: increase plant yield further, has a negative effect on fruit sugar content.

However, in some areas (especially those with temperate climate and fresh summers)
the day-neutrality characteristic was used to increase the plant yield.

This trait allows an extended harvest calendar (3—4 months or more) and allows
the production of a larger number of inflorescences per plant.




Most breeding programmes aim to extend the harvest calendar of the
June-bearing (short-day) cultivars.

This has becoming increasingly important to eliminate culture
seasonalization and provide better management of farm labour.

Earliness is a very important characteristic in breeding programmes
carried out in warm winter, searching for genotypes with low winter
chilling requirements;

using bare-root plants (winter (autumn) planting system), the harvest
time is further extended compared with cold-stored plants (summer

(spring) planting).

In areas with particularly warm winters (subtropical areas), low winter
chilling requirement cultivars are able to fruit in winter time.

Late flowering time and thus harvest time is particularly important in
countries with colder temperatures, especially in winter (#frost).



Many programmes aim to extend harvest time using the ‘ever-bearing’
characteristic.

« The first day-neutral cultivars, which were introduced commercially
in 1979 (‘Aptos’, ‘Brighton’ and ‘Hecker’), were derived from the
third generation of backcrosses.

CA 30.1174

Tufs ~CA 58.45-117
Brighton® {

* =
GA EE.EE‘D‘I* -"I: G.bl 55;32-1

~F, virginiana

CA 59.41-1 cubsp. glauca”

Fig. 3.1. Pedigree of the Californian ever-bearing day-neutral cultivar ‘Brighton’. *, Day-neutral genotype.




the new ever-bearing cultivars will play an increasingly important role,
especially in the strawberry industry of temperate climate (fairly cool
summer) and the harvest could last four or five summer/autumn months
using cold-stored plants planted from the middle of March to early April.

Ever-bearing is polygenic control (Shaw and Famula,
2005).

There exists great variability in the expression of this
characteristic depending on both genotype and
environmental factors, especially temperature.




Some June-bearing cultivars, in specific environmental conditions,
can have a second flowering after the main bloom caused by a
second period of differentiation, taking place in spring when there
are the right temperature and photoperiod conditions (before the
end of March in the northern hemisphere).

This trait is common in southern areas, but happens occasionally in
northern areas, most frequently only in protected culture.




3. Average fruit weight

- improve plant production
- and reduce harvest costs.

a1 g increase in average fruit weight allowed savings of 2 million Lire
(about 5oo Euros) per hectare

In order to reduce picking costs, long fruit stems (pedicels) is a
sought-after characteristic, particularly in southern areas where
fresh plants (winter planting system) are used, as they have limited
plant development during the coldest months.




4. Organoleptic quality of fruit

The negative correlation between yield and sugar level

The levels of aromatic substances and of flesh firmness are also negatively

correlated with increased size
trend to improve flesh firmness results in a progressive loss in fruit aroma




The nutritional parameters (antioxidant compounds and phenolic content)
seem to be the most innovative characteristics on which research is focusing
its attention due to their benefits on human health.

The variability between the existing germplasms is remarkable, and these can
be used to improve these parameters in specific breeding programmes.

Some specific breeding programmes have already been started, aiming to

improve these characteristics using clones of wild species (in particular of £~
virginiana subsp. glauca) as parents.




5. Pest and disease resistance

The pathogens causing problems to strawberries have different levels of
importance in different cultural areas. For this reason, breeding

programmes focus on different pathogens depending on their importance
in the area where the programme is carried out.




CAMAROS A




Fig. 4.1. (a) White strawberry culture in Contulmo, Region del Bio-Bio, Chile. (b} Infected plant. (c) Com-
mercialization of white and red strawberry at the Putu market, Region del Maule, Chile. (a, b) From Rudi
Montenegro (Universidad Austral de Chile, Chile); (c) from Cristina Theoduloz (Universidad de Talca, Chile).
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7 Plant Architecture in Different Cultivation
Systems

Francesca Massetani' and Davide Neri'-**
'Dipartimento di Scienze Agrarie, Alimentari e Ambientali, Universita Politecnica delle
Marche, Ancona, ltaly; *Centro di Ricerca per la Frutticoltura — Consiglio per la Ricerca
in Agricoltura e I'Analisi dell’Economia Agraria, Roma, ltaly

. Introduction
. Flower Induction and Environmental Control
. Growing Cycles — Plant Plasticity for Harvest Seasons
. Plant Manipulation in the Nursery
7.4.1. Thermophotoperiod
7.4.2. Location
7.4.3. Chilling
7.4.4. Light quality
7.4.5. Nutrient supply
7.4.6. Growing substrate
7.4.7. Water supply
7.4.8. Defoliation
7.4.9. Propagation
7.4.10. Evaluation of plant quality
7.5. Plant Manipulation in the Field
7.6. Architecture Analysis Techniques
7.7. Conclusion




1. Introduction

Plant architecture represents the morphological expression of a genotype in a
certain period.
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Strawberry plant architecture shows some constant features related to its
determined growth pattern.

Growth always stops with a terminal inflorescence.

further growth only from lateral branches (sympodial growth)

Showing the same fractal organization.

The vegetative shoots develop as runners.




Variability of plant architecture is related to the:

distribution and position of the vegetative and reproductive
structures along its short axis (rosette plant).

These features of the growth habit change according to:
genotype,
plant age,
growing environment
Cultivation technique,
... due to the plasticity of the species.

In fact, the reproductive and vegetative
behavior (phenotype) of the strawberry
plants is sensitive to environmental and
agronomic and nutritional factors




Plants can be part of a programmed production system in the
nursery to produce in predicted periods under different
cultivation systems and, using specific propagation
techniques, they can bear a different number and distribution

of shoots, inflorescences or flowers and runners.




2. Flower Induction and Environmental Control

Flower induction in strawberry is sensitive to thermophotoperiod.
According to plant genotypes, which are classified into:

Remontant or recurrent (ever-bearing or long day and day-neutral
plants)

Non-remontant (seasonal flowering, short day or June-bearing) types.




- Non-remontant cultivars provide only one harvest in spring—summer,
as a result of flower induction that took place in the preceding late

summer—autumn, when their thermophotoperiodic requirements for

flower initiation were satisfied by short days (less than 11-16 h) or

low temperatures (9-21°C, optimal below 15-18°C).

« A minimum number (7-14) of short-day cycles is required for flower
induction, according to cultivar, temperature and day length.

« Under long-day conditions, the terminal apex of the crown remains
vegetative and many runners develop from the axillary buds,

as vegetative and reproductive growth have contrasting responses and
requirements




v' Remontant cultivars produce fruits more times per year, due to their
different sensitivity to day length in relation to the temperature for flower
induction.

v Flower initiation is possible when day length is longer than 12 h (long-day
cultivars) or irrespective of photoperiod (day-neutral cultivars).

v' Thus, a rigid classification of cultivars is not adequate to explain all the
possible complex responses to day length.

v At low temperature, most genotypes show a day-neutral behaviour but can
be distinguished according to their response to photoperiod at higher
temperatures

v' Thus, temperature affects the behaviour of both short-day and day-neutral
cultivars in relation to photoperiod.

v Furthermore, prolonged warm temperatures (above 26-30°C) totally or
partially inhibit flower formation, whatever the photoperiod.

v' Therefore, in warm latitudes (tropical and equatorial), the profitable
cultivation of strawberry is possible only where temperatures are lower in
the highlands or where there is an eventual chill season.
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Plant structure and seasonal growth cycles in strawberry. A) A LD-grown vegetative strawberry plant with
several branch crowns. Runners have been removed. Magnification illustrates a single axillary branch
crown; B) Typical seasonal growth cycle of woodland strawberry grown in temperate zone. Flowering
occurs in late spring. Vegetative growth is continued from young branch crowns that were not induced in
autumn. The axillary meristems of these branch crowns produce runners during the summer months, and
new branch crowns towards autumn. In autumn, the main shoot apical meristem and the apical meristems
of the oldest axillary branch crowns develop into inflorescence meristems, which complete their
development the following spring.



The thermophotoperiodic conditions inducing flowering in short-day plants are
normally effective only in summer—autumn,
suggesting that:
other factors are involved in the control of plant physiology, such as the chilling
that prevents flower induction in spring.
Furthermore, plant meristems are sensitive to flower-inducing factors according
to their physiological condition:

they are more receptive when the growth of the apex is reduced.

Therefore, the behavior of the plant (reproductive or vegetative) can be
determined by the modulation of many factors interacting with the plant growth,
involving:

abiotic, agronomic, nutritional and environmental factors or the presence of
stress, and we can assume that these factors determine a main indirect
effect modifying the vigour of the whole plant (not directly on meristem).



After flower induction, ...

during the differentiation process, the formation of flowers in the floral apex
is enhanced by mild temperatures (18°C).
(affect on the final crop load).

Yield and fruit quality can be improved by modifying one or more effective
factors during the growing cycles, starting from plant production in the
nursery, in order to anticipate or delay flower induction and to determine the
number of flowers and inflorescences.




3. Growing Cycles — Plant Plasticity for Harvest Seasons

Management of plant architecture in nursery
Management of plant architecture in field

Nursery techniques provide many plant types allowing the application of different
planning strategies for cultivation.

Different plant types have different architectures, each suitable for integrating in
specific growing cycles.




9.2. Plant Production Systems

Most strawberry nurseries are located in
areas with very specific characteristics.
These facilities require large flat surfaces,
whose soils are deep, very sandy and well
drained, with a pH between 6 and 7, and
with a good water supply. Nurseries must
be established in isolated areas, away from
fruit production, in order to promote sani-
tary conditions. Altitude and latitude of the
nursery should also be taken into account,
as these elements determine the time when
the plant’s floral differentiation and physio-
logical maturity occur.

The production of runners is favoured
in areas whose geographical location — north
or south — ensures an adequate photoperiod
and temperatures between 25 and 30°C in
summer. Autumn temperatures should de-
crease quickly, so that plants receive an ac-
cumulation of chilling hours (below 7°C),
which in some cases is achieved in high-al-
titude areas (over 1000 m above sea level) or
in more extreme latitudes. In Europe. nur-
series are mainly located in Spain (prowv-
inces of Avila, Segovia and Valladolid), nor-
thern Italy (Veneto and Emilia-Romagna
regions) and France (Aqguitaine and Midi
Pyrenées). Countries such as Poland and
Romania have also developed an interesting
nursery industry.

In North America, the main area for
nursery production is northern California,
south-east of Oregon and North Carolina in
the USA and Ontario in Canada. In South
America, Chile and Argentina produce
strawberry plants to meet their own de-
mand and to supply countries such as Mex-
ico, Brazil, Peru, Bolivia and Colombia,
among others.

It should be noted that the strawberry
plant production process requires labora-
tory technologies such as in wvitro culture,
techniques of sanitation and detection of
viral diseases. and prolonged periods of cold
storage. among others, which imply special-
ization and a high technological level. For
this reason, in order to obtain plants of ad-
equate genetic and phytosanitary quality, the
plant production process should be per-
formed in specialized nurseries, following a
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The hill or plasticulture system uses the crowns to produce fruit with any runners removed
to encourage the plant to focus on production.




Open Field Production Systems

ST atedrow

Winter temperatures Mild Cold

Planting dates Summer or winter Spring

Bed height Raised Flat

Mulch Clear or black plastic Straw
Irrigation Trickle Overhead
Production seasons 1-2 3-5

Cultivars Everbearing June bearing

Plastic covered hills ready for planting Natted rows are planted at 2 lower densiby



Matted row system of planting

2 feet between plants
3-4 feet between rows
Watch runner placement

Flower bud removal the 1 year for June bearing
and first 60-80 days for ever-bearers

-

Plant in spring March-April-May

A L Runners develop
- during summer




Planting depth - crown at soil level

Remove flowers during planting year
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Removing the runners to maintain rows and
decrease disease problems

Getting strawberries ready for winter with mulch




Mulching strawberries
Spread clean straw in late
November or December

3 nights in the low 20's

4-6 inches deep -300 to 400
small straw bales per acre
Rake into row when growth
begins in spring

Put back on for early frost

protection-hard to do on a
larger scale

Frost protection

Waitch for frost warnings whenever flowers are
present

The real need for irrigation
Keep an eye on the Dew Point each night

What do frosted flowers look like — black flower
centers two days after a frost

Frost protection
30 days from bloom to harvest




Floating row covers
-earlier fruit harvest
-also an alternative to mulch

Renovating strawberries after harvest

15t - Mow off leaves
2" - Narrow rows to

N 8-10 inches

—

3" - Fertilize




First, the farmer makes soil mounds.

The mounds
are called
beds.




Some farmers use a machine to do
this.

The machine
IS called a

bedformer.




Next, the beds are covered
with plastic.




The farmer makes holes In the
pla

The plastic
keeps the
strawberries
warm and helps
them grow.




The production system basically con-
sists of the following four stages.

9.2.1. Nuclear stock
9.2.2. Propagation stock |

9.2.3. Propagation stock Il

9.2.4. Commercial nursery

/i

T

Fig. 9.1. Mother plants {a) and propagation stock | (b, c} in a greenhouse with double doors, a footbath andh
insect mesh.




9.3. Plant Types and Cycles

The advances in increasingly specialized
cultivation techniques, together with the
expansion of production areas to more ex-
treme climate zones, have forced nurseries
to produce different types of specific plants
adapted to modern cultivation require-
ments. Plant types provided by the nurser-
ies through various propagation techniques
are the starting point for a wide range of

producing cycles aiming towards expansion
of the fruiting season and cultivation in dif-
ferent areas. In fact, the cultivation tech-
nique of strawberry has undergone a con-
stant evolution over the last 20 years. The
most traditional plant cycle is the annual

crop cvcle with a single fruiting season in
the spring (using June-bearing, short-day
varieties) following the summer planting. In
many areas, other innovative growing tech-
niques have been introduced and the harvest
of strawberries now covers the whole year.

There are two traditional types of straw-
berry plants: ‘fresh’ and ‘frigo’ (cold stored).
There also exist six other plant types (Table 9.1)
that are capable of being adapted to more
specialized cultivation systems, such as
programmed cultivation, protected cultiva-
tion and off-soil cultivation.




Flower-differentiated
terminal apex

Undifferentiated
terminal apex

Non-expanded leaf
with an axillary bud

Expanded leaf
with an axillary growing shoot
(side crown)

Expanded leaf
with an axillary flower bud

Expanded leaf
with an axillary bud

Dead leaf
with an axillary stolon

Dead leaf
with an axillary bud

Fig. 7.2. Schematic representation of strawberry plant architecture using conventional symbaols. Left:
conventional symbols with their definition, illustrated in the photos; right: example of a schematic
representation of a single plant.




No. of
crowns and
Root inflores-
free of CENCES Season
sub- (architect-  and
Physio- Starting strate ural model) duration Crown Nodes  Side Flowers
Commercial logical mate- (bare Cold attransp-  of produ- diameter onthe  flower per
name status  rial roots) Pots  storage lanting ction {mm)  crown (n) budsin) plantin) Plant architecture

Rooted Fresh Runner Mo Yes Mo 1 crown, Winter- 8-10 58 0-3 15-20
runner plant in 1 inf. spring/
(misted tip)  pot; 3 months
- flower
differ-
entiat-
ed

Tray plant  Pot plant; Runner No Yes  Yes, 1crown,  Outof- 12-15 1016 45 2040
- cold 39 2-3inf. SEAS0N,

stored; months Spring-

flower autumn

differ- -2
Entiat- manths
ed




7-8 (21)

“” 5(9)

Fig. 7.3. Example of a schematic representation of
the architecture of a tray-plant of a non-remontant
cultivar. The crop potential of this plant derives

mainly from three well-differentiated inflorescences.

The terminal one is at an advanced stage of
development and is able to develop early after
planting. It is composed of many flowers (21),
suggesting that the late growth in the nursery took

place in mild/warm temperatures. The other two
inflorescences in the uppermost positions of the
crown are on the top of extension crowns and are
able to develop with a little delay and fewer
flowers. The lower differentiated buds show very
early stages of development and hawve little chances
of developing and growing out, because they can
remain dormant or even die, mainly after cold
storage. Black numbers, flowering stage; red
numbers, numhber of flowers.




MNo. of
crowns and
Root inflores-
free of CEnCes Season
sub.- (architect-  and
Physio-  Starting strate ural modell  duration  Crown  MNodes Side Flowers
Commercial logical mate-  (bare at transp- of produ-  diameter on the flower per
name status rial roots) lanting ction {mm} crown (n) buds (n) plant (n}  Plant architecture

Freshly dug Freshly Runner Yes 1 crown, Traditio- 913 09-14 0 0
plant: fresh  dug 0 inf. nal crop,
plant = plant; spring—
without not summer/
leaves; flower 1 mionth
green differe-
plant = ntiated
with
leaves

Freshly dug Freshly Runner Yes
plant high  dug
altitude plant;
(two flower
categories  differe-
as abowe) ntiated




Commercial
name

Frigo plant
(A, At
AA+ plant
size)

Waiting-
bed plant

Physio-
logical
status rial

Dug

Large

Fresh

Root
free of
sub-
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{bare
roots)

Starting

mate- Cold
storage
Yes, 7
months

Pots

Runnmer Yes Mo
plant;

cold

stored;

differe-

ntiated

Yes

cd

Freshly Yes MNo
dug
plant;
frigo
plant;
rooted
runner

dug
plant;
cold
stored;
flower
differe-
ntiated

Rurnner Mo Yes

plant in
pot;

not
flower
differ-
entiat-

ed

Mo, of
crowns and
inflores-
CEMNCEs
(architect-
ural model}

at transp-
lanting

1-2 crowns,
34 inf.

34 crowns,
46 inf.
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and
duration
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ction
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SUIM- A, A+,
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month A, Ad+ 12—
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Al
68
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autumny
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A, 3.5 A, 15-25;

Flowers
per
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Al
3545

Plant architecture
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plant

Large

Physio-  Starting
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status rial
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Frigp  No
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-2
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crown (n) buds (n} plant (n}

Side
flower

5-10

4-5
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per
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Plant architecture




Recent Advances in Strawberry Plug Transplant

Technology
Edward F. Durner, E. Barclay Poling, and John L. Maas

Table 1. Definitions of terms specific to the commercial strawberryindustry.

Term Definition

Runner tip An unrooted plantlet on the tip of a stolon (runner)
Plug plant

Moduled plant

Tip-rassed potted plant ~ Small contanerized plants produced from runner tips, generally grown for 3-5 weeks n 50-cell plastic trays
with cell depths of 5-6 cm (1.9-2.4 inches), average crown diameter 8-11 mm (0.3-0.4 inches).

Tray plants Containerized plants produced from runner tips, typically grown over a 5-month period (late July-
December)in 8-, 12+ or 16-cell plastic trays with individual cell depths of 8-9 cm (3.1-3.2 inches), average
crown diameter of 15-18 mm (0.6-0.7 inches).

Waiting-bed plants Fresh-dug nursery plants with a crown diameter of 17 mm (0.7 inches) or more.
Fresh-dug bare-root plant - A field nursery-grown strawberry plant that is dug and transplanted to the production field within several
days.

Frigo plants Dormant strawberry plants stored for several months at -1.5 °C (29.3 °F).




Figure 1 Strawberry Plug Plant




The first step in producing strawberry plug plants is to produce the runner tips. Runners
are produced from mother plants, which can be grown either in a greenhouse or field.
Plants can be grown in the soil or in peat-filled grow bags placed on the soil or on benches.
Runner production is favored by high temperatures and long days, hence outdoor
production would be limited to the summertime. With either system (outdoor or
greenhouse) care should be taken to prevent runners from coming in direct contact with
soil. In the greenhouse, suspended growing systems (Figures 2 & 3) are used to prevent
runners from coming in contact with soil. In the field, a combination of straw mulch
between rows and plastic mulch within the row will prevent runner tips from contacting
the soil. In the greenhouse, the first runner tips can be expected about 8 to 10 weeks after
establishing the mother plant.

Greenhouses provide the ideal setting for runner production. Greenhouses can be
managed to provide ideal day time temperatures (above 75°F) and long photoperiods
(about 16 hours). With supplemental heat and light, runner production can occur year
round.



Figure 2 Suspended growing system

Figure 3 Suspended growing system with hanging

rilmnrnarc



Runner tips should be harvested when root initials (little white or brown pegs, Figure 4) are present on the runner
tip. Root initials should not be longer than ¥4 inch. Additionally, at least two trifoliate leaves (first leaves that
appear from the runner tip) are needed and should be between 2% and 4 inches in length (Figure 5). Runner tips
where the oldest trifoliate leaf is larger or smaller will have limited success in

establishment. Depending on individual needs and desire for uniformity of runner tips, tips are generally harvested

every 10 to14 days.

Figure 4 Root Pegs on Strawberry Runner Tips

Figure 5 Properly sized runner tip. Note 2
fully expanded trifoliate leaves as well as
extra 2" of runner that is used to anchor

the plant (arrow).
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The first opportunity to manipulate the plant growth and architecture, and at
the same time plant vigour and fruit production, is control of the growing
conditions during plant propagation, obtaining plants with a different number of
lateral flower buds and shoots and at a different floral developmental phases.

Knowledge of effective environmental and cultural factors for plant behaviour
manipulation is pivotal in applying techniques that allow anticipation or delay of
flower induction and to obtain higher or lower numbers of flowers.

In fact, many growing techniques available for nursery plant production,
including the application of controlled stress, can be effective to manipulate
the plant architecture, stimulating flower induction and differentiation, because
they can interact with several aspects of plant growth, such as growth rate,
shoot-to-root ratio and carbon balance.

The timing of application of a particular technique is crucial in terms of its
interaction with the physiological stage of the plant and its organs.



«7.4.1. Thermophotoperiod

One of the most effective means of manipulating the equilibrium between
vegetative growth and reproductive development in strawberry is modification of
the thermophotoperiod, an environmental factor playing a major role in flower
induction.

The light availability duration can be increased using artificial light, to
apply long-day conditions to short-day plants and delay flower
formation, or decreased by adding a temporary light-proof covering to
mimic shortday conditions.

Providing artificial light during the night (night break) under shortday
conditions can inhibit flower initiation in non-remontant cultivars or
enhance flower production in remontant cultivars.




The natural variation in temperature between day and night is more
effective than a constant temperature.

Flower induction can be induced earlier when the oscillation is
26.7/15.6°C day/night compared with a constant 21°C
temperature or with warmer temperatures.

Temperatures below 15.6°C are common during summer—
autumn in cold areas but are suboptimal for flower
differentiation, delaying the formation of flowers.




7.4.2. Location

Both photoperiodic and thermal conditions can be controlled during
propagation, by transplanting the plants or moving them to
specific locations (changing the altitude and latitude).

The choice of environment for the nursery location and the time of
propagation allow control of the vegetative and generative behaviour of
the plants, resulting in different numbers of flowers per plant and
programming the synchronicity and duration of the cropping.

Flower induction in short-day plants is delayed with increasing
latitude, as day length reduces later in the summer.

In Europe, fresh plants can be propagated in environments where
the conditions are favourable for floral induction, which takes
place earlier at higher altitude in the Alps and in highland
nurseries (800-1200 m) or in cold northern areas due to the
thermal fluctuations between day and night and to low summer
temperatures.




In fact, a mild environment is optimal for a longer and earlier flower differentiation,
in order to increase the number of flowers within the inflorescences.

During formation of the primary buds, prolonged favourable conditions in early
autumn enhance the formation of flowers within the primary inflorescence, resulting
in more flowers (13—14 per inflorescence) in comparison with plants in the south
(around 10 per inflorescence).

In contrast, if propagation takes place under a long photoperiod and relatively
high temperatures, flower induction is reduced and vegetative growth is enhanced,
with increasing formation of runners

The cultivation environment also modifies the growth of the plant. For instance,
fewer crowns are formed along the principal axis of fresh plants where the winter is
warmer.

In tropical climates, temperatures can be very high at low altitude, reducing the
vegetative growth of the plants, which develop fewer leaves compared with plants
at higher altitudes.




7-4.3. Chilling

Chilling temperatures (between 0 and 7-10°C) are required to overcome
dormancy, but they are also effective at increasing vegetative growth and
leaf and runner formation; whereas they reduce flower induction and
enhance floral differentiation.

In greenhouse cultivation, cold treatments can be applied to prevent a
decrease in vegetative vigour, while artificial lighting can compensate for
a lack of cold because long days can substitute for chilling.

Cold storage makes the plants available all year round and also provides
the required chilling. Nevertheless, sugars and starch content can
decrease if the low temperature is maintained for too long (more than 200
days), also reducing the number of emerging inflorescences and flowers,
which are inhibited, especially if they are located below the last expanded
leaf.

A long duration of cold storage and the consequent low carbohydrate
content induce a stress condition that may also result in earlier flowering,
although not for all types of plant.




7-4.4. Light quality

These features of the light reaching the plants can be modulated in different
ways, using covering nets or specific artificial lights.

During a decreasing photoperiod, plant shading reduces light intensity and
temperature, promoting flower induction if sunlight is reduced by 75-95%,

but with lower light intensity, crown size and leaf and inflorescence number can
decrease,

Flower bud initiation is also affected by the spectral composition of the irradiation,
which can be selected applying photoselective nets over the plants, with red and
blue nets having an inhibitory effect.

Spectral band quality also affects the responsiveness to photoperiod. In fact, light
extension to produce long-day conditions delays floral initiation




7-4.5. Nutrient supply

Nutrient supply, in particular the relative ratio between nitrogen and phosphorus,
plays a major role in modulating growth and the vegetative equilibrium of the plant
and consequently can be a means to modify the whole plant architecture during
both propagation in the nursery and further plant growth.

Nitrogen availability and the timing of supply during the growing season affect the
formation and growth of new organs and interact with flower initiation, amplifying
the effect of inhibitive or stimulating factors.

The nutritional protocol should be managed in different ways. Both stolon and
shoot formation can be enhanced by high nitrogen levels, depending on the
timing of supply and the plant growth rate.

Therefore, stolon formation is induced and flower induction can be delayed or
totally prevented if excess nitrogen is applied before the flower induction period or
when there is rapid growth of the apex.




In contrast, a high nutrient supply can increase the induction effect if applied
after the beginning of short-day conditions.

It can also stimulate plant vigour after the arrest of apex growth, reactivating
axillary latent meristems to form new shoots in the basal part of the crown,
increasing the total number of inflorescence sites.

If nitrogen is supplied later on, shoot formation can be stimulated in the upper
portion of the plant, increasing the total number of inflorescences and extending
the cropping time, because the flowers are less developed compared with the
terminal primary inflorescence.

In the nursery, late application of foliar nitrogen during flower differentiation of
freshly dug plants can advance flower development and fruiting.




Differing responses are also seen if the supply of nutrients is continuous or
temporary; in fact, lateral shoot formation starts from the apical part of the
crown and continues downward with continuous fertilization, whereas shoots
exclusively involve the apical buds if the fertilization is suspended for 1-2
weeks during the maximum growth period, also advancing flower

differentiation.

If the nutritional deficiency persists after flower bud initiation and induction,

further development of initiated flowers is prevented, irrespective of the
nutrient conditions during the other growth phases, as nitrogen is required
for flower differentiation. A reduction in nutrients after mid-October does not

affect fruit production.




Peat mixes are widely used substrates for soil-less cultivation and for plug plant
production in nurseries, but many other growing media have been tested.

Substrates differ in physical and chemical proprieties involving pH, electrical
conductivity, porosity and water-holding capacity, which may affect the water and
nutrient availability for the plant and the root activity.

Consequently, substrates may also modulate the vegetative vigour of the plant and the
response to flower induction, with effects on the crop potential.

These effects can be also detected in the plant architecture, shoot topology and
number along the crown.

The use of an inert substrate without peat (rock wool substrate, sand or perlite), in the
absence of nutritional adjustment, reduces the vegetative growth of the plant,
decreases leaf number and crown formation, decreases total yield, and advances the
production of flowers and the harvest, in comparison with the use of peat.

The reduction in plant growth on a substrate with low water-holding capacity is
detectable, even when some peat is added to the substrate.



7-4.7. Water supply

The water status of the plant influences many physiological processes, interacting with
carbon assimilation — with photosynthesis reduced even under mild water stress— nutrient
uptake and the growth rate of strawberry plants.

Therefore, an adequate water supply is needed to sustain an acceptable yield, preventing
a decrease in mean fruit weight and fruit number.

However, water availability may have different effects on plant development depending on
the physiological processes occurring before or during flower induction and differentiation.

Thus, improving the water supply during flower bud initiation and differentiation in autumn
may enhance flower formation and fruit production, but abundant irrigation before the
onset of inducive conditions may reduce flower production.

Mild water stress may even allow flower induction under unfavourable environmental
conditions after the start of flowering.

Water stress affects the growth of the stolons and also the shoots, preventing their
development if the water supply is strongly diminished (25% of daily water consumption)
and reducing their number under mild water stress, also affecting the ability of the plant to
form new inflorescences.




7.4.8. Defoliation

Leaf removal in the nursery affects vegetative growth, altering the
shoot-to-root ratio, reducing the assimilating surface and the
endogenous nitrogen, and promoting flower differentiation.

Defoliation is also suggested to stimulate compensative growth
from lateral shoots and the onset of new inflorescence sites.




The use of plug transplants allows earlier plant establishment after transplanting,
enhances early growth and determines earlier flowering and fruit yield compared with
bare-root transplants, irrespective of tray size and crown

Diameter.

The size of the stolons used for the production of tray plants seems to have no effect on
fruit production during cultivation, because one leaf is enough to detect the induction
signal. The sequence position and the distance of the daughter plant from the mother
plant along the parental stolon affect the

number of leaves.

Pot size determines the volume of substrate available and affects the growth of the root.
Small pot volumes increase plant sensitivity to inducing conditions and stimulate early
flower induction during plant root system formation.

Root growth can be inhibited once the roots take up the whole substrate volume after too
long a growing period in the tray, resulting in stress conditions, leading to a lower flower
quality.

Application of gibberellic acid biosynthesis inhibitor reduced early vegetative growth,
decreasing the number of stolons



7.4.10. Evaluation of plant quality
Plants are usually graded according to their crown size (diameter) and to the
length of the roots.

The weight of the plant, the number of crowns and the length of roots are all
parameters positively related to yield potential.

When produced under the same growing conditions, larger plug plants (obtained
from larger stolons) may produce more flowers than smaller ones

A large plant does not always equate to higher crop, therefore plant size itself is
not enough to characterize the crop potential of nursery plants.




7.5. Plant Manipulation in the Field

The response of the plant to environmental signals, such temperature,
varies depending on the physiological phase of the different organs and their
relative positions.

For instance, axillary meristems at a maximum level of dormancy do not
develop secondary shoots after placing the plants in the greenhouse. As the
chilling requirement is increasingly satisfied, the axillary meristems initiate
new secondary shoots, but if the temperature is too cold, lateral growth can
be affected.




Flower removal may promote the production of leaves and runners in
some genotypes.

In other cultivars, deblossoming treatment increases runner production
only in combination with defoliation, or may have no effect on runner
formation.

The removal of runners promotes branch crown development

Transplant defoliation may affect plant growth, reducing the number of

crowns and inflorescences if there is not enough time to restore the
leaf surface area.

Strawberry leaves of different maturity are able to reduce flower bud
initiation and under some conditions mature leaves can act as
inhibitors compared to immature leaves.




% In remontant cultivars, the number of crowns increases by advancing the
planting date and prolonging the growing period, enabling a higher yield if
the cultivar is not highly crowned, as the inflorescences derive from the
apical meristems of the plant.

% For delayed transplanting in the field, when environmental conditions
promoting flower differentiation do not persist, it is necessary to select
already differentiated plants from the nursery.

* For a good crop, planting density can be balanced according to the

number of inflorescences per plant (flowers m-z) rather than the plant size,
as the former is more strongly related to the crop potential.




> Increasing plant density (by reducing either row or plant spacing)
may reduce the crown diameter and early and total yield, with no
effects on the number of leaves.

» At a low planting density, a higher yield is possible.

» Small-sized plants with a few flower buds in addition to the

terminal one produce a short harvest. This type of plant is
profitable only with high-density planting, mainly in mild climates
where the plants can differentiate further flowers on the top of the
lateral shoots after the first harvest.




Well-differentiated plants, with the terminal inflorescence at a late developmental
stage and with many less-developed lateral shoots and buds, start producing
from the terminal inflorescence around 40 days after transplanting and continue
producing from the other inflorescences before the end of the first production.

When plants bear vampire buds (flower-differentiated buds at the same stage as
the main terminal apex) at the base of the crown, these buds can compete with
the terminal inflorescence. It is useful to be aware of their presence in order to
plan their removal or to adjust the growing technique, allowing a good harvest.

The ability of axillary buds to grow out is related to the degree of apical
dominance.
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