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STRAWBERRY HANDLING IN QUEBEC

The shelf life of strawberries grown in Québec is very short
and does not extend more than two days. VYet strawberries from
California have a shelf life of more than a week. In a literature
review, we studied the many factors influencing shelf 1life.
Variety, maturity, cultural practices, methods of harvest and post
harvest handling were all factors influencing shelf life. Given a
well managed field with adequate harvesting method, we found that
precooling and controlled atmosphere (CA) storage were the ractors
that contributed most to maintain the quality of the berries.
Experiments were conducted to evaluate the influence of regular
storage (RA) and CA storage on shelf 1ife. The CA consisted of a
gas mixture composed of 16 +/- 1.5% CO5, 20 +/~ 1% O, and 64 +/-
2% N,. After 10 days of storage at 5 °C and 2 additional days where
berries were kept successively at 10 ©C or at 22 °C for periods of
12 hours, 80% of the strawberries stored in CA were sound compared
to 55% for those stored in RA. CA storage had no effect on quality
parameters such as soluble solids, acidity and moisture content. An
increase in the firmness of the skin ard the flesh was observed.

An experiment was carried out to evaluate the effects of short
exposure to high (O, concentrations on strawberry quality. While

being precocled, some strawberries were left in sealed containers
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where 0, concentrations were over 80% initially. These (O,
concentrations were decreased from 80% to about 55%. No off
flavors or foul odors were observed after a two hour exposure to
high 00, concentrations . This treatment did not reduce decay but
did increase the firmness of the flesh.

To verify the effectiveness of CA in preventing the growth of

fungi, spoiled strawberries inoculated with Botrytis cinerea were

placed among freshly harvested berries stored in CA or in RA. We
noted CA to be effective in preventing the growth of Botrytis
cllied from a molded strawberry to berries located next to it
(nesting).

Given a widespread use of precooling, the use of CA could
easily double the shelf life of strawberries. This will also lead
to reduction in losses and provide an opportunity to explore export

market to the neighbouring states or provinces.




YVES LEPINE M.Sc. (Agr. Eng.)

IA MANUTENTION DES FRAISES Al) QUEBEC

Les fraises cueillies au Québec ne se conservent pas plus de
deux jours. Si l‘on considére que les fraises importées de Califor-
nie se conservent plus d’une semaine, la périocde de conservation des
fraises du Québec est trés cowrte. Tne revue de la lité -ature a
permis de déteminer que la variété et la maturité des fraises, les
pratiques culturales, les méthodes de récoltes et la manutention
suivant la récolte étaient les facteurs qui affectaient le plus la
conservation de la fraise. En supposant une bonne gestion des
champs et des méthodes de récolte adéquates, le prérefroidissement
et l’entreposage en atmosphére controlée (AC) sont les facteurs qui
contrilbuent le plus a maintenir la qualité des fraises.

Des expériences ont permis de comparer 1‘entreposage en chambre
froide et en atmosphére contrdlée. L’entreposage en AC a réduit les
pertes dues aux moississures sans  affecter significativement les
parametres d’évaluation de la qualité telles que le pourcentage de
solides en solution, 1l‘’acidité, et le contenu en eau. La chair
des fraises entreposées en AC etait plus ferme. Apres 10 jours
d’entrepcsage & 5 9C suivis de 2 jours ol les fraises ont tour a
tour été entreposées a 10 OC et a 229 pour des périodes de 12
heures, 80% des fraises entreposées en AC étaient. vendables compara-

tivement a 55% pour les fraises entreposees en chambre froide.
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L’influence sur la qualité des fraises d’une courte exposition
a des concentrations de (0, élevées a été évaluée. Au cowrs du
prérefroidissement, des fraises placées dans des contenants herméti-
ques ont été exposées a des concentrations de 00, qui étaient
initialement de 80% Au cours du préreiroidissement, on 2 laissé la
concentration en CO, diminuer & 55% . Aucun arriére guut ou odeur
douteuse n’a été observé aprés une exposition de deux heures a ces
concentrations. Ce traitement n’a pas amélioré la conservation des

fraises, ni augmenté la fermeté de la chair.

Un mélange de gaz comprenant 16 +/= 1.5% CO4, 20 +/-1%5 O, et 64
+/2 % Ny s’est révélé efficace dans la prévention de la croissance

du Botrytis cinerea d’une fraise moisie aux fraises voisines. le

prérefroidissement et l’entreposage en AC permetttent de facilement

doubler la période de conservation des fraises fraiches.

Une manutention améliorée des fraises permettra une meilleure
conservation ce qui réduits de maniére significative les pertes sur
le marché local et rends possible l’exportation vers les provinces

et états voisins.
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I - INTRODUCTTION

Canadian strawberry production has increased sharply since
ten years. To deal with the surplus created, new markets must be
found nationwide requiring transport to farther distances. Trans-
port to longer distances needs improved conservation and handling
techniques. In Québec, strawberries typically have a shelf life of
two days or less which js too short for successful marketing
outside the province. Although shelf life is first related to the
cultivar characteristics, postharvest handling methods such as
precooling and controlled atmosphere storage are as important in
maintaining fruit quality. The adaptation of better post harvest
handling techniques should lead to reduction in losses and a better

quality product to the consumers.

1.1 The Strawberry Industry.
Strawberries are grown throughout the world from the arctic

regions to the tropics. The United States, Japan, Mexico and Poland
are the largest strawberry producers (Table 1.) (Childers, 1980).
In the late seventies, Canadian production represented 1.8% of the

world production.




Table 1. Approximate world production of strawberries in the
late seventies.

Country Production Country Production
(X 1000 tonnes) (X 1000 tonnes)
United States 224 Dermark 11
Japan 115 Norway 10
Mexico 110 Spain 8
Poland 100 Greece 5
Italy 74 New Zealand 5
France 57 Australia 3
Yugoslavia 56 Finland 3
Germany (E&FT) 49 Israel 2
Netherlands 32
Bulgaria 30
Belgium 25
Hungary 21
Canada 19
zechoslovakia 15

Adapted from Childers, 1980.

Strawberry production in Canada is concentrated in Québec
(33%), Ontario (23%) and British Columbia (29%) (Berthelot,
1984)  Since 1971, Québec strawberry production has nearly doubled.
In 1986, production raised to 8,984 tonnes and had a farm value of
$ 9.55 million. This production covered 75% of the provincial
consumption of fresh strawberries (Figure 1). Because it is very
dependent on weather conditions, annual local strawberry production
is unpredictable (Figure 2). For instance, yields were down to 3.4

tonnes/ha in 1981 and rose by 35% to 4.6 tonnes/ha in 1982. These




Figure 1. Strawberry supply in Québec (1961-1986).
Source Statistics Canada, 1986
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annual varietions in strawberry supply make it difficult to esta-

blish =z rirm marketing strategy (CAGRIC, 1972).

On the national 1level, Canadian strawberry imports have
maintained over 20,000 tonnes a year since 1984 (Figure 3). The
United States, Mexico and New Zealand are our main suppliers. Some
strawberries are now imported from Chile and Israel. Imported
berries are mostly bought for processing.

Frozen strawberry per capita consumption data in Canada shows a
68% increase between 1971 and 1981 . This increase in the consump-
tion of frozen berries was related to the decrease in the consump-
tion of imported fresh and canned fruits. This corroborates the
steady growth in the imports of berries for processing between 1971
and 1981. Canadian growers should be aware of this trend and grow
increasing amounts of strawberries for processing.

Fresh domestic products could substitute imported ones in
summer months (Figure 4). Canadian imports of fresh strawberries in
June, July and August averaged 11 300 tonnes between 1984 to 1987.
But to service this new market profitably with domestic berries,
losses due to poor quality and spoilage will have to be reduced.
For strawberries, Salunkhe and Desai (1984) evaluated losses to be
13.5% at the wholesale level, 5.5% at the rewailer level and 22.2%
at the consumer level for a total loss of 41.2%. In Québec, Lafleur
(1985) estimated 15% of the berries delivered to the retailer were
unmarketable while 44% were bruised. This reduced the gross profit

from the sales of fresh strawberries by up to 93%.
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Better management of harvesting, precooling and storage in
controlled atmospheres (CA) are techniques that would reduce the
losses significantly. There is no doubt Canadian growers could
adapt some of these techniques to their operations. Adequate
postharvest handling technigques would make it possible to ship
strawberries across Canada and to increase our share of the market

for fresh strawberries.

1.2. Methods of extending shelf life

Fungi present in the field at harvesting are responsible for
later post harvest losses. Measures to control the 1level of
infection in the field and after harvesting should be adopted for

effective reduction of decay (Table 2).

Table 2. Methods of control of post harvest diseases

Control of post harvest diseases

Pre harvest control Post harvest control
- chemical control - chemical control

~ resistant cultivars - refrigeration

- cultural practices - precooling

- biological control - CA storage

- harvesting - irradiation

Planting sites should be selected with good soil drainage and
air circulation to reduce humidity. Proper spacing of plants and
application of fertilizers are important. Dense foliage produced by

excecsive use of nitrogen fertilizer or too narrow spacing will




shade the berries. Shading will prevent fruits from drying during
wet periods, creating ideal conditions for disease development. The
use of mulch which keeps berries from contact with the soil is also
helpful in limiting infections (Freeman and Pépin, 1977).

The control of post harvest diseases of strawberry must begin
in the field where many of the infections are initiated. Fungicide
treatments are the first action for controlling Botrytis and other
fungi in the field. Breeding and planting plants that are resistant
to pre and post harvest pathogens could be very effective in
reducing losses; although the development of genetic resistance is a
long process. Biological control of molds using saprophytic fungi
is an alternative to fungicide treatments but much work still needs
to be done before this technique is widely available (Bhatt and
Vaughan, 1962, Tronsmo and Dennis, 1977).

Certain cultural practices can reduce the losses at harvest;
berries sl.ould be picked early in the day as soon as it is dry, and
handled carefully to avoid bruising. Prompt cooling to 0 to 10°C
will check gray mold development and helps maintain the initial
quality of the berries. Adequate storage at low temperatures and in
CA extend shelf life significantly by retarding mold growth. The
application of fumigants such as dichloran and sulfur dioxide can
reduce the inciderce of postharvest diseases but the effectiveness
of these treatments is still debated (Smith and Worthington, 1965).
Acetaldehyde, captan and dehydroacetic acid were also tested for
postharvest applications but they affected the fruit quality

(Jarvis, 1977, Cohen and Dennis, 1975). Radiation and heat treat-
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ments have been successful in controlling decay but no more better
than the control achieved through conventional refrigeration of the
berry. Maxie et al. (1971) and Wells (1970) have questioned the
profitability of these methods.

There are many interacting factors involved in the control cf
postharvest diseases in strawberries. Measures to control the
infestation and later development of pathogens are required at all
levels if losses are to be reduced significantly. Plant scientists
could help in selecting cultivars best adapted to post harvest
storage; they could supervise spraying program and cultural prac-
tices and assess the degree of field infestation. Agricultural
engineers could carry on work on the handling of the berries such as
precooling, packaging, storage and distribution from harvesting to

retailing.

1.3. Qbjectives

Strawberries are a fragile and short lived product. They
are easily bruised when handled from the field to the distribution
channels and they are very susceptible to decay. Harvested too ripe

or stored under the wrong conditions, the product becomes even more

perishable.

To find means to remedy these problems, a study on the
post harvest handling of strawberries is proposed. The objectives

of the present study are:



11

i) To assess the quality of strawberries after storage
under CA and RA for 10 days followed by a two day
storage under simulated commercial storage conditions

ii) To verify the suppressing action of CA on mold propagation
from a decaying berry to the neighbouring strawberries.

The results of the study will help to find cost effective

methods to improve the handling of strawberries.

1.4. Scope of the study
Control of postharvest diseases of strawberries is a multiface-

ted problem with many interacting factors. As mentioned, prevention
of postharvest diseases begins in the field before or at harvest.
In this study, the particular cultural practices used were not
controlled. The fields, where strawberries were harvested , were
maintained following practices commonly observed in Québec.
Cultural practices such as mulching, fungicide applications,
fertilization, irrigation and choice of the cultivar were not
monitored before the experiment. Strawberries harvested were of the
Red Coat variety, the most popular cultivar in Québec. Cultivars
differ in their keeping quality and response to CA storage. This
should be kept in mind when interpreting the results.

The level of infestation and the pathogens present in the field
at harvest vary from place to place, from season to season and with
time. Depending on weather conditions, the degree of success of
improved management of harvesting and handling in controlling

postharvest losses will vary.
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At harvest and in subsequent steps of handling and storage, we
followed the recommandations found in the literature that seemed
most applicable to Québec conditions. Other workers might prefer
different atmospheres for CA storage or would pick berries at a
different maturity stage. In this case, recommandations given to
harvest and handle other cultivars were satisfactory for our
cultivar. Experience and further testing may lead to slightly
different harvesting and handling procedures. It should be remem-
bered the emphasis was on maintaining quality of berries for the
fresh market. Processors may have a different opinion of what

quality is and they may harvest berries much later to meet their

processing requirements.
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I1 - LITERATURE REVIEW

Fruits such as strawberries have a very short post harvest life
even under optimmun conditions. To maintain  acceptable quality
throughout the storage and distribution period, harvesting has to
proceed before strawberries are fully ripe (Woodward and Topping,
1972). Adequat: handling will maintain the quality of the berries
until delivered to the consumers. The next section will describe
various methods used to maintain the quality of the strawberries and

to extend their shelf life.

2.1. Harvesting
As opposed to many other fruits that are picked green and

ripened later, strawberries are fully ripe at harvest. When ripe,
the flesh of the fruit is soft allowing it to be easily crushed and
bruised. Later these injuries make the fruit more wvulnerable to
decay organisms and increase post harvest losses (El1 Goorani and
Sommer, 1981). Common problems encountered while picking strawber-
ries for the fresh market are harvesting fruits that are too ripe,
picker damage, rough rield handling and delayed cooling (Mitchell et

al., 1964).

13




2.1.1 Harvesting for the fresh market

Depending on the time and distance to market, strawberries are
harvested at different stages of ripeness. Fruits for local market
should be fully ripe and firm while fruits for 1long distance
shipment or to be stored should be picked at the three fourths
colored stage or white tip stage (Woodward, 1972). Picker training
ard supervision can significantly reduce the market losses. Mitchell
et al. (1964) observed selection of berries by careful pickers
resulted in 14.4% ummarKetable fruits after 8 days at 5 OC while
careless pickers caused 33.7% of the berries to be unsalable.

Careful pickers snapped the fruit from the plant without
bruising the berry or breaking the cap. Careless or inexperienced
pickers squeezed the fruits and dropped them in the crates. They
also fillea the crates to the point where berries were crushed when
crates were stacked. In Québec, commercial strawberry harvesting is
done mostly by untrained pickers and substantial losses can be
attributed to their inexperience (Girard, 1985). Most growers make

a real effort to avoid rough handling of their fruits during

stacking and loading. However they overlook good temperature
management, probably because the ernd results are not so immediately

apparent. Ideally, harvested fruits should be shaded in the field

and moved as quickly as possible from picking to cooling stations.

14
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2.1.2 Harvesting strawberries for processing

An increasing percentage of strawberries sold to processors are
harvested mechanically. In fact in many areas, mechanical harves-
ters are now a necessity because of labor scarcity and expenses. A
cost comparison between hand and machine harvesting is presented in
Appendix A. Major changes in cultural practices are rejuired to
adapt the crop to mechanical harvesting. First, firm fruited, dark
fleshed, uniform ripening cultivars must be found and planted.
Secondly, shaped beds are recommended to improve the machine picking
efficiency (Morris, 1980). Over the years, several harvesting
principles have been tried. Cutting or clipping the fruits from the
plants was rejected because most of the large fruits were not
harvested (Morris, 1983). A comb brush stripping mechanism is now
used successfully on many harvesters (Figure 5). A stream of air
lifts the fruit ahove and in front of the comb brush stripping
mechanism. Moving on a continuous belt, the comb brush strips the
fruits from the plants and conveys them to an air lock valve. From
this valve, fruits are picked and packed in containers (Morris,
1980). When used with shaped beds, such harvesters operate at a 95%
harvesting efficiency. The harvesting proceeds once the majority of
the crop has developed an acceptable color. Although the product
contains a wide range of maturities, samples containing up to 50%
immature fruits can be used in the production of an acceptable jam

(Spayd and Morris, 1981). Picking early ripening fruits by




Figure 5.

Schematic of a mechanical strawberry harvestoer
showing a) the moving sickle bar b) the comb brush
picking and conveying system c¢) the fan blowing
leaves away d) the air lock valve and e) the
fruit transporting conveyor.



i7

hand improves the quality of the machine harvested fruits. For some
cultivars, it also increases the total yield harvested (Morris,
1980).

Before being delivered to the processors, mechine harvested
strawberries are usually cleaned from leaves and debris using a dump
wash tanks, trash eliminators and decappers. A dgrading unit is used
next to sort the berry by maturity based on fruit size (Dale, 1985,

Morris, 1980).

2.2. Precooling

To market strawberries profitably on a regional scale, they
must keep for at least a few days. Storage at low temperatures is
the simplest and most efficient way to maintain strawberry quality
(El Goorani and Sommer, 1981). Storage at low temperatures reduces
the activity of pathogens such as Rhizopus and Botrytis species
which are unable to produce sporangia at temperatures below 10°C.
Their growth and ability to establish new infections are also
greatly reduced in the 0°C to 109°C temperature range (Khalid and
Jordan, 1976). Maximum growth and sporulation by Rhizopus occur
between 15 to 30°C; infected fruits stored at 20°C will be totally
spoiled within 48 hours. At 10°C, rot lesions may be evident less
than 24 hours after inoculation.

Most products are cooled in the same room they are stored in
with no special facilities for the cooling operation. This method
involves less handling and simpler design and operation for the cold

room (Guillou, 1960). Cooling to the desired temperature is slow and
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takes place over a period of many hours. Highly perisheble products
such as strawberries, may deteriorate during the time they are
cooled. while warm products are added to the cold room, stored
products are exposed to continual variations in temperature and
humidity. In turn, this causes ocondensation of moisture on the
colder product, making it more susceptible to fungal infection
(Hart, 1964, Tonini, 1983). Finally in a slow cooling operation,
additional refrigeration .s necessary to extract the heat of
respiration which may be significant for products having a high rate
of respiration. In room cooling, the cooling rate of berries can be
accelerated by substituting plastic mesh master trays for the
regular fiberboard trays. Harris et al. (1969) reported the cooling
rate to be twice as fast with the plastic mesh tray. They also
reported room cooling of berries to be 20% faster when berries were
in plastic baskets rather than in pulp baskets. In forced air
precoolers, the type of baskets had little influence on the cooling
rate.

The importance of rapid precooling cannot be overemphasized
since twice as much decay occurs in berries held at 12.8°C as at
1.1°9C ard four times as much decay occurs at 21.1°9C as at 4.4°C. A
delay of 10 hours in cooling strawberries from 20°C to 4.4°C caused

a 20% increase in Botrvtis cinerea infections in berries stored for

three days at 4.4°C (Tonini, 1983). A 20 hour delay in precooling

caused a 40% increase in B. cinerea infections.
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. Cooling can be accelerated by increasing the area exposed to
cold air and by creating air movement in the cold room. To furtbhar
accelerate cooling, cold air must be driven into or through the
containers. Precoolers were developed for this purpose. By
circulating a cold fluid around the product to cool, the heat
transfer is greatly increased resulting in shorter cooling time.
Different types of preccolers are available.

Vacuum coolers are well adapted to cool leafy vegetables. In
these coolers, air is pumped away in the storage room until moisture
evaporates rapidly from the bvproduct. Fast cooling occurs as the
heat available in the product is used to evaporate the water. The
resulting water vapor is then condensed by refrigeration and run
into a sump. The half cooling time for strawberry in a vacuum
cooler is about 25 minutes; for lettuce, it is 3 minutes (Guillou,
1960). Strawberries are cooled quicker and cheaper by hydrocoo-
ling or forced air cooling. Vacuum cooling equipment is expensive
and requires skilled labor. Large daily outputs are necessary for
economical operation.

Strawberries can be precocoled by circulating cold water around

them (hydrocooling) but, unless they are handled in bulk, water

resistant containers would be required. Draining off excess water
would also be required. Any rise in temperature when packing
hydrocooled product must be offset by additional refrigeration.
With hydrocooling, damage to the product from wetting or from
infections carried by the water is also a possibility. ¢Cold air has

none of the drawbacks of hydrocooling and for berries it is equally
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effective (Guillou, 1960). Forced air cooling is brought about by
use of a difference in air pressure to force air through stacked
containers. Forced air cooling is best adapted to situations where
the pack is open. That is why forced air precooling is the most
common method used to precool small fruits. Air circulation is
provided by large fans that draw air through containers positioned
to favor air circulation around the berries (Harvey et al., 1969),
ILess than 1% of the producers precool their fruits in Québec
(Girard, 1985). The small size of the operation, direct and local
marketing explain to some extent why this is so. Yet 150 producers
cultivating areas larger than 2 hectares would benefit from precoo-
ling and cold storage (Girard, 1985).

In Québec, most growers harvest less than 0.5 tonnes of
strawberries per day. This small production and the short season
cannot justify the installation of an elaborate precooler. A
modular precooler, simple in design and inexpensive to build would
likely meet the needs of most growers if it was available on the

market.

2.3. Storage of Strawberries

Fruits and vegetables are still alive after harvest and their

devzlopment continues. But because the harvested fruit is cut from
its normal source of water and has only a limited supply of carbohy-
drate to respire, premature senescence, rotting and wilting are

promoted unless fruits are maintained in a controlled environment.
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Many storage systems are available to ctore ‘ruits and vegeta-
bles. During storage, stored products can lose significant amount
of moisture to the cold dry air. For strawberries however, moisture
losses during storage are rarely a problem because the storage
period is short and the epidermis of the berry is fairly impervious
(Woodward, 1972). In areas where moisture losses could become a
problem, the use of high humidity storage systems such as the
jacketed system or the Filacell system could be recommended. Both
systems would have to be downscaled to meet the growers need. If
desired, the Filacell system could be adapted to CA storage systems
(Krahn and Darby, 1971). Storage at reduced atmospheric pressure
has been tested in Florida and Michigan and in one instance, the
storage life of strawberries was extended to 21 days under hypobaric
storage compared to 5-7 days in conventional cold room (Burg,
1975). Yet the economic feasibility of commercial hybobaric storage
for strawberries is still uncertain in the U.S.A. and is likely not
to be profitable under the short Canadian operating season (Lange et

al., 1978).

CA storage of strawberries is mostly developed in the United
States for long distance transportation. In this storage system,
gases involved in the metabolism of the stored commodity are added
or removed. In general, O, is reduced and (0, is increased. Other
gases such as ethylene (C,yHy) and carbon monoxide (CO) are also
controlled when necessary. Storage in CA greatly improves the

storability of strawberries because it reduces their metabolic rate
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and delays their ripening (El Goorani and Sommer, 1981). Reduction
in the respiration rates are attributed to low oxygen concentrations
and in general, are most noticeable when O, concentrations are
lowered below 8 to 10%. 1If the O, level becames too low in the
storage room, fermentation occurs and off flavors develop (Couey and
Wells, 1970). The critical 0, concentration below which fermenta-
tion takes place is different for each species and variety of plants
and varies with the temperature and the length of exposure. For
strawberries stored at 4°C, the critical concentration is at 2 % 0,
and 98% N, (Woodward and Topping, 1972, Couey et al., 1966).

The role of CO, in CA storage is to decrease or inhibit the
growth of pathogens, to decrease the rate of oxidation of plant
compounds and to reduce the losses in acidity, firmness and chloro-
phyll (El Goorani, 1981). Certain fruits and vegetables such as
peaches and tomatoes, are susceptible to CO, and exposure to high
concentrations of 0, results in off flavors, soft tissue and
internal and external browning of the tissue. Strawberries are rot
susceptible to O, injury although during prolonged exposure to
concentrations greater than 30%, off flavors developed (Harris and

Harvey, 1973). Compared to other fruits, strawberries store best at

high C0, levels.
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2.3.1. Controlled atmosphere storage of strawberries
Controlled atmospheres can be created and maintained using

three different types of systems which are: the O, control systems,
the 00, control systems and the membrane system. In the Oy control
sSystems, the O, is depleted by burning it in catalytic burners,
purging it by pulverising liguid nitrogen in the storage room or by
pumping the air out of the room (hypobaric storage). In the COy
control systems, (0, is first rised by pulverising liquid OO, in the
room or by making the storage room airtight and letting the OO,
produced by the respiration of the stored products to accumulate in
the atmosphere. Once the desired CO, level is reached, it is
maintained by circulating the gas flow through a scrubber which
removes any excess. Water, hydrated lime, activated charcoal and
molecular sieve are the main reagents used commercially for CO,
absorption. The 0, concentration is usually maintained by letting
air into the storage room. The 0, and CC, control systems are not
adapted to short term storage of strawberries unless a source of 00,
is available. The use of membrane systems, where a semi permeable
menbrane regulates the gas exchange between the inside and the
outside of the cold room, would also be limited for strawperries
because of the time required to create the CA. Secondly, the gas
exchange characteristics of the membrane available do not lead to CA
with both high @0, and 0, concentrations. Raghavan and Garie—
pY (1984) have used a membrane system successfully to store a mmber

of vegetables and work is underway to design a membrane system which

P
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would allow O, and OO0y levels in the range of interest for straw-

berry storage.

2.3.2. Gas composition for controlled atmosphere storage of
strawberries.

A sumary of the different studies reviewed on the CA storage
is presented in Table 3. In the early experiments conducted between
1900 and 1950, the storage temperatures were often higher than
optimal because CA was tried as a possible alternative to low
storage temperatures (Brooks et al., 1932, Doren et al., 1941).
Brooks et al. (1932) found that an atmosphere composed of 18% (0,,
17% 0, ard 65% N, had a checking effect on decay of strawberries
stored under CA. As a result, better management of temperature was
introduced (Guillou, 1960, Harvey et al., 1965). Precoocling and
lower storage temperatures became standard in California shipments.
The airtightness of the containers was also improved to provide for
more steady CA composition (Harvey et al., 1980). As a result of
these improvements, storage of strawberries was extended from one
day in 1965 to 3 to 5 days in 1973 and 4 to 7 days in 1980 and
recomended storage temperatures dropped from 10°C to 4 to 7°C
(Harvey et al., 1980).

The gas compositions used in CA storage were also improved to
reduce decay to a minimum while preventing the development of off
flavors or 0, injury. Lower (O, concentrations did not reduce

fungal growth significantly enough to extend shelf life while higher
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fable 3. Effect of different storage conditions on strawberry decay and quality.

Gas concentrations Terp. Length Decay of fl ¥arketing Tenp.5 l)eca)'6 Reference

0, 1o, t, o days! 1 flavors  days® ot t

18 2 8y 2 10 -- N --- --- Fulton, 1907

13 8 78 1 10 Lot Y .- - --- ' '

--- 36 64 2 10 - ¥ .- - --- ! '

17 18 65 10-16 2 Ll | n-- .- .- Brooks et al., 1932
17 23 60 10-16 2 ] ¥ === == - ' ' '
18-19 10-13 69-71 10-16 1 ] Y === - .- ' ' '

17 15 68 10 { ¥ N 2 21 100 Doren et al., 1341
15-->21  30-->0 55-->79 10 [} N Y 1 I 100 ' ' '

6 15 79 0 7 .- ¥ =-- - --- Seith, 1938

1 10 79 0 7 K --- --- -=- ' '

13 27 60 8-10 1 8 N 2 15 24 Harvey et al,, 1965
21 --- 79 - 1 10 X 2 15 33 . ' '
0.25 0 99.75 3 5 Y 2 15 1.4 Couey et al., 1966
0.50 0 99.50 3 5 --- ] ] 15 1.8 . ' .
21 -- 79 ] 5 N 2 15 10.90 ' ' '
16-19 10-20 64-71 ] 1.5 X 1 15 7.5 Couey and Wells, 1970
15 30 85 ] 1.5 Y 1 15 5.5 ' ' !
21 --- 79 3 1.5 --- ] 1 15 16.7 . ' '
19 10 N 10 3-5 1.3 ¥ 2 15 8 Barris and Barvey,1%73
16 20 b4 10 15 1.7 X 1 15 11 . . '
15 30 55 10 3-5 4.5 Y 2 15 26 . ' '
21 --- 79 10 3-5 11.4 K 2 15 64 ' ' '
16-19 10-20 64-71 -1 --- ¥ 2 16 5 Barvey et al., 1980
21 - 18 {1 3 --- 1 16 33 ' ' .
16 20 64 b 8 0.1 N 1 15-19 1.2 Lange et al., 1978
1.0 .-- 99 6 8 13.9 ] l 15-18 42.9 ' ' '
2.3 5.0 . 1.3 21 14.0 f --- --- --- El Razzaz et al., 1983
17.5 15.0 67.5 1.3 h 0.2 X .- --- .- 1! ! '
21.0 --- 79.0 1.3 21 19,3 R - .- --- ' ' '

Note: K: no ¥: yes; 10-15°C means 10 to 159C; 10-->15%:means at t=0,temperature 1s at 109 and rises to 15 O
at end of storage.

1- bength of storage in days.
1- { decay in stravberries at end of storage.

¥ Off flavors detected or not.
{- Length of storage in days wvhere herries were left at a given temperature after storage in CA.

5- Temperature at vhich berries were left during the marketing period.
6- 1 decay in stravberries at the end of marketing period.
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C0, concentrations lead to the development of persistent off flavors
(Brooks et al., 1932, Harris et al., 1969, Couey and Wells, 1970).
The best gas mixtures were those where 15 to 20% (0, was present
with nearly equal amounts of O,. Adding (0, in air using dry ice or
liquid gas was the method used commercially to get the desired gas
concentrations (Brocks et al., 1932, Harris and Harvey, 1973).

Couey et al. (1966) used liquid nitrogen to lower O, concentra-
tions to store strawberries at 3 ©C for 5 days in atmospheres
composed of 0 to 1% O, and 99 to 100% N, . Oxygen concentrations
below 0.5% decreased decay caused by B. cinerea to 4% while decay
affected 10% of the berries stored in air. Off flavors developed in
fruits held in Oy concentrations of 0.25% or less. 1In later
studies, Couey and Wells (1970) studied the possible commercial use
of storage in low 0, atmospheres. Storage in atmospheres containing
low 0, concentrations (below 1%) was not recommended as it is very
sensitive (Couey arnd Wells, 1970). The authors recommended
atmospheres composed of 10 to 20% CO,, 16 to 19% O, and 64 to 71%
Ny as an effective means of reducing decay in stored strawberries
without causing off flavors. Lange et al. (1978) kept strawberries
for 8 days at 6°C in an atmosphere composed of 20% 0y, 16% O, and
64 ¥ Nyp. At the end of storage, only 0.1% of the berries stored in
CA were decayed compared to 13.9% decay in berries stcred in air.
Moreover, after an additional day of storage in air at temperatures
between 15 and 19 ©C, only 7 $ of the strawberries previously stored
in CA were decayed compared to 42.9% decay in berries previously

stored in RA. El Kazzaz et al. (1983) stored strawberries for 21
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days at a temperature of 3.3°C in an atmosphere composed of 17.5%
0,, 15% 00, and 67.5% N,. At the end of the storage period, only
0.15% of the strawberries stored in CA were decayed while decay
affected 19.3% of the berries stored in RA. Results of these
studies are examples of the effectiveness of CA in the ranges

recommended to maintain strawberry quality.

2.4. Use of Controlled Atmosphere in Combination with Other
Treatments

Successful transport and short term storage of strawberries are
dependent on the extent to which decay organisms can be controlled.
Various treatments such as preharvest applications of fungicides,
irradiation and addition of gases such as carbon monoxide (C0) to

the CA can improve the effectiveness of CA in controlling fungal

growth.

2.4.1. Irradiation
Chalutz et al. (1965) compared the effectiveness of CA in

inhibiting the growth of B. cinerea on irradiated and unirradiated
strawberries packed in airtight microbes proof packages. When
stored in an atmosphere composed of 10.5% 00,, 4.8% O, and 84.7%
Ny, 83.3% of the strawberries irradiated with a dose of 200 Krad
were still marketable after a storage period of 16 days at 5 ©c.
When stored in air, only 40.5% of the irradiated berries were
marketable at the end of storage.

Chalutz et al. (1965) noted there was little benefits derived

from combining CA with irradiation to inhibit Botrytis cinerea
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growth . Later studies under actual transit conditions showed
disease control with irradiation was only as good as conventional

refrigeration (Maxie et al., 1971).

2.4.2. Pungicides

Depending on seasonal weather conditions, fungicide applica-
tions may help reduce postharvest losses by reducing field infection
by pathogens (Borecka and Millikan, 1981). In a storage experiment,
berries harvested from plants sprayed with 0.1% Benlate 50WP
(Benomyl) at tight cluster, full bloom and f-uit set, and stored in
an atmosphere composed of 20% COp, 3% O, and 77% N, kept better
than berries from unsprayed plants. Decay affected 45% of the
berries from sprayed plants compared to 60% of the berries from
unsprayed plants. In a later experiment, no rot developed in
berries picked from plants sprayed with Benlate or Bavistin (carben-
dazim) and stored in CA for 20 days at 4°C. Different results were
recorded in the second experiment because the weather during bloom
through ripening was warm and dry and was unfavorable to infection.
During the first year, the weather conditions in late Spring and
early sumer were cool and wet, and favored infection of strawber-
ries by B. cinerea. Because field infection was more limited the
second year than the first year, fungicide applications and CA

storage were more effective in controlling pathogens.
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2.4.3 Effect of ethylene and carbon monoxide

While strawberries are stored in CA, gas such as ethylene is
produced by the berries and its accumulation in the atmosphere may
affect their keeping quality. El Kazzaz et al. (1983) observed that
the presence of 20 ppm of ethylene in an atmosphere composed of 5%
005, 2.3% 05 and 92.7% N, promoted fungal growth. After 2i days at
0.6 ©C, 14.0% of the berries stored in CA were decayed while 17.6%
were rotted when 20 ppm ethylene was added to the CA.  Strawberries
stored in atmospheres containing 20 ppm ethylene were also softer
than fruits stored in air or CA hut there was no difference among
treatments with respect to off flavor, sweetness, soluble solids
content and titratable acidity. El Kazzaz et al. (1983) suggested
that the scrubbing of ethylene from the atmosphere of storage rooms
might be advantageous because of its effect on disease development
and its effect on fruit firmess.

Carbon monoxide (CO) can be added to CA to improve its fungi-
static effects (El Goorani and Sommer, 1979). In atmospheres
composed of 2.3% Oy, 5.0% 0y and 92.7% N,, cultures of B. cinerea
on strawberries stored at 5.5 ©C for 19 days spread over the fruits
at a rate of 1.2 mm per day. When 9.0% OO was present in the CA
(2.3% 05, 5.0% CO, and 92.7% Ny), the growth rate of the fungi was
reduced to 0.3 mm per day. Later, El1 Kazzaz et al. (1983) observed
only 0.15% of the berries stored in 10% 00, 2.3% O,, 5.0% OO0, and
82.7% N, for 21 days at 0.6°C were decayed while 14.0% of the

berries stored in CA (2.3% 0y, 5.0% 0O, and 92.7% N,) were decayed.
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Use of OO in the makirng of CA could thus help suppress fungal growth
but the use of 0 in storage have serious limitations because of its
toxicity to humans and the danger of explosion at concentrations

between 12% and 75% (v/V).

2.5. Effect of Storage Conditions on Strawberry Physiclogy
and Quality

The maturity of strawberry at harvest influences their shelf
life and quality. In general, immature berries store well compared
with mature ones. From petal fall, a strawberry requires about 40
days to develop fully. The growth rate throughout this period is
fairly steady and slows only in the last days of development
(Woodward, 1972). After about 42 days, growth ceases and the fruit
enter a period of rapid ripening which lasts two to five days.
Quality factors such as titratable acidity, soluble solids (SS),
soluble sugars, pH and color are used to evaluate the ripeness of
fresh strawberries.

2.5.1. Chemical composition of strawberries

Soluble solids, soluble sugars and titratable acidity increase
steadily during the developmerit and ripening periods. At senescence,
titratable acidity in overripe fruits tends to decrease while
soluble sugars maintain or increase (Figure 6) (Woodward, 1972).
After about 42 days, growth ceases ard the fruit enter a period of
rapid ripening which lasts two to five days. Quality factors such
as titratable acidity, soluble solids (SS) soluble sugars, pH and

color are used to evaluate the ripeness of fresh strawberries.
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Figure 6. Physical and chemical changes in developing
strawberry. (Adapted from Woodward, 1972).
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At maturity, the total sugar content of strawberry ranges
between 2.81 to 8.81 per cent of the fresh weight depending on the
cultivar (Money and Christian, 1950). The average sugar content of
mature berries is about 5.0% with 0.87% as sucrcse and 4.13% as
reducing sugars. Sweeney et al. (1970) report strawberries grown
the first year are higher in soluble solids and sugars than those
grown the second year. In taste panel scores, they found flavor was
usually significantly related with sugars, SS and with the SS to
titratable acid ratio. A sugar to acid ratio of 5.3 and a SS to
acid ratio of about 9 were found typical of mature berries (Sweeney
et al., 1970). Glucose and fructose are the principal sugars found
in strawberries.

At maturity, citric and malic acids are the main organic acids
found ir strawberries. Trace amounts of quinic succinic, glyceric,
glucollic and oxaloacetic acids can also be found (Sweeney et al.,
1970). The titratable acidity of a typical ripe fruit is 1.01%
(w/w) with 0.92% as citric acid and 0.09% as malic acid. Depending
on the cultivar, the titratable acidity at maturity varies from 0.57
to 2.26% and the pH from 3.3 to 3.7 (Woodward, 1972, Skrede, 1980).

In the development of strawberries, color changes are associa-
ted with changes in the concentrations of pigments. Until about 30
days after petal fall, the developing strawberry is green and

little color change occurs. Past this time, the synthesis of
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- carotenoid (yellow pigments) and chlorophyll (green pigments) stop
while the production of anthocyanin pigments (red pigments) picks up
to increase rapidly on the 35 ™ day (Woodward, 1972). The average
anthocyanin content of a mature strawberry lies between 40 to 80
ug/gram fresh weight. Light and temperature influence the produc-
tion of anthocyanins and in the field, full color development occurs
in one or two days depending on the weather. In storage, strawber-
ries harvested at the white stage will develop full color at room
temperature notwithstanding the  temperatiire and light level.
However, in white strawberries stored in the dark and at 10°C,
normal color development is impaired. Ascorbic acid or vitamin C is
the vitamin found in greatest concentrations in strawberries. A
typical average concentration of vitamin C in strawberry is 60
mg/100 gram fresh weight (Oliver, 1967). The ascorbic acid content
of strawberries is low until the onset of color development (30 to
35 days after petal fall). Vitamin C content increases in ripening

berries but decreases in overripe ones.

2.5.2. Effect of CA an chemical composition of strawberries
Unusual concentrations of O, and G0, in the atmosphere around
stored fruits affect their physiology and delay senescence. The
effects of CA on the parameters measured to find the degree of
ripeness show how a given CA can control physiclogical breakdown of

the stored fruit.
El Kazzaz et al. (1983) did not find any difference in the SS

content and titratable acidity of strawberries stored for 21 days at
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3.3%C in air or in atmosphcres composed of 17.5% O, and 67.5% Np;
2.3% 0y, 5% 00, and 92.7 % Ny. Borecka and Millikan (1981) found
increased acidity and reduced SS in strawberries stored for 10 days
at 49 in air compared to berries stored in atmospheres composed of
3% 0y, 20% (0, and 77% Np. Soluble solids content in berries stored
in CA was 9.50% compared to 8.18% in the control and titratable
acidity in strawberries stored in CA was 0.65% compared to 0.74% in
berries stored in air. When the experiment was repeated, no
significant difference was found in the SS and the acidity of
berries stored in CA or in air. In a third experiment where the
storage period was extended to 20 days, strawberries stored in air
had a higher acidity than berries stored in Ca although no signifi-
cant difference was found in the SS content of strawberries stored
in air or in CA. The authors concluded there was no consistent
difference in SS or in acidity that could be associated with the
type of storage used.

Plocharski et al. (1978) stored strawberries for 12 days at 6
O in air and in atmospheres composed of 1% O, and 99% Ny; and 16%
05, 20% CO, and 64% N,. During storage, he monitored the changes in
acidity, anthocyanins, hydrogen ion activity ard vitamin C. For all
treatments, there was no change in total solids during storage.
Gradual losses in acidity and hydrogen ion activity were observed
for all treatments. Yet fruits stored under low O, concentrations
had the smallest changes in acidity with 18% decrease while the
acidity of strawberries stored in air decreased by 25% and by 32% in

berries stored in 20% C0,. Hydrogen ion activity decreased by 40%
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in berries stored in air or under high OO, atmospheres, but only 22%
under low O, atmospheres. Plocharski et al. (1978) explained that
in the low O, atmospheres, the acids were better preserved because
respiration was suppressed. The changes in SS and in anthocyanin
content during storage were very small and differences between
treatments were not significant. Plocharski et al.(1978) conclu-
ded that because of the stability of the anthocyanins during cold
storage, the fruits for immediate consumption after storage should
be harvested when they are properly colored. The rate of degrada-
tion of vitamin C under atmospheres containing 20% 00, was greater
than in the other treatments. In strawberries stored in 20% CO,,
26% of the vitamin C was lost compared to 9% 1in berries stored in
1% O, and 18% in berries stored in air. The low O, atmosphere

helped in the preservation of vitamin C by limiting its oxidation.

2.5.3. Effect of storage conditions on respiration

Overholser et al. (1931) studied the respiration rate of
immature and mature strawberries in modified atmospheres at 20°C.
In their experiment, 00, levels were increasing while Op levels were
decreasing by about the same percentage (0, was produced. With
concentrations in the range of 7 to 12% (€05, they found no depres-
sing effect during 16 to 18 hours monitoring periods. During the
longer period and with a higher (O, content, respiration intensities
were slightly greater. Respiration rates in air averaged 81 mg

0,/kg hr and 93 mg 00,/kg hr for mature fruits.
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The respiration quotient (ratio of OO, produced to O, consumed)
was less than one indicating there was probably no anaerobic
respiration. Therefore, at these 00, levels, all 00, released
likely came from the complete oxidation of hexose sugars.

Haller et al. (1933) found respiration rates at 20°C close to
the ones of Overholser et al. (1931). They studied the respiration
rate and respiration quotient of strawberries in relation to
temperature. At lower temperatures, they observed that the tempera-
ture coefficient was greater than at higher temperatures. The
temperature coefficient is the number of times the respiration rate
is increased by a 10°%C rise in temperature. For instance, the
temperature rise from 0 to 10 9 more than tripled the respiration
rate while a temperature rise from 11 to 21 ©C doubled it (tempera-
ture coefficients of 3.65 and 2.05 respectively).

Haller et al. (1933) obtained different respiration quotients
than Overholser et al. (1931) . While Overholser et al. (1931) had
a quotient close to unity for the variety they studied, Haller et
al. (1933) fourd a quotient of about 1.3 at most of the temperature
studied. This higher respiration quotient indicated, CO, released
likely came from the oxidation of citric acid. This observation
might be of interest in respiration studies where respiration rate
is evaluated from the measurements of heat production by the berries
because the complete oxidation of citric acid gives off only 70% as

much heat as the oxidation of dextrose.




Thornton (1933) studied the O, uptake by strawberries at 25°C
in concentrations of carbon dioxide varying from 0 to 76%. His
experiments lasted from 4 to 41 hours and sample weights varied from
106 and 439 grams. Oxygen uptake by strawberries was not retarded
by carbon dioxide until a concentration of more than 50% 0O, was
used.

Woodward and Topping (1972) studied the effect of low O,
atmospheres on the O, uptake of strawberries. Berries were stored
in air or in atmospheres containing 1.2% O and 98.8% Np or 5% O,
and 95% N, at 4.5°C for 12 days.

The O, consumption was lower in fruits stored under lower O,
concentrations and varied during the experiment. In all treatments,
there was an initial decrease followed, after the fifth day, by an
increase of (0; production. In air, the O, uptake varied between 7
to 23 my Oy/kg hr; in 1% 0,, it varied between 8 to 14 mg Oy/kg hr;
in 2 % 05, it varied between 8 to 12.5 mg Op/kg hr and in 5% 05, 05

uptake varied between 11.5 to 15 mg Op/Kg hr .

Ingle (1970) observed similar O, consumption rates in strawber-
ries stored in air at 7°9C except tha: the pattern was different. He
reported no initial fall in the O, uptake during the first 5 days of
storage and only noted a rise in consumption after 5 days at 12
©Cc. Following storage in 2% 0,, Wocdward and Topping (1972) noticed

off flavors in the berries. Chemical analysis showed accumulation

of alcohol in the tissues.
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Janes et al. (1978) studied the effects of acetaldehyde and
ethylene on the respiration of strawbeiries harvested at the white
stage prior to the onset of color formation. Berries were exposed
to 50 ppm ethylene or 5000 ppm acetaldehyde at 22 ©C and respiration
was monitcred for 25 hours.

Exposure of strawberries to ethylene had almost no effect on
the production of 00,. This verified results reported by Gerhart
(1930) and Mason and Jarvis (1970). By comparison, acetaldehyde
increased respiration from 52 ml (Op/kg hr at the start of the
experiment to 72 ml 00,/kg hr 8 hours later.

El Kazzaz et al. (1983) studied the effect of ethylene and
carbon monoxide on the respiration rate of strawberries at 0.6°C
over 16 days. At a concentration of 20 ppm in air, ethylene did not
affect respiration rate until the second week where respiration
slightly increased in comparison to fruits held in air. Although it
has not much effect on the respiration of strawberry, ethylene may
influence the physiology of organisms such as Botrytis cinereg (El

Kazzaz et al., 1983).

2.5.4. Relation between respiration and storability

The respiration rate being a mesure of the rate of metabolism,
it should in theorv, be an index of the rate of deterioration of a
product. A lower respiration rate would correspond to a slower
deterioration rate and a longer storage life.

In practice, storage life is usually limited by decay and by

physiological changes such as softening and dehydration that are not



related to respiration. Therefore, storage conditions leading to

the lowest respiration rate might not always be the best in exten-
ding the product storage life or quality.

For instance, the respiration rate of Cambridge Favourite
variety kept in 20% O, is lower at 0 OC than at 3 ©C. Yet the
fruit kept at the lower temperature exhibited CO, injury after ten
days while the fruits stored at 3 ©C did not until after 30 days
(Woodward and Topping, 1972).

Firm fleshed varieties of strawberries will also keep better
than soft fleshed varieties although the respiration rate of firm

fleshed varieties wmight be higher than the ones of soft fleshed

varieties (Overholser et al., 1931).

2.5.5. Effect of storage conditions on strawberry firmness

Fruits of strawberry cultivars vary in their susceptibility to
rotting and are easily bruised by hand picking and transporting,
rapidly becoming unmarketable, especially at ambient temperatures.
Firmness which i1s considered to be related to resistance to mecha-
nical injury is often assessed by rubbing the fruit skin with thumb
and finger, by penetrometer tests and more recently by sophisticated
apparatus such as an Instron which measures both skin strength and
firmness (Barritt, 1980, Ourecky and Bourne, 1968).

A firm flesh and tough skin reduce the susceptibility of
strawberry to damage at harvesting and indirectly lenghtens shelf

life (Barritt, 1980). Ourecky and Bourne (1968) used an Instron to
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study the strength and firmness of strawberries at different
temperatures. On the Instron, the probe speed was set at 50 cm per
minute and the probe used was a 0.95 cm diameter star shaped brass
probe. The fruits were prob:d through the side with the stem in the
horizontal plane. This produced puncture curve with two and three
peaks.

The first peak of the curve was defined as the force required
to penetrate the skin. As the probe broke through the skin, a dip
in the curve was obtained until the resistance offered by the flesh
increased. Some strawberry varieties have a fibrous core while
others have a soft or hollow core. Those with a fibrous core
produced a puncture force curve with three peaks, the middle being
interpreted as the resistance of the cortex to the penetrating
probe. Fruits with a uniform flesh and core area gave no second
peak. The last peak corresponds to the maximum force required to
penetrate the opposite side of the recsptacle (Ourecky and Bourne,
1968).

Ourecky and Bourne (1968) observed that as temperature increa-
sed, flesh firmness and skin toughness decreased and that the firmer
the fruit was, the greater was the effect. The greatest change in
firmness occurred between 1 9C and 10°C and the least between 35 OC
and 43.5 . Flesh firmness was found to influence skin toughness
rating.

Fruit size and maturity also had an effect on firmness.
Unripe fruits were usually firmer with a tougher skin however the

difference between ripe and slightly overripe fruits was small. 1In
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general, small fruits were firmer and tougher than medium and large
sized fruits; there tended to be no significant difference between
medium and large fruits (Ourecky and Bourne, 1968).

Bourne (1982) defined a firmness temperature coefficient (FT
coefficient) to describe the effect of temperature on firmess.
This coefficient was defined as the percent change in firmness per
degree temperature increase over the temperature range studied.
Using this formula and data from deformation tests, he found that
between 0 to 30 9, the percentage decrease in firmness per degree
Celcius increase (FT coefficient) was approximately linear but
highly variable. For a soft fleshed variety it was equal to 0.46
and to zero for a firm fleshed variety. Between 30 to 45 ©C, the FT
coefficient of the short fleshed variety was 3.09 and it was 3.48
for the firm flesh variety.

Bourne (1982) found that the firmness temperature coefficient
varied from cultivar to cultivar, from test method to another, from
year to year and during storage. Therefore, his results could not
be used to predict in advance whether strawberry cultivar will have
a low, medium or high FT coefficient.

Plocharski et al. (1978) studied the effect of controlled
atmospheres on the flesh firmness and skin toughness of strawberry.
Berries were kept at 6 X for 4, 8 and 12 days in air; in 16% O,,
20% 0, and 64% Np; in 1% O, and 99% Np; and in air at 0.1 or 0.05
atmospheric pressure.

After 4 days, he found fruits stored in 20% OO0, had a marked

increase in the texture of both flesh and skin while in the other
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treatments, the berries kept their original texture. Skin and flesh
textures of strawberries kept in 20% (O, were 2.1 N and 2.7 N
respectively compared to valw:s of 1.5 N and 2.3 N for berry stored
in air.

After 8 days, there was 20% decrease in skin toughness and a
30% decrease in firmness for all treatments. After 12 days storage,
the toughness and firmness have decreased further and there was no
significant differences among treatments. Thus exposure to 20% CO,
increased mechanical resistance of the skin and of the flesh for up
to 8 days.

Plocharsky (1982) further investigated the influence of 0, on
firmess of strawberry. The effect of the following atmospheres on
strawberry firmness were measured; air; 20% Q0p, 1% O and 79% Nyp;
20% 00,, 165 O, and 64% N,; and 1% O, and 99% N,. Berries were
stored at 6 9C for up to 10 days. Prior to storage, some berries
were exposed to atmospheres composed of 20% CO,, 16% Oy and 64% Ny
for 12 to 24 hours. The firmness of the fruits stored in 1% 0, and
99% N, was not significantly different from that of the control.
The firmness of fruits stored in 20% OO, and 1% O, and 20% OO0, and
16% 0, were not significantly different. Fruits stored in 20% O,
were firmer than the ones stored in air. Fruits exposed to 20% O,
for 12 or 24 hours prior to storage in air or 1% 0, and 99% N, were
firmer than fruits not exposed.

In a second experiment, Plocharski (1982) verified the effect
of 2, 4, 8 and 16 hours exposure to atmospheres composed of 16% O,,

20% (0, and 64% N, prior to storage in air at 6 Oc for two days.
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For ripe berries, a four hour exposure was enough to increase
firmmess by 8%; a 16 hour exposure increased firmness by 25%. For
underripe berries, a 16 hour exposure was required to induce
significant differences in firmness. 'The increase in firmness
lasted throughout the two day storage at 6 9C and for additional
day at room temperature. To explain this phenomenon, Plocharski
(1982) measured the change in pectic substances and moisture losses
during storage.

The greater firmness of fruits stored in 16% 0, and 20% 0, and
in 1% 0p and 99% N, could be partly attributed to a significant
difference in mass loss during storage. Mass losses in berries
stored in 20% 00, in air were 2.9% compared to 4.9% in berries
stored in air. A few hours exposure to 20% 0, and 16 3 0p followed
B by storage in air for two days did not cause significant difference
in mass losses.

Storage in 20% (O, or exposure to 20% (0, before storage in air
decreased the amount of water soluble fraction and increased the
amount of ammonium oxalate fraction of pectic substances. Exposure
to 20% 0, before storage in 1% Oy and 99% N5 did not change the
content in water soluble fraction but increased the amount of

ammonium oxalate fraction.

The increase in ‘the ammonium oxalate soluble fraction of
pectic substances during storage was assumed to be due to an
enhancement of the de esterification of pectic substances. Lower
activity of hydrogen ions as & result of exposure to 20% 00O, would

promote de esterification. Neal (1965) showed ¢ie esterification to




44

have a firming effect on fruit tissue if calcium ions were availa-
ble. The large differences in sodium hydroxide soluble fraction
(not affected by OO, treatment) between ripe and underripe strawber-
ries may explain why underripe fruits did not react as much to 0,
exposure as the ripe ones. The amount of sodium hydroxide fraction
in ripe berries was 5% mg/110g and 83 mgy/100g in underripe fruits.
Results from the studies cited show that post harvest handling
have a significant influence on the quality and shelf life of
strawberries. 1In the field, careful picking followed by rapid
cooling to low temperatures preserve fruit quality and reduce fungal
growth., Storage in CA suppress fungal growth and to some extent
improve strawberry firmness and color. Besides, strawberries stored
in CA can be stored longer and once out of storage, they keep better
than strawberries stored in RA. The benefits derived from improved
post harvest handling of strawberries on strawberry quality and
shelf life are the first steps to a broader marketing strategy

covering the nation territory.




ITI. MATERTALS AND METHODS

To study the effectiveness of CA in reducing decay of straw-
berries of the Red Coat variety, a set of experiment was designed.
The quality of strawberries at the end of storage was also studied
as well as the residual shelf life after storage.

A factorial design consisting of the following treatments was
used: i) age of the plantation

ii) harvest dates
iii) type of storace

The treatments were replicated four times (Table 4, Table 5).

Statistical analysis of the data was done to evaluate any
significant effect of the treatments on the following parameters:

1. percentage of sound berries at the end of storage

2. mass loss

3. moisture content

4. pH

5. acidity

6. skin firmness

7. flesh firmness

In addition, a secondary factorial experiment was carried on
berries to verify the effect of a two hour exposure to high O,
concentrations on the above parameters (Table 6). This treatment
was administered in addition to the other treatments of the storage

experiment on berries harvested from one year old fields only.




Table 4. Treatments considered in the storage experiment.

Treatment Level
Age of the plantation one year or two year
Harvest date June 20 or June 27
Type of storage RA or A

Table 5. Lay out of the experiment including strawberries
from one year and two years old plantation.

HARVEST 1 HARVEST 2
/ \ / \
FIRST SECOND FIRST SECOND
YEAR YEAR YEAR YEAR
/ N\ /N / \ /N
ca RA ca RA ca RA CA RA

Table 6. Lay out of the experiment including exposure to high
00, (only berries from the one year old plantation

were used)
HARVEST 1 HARVEST 2
/ \ / \
NO @Oy CO, NO @0,
/ 0\ / 0\ / / \
CA RA (A RA CA RA CA RA

46
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A third set of experiment was also conducted to observe the
effect of CA on the propagation of mold (nesting) from one berry to

the next. This experiment was conducted with berries from the

second harvest only.

3.1. Harvesting of the strawberries

Strawberries used in the experiment were of the Red Coat
variety. They were grown on a mulched loany soil rich in phospho-
rus and potassium ( 225-279 kg/ha and 335-449 kg/ha respectively).
The field was sprayed with 0.1% Benlate 50WP on June 16 and June 23,
1985. Harvesting took place at the Macdonald College Farm on June
20, 1985 and on June 27, 1985. Strawberries were harvested in
preweighed experimental containers (3.6 liters capacity plastic
jug). Harvesting was done in the morning between 9:00 and 12:00 and
45 berries were placed in the containers. Once filled, containers
were put under shade.

The College staff and visitors harvested the strawberry fields
thoroughly every two days (Figure 7). Hence the mature berries used
for the experiment were no more than two days old. Pickers were
instructed to select berries that were sound and firm; preferably at
the white tip stage, that is, when 3/4 of the surface is red and the

tip is still white in color. Damaged or infected berries were

discarded.
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Figure 7. View of the fields at the Macdonald College
Farm where strawberries were harvested.
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3.2, Treatments

Two hours after the beginning of harvesting, about 35 kilograms
of strawberries were taken to the oold room (Envirocon) to be
precooled to 5°C in less than two hours. To improve heat transfer,
the two circulating fans of the cold room were left running at all
times during precooling. Containers were placed in front of the
fans so that cold air could circulate around the berries. The
temperature of the fruits was measured at the beginning and at the
end of the two hour cooling period using a needle probe (thermistor
YSI series 700 R 2415-24) comnected to a YSI thermometer (series
8400). The temperature was measured at the center of the contai-
ners. During storage, temperature in the cold room was kept at 5°C
+/- 1°cC.

After precooling, the experimental containers were weighed.
After weighing, a lid was loosely fitted on containers to be used
for the regular atmosphere treatment (RA). Containers to be used
for the CA treatment were tightly capped with a 1lid equipped with a
gas inlet, a gas outlet and a septum (Figure 8). The gas inlets
were connected to a gas distribution network delivering approxima-
tely 60 CC/min of a mixture of 16% OO, in air to each container.

To bring the gas composition in the storage chambers to the
level desired, the containers were flushed with a gas mixture
composed of 16% (0,, 20% O, and 64% Ny for 10 minutes at a rate of
400 cc/min per container. Gas analysis was done after flushing and

containers with too low carbon dioxide content were flushed again 5
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to 10 more minutes until the gas composition in the container was
satisfactory.

Gas within the containers was sampled through a septum instal-
led on the 1id (Figure 9). A one cc syringe fitted with a 22.2 mm
needle (Becton Dickinson, model 25G7/8) was used to sample the gas.
After sampling, the syringe was placed into a rubber stopper to
prevent any gas contamination or loss to and from the atmosphere.
Gas analysis was done within minutes using a Fisher Hamilton gas
partitioner (model 29). The gas partitioner had been previously
calibrated using a gas mixture composed of 10.6% (0, 4.9730, and
84.43% N,. Results were recorded using a Hewlett Packard integrator
(model 3390 A).

Once the desired atmosphere was reached in a container, it was
flushed continuously at a rate of 60 cc/min using a mixture of gas
supplied by a gas cylinder. The mixture was done at the plant of
Liquid Carbonic and was for technical use (precision of +/- 2% in
the concentrations). Differences in OO, concentrations from one gas
cylinder to the next were considered acceptable as long as the
concentrations in the experimental containers were maintained
between 15 and 20%. The composition of the gas mixture was 18 %

+/- 2% mz, 19 % +/- 2% 02 ard 63 % +/- 2% N2.




Figure 8. The experimental containers were capped with a lid
L equipped with a gas inlet, a gas oulet ard a septum.

Figure 9 . Gas within the container was sampled via the septum
" using a 1 cc seryngue.



52

y Gas composition in each container was monitored daily following
the method described above. Excessive variation in gas composition
were usually corrected by tightening the lids, fixing loose junc-
tions in the distribution network and flushing each container(s)
with a 100 cc/min of the gas used to create the CA conditions.
Usually, concentrations returned to desired levels within a half
hour. The gas distribution network as well as the container inlets
ard outlets were made of a 0.635 cm (outside diameter) plastic
tubing (Tygon) fitted together using high density polyethelyne
fittings (Figure 10). The distribution network brought gas to the 8
containers (Figure 11). Any spore contamination from a container to
the other via the distribution network was prevented by maintaining
a positive pressure in the network relative to the containers.

To have a more balanced flow in all containers, gas was
introduced in the distribution network wvia two inlets. (Figure
12). Gas flow in the distribution network was controlled amd
monitored via a precision flowmeter (Union Carbide model MM-4202).
The gas mixture was supplied from a high pressure cylinder (size K)
(Figure 13). The cylinder was rolled prior to connecting it to the

system to make sure gases inside were well mixed. The gas cylinders

were kept in the cold room so that the gas temperature was the same
as that of the berries. A two stage regulator equipped with a
manifold was used to regulate the pressure and to direct the gas to

the gas distribution networks.
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Figure 10. Polyethylene fittings used to assemble the gas
distribution network.

Figure 11. The gas distribution network brought a 100
cc/min of gas to up to 8 containers.
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The manifold consisted of 0.635 cm copper plated iron tubing
(unknown manufacturer) with a 0.635 cm NPT thread ard held together
by fittings also made of copper plated iron (Figure 14). Eight
valves were installed on the manifold constructed and were used to
allow or to shut gas flow to a given distribution network. A three
meter long 0.635 cm O.D. polyethylene tubing connected the manifold
to the flowmeter of each distribuiton network. The tubing was held

to the manifold by means of Eastman Imperial fittings.

3.3. Measurements

At the end of the storage experiment, the experimental contai-
ners were weighed. The initial and final masses were used to
compute the percent mass losses during storage. The method sugges—
ted by Ourecki and Bourne (1968) was followed to measure strawberry
texture. The Instron was calibrated so that a one kilogram load
(9.8 N) caused a 25.4 cm horizontal deflection of the pen. A 0.32
cm diameter probe secured on the upper plate of the Instron and
travelling at a speed of 10 cm/min was used to puncture the ber-
ries. The chart speed was set at 20 cm/min. The edge of an eraser
was used to support the fruit during testing to prevent it from
rolling or changing position. The berries tc be tested were left at
room temperature ( 22 +/- 2 ©C) for three hours to warm up. A
needle probe connected to a YSI thermometer was introduced in some

of the berries to check if they had reached room temperature.




Figure 13. Gas supply system. A gas tank equipped with a two stage

regulator supplies an 8 port manifold used to route the

. gas to distribution networks. A flowmeter monitors and
- controls the gas £low to each network.

Figure 14. The manifold was equipped with ball valves used to
cut or allow the flow of gas to a particular distri-
hution network.
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During testing the Instron probe travelled through more than
half the fruit to obtain the desired two peak curve. The first peak
corresponded to the toughness of the skin; the second to the
firmess of the flesh. We weighed and tested 15 strawberries for
each replicate.

The acidity tests, the moisture content and the soluble solids
were carried on the berries used for firmness tests. The quality
tests were carried less than two hours after the firmness tests were
completed. The fifteen berries of a given treatment were cleaned
and cut into quarters. One quarter was assigned to acidity tests,
another to soluble solids determinations, a third to moisture
analysis and the last was frozen or kept as a spare in the event a
test would have to be redone. For each test, the 15 quarters were
put together 1n a composite sample from which three sub samples
weighing 8 to 10 grams were drawn for analysis. For the acidity
tests, the procedure suggested by the A.0.A.C. (1980) for the
analysis of fresh fruits was followed. The results were expressed
as per cent citric acid. Soluble solids determinations was done
following the method suggested by the A.0.A.C. (1980). Juices
extracted from the berries were filtered through a paper filter
before placing in the Abbé refractometer. Once the readings were
taken, the refractometer window was cleaned using 100% ethanol. The

results were expressed as per cant soluble solids.

To find the moisture content, the samples were dried in an oven

set at 43°C until no weight change was recorded (usually two days).
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3.4. Simulation of commercial storage conditions

At the end of each storage experiments, the strawberries in the
experimental containers were inspected for visible signs of spoilage
(foul odors, molds, discoloration). When none was recorded, the
strawberries left were submitted to an experiment aimed at simula-
ting marketing conditions at the retail level.

Strawberries marketed in retail stores are usually sold at room
temperature. At the end of the day, the unsold strawberries are
stored in cold rooms usually set at 10 9C. A simulation of the
commercial marketing conditions is included at the end of storage
to verify the residual shelf life of strawberry. Storage of fresh
strawberries would be useless 1f the berries are spoiled once out of
the cold room. The experiments simulating commercial storage condi-
tions were conducted in a cold room (Envirocon) kept at 10 +/- 20C.
The inside of the room was kept dark except when berries were
sampled or transferred outside. The berries were stored in uncapped
experimental containers.

Storage under commercial conditions lasted for two days. Every
twelve hours, the berries were taken out of the cold room and stored
at room temperature (22 +/-2 ©C). After 12 hours at room tempera-
ture, the containers were stored back in the cold room. This cycle
continued for two days. At the end of the period, the percentage of
marketable strawberries was recorded (to be later converted in the

parameter called percentage of sound berries for statistical
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analysis). Samples of molds present were taken for isolation and

identification (see Appendix B).

3.5. Exposure to High 00, concentrations

A second set of experiment was conducted to evaluate the effect
on quality and shelf life of strawberries of a two hour exposure to
00, concentrations above 60%. This set of experiment was carried
only with strawberries harvested from the one year ©ld plantation.
It was repeated for both harvests. The same experimental procedure,
similar to the storage experiment, was followed for these experi-
ments except for the additional treatment of high 00, exposure which
took place during precooling.

Fruit containers to be exposed were capped with plastic 1lids,
fitted with a septum, a gas inlet and a gas outlet, as soon as they
were brought in the cold room. They were then flushed with pure
gaseous carbon dioxide until the gas composition within the contai-
ner was at least 80% 00,. This higher initial OO, concentration was
set to offset gas losses through leaks during the two hour exposu-
re. Gas analysis was done after flushing for 15 minutes at a
flowrate of at least 400 cc/min per container. Containers with too

low carbon dioxide content were flushed again 5 to 10 more minutes

until the gas composition in the container was satisfactory. The
method described in the section on the storage experiment was used
to sample the atmosphere in the containers. At the ena of the

exposure period, all lids were removed from the containers.
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Strawberries were visually inspected for possible carbon dioxide
injury. Foul odors were also checked.

This experiment was included to approximate conditions that
would exist in a precooler where liquid 5 would be used as a
refrigerant. Liquid CO, or N, are popular refrigerants in precoo-
lers with a short operating season because systems equipped this way
required little maintenance and capital investment (Rohrback et al.,
1984). In addition, the refrigeration capacity can be very large.
The use of cryogenic gas implies anaerobic or near anaercbic
conditions will prevail in the precooler when it is operating. This
might have an effect on strawberry flavour or cquality (Ballinger,

1980).

3.6. Effect of CA on mold propagation (nesting)

An experiment was carried to check the effectiveness of the gas

mixture used for the CA treatment of the storage experiment in
controlling nesting or the growth of mycelium from a rotting berry
to infect nearby sound fruits in the container (El Kazzaz et al.,
1983). For this experiment, only strawberries from the second
harvest were used. After precooling to 109C, 700 grams of strawber-
ries were placed in two liter transparent plastic containers. A

decaying strawberry inoculated with Botrytis cinerea was placed in

the middle of the container so that mold invasion could be obser-

ved. Four replicates were made 1n normal atmosphere or in CA ( 16%

(05, 20% O, and 64% Ny). The containers were left at room tempera-
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R ture for 24 hours. Photographs of the molded strawberries were then

taken. A second set of photographs showing the degree of spoilage
in each container was taken at the end of the experiment (36 hours

later). The presence of fungal infection (filaments) on fruits was

noted.
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IV. RESULTS AND DISCUSSION

The results of three experiments conducted in this study on the
CA storage of strawberries are presented in this section. They are;
1) effectiveness of CA storage in reducing decay and its effect
on berry quality.
ii) effects of a two hour exposure to atmospheres high in 00, on
flavor, color and keeping quality of berries.
iii) nesting experiment to assess disease propagation in
different storage conditions.
The observations from the experiment on the influence of high O,
exposure will be useful to generalize results from the storage
experiment. Further the experimental results will contribute to
arrive at recommandations to improve the strawberry handling and to
obtain some indications about the cost effectiveness of the proposed

methods.

4.1 Evaluation of the Experimental Conditions.

Concentrations of O, and O, inside the containers were
monitored during the storage experiments (Table 7). In the first
experiment (started on June 20), there was larger variations in gas
concentrations. The variations, however, were within the acceptable

levels selected for the experimental design.




Table 7. Average daily O, and OO, concentrations in experi~
mental containers used for CA treatment.

GAS Experiment 1 Experiment 2
0, 20 +/- 1.5% 20 +/- 1%
0, 16 +/- 1.5% 16 +/- 1%

At the start of each experiment, the initial quality of
strawberries was evaluated (Table 8). Strawberries from the second
harvest were smaller in size than strawberries from the first
harvest. The pH, moisture content and firmness of the skin were
about the same in fruits from both harvests. The average pH was
3.5, the average moisture content was 88.9% and the average firmess
of the skin and of the flesh were respectively 2.3 Newtons (N) and
4.8 N for berries from the first harvest and 2.6 N and 3.8 N for
berries from the second harvest. These results for moisture
content, pH and firmness of the skin compared well with results from
other studies (Skrede, 1980, Woodward, 1972, Ourecky and Bourmne,
1968).

The average acidity and average SS measured for strawberries
from harvests 1 and 2 were respectively 0.88%, 10.0% and 1.04%,
10.5%. The acidity and SS content measured were comparable to those
cited in the literature (Money and Christian, 1950, Woodward,
1972). The acidity was greater in strawberries from the second
harvest than in berries from the first harvest. The acidity value

indicates strawberries from the second harvest to be less ripe than




- those from harvest 1. The SS to acid

ries at harvest.

ries for harvest 1 compared to 10.1 for berries for harvest 2

indicating strawberries from harvest 1 to be more mature.

Table 8. Chemical and physical analysis of fresh strawber-

Parameters Harvest one Harvest two
% moisture 89.9 +/- 0.3 88.9 +/-0.8
pH 3.48 +/-0.07 3.49 +/-0.09
acidity (%) 0.9 +/- 0.3 1.0 +/~- 0.08
Mass (g) 16.2 +/- 2.3 10.4 +/- 1.5
) ss (%) 10.0 +/- 0.5 10.1 +/- 1.1
Firmmess
Skin (N) 2.3 +/- 0.2 2.6 +/- 0.5
Flesh (N) 4.8 +/- 0.3 3.8 +/= 0.7

Values listed are the average of 8 readings. Standard

deviations are shown.

ratio is 11.4 for strawber-
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The first set of experiments considered the effects of harvest
dates, year of plantation and type of storage on the quality and
shelf life of strawberries. The GIM procedure was used to analyse
the data. The complete tables of the statistical analysis performed
on the data of the storage experiment are presented in Appendix C.
The data expressed as a percentage (for example, per cent soluble
solids) were converted into their transformed value (arcsin (square
root (X/100))) to stabilize the variance according to the method
suggested by Drrper and Smith (1981).

The year of plantation had a significant influence on the
initial mass of berries. But the harvest date had a significant
effect on mass loss, initial mass of the berries, skin and flesh
firmmess and SS (Table 9). Further the type of storage had a
significant influence on the percentage of sound berries and on the
percentage soluble solids. The significance of the main effects and

interactions are also shown in Table 10.

4.2. Influence of the Year of Plantation on the Quality and

Shelf Life of Strawberries.

The year of field plantation had little effect on strawberry
keeping quality (Table 10). It was initially hypothesized that
possible difference in maturity (fruits from older plants mature
faster because their rcot systems are better established) or field
infestation would influence the Kkeeping quality of strawberries .

As no such effect was observed, it is recommended that for storage




Table 9 . Significance of the treatments for the parameters
studied in the storage experiment.
(ANOVA are listed in Appendix C)

Paraneters Probability Source of variation

% sound 0.0001 storage
storage-harvest-year interaction
% mass 0.0001 harvest
loss harvest-year interaction
harvest—-storage interaction
% moisture 0.1589 None
jo's! 0.1281 None
% acidity 0.1383 None
Mass (g) 0.0001 harvest
year
% SS 0.0131 storage
storage~-year interaction
Firmess
Skin (N) 0.0106 harvest

year-harvest interaction
year-storage interaction

Flesh (N) 0.0026 harvest




Table 10. Influence of year of plantation on strawberry
quality and shelf life.

Parameters Treatments
Year one Year two

% sound 71a 66a
% mass loss 1l.4a l.4a
% moisture 88.9a 89.4b
pH 3.49% 3.50a
$ acidity 0.93a 1.00a
Mass (g) 14.3a 11.7b
% Soluble solids 9.4a 9.9a

Firmness (N)
Skin (N) 3.5a 3.4a

Flesh (N) 5.3a 4.9a

Means of four replicates per treatment. Within each
colum, means with a common letter are not significantly
different according to Tukey’s studentized range test

(P = 0.0%).
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experiments, there is no need to discriminate strawberries picked
from fields planted on different years .

The moisture arxdd initial mass of strawberries picked from
fields planted on different years were found to be significantly
different. The pH, the acidity and the soluble solid content were
not significantly different whether the berries were harvested from
one year old or two year old fields. This is unlike Sweeney et
al. (1970) who observed strawberries grown the first year to be
higher in SS than those grown the second year. The differences
between Sweeney et al. (1970) results and ours is likely due to
strawberry varietal differences.

There was no significant difference between the skin and the
flesh firmness of strawberries harvested from one or two year ola

fields.

4.3. Influence of Harvest Dates on Quality and shelf life of

Stored Strawberries

There was no significant influence of harvest date on the
moisture content, acidity, SS content after 10 days of storage and
on the percentage of sound strawberries after 2 additional days of
storage under commercial conditions (Table 11). However, harvest
date had a significant influence on the mass loss, pH, mass, and

skin and flesh firmess of strawberries stored for 10 days.




Table 11. Influence of harvest dates on strawberry
quality and shelf life.

Parameters Treatments
June 20 June 27

% sound 68%a 68%a
% mass loss 1.8%a 1.0%b
% moisture 90.0%a 89.3%a
pH 3.53a 3.46b
% acidity 0.94%a 0.99%a
Mass (9) 15.5a 10.5b
Soluble solids(%) 9.6a 9.6a
Firmness (N)

Skin (N) 3.6a 3.3b
Flesh (N) 5.7a 4.5b

Means of four replicates per treatment.
column, means with a common letter are not significantly
different according to Tukey’s studentized range test

(P = 0.03).

Within each
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The time of harvesting had little influence on keeping quality
of strawberries. In our study, it was hypothesized that strawber-
ries picked later in the season would be more prone to decay because
of higher field infestation. However the results indicated the time
of harvesting had little influence on keeping quality of strawber-
ries. Working with a different cultivar (Cambridge Favorite),
Dennis and Mountford (1975), Dennis (1978) and Browne et al. (1984)
observed a greater susceptibility and a shorter shelf life in
strawberries harvested late in season. For instance, after storage
at 2 9C for three days in RA or in CA (10% (0p, 14% O3), strawber-
ries harvested early in season had a two to three days shelf life
when left at 15 OC while strawberries harvested two weeks later
spoiled within hours (Browne et al., 1984). Browne et al. (1984)
and Dennis (1978) attributed the shorter shelf life of berries
harvested late in season to higher incidence of B, cinerea and
M. piriformis at the time of harvest. At the first harvest,
infection affected 1% of the berries while at the third harvest, 6%
of the berries were infected.

Little variation in the 1level of field infection, greater
resistance to fungal attack for the Red Coat variety and a shorter
harvesting interval are possible explanations to account for the
difference between what we observed and what the researchers cited
observed. In our experiment, the level of infection present in the

field at harvest time was not measured.
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Mass losses were significantly higher for berries from harvest
1 than for berries from harvest 2. Berries from harvest 1 being
significantly greater than berries from harvest 2, they might have
lost more water because of their larger surface area. Additional
data on surface to volume ratio would be required to substantiate
this explanation. However, Woodward (1972) reports that for
strawberries, mass or moisture losses are rarely a problem during
storage.

There was a significant difference in pH between strawberries
of different harvests at the end of storage. The SS to acidity ratio
indicates berries from the first experiment (ratio of 10.2) are more
matuwre at the end of storage than the berries from the second
storage experiment (ratio of 9.7). As mature fruits tend to be less
and less acid as they ripe, it might explain the difference in pH
observed in berries from both harvests.

At the end of the storage experiment , the skin ard the flesh
of the strawberries from the first harvest were significantly firmer
than the flesh of berries harvested later. The average firmness of
the skin and the flesh were respectively 3.6 N and 5.7 N for

strawberries picked on the first harvest and 3.3 N and 4.5 N for

berries from the second harvest. Those results are comparable to
the ones of Ourecky and Bourne (1%68) who found the firmmess of the
skin and flesh of strawberrries of the Red Coat variety tobe 2.5 N
and 5.7 N. Ourecky and Bourne (1968) found that the firmmess of the
underlying tissue was related to the skin firmness as shown by a

correlation of 0.764 between the two parameters.
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our results indicate that larger fruits have firmer skin and
flesh. This is unlike Ourecky and Bourne (1968) who found the skin
and the flesh of small fruits to be firmer. Monma and Kamimura
(1979) found a relation between mass loss and skin firmmess. They
observed fruits with larger mass loss were less firm. Our observa-
tions do not agree with those results.

In our opinion, the lack of a standard procedure for firmness
tests limits the validity of comparison with the studies cited.
Ourecky and Bourne (1968) recognized that the speed of travel, the
size and the shape of the probe, the temperature of the berry
influenced the results recorded. For simpiicity sake and to
facilitate the replication of experiments , the prol»: used for the
firmness tests should have a simple shape, easily defined and
reproduced. Unless there is a reason justifying another shape, we
recommend using cylindrical probes that are easily manufactured
knowing only their diameter. Complicated shapes, such as the star
shaped probe used by Ourecky and Bourne (1968), are defined by many
parameters (inner and outer diameters of the star, length and number

of each branches) and machining is required to produce the piece.




73

4.4 Effect of storage in RA and CA on strawberry shelf life

and quality.

Storage conditions had a significant influence on soluble
solids, firmness of the flesh and skin and decay (% sound ) of
strawberries (Table 12). There was significantly less decay in
strawberries stored under CA than in berries stored under RA. The
SS content of strawberries stored under CA was significantly lower

than when berries were stored under RA. The firmness of the flesh

and of the skin were significantly larger in strawberries stored
under CA than in berries stored under RA. In this study, no
significant difference in moisture content, mass loss, pH and
acidity were observed.

Storage in CA significantly reduced decay (% sound) in stored
strawberries. Storage in CA had no detectable effect on taste or
smell. We noticed the color of the strawberries stored in CA was
brighter than those in RA. Besides improving shelf life, storage in

CA seems to improve the appearance of the product and makes it look

fresh.

Reduction in losses of 20% or more when strawberries are stored
in CA are also reported by Kazzaz et al. (1983) and lange et
al. (1978). El Kazzaz et al. (1983) reported 0.15% loss in straw-
berries stored for 21 days at 3.3°C in 15% CO,, 17.5% O, and 67.5 %

N>. lange et al. (1978) stored strawberries at 6 OC for 8 days in

20 ¥ 005, 16% 0, and 64% N, and observed 0.1% loss compared to 20%

in RA.




Table 12. Influence of the type of storage on strawberry
quality and shelf 1life.

Parameters Treatments
Storage in RA Storage in CA

% sound 55a 80b
% mass loss l.4a 1.4a
% moisture 88.8a 89.5a
jo's | 3.50a 3.50a
% acidity 0.96a 0.96a
Mass (9) 12.7a 13.4a
%Soluble solids 9.9a 9.4b

Firmness (N)
Skin (N) 3.3a 3.6b

Flesh (N) 4.9a 5.3b

Means of four replicates per treatment. Within each
column, means with a common letter are not significantly
different according to Tukey’s studentized range test

(P= 0.05).
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Strawberries stored in CA have a significantly lower SS content
than the ones stored in RA. Borecka and Millikan (1981) fourd no
consistent difference in SS or in titratable acidity that could be
associated with the type of storage used. As there is no consistent
relation between these parameters and storage conditions, they are a
pocr indicator of the possible influence of storage conditions on
the maturity of strawberries. The ratio of the SS over we acidity
content is used for other small fruits, such as blueberries, to
assess their maturity (Ballinger, 1980).

The flesh and skin of strawberries stored in CA were signifi-
cantly firmer than berries stored in RA. The increase in firmmness
was about 10%. These results agree with the ones of Plocharski et
al. (1978) and Plocharski (1982) who found a 20% increase in
firnness when strawberries (Senga Sengana variety) were stored in
20% C0, and 16% O, for 8 days. When strawberries were stored for 12
days, he observed a decrease in firmness. We did not measure the
evolution of the firmess of the strawberries while the experiment
was in progress and it might have to decreased at some point.

Shorter storage periods might therefore be advisable.
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4.5. Influence of Exposure to High 00, Concentrations on

Strawberry Quality and Shelf life.

Data on the gas concentrations at the beginning and at the end
of the treatment where strawberries were exposed to high 00,
concentrations are presented in Table 13. Exposure to concentra-
tions between 60 to 80 % 00, for two hours did not cause any
visible damage to the strawberries and no off flavors were detected
after the exposure.

The following experiment considered the effects of harvest
dates, type of storage and exposure to high Q05 concentrations on
the quality and shelf life of strawberries. A factorial analysis
was done using the SAS statistical system following the general
linear model (GIM) procedure. The complete results of this analysis

can be found in Appendix C.

Table 13. Average initial and final carbon dioxide concentra-
tions in containers used for exposing strawberries
to atmospheres with high 00, concentrations.

Harvest Treatment GO, concentrations
initial final
% %
HARVEST 1 CA 81 64
CQONTROL 84 61
HARVEST 2 ca 85 55

CONTROL 84 58
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The type of storage was found to have a significant effect on
the percentage of sound berries, mass loss and skin and flesh
firmness (Table 14). The harvest dates had a significant influence
on mass loss, mass, and skin and flesh firmness. Short exposure to
high OO, concentrations had a significant influence only on the
firmness of the flesh.

Interactions among the three treatments had a significant
effect on percentage of sound berries (Table 14). Interactions
between harvest dates and storage had a significant effect on flesh
firmmess. Interactions between harvest dates and exposure to high
00, had a significant effect on decay (% sound) and skin and flesh
firmness. Interaction between storage and exposure to O, had a

significant effect on mass.

Exposure of strawberries to atmospheres with high CO, concen-
trations had no significant effect on strawberry quality except for
a significant increase in flesh firmness (Table 15). Plocharski
(1982) also observed an increase in firmness of strawberries
following exposure to high CO; concentrations.

Exposure for two hours to atmospheres containing high O,
concentrations had no significant influence on decay nor on quali-
ty. This means liquid gas could be used to precool the berries
without causing off flavors or affecting the appearance of the
fruits. Firmness of the flesh appears to be significantly increa-
sed by short exposure to high €O, which may help in preventing

bruising and associated decay.




Table 14. Significance of the treatments for the parameters
studied in the high 00, experiment.
(ANOVA are listed in Appendix C)

Parameters Probability Source of variation
% sound 0.0001 storage
harvest-C0, interaction
storage-harvest-C0, interaction
% mass 0.0093 storage
loss harvest
% moisture 0.1523 None
pPH 0.0967 None
% acidity 0.2694 None
Mass (g) 0.0001 harvest
storage-C0, interaction
% SS 0.7744 None
Firmness
Skin 0.0001 storage
harvest
harvest-C0, interaction
harvest-C0,-storage interaction
Flesh 0.0007 storage
0o
harvest

storage-harvest interaction
COy-harvest interaction




Table 15. Influence of exposure to high 0, on strawberry

quality and shelf life.

Parameters Treatments

Nc exposure With exposure to C0p

% sound 71a
% mass loss 1l.2a
% moisture 88.8a
pH 3.5a
% acidity 0.92a
Weight (g) 14.7a
%Soluble solids 9.3a

Firmness (N)
Skin (N) 3.5a

Flesh (N) 5.3a

66a
l.4a
88.8a
3.5a
0.98a
14.3a

9.3a

3.6a

6.0b

Means of four replicates per treatment. Within each
column, means with a common letter are not significantly

different according to Tukey’s studentized range test (P =

0.05).
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4.6. Effect of CA on the Loss of Aroma and the Propagation of Mold

Strawberries stored in CA can be kept for fairly long period
without appreciable loss of quality. Strawberries have been stored
up to 21 days in CA with little losses recorded (El Kazzaz et.al.,
1983). In some situations, the limiting factor to the length of
storage seems to be the loss of flavors with time . Varieties with
strong aroma in particular lose their flavor rapidly and although
sound at the end of storage, they are not as tasty (Smith, 1938).
The storage and high 00, experiments did not last long encugh to
observe any detectable loss of flavors in stored strawberries.

The inhibiting effect of CA on sporulation of Botrytis cinerea

was verified in the nesting experiment and is clearly shown in
Figure 15 and Figure 16. Strawberries in the container on the left
were stored in CA while those in the container on the right were
stored in RA. There is no visible filament growth on the spoiled
strawberry stored in CA while in RA filaments have begun to invade
nearby sound strawberries. The white spots present on the picture
is due to poor processing when the film was developed.

The retarding effect of CA on the growth of molds is well
demonstrated in Figure 17. This picture was taken at the end of the
nesting experiment and shows the extent of spoilage after 60 hours
in containers maintained at 20 ©C in RA (upper container) or in CA
(lower container). Strawberries stored in CA shows minimal signs of
decay: discoloration of the surface, white filamentous growth

(Figure 18). By considering only their appearance, strawherries in
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the CA cortainer could still be sold. Upon opening of the contai-
ner, some foul odors were present indicating some fermentation has
occurred. Strawberries also had strong off flavors. This shows
cold temperature storage is required with CA if the quality of the
strawberries is to be maintained. Storage in CA will control decay
organisms but will not control biochemical reactions related to the
metabo.iism of the fruits.

Strawberries stored in RA for 60 hours at room temperature are
unmarketable (Figure 19). Many berries are completely spoiled and
have begun to leak.

Storage in CA can stop the spread of infection from one berry
to another as demonstrated in the nesting experiment. Bruised or
overripe berries can thus be stored for some time in CA without

spoiling; an advantage which the storage in RA does not offer.




@

Figure 15. Storage in CA inhibits the growth of Botrytis
cinerea . The spread of infection from the spoiled
strawberry is stopped in the container on the left.
Strawberries located next to the spoiled strawberry
are being colonized in the container on the left.
White spots present on the picture are a result of
poor processing when the film was developed.

Figure 16. Storage in CA inhibits the spread of infection by
inhibiting sporulation and the development of
hyphae for Botrytis cinerea.
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Figure 17.
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The strawberries in the upper container were kept
in RA at 20 SC for 60 hours. Most berries are
spoiled. The berries in the lower container were
stored in CA. Visible signs of spoilage are much

more limited.



{ Figure 19.

Figure 18. Strawberries stored CA at 20 OC fcr 6

0 hours

shows some signs of spoilage: discoloration of the
skin, whitish filaments growing on the receptacle.

Most strawberries stored in RA at 20°C for 60
hours have began to spoil.

T
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V. BOONCMICS

Precooling and CA storage are effective means of preventing
spoilage of strawberries. Their use in Québec 1is very limited
because most producers believe they cannot afford the investment for
the equipment taking into account the small volume of strawberries
they produce. In Queébec, 52% of the producers (500 operations)
cultivate less than 1.2 hectares (3 acres), 31% (30C operations)
cultivate less than 4 hectares (10 acres) and 17% (160 operations)
cultivate more than 4 hectares (10 acres) (Girard, 1985).

Small producers sell most of their harvest to the consumers
tirough pick your cwni operation. Larger producers market a signi-
ficant part of their harvest through distribution channels and they
would be the ones primarily interested in precooling and CA storage.
According to Lafleur (1985), 15 % of the harvest delivered at the
retailer level is ummarketable while 44% 1is bruised. Given an
annual production of 9 000 tons worth an estimated $ 11 millions,
spoilage alone would account for losses of 1 350 tons leading to

$1.65 millions.

5.1. Investments Required for Precooling.

If they were aware of the benefits, more than 460 producers
would be using precoolers and CA stora: = while handling their crops
from the field to the store. A preliminary evaluation of the
investments and the benefits that can be drawn from these methods

will be presented in this section.
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According to Berthelot (1984), the average yield of strawberry
is about 9 400 kg/ha (8 400 lb/acre), the fields are harvested over
a period of 14 days and the average price paid at the farm is
$1.20/kg ($0.55/1b). Given a producer harvesting 5 hectares of
strawberries and selling half of its production directly to the
consumers, this would leave 23,500 kg (51 807 lbs) of berries to
precool. Given the 14 days harvest period, there would be an
average of 1 678 kg/day (3700 lbs/day) to precool from 25 OC to
59cC.

If precooling is to take place in two hours including handling
and there are 12 hours available to precool, this means the unit
would have to precool 140 kg/hr (310 lb/hrj. According to Rohrbach
et al. (1984), one kilogram of liquid CO, is reguired ton cool 2.5 kg
of Dblueberries by 20°C. Based on this figure, 56 kg/hr of liquid
00, would be necessary to cool the harvest. At a cost of $ 0.40 per
kilogram of (00, (rental of the canister included), the cost of CO,
per kg cf berries would be $ 0.16. This represents 13 % of the
selling price of the crop.

A mechanical refrigeration system could be used instead of
liquid gas to precool the berries. Given a specific heat of 3.8
KJ/ka °C (0.9 BIU/lb ©F), neglecting the other sources of heat
(respiration, heat gain through the walls of the precooler, etc.),
and cooling the harvest by 20 ©C, a total of 10 660 KJ/hr (19 000
BTU/hr) would be removed. A refrigeration system with a capacity of

2 tons (2.3 KW) would be sufficient to cool the harvest. The hourly
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cost of the electricity to operate the system would be negligible
($0.10).

The cost of energy of a precooler is higher when liquid gas is
used as a refrigerant. However, the acquisition cost of a precooler
working with liguid gas is estimated at one fourth of the one of a
conventional cold room (Belzile, 1986). A conventional cold room
with a refrigeration capacity of 2 tons and a storage capacity of 18
m3 would cost $ 8 500 .

The handling of strawberries in crates of 10 pints (4.5 Kg) in
and out of the precooler requires approximately one minute. Given a
total of 23 500 kg to hundle in the season and wages of $7.00 an
hour, the manpower required to handle the crop in the precooler
would cost around $ 600.00.

If the investment in the precooler is to be recovered within
five years, the cost of cooling strawberries would be $ 0.097 per
kilogram if a mechanical refrigeration system is used and $ 0.203
if liquid gas is used (Table 16). With time and neglecting the
maintenance cost of a mechanical refrigeration system, the precooler
operating with liquid gas is twice as expensive to own and operate
as the mechanical system. If strawberries are sold at $ 1.20/kg,
the cost of mechanical precooling is 8% which 1s reasonable. The
Québec Ministry of Agriculture and Agricviture Canada hav~ plans
available to build precoolers (Figure 19, Figure 20). The units
suggested are add ons to existing cold rooms. The preliminary
design of precoolers using liquid gas as refrigerants is available

from gas supplier such as Liquid Carbonic.




Figure 20.
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Precooler for small fruits to be added to existing
ocold room. A corridor is created between: the walls
of the cold room and @ row of crates by closing a
flap over the corridor. Air is drawn through the
crates into the corridor by a fan located at one
end. The air expelled by the fan is cooled by the
refrigeration system cf the cold roam before it is
recirculated through the berries (Plan # 60506)
(Belzile, 1986).
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Precooler for small fruits to be added to
a cold room. Cold air is drawn from both

side of the tunnel for increase capacity.

(Plan # 60505) (Belzile, 1986).

Figure 21.
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Table 16. Comparison of precooling cost per kilogram in a conven—
tional cold room and one using liquid gas as a refri
gerant.

Precoolers Cost
Acquisition  Energy? Handling3 Total
Actual $/kgl  $/kg $/kg $/kg

Convertional $ 8 500 $ 0.072 negligible $ 0.025 $ 0.097
Liquid gas $ 2100 $0.018 $0.16 $ 0.025 $ 0.203

1. Cost of acquisition recovered within 5 years. Cost per kg
calculated on 117 500 kg (23 500 kg X 5 year).

2. Cost of the 1l.quid gas or the electricity necessary to cool
one kilogram of berry.

3. Cost of handling the berries in and out of the precooler.

5.2. Benefits Derived from Precooling

Precooling strawberries is an additional operation in the
handling of strawberries that needs additional costs in equipment
and manpower. To recover those costs, a significant reduction in
spoilage is expected. Precooling will reduce decay after two days
by 75% if it is done promptly after harvest and down to a tempera-
ture of 5 & (Tonini, 1983). This means that at delivery at the
retailer, the percentage of ummarketable berries would drop from
15% to 4 %.

The economic analysis carried for the proposed example shows
that the precooling ocosts outweigh the benefits derived from the
reduction 1n losses (Table 17). After 5 years, the costs of
rrecooling with the mechanical system would almost breakeven with

the revenues. If we consider the precooler is used less than four
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weeks a year and solely to cool strawberries, precooling is not a
good investment. To be profitable, the system would have to be in
operation for a longer period of time (for instance by extending
harvesting season with a late ripening variety ). The costs could
be shared by precoolirxy other crops such as tomatoes, raspberries,
sweet corn, etc.. Precooling costs could be recovered by obtaining
a better price for strawberries .

The example provided shows that precooling is not beyond the
means of a good proportion of Québec strawberry growers. The
investment required is relatively small and subsidies are available
from the Québec Ministry of Agriculture to he'p cover up to 50% of

the initial cost of the building and the equipment.

5.3. Storage in CA.
Precooled strawberries will keep better if they are stored in

CA. Storage might be advantageous to producers who want to time
their marketing with the large daily and weekly price fluctuations
common on the Québec market. Some days (Tuesday and Thursday in
particular), producers that can deliver early in the night will get
better prices (CAGRIC, 1972). Prices on Monday and Friday nights
are usually low because the supply of berries exceeds the demand.

Prices are usually hich just before or just after a rainfall
(CAGRIC, 1972). The price for a crate (4.5 kg) can vary by as much

as $ 4.00 within a period of 12 hours.
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Table 17. Summary of various costs, benefits and ROI for liquid gas
and mechanical precooling.

PRECOOLER TYPE LICKIID GAS MECHANICAL
Initial Costs
Building $  2,100. 2,100.
Equipment! -— 6,400.
Total 2,100. 8,500.
Annual costs
Energy? 3,760. 20.
Operation3 600. 600.
Mainterance 50. 200.
amortization? 420. 1,700.
Interest on loan® 189. 770.
Total 5,019, 3,290.
Revenue 3,100. 3,100.
R.0.I.7
No amortization ( 33 %) 95 %
With amortization ( 38 %) ( 6 %)

1. BEquipment cost for mechanical refrigeration system /2 tons
capacity)
2. Cost of cooling for liquid gas is $ 0.16/kg X 23 500 kg
for mechanical is % 1.40/day X 14 days
3. Operation costs is cost of extra handling to stack crates in
precooler.
4. Initial cost of building and equipment amortized in 5 years.
5. Interest on loan on huilding and equipment is 15%. VYearly
payment of interest are set equal in the analysis.
6. Precooling reduces losses from 15% to 4%. Revenues are drawn from
the sales of 2 585 kg (11% X 23 500 kg) of berries at $ 1.20/Kg.
7. R.0.I. is return on investment
= Revenue - costs (with or without amortization)

Costs with or without amortization
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A producer who could store his harvest and keep it until he
feels the market is ready could stabilize his income. New markets
could be found as the harvests from two to three days could be
grouped and sold to wholesalers.

Although it involves more care than RA storage, CA storage is
not that difficult to achieve. Dry ice or gas tank can be used to
create CA. When using gas tanks, the most important point to check
is the airtightness of the room or containers in which CA is
maintained. When using dry ice, the rate of sublimation has to be
matched with the ventilation rate (through leaks or forced ventila-
tion). Sublimation curves for dry ice in bulk and in pellets are
available from gas suppliers (Figure 22). From these we find, for
instance, that the sublimation rate of dry ice at 5 ©C for a cube of
22.7 kg (50 1lbs) is about 1 kg/hr for the first 10 hours. Suppose
an enclosure of 3 m3 with 50 % free space and one air change every
hour. A 20 % CO, concentration can be maintained in the enclosure
as long as 0.3 m3/h of gaseous (0, is supplied (see sample calcula-
tions in Appendix D). The sublimation of 1 kilogram of dry ice
produces about 0.56 m3 of gasecus O0,. This means about 0.5 kg/hr
of dry ice would have to sublimate in the enclosure to maintain the
desired CA. This can be obtained by leaving a block of dry ice of 16
to 20 kg in the enclosure.

Given a cost of $ 0.50 per kilogram of dry ice, the cost of the
gas to maintain the enclosure in CA for 72 hours would be about

$18.00. If 400 crates (4.5 Kkg) of strawberries are stored in the
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enclosure, CA storage would cost only $ 0.05 more per crate than
regqular RA storage.

Knowing the inhibitory effects of CA on fungi growth, the
additional investment required to maintain an enclosure in CA would

be more than justified in situations similar to the one presented.
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VI. SUMMARY AND CONCLUSIONS

6.1. Summary
This study was carried out to investigate the handling of

strawberries in Quebec. The most important parameters influencing
quality and shelf 1life were identified and the harvesting and
handling methcds followed in Quebec were evaluated. Better
harvesting methods, precooling and CA storage would greatly improve
strawberry quality. This was demonstrated in a factorial experiment
where recomme:nded harvesting and handling methods were followed.
Strawberries of the Red Coat variety harvested at the right maturity
and precooled shortly after harvest Kept for 10 days when stored at
5 % in CA composed cf 16% (05, 20% O, and 64% N,p. Except for an
increase in skin and flesh firmness, storage in CA did not influence
the quality parameters. Exposure to high (0, concentrations while
precooling had no effect on the shelf 1life or quality of strawber-
ries.

Following CA storage, the residual shelf life of strawberries
stored in conditions found in retail stores was evaluated. Straw-
berries were kept successively at 22 ©°C and 10 ©C for periods of 12
hours. After two days of this regime, 80% of the berries previously
stored in CA were still sound compared to 55% of the berries stored

in RA. CA storage extended shelf life by inhibiting fungal growth.
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The inhibition of fungal growth was demonstrated in an experi-
ment where CA prevented the spread of infection from a decaying
strawberry to berries in the same container. CA was effective in
preventing the growth of Botrytis cinerea, Rhizopus species, and
Alternaria tenuis.

Preliminary estimates indicat. precooling and CA storage are
economically feasible and would be profitable for growers harvesting

more than 5 hectares per season.

6.2. Conclusions
The following conclusions were drawn from the work carried
out in this study:
i) precooling is essential to the conservation of strawberries
for periods longer than cne day.
ii) cA storage composed of 16 +/- 1.5% (05, 20 +/- 1% O, and 64
+/- 2% N, is an effective means of preventing fungal
growth in strawberries stored at 5 °C and at room tempera
ture.
iii) exposure to high 00, concentrations for two hours have no

effects on strawberry quality.
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6.3. Recommendations for further research

The handling of strawberries encompasses many aspects that the
present study did not cover fully. The effect of precooling and CA
storage on the shelf life of other cultivars popular in Quebec such
as Bounty and V star should be evaluated. More work is required to
complete the design of a precooler for the small strawberry produ-
cers. The procedure to establish and maintain CA in a section of a
cold room using dry ice has to be refined. A standard method to
handle strawberries from the farm throughout the distribution
channels should be developed to prevent spoilage due to bruising and
poor storage conditions. With the shortage of manpower, special
considerations should be given to the handling of mechanically
harvested strawberries and the procedure to integrate precooling and
CA storage with actual processing methods followed by jam manufac-

turers.
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APPENDICES

Cost comparison between hand harvesting and machine harvesting.

Isclation and identification of fungi present in the field.

Results of the ANOVA and of Duncan’s new multiple range tests
on factor effects and treatment combinations.

Sample calculations to determine the amount of dry ice neces-
sary to maintain CA in an enclosure.
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Arperdix A. Costs comparison between hand harvesting and
machine harvesting

According to a study made by Institut québécois d’opinion
publique (1984), 40% of the consumers get their fresh strawberries

directly from the growers having pick your own operations, 28% buys

X

them at public markets and 32 % buy them from a retailer such as
grocery stores.

Depending on the management of harvesting, the harvesting costs
(labor, machinery and container costs) will vary. For commercial
harvesting more than 1 235 hours of labor per hectare are required
to pick an average of 7 475 kgs/ha (Buth and McKibbon, 1984). Labor
is the major harvesting cost at $ 3786 per hectare, containers
account for $ 1 995 per hectare and machinery for $ 133. Total cost
per hectare is $ 5 873. Harvesting costs per kilogram are nearly
79 cents with labor accounting for 51 cents, containers for 26 cents
and machinery for 2 cents per kilogram.

For pick your own operations, labor hours are less than 198
hours per hectare which is much lower than for commercial harves-
ting. Total harvesting cost is lowered to $ 617.00 per hectare to
pick an average of 6 707 kg/ha. ILabor costs 14.3 cents/Kg,
advertising 5.1 cents/kg and machinery 3.3 cents/kg, for a total of
22.7 cents per quart. The difference in harvesting costs between

comercial picking and PYO is 56.3 cents per quart.
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Mechanical harvesting is generally used to pick strawberries
to be sold to processors. Self propelled and tractor drawn mechani-
cal harvesters are available on the market. 1In 1984, a self
propelled unit capable of harvesting 0.4 ha a day sold for
$82,000.00 while a tractor mounted unit of similar capacity so0ld for
% 30.000.00 to $ 50,000.00 . For mechanical harvesting, the labor
required to pick an average of 13,517 kg/ha was estimated at a 100
hours (Dale, 1985). The total harvesting cost per kilogram was 31.4
cents and storage bin rental 1.1 cents. Under Canadian short
harvesting pericd, the mechanical harvester tested by Dale (1985)

could harvest at least 4 hectares per season.
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Appendix B. Isolation and identification of fungi present in the
field.

The presence of major pathogenic fungi on the strawberries
harvested for the experiments was verified. The presence of fungi
was verified by visual inspection and by incubating selected samples
of strawberry tissues and isolating the molds present. The method
followed for the isolation and culture of fungi was derived from the
one suggested by Dennis and Mountford (1975) and Jarvis (1977).

After incubating the cultures for 5 days at 20 ©c,

pictures of the colonies were taken. Three fungi were predominant

in the samples gathered from both harvests: Botiytis cinerea ,

Rhizopus species, and Altermaria tenuis (Figure B.1, Figure B.2,

Figure B.3).
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Appendix C. Results of the ANOVA and of Tukey’s studentized range
tests on factor effects and treatment combinations.
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TSS

315023
213322
338063
313322
272237
329994
321751
321751
318402

20067
3027414

318234
325400
271877
313493
300828
321230
298323
298879
318706
322230
299766
301181
312468
322084
292239
323414
316717
321731
309899
316717
313069
325069
313493
306607
295486
316717
336943
335017
345193
336949

JULY 21t

1988
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DEPENDENT VARIABLE
SOURCE
MODEL
ERROR

CORRECTED TOTAL

SOURCE

STOR #HA
STOR #PRE
PRE#HA

STOR #PRE #HA

DEPENDENT VARIABLE
SOURCE

MODEL

ERROR

CORRECTED TOTAL

SOURCE

STOR

PRE

HA

STOR #HA
STOR #PRE
FPRE#HA

STOR #PRE #HA

TGOOD

et b s ok ok b bt

TLOSS

~ %

n
H

b s e b Pt b g

SUM

SuM

YEAR 1 BERRIES - FACTORIAL ANALYSIS
GENERAL L INEAR MODELS PROCEDURE

OF SQUARES MEAN SQUARE F VALUE
0 77932560 0 11133223 8 7%
0 30402802 0 01266783

1 08333362

TYPE I SS F VALUE PR > F DF
0 60218421 47 54 0 0001 1
0 02560888 2 02 0 1679 1
O 00969109 o 77 0 3704 1
O 00591064 0 47 Q 5011 1
0 00746214 0 39 0O 4303 1
0 0434354332 3 43 0 0764 1
0 08301432 6 71 0 0160 1

YEAR 1 BERRIES - FACTORIAL ANALYSIS
GENERAL LINEAR MODELS PROCEDURE

OF SQUARES MEAN SQUARE F VALUE
0 02362028 0 00337433 3 53
0 02283207 O 00095134

0 04643233

TYPE @ SS ¥ VALUE

FR > F DF
0 00563368 S 92 o o228 1
O 00021810 o 23 O 6364 1
0 01423929 14 97 0 0007 1
0 00080262 0 84 0 3673 1
0 00142033 1 49 0 2336 1
0 000925635 0 97 0 3336 1
0O 00037971 0 40 Q 53335 1

14 13 THURSDAY, JULY 2
PR - F R—-SQUARE
0 0001 0 719364
ROOT MSE
0 11255147
TYPE III SS F VALUE
0 60218421 47 54
0 025608688 2 02
0 00967109 o 77
0 00571064 0 47
0 00746214 0 59
0 04345432 3 43
0 08501432 6 71
14 13 THURGDAY,
PR 2 F R-SQUARE
0 0093 0 508484
ROOT MSE
0 03084374
TYPE 111 S5 F VALUE
0 00563368 S 92
0 00021810 0 23
0 01423929 14 97
0 00080262 0 84
0 00142033 1 49
0 00072633 0 97
O 00037371 0 a0

1, 1988

11
TC00OD

4

c v
3250
MEAN

0 7658332

QO00000

JULY 21, 1988

25
TLOSS
0 1204

[e]elolafalele] g

cV

6059
MEAN
9561

> F

0oz28
6364
0007
3675
2336
3336
5335
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DEPENDENT YARIABLE TMOIST

SOURCE
MODEL
ERROR
CORRECTED TOTAL

SOURCE

STOR

PRE

HA

STOR #HA
STOR #PRE
PRE #HA

STOR #PRE #HA

DEPENDENT VARIABLE. PH
SOURCE

MODEL

EFROR

CORRECTED TOTAL

SOURCE

STOR

PRE

HA

STOR #HA
STOR #PRE
PRE#HA

STOR #PRE #HA

DFE

7
24
31

=}
5

Lol X Y N )

2R

ot ot ot et b e b %

SuUM

SUM

YEAR 1 BERRIES - FACTORIAL ANALYSIS
GENEFAL LINEAR MODELS PROCEDURE

OF SQUARES MEAN SQUARE F vAaLUE
0O 00156425 0 00022346 1 72
0 00312271 0 00013011

0O 00468677

TYPE I SS F VALUE PR > F DF
0 00018335 1 43 0 2441 1
0 00020298 1 356 O 2237 1
O 00073672 3 82 0 0239 1
0 0000&372 0 49 0 4908 1
0 00033176 2 55 0 1234 1
0 00000029 0 o0 0 9631 1
0 00002307 0 18 0 6775 1

YEAR 1 BERRIES — FACTORIAL ANALYSIS
GENERAL LINEAR MODELS PROCEDURE

OF SGQUARES MEAN SQUARE F VALUE
0 04262188 0 00608884 2 00
0 07292300 0 00303834
0 11334687

TYPE 1 SS F VALUE PR > F DF
O 00002813 0 01 0 9242 1
0O 00015312 O 05 O 8243 1
0 01950313 6 42 0 0182 1
0 00002812 0 01 0 9242 1
0 00112813 0 37 0 5480 1
O 01162812 3 83 0 0622 i
0O 01015312 3 34 0 0800 i

14 13 THURSDAY.,

PR > F
G 1323
ROOT MSE

0 01140671

TYPE 111 SS

00018555
00020298
00075692
00006372
00033176
Q00000235
00002307

Q000000

14 13 THURSDAY,

PR > F
0 0967
ROOT MSE

0 03512297

TYPE 111 SS

00002813
00015312
01950313

0116281
0101531

[elo]elafele]o)
Q
Q
Q
Q
n
jav
[
3

JULY 21, 1788 &
R-SQUARE C s
O 333746 0 247

TMOIST MEAN
1 23356437

F VALUE PR ™ F
1 43 0O 2441

1 926 Q 2237

S 82 0 0239

0 4% O 4908

2 95 O 1234

0 Q0 0 9651

0 18 Q 6775
JULY 21, 1988 7
R-SQUARE cv
O 368871 1 5804

PH MEAN

3 48781250

F VALUE PR ™~ F

O 01 0 9242

0 03 0O 8243

6 42 0 0182

0 01 0 9242

0 37 O 3480

3 83 0 0&22

3 34 0 0800
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DEPENDENT VARIABLE
SOURCE

MODEL

ERROR

CORRECTED TOTAL

SOURCE

STOR
PRE

HA
STOR #HA
STOR #PRE
PRE#HA

STOR #PRE #HA

DEFENDENT VARIABLE
SOURCE
MODEL
ERROR

CORRECTED TOTAL

SOURCE

STOR

PRE

HA

STOR #HA
STOR #PRE
PRE#HA

STOR #PRE #HA

~

TACID

< %

ot B e et s ot b %

WEIGHT

YEAR 1 BERRIES - FACTOKIAL ANALYSIS
GENERAL LINEAR MODELS PROCEDURE

SUM OF SQUARES MEAN SQUARE F VALUE
0O 00046314 O 000064616 1 35
0 00117294 0 00004887
0 00163608

TYPE 1 SS F VALUE PR ~ F DF
0 000004640 0 13 0 7207 1
O 00007736 1 58 0 2209 1
0 00000106 0 02 O 8843 1
0 00010949 2 24 0 1475 1
0 00021540 4 41 0 04635 1
0 00003831 0 78 0 3848 1
0 00001514 O 31 O 5830 1

YEAR 1 BERRIES - FACTORIAL ANALYSIS
GENERAL LINEAR MODELS PROCEDURE

SUM OF SQUARES MEAN SQUARE F VALUE
222 202187350 31 743146964 21 26
33 83250000 1 49302083
238 03468730

TYPE I SS F VALUE PR > F DF

1 95031250 1 31 0 2643 1

1 487812350 1 00 0 3281 1
203 51531250 136 31 0 0001 1
1 16281250 0 78 O 3863 1

9 97031250 & 41 0 0183 1

4 42331250 2 96 0 0980 1

0 09031250 0 06 O 8078 1

14 13 THURSDAY,

PR =~ F
2694

ROOT MSE
0 00677088

o]

P

TY

[e]lelwlelele]e

R

PE II1I SS

00000640
00007736
00000106
00010949
00021540
00003831
00001514

14 13 THURSDAY,

> F

0 0001
ROOT MSE

1 22189232

n

[oE- TN J AT

TY

PE 1Il1 SS

95031250
48781230
51331250
16281250
570312590
425312590
09031250

R—-SQUARE
0 283079

JULY 21,

F VALUE

QOBHNIO0

R-SQUARE
O 861133

F VALUE

7
TACID

1988

8

c v
1213
MEAN

0 09816867

PR

00CQO000

JULY 21, 1988

8
WEIGHT

> F

7207
2205
8843
1475
0465
3848
3830

cv
4141
MEAN

14 52187500

PR

[s]e]elefelalo)

> F

2643
3281
0001
3863
o183
0580
8078
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DEFENDENT VARIABLE
SOURCE

HMODEL

EPROR

CORRECTED TOTAL

SOURCE

STOR
PRE

HA

STOR #HA
STOR#PRE
PRE®HA

STOR #PPE #HA

DEPENDENT VARIABLE
SOURCE
MODEL
ERROR

CORRECTED TOTAL

SOURCE

STOR

PRE

HA

STOR #HA
STOR #PRE
PRE#HA

STOR #PRE #HA

28GR

b (ot Bt ot bt s g

NEWT 1

28 4R

4 et s Bt et ik %

SUM

SUM

YEAR 1 BEPRIES - FACTORIAL ANALYSIS
GENERPAL LINEAR MODELS PROCEDURE

OF SQUARES MEAN SQUARE F VALUE
O 0005812 O 00003304 0 57
O 00330849 0 00014617

O 00408978

TYPE I SS F VALUE PR > F DF
0 00002306 0 16 0 6748 1
O 00009195 0O 63 O 43955 1
O 00041801 2 86 0 1038 1
0 00000171 0 01 0 9097 1
0 00003083 0 21 0 6301 1
0 00000283 0 02 0 8702 1
O 00001266 0 09 0 7711 1

YEAR 1 BERRIES — FACTORIAL ANALYSIS
GENERAL LINEAR MODELS PROCEDURE
OF SQUARES MEAN SGQUARE F VALUE
9 84138026 1 40391147 13 &0
2 48115913 0 10338163

12 32253939

TYPE I SS F VALUE PR > F DF
4 65402591 45 o2 0 0001 1
0 17034993 1 63 0 2119 1
1 44846157 14 01 0 0010 1
0 15089820 1 44 0 2388 1
0 02771600 o 27 0 6094 1
1 46520663 14 17 0 0010 1
1 92472200 18 62 0 0002 1

14 13 THURSDAY,

PR > F

o 7744

ROOT MSE
O 01207078

TYPE I11 SS

00000000

0 0

00002306
00007193
00041801
000191
00003083
00000283
00001266

14 13 THURSDAY,

001

ROOT MSE
0 32153014

TYPE III SS

4

QOO

65402571
17034993
4484631937
15089820

2472200

R-SQUAR
0O 14213

R-SQUAR

E
3

[e]eelaliele]

E

O 798649

JULY 21,

JULY 21,

F VALUE

o2

1988

3
TS8

10

c v
8570
MEAN

Q 31347978

PR > F

[s]elelolelola]

1988

9
NEWT1

11

cv
0839
MEAN

3 53957062

[e]elsieletale]



120

YEAR 1 BERRIES ~ FACTORIAL ANALYSIS 14 13 THURSDAY, JULY 21, 1988 12
GENERAL L INEAR MODELS PROCEDURE
DEPENDENT VARIABLE NEWTZ2

SOURCE DF SUM OF SQUARES MEAN SGQUARE F VALUE PR * F R—-SQUARE c v
MODEL 7 23 73222826 3 39031832 5 51 0 0007 0 616300 13 8623
ERROR a4 14 77539308 0 61564138 ROOT MSE NEWTE MEAN
CORRECTED TOTAL 3 38 50762134 0 78462818 S5 &£6006344
SOURCE DF TYPE 1 SS F VALUE PR > F DF TYPE 1II SS F VALUE PR > F
STOR 1 3 75217906 T 34 0 0054 1 5 73217906 ? 34 O 0054
PRE i 4 12384019 & 70 O 0161 1 q 12384019 6 70 0 0161
Ha 1 3 97034361 6 4% 0 0180 1 3 97034361 6 45 0 0180
STOR #HA 1 S 53793344 ? 00 0 0062 1 5 53793344 9 00 0 0052
STOR #PRE 1 0 25886261 0 44 0 5150 1 0 26886261 0 44 0 5150
PRE #i4A i 2 8432724 4 20 0. 0316 1 2 38432724 4 20 0 0%16
STOR #PRE #HA 1 1 49474211 2 43 0 1323 1 1 49474211 2 43 0 1323

YEAR 1 BERRIES — FACTORIAL ANALYSIS 14 13 THJURSDAY, JULY 21, 1988 13

GENERAL LINEAR MODELS PROCEDURE
TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TGOOD

NOTE- THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE.
BUT GLNERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MSE= 0126678
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 08213
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR

A 1 11376 16 CA
B 0 83940 16 RA
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 14 13 THURGDAY,

GENMNEFAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED FANGE (HSD) TEST FOR VARIARLE TLOSS
NOTE THIS TEST CONTPOLS THE TYFE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYFE [I ERFOR FATE THAN REGWG

ALPHA=0 05 DF=24 MSE=% SE-04
CRITICAL VALUE OF STUDENTIZED RANGE=Z 917
MINIMUM SIGNIFICANT DIFFERENCE= 022351

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR
A 0 1337 16 RA
B 0. 10719 16 CA
YEAR 1 BERRIES - FACTORIAL ANALYSIS 14: 13 THURSDAY,

GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TMOIST
NOTE- THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERRUOR RATE,

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG
ALPHA=0 03 DF=24 MSE=1 3E-04
CRITICAL VALUE OF STUDENTIZED R&NGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 00832

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

TUKEY GROUP ING MEAN N  STOR
A 1. 235972 16 RA
A
Aa 1. 231156 16 CA

JULY 21,

JULY 21,

1588

1988

14

15
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YEAR 1 BERRIES — FACTORIAL ANALYSIS 14: 13 THURBDAY,
SEMERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE PH
NOTE: 7THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE.
BUT GEMERALLY HAS A HIGHER TYPE 11 ERROR RATE THAN REGWG

ALPHA=0 035 DF=24 MSE= 0030385
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 04023

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROURP ING MEAN N STOR
2 3 48875 16 €A
A 3 48687 16 RA
YEAR 1 BERRIES - FACTORIAL ANALYSIS 14: 13 THURSDAY,

GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘S STUDENTIZED RANGE (HSD) TEST FOR YARIABLE: TACID
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG

ALPHA=Q 03 DF=24 MSE=4 9E-05
CRITICAL VALUE QF GTUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE=0 0051

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR
2 0. 098616 16 CA
A 0. 097722 16 RA

JULY 21,

JULY 21,

1988

1988

16

17
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YEAR 1 BERRIES — FACTORIAL ANALYSIS
GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘S STUDENTIZED RANGE (H5D) TEST FOR VAFIABLE UWEIGHT
NOTE THIS .JEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE.
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG

14 13 THURSDAY,

ALPHA=0 05 DF=24 M™MSE=1 49302
CRITICAL VALUE OF STUDENTIZED PANGE=Z2 F1%
MINIMUM SIGNIFICANT DIFFERENCE= 89166

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR
A 14 7687 16 CA
A
A 14 27350 16 RA

YEAR 1 BERRIES - FACTORIAL ANALYSIS
GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE: TSS
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MSE=1.5E-04
CRITICAL VALUE OF STUDENTIZED RANGE=2. 919
MINIMUM SIGNIFICANT DIFFERENCE=. 00882

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

14: 13 THURSDAY.,

TUKEY GROUP ING ' MEAN N STOR
2 0. 314325 16 CA
A 0. 312527 16 RA

JULY 21,

JULY 2%,

1988

1988

18

19
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 14:13 THURSDAY, JULY 21, 1988 20
GENERAL LINEAR MODELS PROCEDURE
TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE NEWT1
NOTE: THIE TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ
ALPHA=0. 05 DF=24 MSE=0 103382

CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 23463

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR
A 3. 9209 16 €A
B 3. 1582 16 RA
YEAR 1 BERRIES — FACTORIAL ANALYSIS 14:13 THURSDAY, JULY 21, 1988 21

GENERAL LINEAR MODELS PROCEDURE
TUKEY ‘S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE NEWT2
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ
ALPHA=0. 05 DF=24 MSE=0 615641
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 57257

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT
TUKEY GROUP ING MEAN N STOR

B 3 2361 16 RA

A & 0840 16 CA
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YEAR 1| BERRIES - FACTORIAL ANALYSIS 14 13 THURSDAY. JULY 21,
GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE T600D
NOTE THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERRCOR RATE THAN REGWGQ

ALPHA=0 03 DF=24 MSE= 0126678
CRITICAL VALUE OF STUDENTIZED RANGE=Z F19
MINIMUM SIGNIFICANT DIFFERENCE= 08213

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N PRE
2 1. 00487 16 00
A 0 74829 16 €0
YEAR 1 BERRIES - FACTORIAL ANALYSIS 14: 13 THURSDAY, JULY 21,

GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE:X TLOSS
MOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALPHA=0. 05 DF=24 MSE=9. 3E-04
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 02251

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

TUKEY GROUP ING MEAN N PRE
2 0O 12307 16 €O

A 0.11784 166 00

1988

nJ
nJ

nJ
LJ
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YEAR 1 BERRIES - FACTORIAL ANALYEIS 14 13 THURSDAY., JULY 221, 1988 24
GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘S STUDENTIZED RAMNSE (HSD) TEST FOR VARIABLE. TMOIST
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE 1I{ ERROR RATE THAN REGWAQ

ALPHA=0 03 DF=24 MSE=1 3E-04
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 00832

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

TUKEY GROUP ING MEAN N PRE
a 1. 236083 16 €O
Al 1. 231046 16 00
YEAR 1 BERRIES - FACTORIAL ANALYSIS 14:13 THURSDAY, JULY 21, 1988 25

GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE. PH
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALPHA=0 03 DF=24 MSE= 0030385
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 04023

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N PRE
2 3. 49000 16 00

A 3 48562 16 CO




YEAR 1 BERRIES - FACTORIAL ANALYSIS
GENEPAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED FAMGE (HSD) TEST FOR VARIABLE TACID
NOTE THIS TEST CONTRPOLS THE TYFE I EXYPEPIMENTWISE ERFPOR PATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG

ALPHA=0 05 DF=24 MBE=4 FE-0D
CRITICAL YaALUE OF STUDENTIZED RANGE=Z2 719
MINIMUM SIGHIFICANT DIFFERENCE=0 0031

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N  PRE
A 0 099723 16 €O
A
A 0. 096614 16 00

YEAR 1 BERRIES - FACTORIAL ANALYSIS
GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE WEIGHT
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE 1I ERROR RATE THAN REGWQ

ALPHA=0. 03 DF=24 MSE=1 49302
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE=. 87166

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

TUKEY GROUP ING MEAN N PRE
2 14. 7375 16 CO
A 14, 3062 16 QO

14 13 THIRSDAY, JULY 21,

14-13 THURSDAY, JULY 21,

1988

1988

nJ
o~

2

7
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 14. 13 THURSDAY, JULY 21,
GENERAL LINEAR MODELS PROCEDURE
TUKEY ‘'S STUDENTIZED RANGE (HSD) TEST FDOR VARIABLE TSS
NOTE: THIS TEST CONTROLS THE TYPE I EXFERIMENTWISE ERROR RATE.,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ
ALPHA=0 05 DF=24 MSE=1. 5E—-04

CRITICAL VALUE OF STUDENTIZED RANGE=2 91%
MINIMUM SIGNIFICANT DIFFERENCE= 00882

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N PRE
A 0.315171 16 €O
A
A O 311781 16 00
YEAR 1 BERRIES - FACTORIAL ANALYSIS 14:13 THURSDAY, JULY 21,

GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE: NEWT1
NOTE- THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERFPOR RATE THAN REGWQ

ALPHA=0 03 DF=24 MSE=0 103382
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 23463

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N PRE
2 3. 6125 16 CO

A 3 4866 16 00

1588

1988

2

2

8

':?



YEAR 1 BERRIES - FACTORIAL ANALYSIS 14 13 THURGDAY,

GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED PAMNGE (HSD) TEST FOR VARIABLE NEWTZ
NOTE THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERRCOR RATE,
BUT GEMERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALPHA=0 O5 DF=24 M5E=0 615641
CRITICAL VALUE QF STUDENTIZED RANGE=Z 219
MINIMUM SIGNIFICANT DIFFERENCE= 57257

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N PRE
A 6 0190 16 CO
B 5 3011 16 QO
YEAR 1 BERRIES — FACTORIAL ANALYSIS 14- 13 THURSDAY,

GENERAL L INEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE: TGOOD
NDTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MSE= 0126678
CRITICAL VALUE OF STUDENTIZED RANGE=Z 919
MINIMUM SIGNIFICANT DIFFERENCE= 08213

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
A 0O 99399 16 1
A
A 0. 95918 16 2

JULY 21.

JULY 21,

1988

1988

LI
2

31



YEAR 1 BERRIES ~ FACTORIAL ANALYSIS
GENcRAL LINEAR MODELS PROCEDURE
TUKEY ‘S STUDENTIZED RANGE (HSD) TEST FOR YARIABLE TLDSS
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE 11 ERROR RATE THAN REGWQ
ALPHA=0 03 DF=24 MSE=9 SE-04
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 02251

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

14: 13 THURSDAY,

TUKEY GROUP ING MEAN N HA
A 0. 14155 16 1
B 0. 09936 16 2

YEAR ! BERRIES -~ FACTORIAL ANALYSIS
GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TMOIST
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALFHA=0 05 DF=24 MSE=1 3E-Q4

CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 00832

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.
TUKEY

14 13 THURSDAY,

GROUP ING MEAN N HA
A 1 238428 16 1
B 1. 228701 16 2
\
= vooe

JULY

ny
13

»

JULY 21,

1988

1988

32

33
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YEAR 1 BERRIES — FACTORIAL ANALYSIS 14 13 THURSDAY., JULY 21,
GENERAL LINEAR MODELS FPROCEDURE

TUKEY ‘S STUDENTIZED PANGE (HS5D) TEST FOR VARIABLE PH
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE.
BUT GEMERALLY HAS A HIGHER TYPE II ERRCOR RATE THAN REGWQ

ALPHA=0 03 DF=224 MSBE= 0030385
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 04023

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
A 3 51250 16 1
B 3 46312 16 2

YEAR 1 BERRIES - FACTORIAL ANALYSIS 14- 13 THURSDAY., JULY 21,

GENERAL LINEAR MODEL.S PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE. TACID
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE,
BUT GENERALLLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ@

ALPHA=0 05 DF=£24 MSE=4 9E-00
CRITICAL VALUE OF STUDENTIZED RANGE=2Z2 919
MINIMUM SIGNIFICANT DIFFERENCE=0 0051

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
2 0. 098350 16 1
A 0. 097987 16 2

1288

1988

343

35
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 14 13 THURSDAY. JULY 21,
GENERAL LINEAR MODELS PROCEDURE
TUKEY ’S STUDENTIZED RANGE (HSD) TEST FOR VARTABLE WEIGHT
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE 11 ERROR RATE THAN REGWQ@
ALPHA=0 03 DF=24 MSE=1 49302

CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 89166

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
A 17.0437 16 1
B 12 0000 16 2
YEAR 1 BERRIES — FACTORIAL ANALYSIS 14- 13 THURSDAY., JULY 21,

GENERAL LINEAR MODELS PROCEDURE

TJUKEY S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TSS
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE I1 ERROR RATE THAN REGWQG

ALPHA=0 05 DF=24 MSE=1 SE-04
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE=. 00882

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
2 0. 317090 16 1

A 0. 309862 16 2

1988 36

1988 37



133

YEAR 1 BERRIES — FACTORIAL ANALYSIS 14 13 THURSDAY,

SEMERAL LIMEAR MODRELS PROCEDURE

| TUKEY 'S STUDENTIZED RANGE (FSD) TEST FOR VARIABLE NEWT1
| NOTE THIS TEST CONTROLS THE TYPE I EXPERIMENTHWISE ERROR RATE,
! BUT GENERALLY HAS A HIGHER TYPE II EFROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MSBE=0 103382
CRITICAL VALUE OF STUDENTIZED RANGE=:Z 219
MINIMUM SIGNIFICANT DIFFERENCE= 23463

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
A 3. 7323 16 1
B 3. 3268 is 2
YEAR 1 BERRIES — FACTORIAL ANALYSIS 14: 13 THURSDAY,

GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE NEWT2
NOTE: THIS TEST CONTROLS THE TYFE I EXPERIMENTWISE ERROR RATE.
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MSE=0 615641
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE=. 37237

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

TUKEY GROUP ING MEAN N HA
A 6 0123 16 1
B 5. 3078 16 2

JULY 21,

JULY 21,

1388

1788

38

39

»
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. YEAR 1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED
GEMNERAL LINEAR MDDELS PROCEDURE
CLAS5 LEVEL INFORMATION

CLASS LEVELS VAL UES
YEAR 2 1 2
HA a2 1 2
STOR 2 CA RA

NUMBER OF DBSERVATIONS IN DATA SET =

32

YEAR 1 & 2 BERRIES - HIGH CD2 TREATMENT EXCLUDED
GENERAL LINEAR MDDELS PROCEDURE

SUM OF SQUARES MEAN SQUARE F VALUE
0 70387174 0. 10053311 9. 87
0 24446535 0.01018606
0 948C_719

TYPE [ SS F VALUE PR > F DF
0 02920503 2 88 0 1028 1
0 00005132 0 01 0 94490 1
0. 57929612 56. 87 0 0001 1
0 01057804 1 04 0.3183 1
0 01025641 1 o1 0 3257 1
0 01617758 1 59 0 2197 !
0 05820724 5 71 0 0250 1

, ¥
%
%

14: 13 THURSDAY,

14. 13 THURSDAY,

0 0001
ROOT MSE
Q 10092602

TYPE 111 S8

0000000

02930503
00005132
7929612
01057804
01025641
01617758
05820724

JULY 21,

JULY 21,

R—-SQUARE
0 742217

F VALUE

&
Ul ie NO Y

1988

1588

10
TGOOD

40

41

C V.
3555
MEAN

O 97461060

PR

vlejelelolole

> F

1028
2440
0001
3183
3257
2177
0250
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DEPENDENT VARIABLE
SOURCE

MODEL

ERROP

CORRECTED TOTAL

SOURCE
YEAR

HA

STOR

YEAR #HA
YEAR #STOR

HA#5TOR
YEAR #HA#STOR

DEPENDENT VARIABLE
SOURCE

MODEL

ERROR

CORRECTED TOTAL

SOURCE
YEAR
HA

STOR

YEAR #HA
YEAR#STOR
HA®¥STOR

YEAR #HA#STOR

Y

TLO3S

bt et (et et et bt

TMOIST
DF
7
24
31

[}
5

e ot et b Pt bt

SUM

SUM

YEAR { & 2 BEFRIES - HIGH C02 TREATMENT EXCLUDED 14 13 THURSDAY. JULY 21, 1983
GENEPAL LIMNEAR MODELS PROCEDURE

OF SQUAPES MEAN SQUARE F VALUE PR OF P—-SQUARFE
O 01644067 0 00234867 7 43 0 0001 0 684141 19
0 007590493 0 00031627 ROCT MSE TLOSK
O 02403112 O 01778395 o 1177
TYPE I SS F VALUE PR > F DF TYPE 111 S5 F valLue PR
0 00000027 0 00 0O 9769 1 O 00000027 O 00 0
O 00825083 28 30 O 0001 1 O 00825083 28 30 C
0 00000164 0 01 0 9432 1 0O 00000164 0 01 (o}
0 00304214 ? &2 0 0049 1 0 00304214 T &2 O
0 00130238 4 12 0 0537 1 0 00130238 4 12 0
0 00308388 ? 75 0 00456 1 0 00308388 ? 75 Q
0 00003954 0 19 0 6683 1 0 00005954 0 19 Q
YEAR i % 2 BERRIES - HIGH CD2 TREATMENT EXCLUDED 14 13 THURSDAY, JULY 21. 1988

GENERAL LINEAR MODELS PROCEDURE

OF SGQUARES MEAN SQUARE F VALUE PR > F R-SQUARE
0 00103149 0 00014736 1 69 0O 1389 0O 330284 o
0 00209154 0 00005715 ROOT MSE TMOIST
0 00312303 0 00933528 1 2351
TYPE I SS F vVAalLUE PR > F DF TYPE III SS F VALUE PR
0. 00052787 & 06 0O 0214 1 G 00052787 6 06 O
0 000192235 2 21 0 15035 1 0 00019223 2 21 0
0 00010036 1 15 0 2939 1 0 00C100356 1 15 0
r 00017274 1 98 0 1720 1 0 00017274 1.98 Q
0. 00002944 0 34 QO 5665 1 0 000027944 O 34 0
0. 00000005 0. 00 O 9817 1 0 00000005 9 00 Q
0 00000878 0 10 Q 7337 1 0 00000878 0 10 0

z

c v
1078
MEAN

Sa286

o F
9769
0001
?432
Q049
0337
0046
&683

43

cv
7558
MEAN

0734

7/
-
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YEAR 1 & 2 BEPRIES - HIGH CO2 TREATMENT EXCLUDED 14 13 THURSDAY, JULY 21, 1988 44

GENERAL LINEAR MODELS PROCEDURE
DEPENDENT VARIABLE PH

SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE PR =~ F R-SQUARE cv
MODEL 7 0 05302188 0 00757455 1 83 0 1281 0 347578 1 8410
ERROR =24 0 092932500 0O 00414687 ROOT MSE PH MEAN
CORRECTED TOTAL 31 0O 15254687 0 06439623 3 49781230
SOURCE DF TYPE I SS F VALUE PR > F DF TYPE II1 SS F VALUE PR > F
YEAR 1 0 00195312 0O 47 0 4991 1 0 00175312 0 47 0 4991
HA 1 0 03830313 ? &8 O 0035 1 0 03830313 9 28 O 0055
STOR 1 0 000153, 2 0 04 0 8492 1 O 000195312 0 04 0 8492
YEAR #HA 1 0 0026281 5 0 63 O 4338 1 0 00262813 0 63 0 4338
YEAR #5T0QP 1 0 000253:2 Q0 06 0 8070 1 0 000225312 0 06 0 8070
HA®STOR 1 0 00CcOo7H:12 0 02 O 8920 1 O 00007812 0 02 0 8920
YEAR #HA®# STOR 1 0 00945313 2 28 O 1441% 1 0 00945313 2 28 O 1441
YEAR 1 &% 2 BERRIES - HIGH CO2 TREATMENT EXCLUDED 14 13 THURSDAY, JULY 21, 1988 45
GENERAL LINEAR MODEI.S PROCEDURE
DEPENDENT VARIABLE TACID
SOURCE DF SUM OF SQUARES MEAN SGUARE F VALUE PR > F R-SQUARE Cc v
MODEL 7 0 00060107 0 00008387 1 78 C 1383 O 341548 7 0543
ERROR 24 0 00115878 0 00004828 ROOT MSE TACID MEAN
CORRECTED TOTAL 31 0 00175985 0 Q06?4836 0 09850107
SOURCE DF TYPE I SS F VALUE PR > F DF TYPE III SS F VALUE PP > F
YEAR 1 0 00011397 2 36 0 1375 1 0 00011397 2 36 Q 1375
HA 1 0 00006523 1 35 0 2563 1 0 000046323 1 35 O 25465
STOR 1 0 00000002 0 00 0 7837 1 0 00000002 0 00 O 9837
YEAR ®#HA 1 © 00000850 0 18 0O 678% 1 O 092000850 0 18 0 6785
YEAR #STOR 1 O 00027112 6 G3 0 G617 1 Q0 00029112 & 03 0 0217
HA®STOR 1 0 00010774 2 23 0 1483 1 0 00010774 2 23 O 1483
YEAR #HA#STOR 1 0 00001339 0 30 0 5888 1 0 00001449 O 30 0 5888
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DERPENDENT VAPIABLE WEIGHT

SOURCE

MODEL

ERPOR
CORRECTED TOTAL

SOUPCE
YEAR
HA

STOR
YEAR #HA

YEAP sHA® STOR

DEPENDENT VARIABLE TSS
SOURCE
MOUDEL
ERROR

CORRECTED TOTAL

SOURCE
YEAR

HA

STOR

YEAR #HA
YEAR #STOR

HA#STOR
YEAR #HA#STOR

s

Vot b ek ot et ek bt %

YEAR 1 ¥ 2

SEMNERAL LINEAR MODELS PPOCEDURE

SUM OF SQGUARES

270 7800C000
40 34000000

311 12000000

TYPE I SS

2 32125000
2 0035000090
4 06125000
4 63123000
& 12300000
1 356123000
0 04500000

YEAR 1 & 2

F VA
31

120
2

[eJe JARLY]

MEAN SQUARE

38 68285714
1 68B083333

L UE

BERRIES - HIGH CO2

[e]JeJelelolele]
-
(@)
)
n

BEFRIES - HIGH CD2 TREATMENT =XCLUDED

F VALUE
23 01

GENERAL LINEAR MODE) S PROCEDURE

SUM OF SQUARES
O 00288478
0 00299036

0 00587714

TYPE I SS

00031830
00000136
00067121
00043611
00063278
00040003
00022680

Q000000

F vAa

[ ARUIA T o B

MEAN SQUARE
0 00041240
0 00012460

LUE

PR > F

[o]e]elelalofa)
o]
N
W
[s3

DF

4 s bt (ot bt e e

TREATMENT EXCLUDED

F VALUE
3 31

e N S R { |

14 13 THURSDAY., JULY 21, 1588 ER
PR ~ F R-SQUARE cv
O 0001 O 870339 F 9337
ROOT MSE WEIGHT MEAN
1 279646937 13 02300010
TYFE 111 SS F VALUE PR =~ F
32 53125000 31 29 O 0001
=202 00300000 120 18 0 0091
4 06125000 2 42 O 1332
4 63123000 2 77 0 1092
& 12300000 3 64 0 0683
1 36123000 0 81 0O 3771
O 04300000 0O 03 0O 8713
14 13 THURSDAY, JULY 21, 1988 47
PR > F R—SQUARE c v
0 0131 O 491188 3 5346
ROOT MSE TSS MEAN
0 01116236 0 31580518
TYPE IIl1 SS F VALUE PR F
0 00051830 4 16 0 05264
0 00000156 0 01 0O 7118
0 00067121 3 39 0 0=?1
0 00043611 3 30 0 0736
0 00063278 5 08 0 0336
0 00040003 3 21 0 0858
0 00022680 1 82 0 1899
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DEPENDENT VARIABLE NEWT!

SOURCE
MODEL

ERROR
CORRECTED TOTAL

SOURCE
YEAR

HA

STOR

YEAR #HA
YEAR #STOR

HA®STOR
YEAR #HA#STOR

DF
7

DEFENDENT VARIABLE NEWTZ2

SOURCE

MODEL
ERROR
CORRECTED TOTAL

SOURCE

YEAR
HA

STOR

YEAR #HA

YEAR #STOR
HA#STOR

YEAR #HA®STOR

YEAP 1 % 2 BERRIES - HIGH C€DZ TRPEATMENT EXCLUDED 14 13 THURSDAY, JULY 21, 1788

40
SENERAL LINEAR MODELS PROCEDURE
SUM aOF SQUARPES MEAMN SQUARE F VALUE PP - F R-SQUARE Y
5 56619678 0 79517097 3 46 0 0106 0 502006 13 7140
5 52171465 0 23007144 ROOT MSE NEWT1 MEAM
11 08791143 0 47765763 3 44729301
TYPE I SS F VALUE PR : F DF TYPE 111 SS F VALUE PR > F
0 01193628 0 09 0 8218 1 0 01193628 0 03 0 8218
1 212635004 3 27 0 0307 1 1 21265004 5 27 0 0307
O 59353605 2 59 0 1207 1 0 59553605 2 59 0 1207
1 72337503 7 49 0 0115 1 1 72337503 7 49 0 0115
1 48627333 & 46 0 0179 1 1 48627334 6 46 0 0173
0 13136528 0 57 QO 4572 1 0 13136528 0O 57 0 4572
0 40506073 1 76 0 1970 1 O 40506075 1 76 0 1970
YEAR 1 & 2 BERRIES -~ HIGH C02 TREATMENT EXCLUDED 14 13 THURSDAY, JULY 21, 1988 49
GENERAL LINEAR MODELS PROCEDURE

SUM OF SQUARES MEAN SQUARE F VALUE PR > F R-SQUARE cv
14 83580229 2 11940033 4 37 0 0026 0 565703 13 4955
11 38961461 0 47456728 RODT MSE NEWTZ MEAN
26 22541690 0O 68888843 3 10457212
TJYPE 1 SS F VALUE PR > F DF TYPE 111 SS F VALUE PR 2 F
1 23567433 2 60 0 1197 1 1 23367453 2 60 0 1197
9 97258917 21 01 0 0001 1 % 97258917 21 01 0 0001
1 77844614 373 0O 0648 1 1 77844614 373 0 0648
0 19595376 0 41 0 3270 3 0 19555476 0 41 0 5270
0 29840709 0 63 0 4336 1 0 29830709 0 63 0 33564
1 33404493 2 85 C 1041 1 1 35404493 2 85 QO 1041
O 00108366 0 00 0 9622 1 0 00108566 0 00 0 620
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YEAR 1 % 2 BEFRIES - HIGH C02 TREATMENT EXCLUDED

GEMEPAL L INEAR MODELS FROCEDURE

TUKEY 'S STUDENTIZED RAMNGE (H5D) TEST FOR VARIABLE 7600D
NOTE. THIS TEST COMNTROLS THE TYPE I EXPERIMEMTWIEE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE 11 ERROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MSE= 0101861
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 07363

MEANS WITH THE SAME LETTER ARE NOT SIGMNIFICANTLY DIFFERENT

TURKEY GROUP ING MEAN N STOR
A 1 10916 16 CA
B O 84006 16 RA

YEAR 1 % 2 BERRIES - HIGH COZ TREATMENT EXCLUDED
GENERAL LINEAR MODELS PROCEDURE
TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TLOSS
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE.
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWGQ
ALPHA=0 03 DF=24 MSE=3 ZE-04

CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE=. 01298

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

TUKEY GROUP ING MEAN N STOR
2 0 117979 16 RA
A 0.117527 16 €A

14 13 THURSDAY,

14- 13 THJURSDAY,

JULY 21,

JULY 2%,

1988

1588

50

51
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YEAR 1 & 2 BERRIES ~ HIGH £02 TREATMENT EXCLUDED
GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TMOIST
NOTE THIS TEST CONTROLS THE TYPE 1 EXPER [MEMTWISE ERROR RATE,
BUT GEMERALLY HAS A HIGHER TYPE I1I EFROR RATE THAN REGWGQ

ALPHA=0 05 DF=24 MSE=8 7E-05
CRITICAL VYALUE OF STUDENTIZED BAMNCE=2 919
MINIMUM SIGNIFICANMT DIFFERENCE= 00681

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR
2 1 236878 16 CA
A 1. 233336 16 RA

YEAR 1 & 2 BERRIES - HIGH €02 TREATMENT EXCLUDED

GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VYARIABLE PH
NOTE THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERPROR RATE THAN REGWQ

ALPHA=0 O5 DF=24 MSE= 0041469
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 04699

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

| TUKEY GROUP ING MEAN N STOR
| 2 3 350000 16 RA
1 A 3 49562 16 CA

L~

14-13 THURSDAY,

14- 13 THURSDAY,

JULY 21,

JULY 21,

1988

1988

-

J

5

[ 9

3
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YEAR 1 % 2 BEPRIES - HIGH 02 TREATMEMNT EXCLUDED 14 123 THURSDAY.
GENERAL LIMNEAR MODELS FPROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR '/ARIABLE TACID
NOTE THIS TEST CONTRPOLS THE TYPE I EXPERIMENTUWITE ERROR RATE,
BUT GEMNEPALLY HAS A HIGHER TYPE Il EFROR RATE THAN REGUWQ

ALPHA=0 O35 DF=24 MSE=4 BE-05
CRITICAL VALUE OF STUDENTIZED RANGE=Z2 9179
MINIMUM SIGNIFICANT DIFFERENCE= 00307

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR
A 0O Q98526 16 CA
A
A 0 098476 16 RA
YEAR 1 % 2 BERRIES - HIGH CD2 TREATMENT EXCLUDED 14.13 THURSDAY,

GENERAL LINEAR MODELS PRGCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE WEIGHT
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE I1 ERROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MSE=1 68083
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 94408

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR
2 13. 3812 16 CA
A 12 6687 16 RA

JULY 21,

JULY 214,

1988

1983

54

3]}
wn
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YEAR 1 & 2 BERRIES - HIGH €02 TREATMENT EXCLUDED 14- 13 THURSDAY, JULY 21, 1985 36
GENERAL LIMNEAR MODELS PROCEDURE
TUKEY ‘S STUDENTIZED RAMGE (HSD) TEST FOR 'JARIADLE TSS
NOTE THIS TEST CONTROLS TIHE TYPE I EXPERIMFNTWISE ERROR RATE,
BUT GENEPALLY HAS A HIGHER TYPE II ERRCR RATE THAN REGWQ
ALPHA=0 05 DF=24 MSE=1 2E-04

CRITICAL YALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGHIFICANT DIFFERENCE= 00815

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR
A 0 320385 16 RA
B 0 311225 16 CA
YEAR 1 & 2 BERRIES - HIGH CD2 TREATMENT EXCLUDED 14 13 THURSDAY, JULY 21, 1788 57

GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE NEWT1
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE 11 ERROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MSE=0 230071
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 35002

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR
2 3. 5837 16 ¢caA
A 3 3109 16 RA




YEAR 1| & 2 BERPRIES - HIGH C02 TREATMENT EXCLUDED 14 13 THURSDAY,

CEMERPAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE NEWTZ
NOTE THIS TEST CONTFOLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GEMNERALLY HAS A HIGHER TYPE II1 ERROR RATE THAN REGWQ

ALPHA=0 035 DF=24 MSE=0 474567

CRITICAL VALUE OF STUDENTIZED RANGE=Z2 919
MINIMUM SIGHNIFICANT DIFFERENCE= 50271

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N STOR
2 5 3403 16 C€CA
A 4 8688 16 RA
YEAR 1 & 2 BERRIES — HIGH C02 TREATMENT EXCLUDED 14. 13 THURSDAY,

GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE- TGOOD
NOTE- THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE.,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALPHA=0. 053 DF=24 MSE= 0101861
CRITICAL VALUE OF STUDENTIZED RANGE=2. 919
MINIMUM SIGNIFICANT DIFFERENCE= 07363

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

TUKEY GROUP ING MEAN N YEAR
2 1 00487 16 1
A 0. 94433 16 2

JULY 21,

JULY 21,

1988

1988

th
99}

29
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YEAR 1 & 2 BERRIES - HIGH €02 TREATMENT EXCLUDED 14 13 THURSDAY, JULY 221, 1983 50
GEMNERAL L INEAR MIDELS PROCEDURE

TUKEY ‘S STUDENTIZED HAMNCE (HSD) TEST FOR VARTABLE TLOSS
NOTE: THIS TEST COMIRQLS THE TYPE 1 EXPER IMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALPHA=0 03 DF=24 MSE=3 2E-04
CRITICAL VALUE OF STUDENTIZED RANGE=2 19
MINIMUM SIGNIFICANT DIFFERENCE= 01298

MEANS WITH THE SAME LETTER ARE NOT SIGMNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N YEAR
2 0.117845 16 1
A 0 117661 16 2
YEAR 1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 14:13 THURSDAY, JULY 21, 1988 61

GENERAL t INEAR MODELS PROCEDURE

TUKEY ‘S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TMOIST
NOTE THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE 1:i ERROR RATE THAN REGWG

ALPHA=0. 05 DF=24 MSE=8 7E-05

CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 00681

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT
% TUKEY GROUP ING MEAN N YEAR

A 1 239169 16 2
B 1. 231046 16 1t
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YEAR 1 % 2 EERRIES - HIGH €02 TREATMENT EXCLUDED 14 13 THURGSDAY.
GEMERAL I_LINEAR MODELS PPOCEDURE
TUKEY '5 STUDENTIZED PANGE (HSDY) TEST FOF VAFTABLE PH
NOTE THIS TEST CONTROLS THE TYPE I EXPEPIMENTWITE ERROR RATE,
BUT GEMERALLY HAS & HIGHER TYFE II ERFOR RATE THAN REGWQ
ALPHA=(0 05 DF=24 MBE= 0041469

CRITICAL YALUE OF STUDENTIZED RANGE=Z <19
MINIMUM SIGIFICANT DIFFERENCE= 04677

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GRAOUP ING MEANM N YEAR
A 3 50562 16 2
A
A 3 49000 16 1
YEAR {1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 14: 13 THURSEDAY,

GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TACID
NOTE THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE I1 ERROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MSE=4 8E--05
CRITICAL VALUE OF STUDENTI.ED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 00307

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N YEAR
2 0 100388 16 2

A 0. 0946614 16 1

JULY 21,

JULY 21,

1588

1988

&

63
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YEAR 1 & 2 BERRIES - HIGH 02 TREATMENT EXCLUDED 14- 13 THURGSDAY,
GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDEMTIZED RANGE (HSD) TEST FFOR VARITABLE WEIGHT
NOTE THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR PATE.
BUT GEMERALLY HAS A HIGHER TYPE 11 EPROR RATE THAN REGWG

ALPHA=0 O35 DF=24 MSE=1 68083
CRITICAL WVvALUE OF STUDENTIZED RAMNGE=Z 917
MINIMUM SIGNIFICANT DIFFERENCE= 74608

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N YEAR
A 14 3062 16 1
B 11 7437 16 2
YEAR 1 & 2 BERRIES - HIGH C0O2 TREATMENT EXCLUDED 14 13 THURSDAY,

GENERAL LINEAR MODELS PROCEDURE

TUKEY ‘'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TSS
NOTE- THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE.
BUT GENERALLY HAS A HIGHER TYPE 11 ERROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MS5E=1 2E-04
CRITICAL VALUE OF STUDENTIZED RANGE=2 219
MINIMUM SIGNIFICANT DIFFERENCE= 00815

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N YEAR
A 0 319830 16 2
A

A 0O 311781 16 1

ol

JULY 21,

JULY 21,

1988

1788

54

69
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YEAR 1 % 2 BEPRIES - HIGH €02 TREATMENT EXCLUDED 14 13 THURSDAY. JULY 21,
GEMERAL LINEAR MODELS PROCEDURPE
TUKEY 'S STUDENTIZED RAMNGE (HSD) TEST FOR VARIABLE NEWT1
MOTE THIS TEST CONPOLS THE TYPE I EXPERIMENTWISE ERROR RATE.
BUT GENERALLY HAS A HIGHER TYFPE I1 ERPUOR RATE THAN REGWQ
LPHA=0 03 DF=24 mMSE=Q 230071
CRITICAL YALUE OF STUDENTIZED RANGE==Z2 917
MINIMUM SIGHIFICANT DIFFERENCE= 35002

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY SROUP ING MEAN N  YEAR
A 3 4666 16 1
A
A 3. 4280 16 2
YEAR 1 % 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 14.13 THURSDAY. JULY 21,

GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE NEWTZ
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE.
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWKQ

ALPHA=0 03 DF=24 MSE=0.474567
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 50271

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

TUKEY GROUP ING MEAN N YEAR
A 5 3011 16 1
A

A 4 9081 16 2

1988

1988

=1)

67



YEAR 1 & 2 BERRIES - HIGH £02 TREATHMENT EXCLUDED 14-13 THURSDAY, JULYyY 21,
GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIADLE TGOOD
NOTE:- THIS TEST CONTROLS THE TYPE I EXPERIMEMTUWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGCWA

ALPHA=0 03 DF=24 MSE= 0101861
CRITICAL VALUE OF STUDENTIZED RANGE=2 719
MINIMUM SIGHNIFICANT DIFFERENCE= 07365

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
2 0 97588 16 2
A 0 97334 16 1
YEAR 1 & 2 BERRIES - HIGH CD2 TREATMENT EXCLUDED 14.13 THURSDAY. JULY 21,

GENERAL L INEAR MODELS PROCEDURE

TUKEY ‘S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TLOSS
NOTE THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE I1I ERROR RATE THAN REGWQ

ALPHA=0 0% DF=24 MSE=3 2E-04
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 01298
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HaA

A 0 134477 16 1
B 0 101028 16 2

1783

1983

&8

69
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YEAR 1 % 22 BERRIES - HIGH CD02 TREATHMEMNT EXCLUDED
GEMNEPAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGT (HS5D) TEST FOR VARIABLE TMOIST
NOTE THIS TEST CONTPOLS THE TYPE I EXPERIMENTWISE ERROR RATE.
BUT GENERALLY HAS A HIGHER TYPE I1 ERFROR RATE THAN REGWQ

ALPHA=0 0353 DF=24 MGSE=8 7E-05
CRITICAL VALUE OF STUDENTIZED RANGE=2 917
MINIMUM SIGHIFICANT DIFFERENCE= 00681

MEANS WITH THE SAME LETTER ARE NOGT SIGNIFICANTLY DIFFLRENT

TUKEY GROUP ING MEAN N HA
A 1 237558 16 1
A
A 1 232636 16 2

YEAR 1 % 2 BERRIES — HIGH CO2 TREATMENT EXCLUDED
GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE PH
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG

ALPHA=0. O3 DF=24 MBE=. 0041449
CRITICAL VALUE OF STUDENTIZED RANGE=2. 919
MINIMUM SIGNIFICANT DIFFERENCE= 044699

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
A 3. 332350 16 1
B 3. 46312 16 2

14: 13 THURSDAY,

14:13 THURSDAY,

JULY 21,

JULY 21,

1983

1988

70

71



150

YEAR 1 ¥ 2 BERRIES - HIGH €02 TREATMENT EXCLUDED

GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD) TEST FOR VARTABLE TACID
NOTE. THIS TEST CONTROLS THE TYPE [ EXPERIMEMTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE 11 ERROR RATE THAN REGWQ
ALPHA=0 05 DF=24 MSE=4 8E-Q5
CRITICAL VALUE OF STUDENTIZED RANGE=2 717

[ ==

MINIMUM SIGNIFICANT DIFFERENCE= Q0507
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
2 0 099929 16 2
A 0 097073 16 1

YEAR 1 & 2 BERRIES - HIGH CO2 TREATMENT EXCLUDED

GENERAL LINEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE

(HSD) TEST FOR VARIABLE: WEIGHT
NOTE.

THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE I1 ERROR RATE THAN REGHWQ

ALPHA=0 03 DF=24 MSE=1 &8083
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 94608

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICAL.
TUKEY GROUP ING MEAN

LY DIFFERENT
N HA

A 15 5375 i6 1

B 10.5125 16 2

14 13 THURSDAY,

14- 13 THURSDAY,

JULY 21,

JULY 21,

1788

1783

7

73
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YEAR 1 & 2 BEFRIES - HIGH C02 TREATMENT EXCLUDED 14 13 THURSDAY, JULY 21%.
GETIEPAL LIfMEAR MODELS PROCEDUFE

TUKEY 'S STUDENTIZED RPANGE (HSD) TEST FOR YARTABLE TSS
NOTE THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYFE II ERROR FATE THAN REGWQ

ALPHA=0 05 DF=24 mM3E=1 ZE-04
CRITICAL VALUE OF STUDENTIZED RANGE=2 71%
MINIMUM SIGHIFICANT DIFFERENCE= 00815

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
A O 3160626 16 1
A
A 0 315584 16 2
YEAR 1 & 2 BERRIES —~ HIGH CO2 TREATMENT EXCLUDED 14 13 THURSDAY., JULY 21,

GENERaL L INEAR MODELS PROCEDURE

TUKEY 'S STUDENTIZED RANGE (HSD!) TEST FOR VARIABLE NEWTI

NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE,
BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ

ALPHA=0. 03 DF=24 MSE=0 230071
CRITICAL VALUE OF STUDENTIZED RANGE=2 919
MINIMUM SIGNIFICANT DIFFERENCE= 35002

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

TUKEY GROUP ING MEAN N HA
A 3. 6420 16 1
B 3. 2526 16 2

743
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YEAR 1 & 2 BERRIES - HIGH C0O2 TREATMENT EXCLUDED

GENERAL LIMEAR MUODELS PROCEDURE

TUKEY 'S STUDENTIZED RAMNSE (HSD) TEST FOR VARIABLE NEWTD
NOTE THIS TEST CONTRULS THE TYPE I EXPERIMENTWISE ERRCOR RATE,
BUT GENERALLY HAS A HIGHER TYPE 11 ERROR RATE THAN REGWQ

ALPHA=0 05 DF=24 MSE=0 474567
CRITICAL VALUE OF STUDENTIZED RANGE=2 9179
MINIMUM SIGNIFICANT DIFFERENCE= 50271

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

TUKEY GROUP ING MEAN N HA
A J 6628 16 1
B 4. 3463 16 2
tpnyf v

14 13 THURSDAY,

JULY 21,

1988

76
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Appendix D. Sample calculations to determine the amount of
ice necessary to maintain CA in an enclosure.

A) DATA

i ) enclosure

- volume : 3 m3

- free space : 50%

- air change per hour : 1 air change per
1.5 m3/h

poor airtightness
ii ) dry ice

- sublimation rate at 5°C: see Figure 22

iii) volume of gaseous CO, per kg of dry ice sublimated

0.0224 m3/mole X ( 1000g / 40g/mole)

Vk9
0.56 m3/kg

Vk9

o

B) AMOUNT OF DRY ICE
1) rate of sublimation required

Given a CA with 20% CO,, a fifth of the volume of t
atmosphere is gaseous CO, and a fifth of the volume
of air ventilated every hour is CO,. Hence,

1.5 m3/h X 20% / 0.56 m3/kg

CO, consumed =
= 0.54 kg COy/hr

ii) amount of dry ice matching the rate of sublimation

Referring to Figure 22, a block of dry ice weighing
between 16 to 20 kg would lose 0.5 kg/hr at 5 ©cC.



