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YVES LEPINE M.&!. (hJr. Erg) 

~ IiMIDIJR; IN ~ 

'!he shelf life of strawberr les grown in Qué1::~G is very short 

and does l'lOt extend nnre than two days. Yet strawberries from 

california have a she1f life of rore than a w€.ek. In a literature 

review, we stlldied the many factors influencing sheH life. 

Variety, rnaturi ty , cultural practices, methcds of harvest and post 

harvest hanclling were aIl factors inf1uencing shelf life. Given a 

weIl managed field with adequate harves'""Jng methoo, we found that 

precooling and controlled at:Itosphere (CA) storage were t~e ractors 

that contr.ituted JTX)St ta maintain the quali ty of the ~rries. 

Experiments were conducted ta evaluate the influence of regular 

storage (RA) and CA storage on shaH life. 'The CA CXlnsisted of a 

gas mixture composed of 16 +/- 1.5% C02 , 20 +/- 1% 02 and 64 +/-

2% N2. Mter 10 days of storage at 5 Oc and 2 additional days wnere 

berries were kept successively at 10 Oc or at 22 Oc for f€riods of 

12 hours, 80% of the strawb2rries stored in CA were sound cornpared 

to 55% for those ston~d in RA. CA storage had no effect on quality 

parameters such as soluble solids, acidi ty and ITOisturc content. An 

increase in the firnmess of the skin and the flesh was oŒerved. 

An exp=riment was carried out to evaluate ~'1e effec:ts of short 

exposure to high C02 concentrations on strawœrry quality. While 

being precooled, sorne strawberries were 1eft in sea1ed containers 



where (X)2 concentrations were over 80% initially. 'Ihese ~ 

concentrations were decreased from 80% to a1:::out 55%. No off 

flavors 01' foul mors were obsE"rved after a two hour expJSUre te 

high Cü2 concentrat..ions. 'lhis treatment did not "'OOuce decay tut 

did increase the firmness of the flesh. 

Tc verify the effectiveness of CA in preventing the growth of 

fungi, spoiled strawt:erries inoculated with Botrytis cinerea were 

placed anong freshly harvested berries stared in CA or ln RA. We 

noted CA ta te effective in preventing the growth of Botrytis 

Cll.;::ï.-t:::ct f1:"OlTl a mJlded strawterry te berries located next ta it 

(nesting) . 

Gi ven a widespread use of precooling, the use of CA could 

easily double the shelf life of strawberries. 'Ibis will aIse lead 

te reduction in losses and provide an opporttmi ty to explore expert 

market te the neighOOuring states or provinces. 
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YVES LEPINE M.Sc. (hJr. FD:J.) 

lA. MANUl'ENI'IŒ DES FRAISES NJ ~ 

Hi 

Les fraises cueillies au Quf-bec ne se conservent pas plus de 

deux jours. si l'on considère que les fraises i11l[X)rtées de Cali for-

nie se conservent plus d'une semaine, la périooe de conservation des 

fraises du Québ2c est très courte. Une revue de la li tÉ. ëlture a 

y;ermis de déteminer gue la variété et la maturité des fraises, les 

pratiques culturales, les méthooes de rf..col tes et la m.:mutentlon 

suivant la récolte étaient les facteurs qui affectaient le plus la 

conservation de la fraise. En supposant une ronne gestion des 

cI1aJt'Ips et des méthodes de J:"écol te ad~tes, le prérefr:JidisseJTlP.J1t 

et l'entrefX)Sage en abnosphère controlée (AC) sont les facteurs qui 

contriJ::uent le plus à maintenir la qualité des fralses. 

Des expériences ont f'€DlÙS de comparer l' entrer;osage en cham."Jre 

froide et en atrrosphère contrôlée. L'entrefXJSélge en AC a réduit les 

pertes dues aux roississures sans affecter significativement les 

paramètres d'évaluation de la qualité telles que le IXlurcentage de 

solides en solution, l'acidité, et le contenu en eau. la chair 

des fraises entrer;osées en AC etait plus ferme. Apres 10 jours 

d'entrePJSélge à 5 Oc suivis de 2 jours où les fraises ont tour à 

tour été entrepJSées à 10 Oc et à 220c p:JUr des périodes de 12 

heures, 80% des fraises entrePJSées en AC étaient vendables compara­

ti vement à 55% IXJur les fraises entre!XlSees en chambre froide. 



L'influence sur la qualité des fraises d '\IDe courte exposition 

à des concentrations de (X)2 élevées a été évaluée. Au cours du 

prérefroidissenent, des fraises placées dans des contenants hennéti­

ques ont été expJSées à dE'.3 concentrations de (X)2 qui étaient 

initialem:mt de 80% AU cours du prérefroidissement, on Cl laissé la. 

conœ.ntration en C02 diminuer à 55%. AUClm arrière gùut ou odeur 

douteuse n'a été o.tservé après une exp:.1Si tiOll de deux heures à ces 

concentrations. Ce traitement n'a pas amélioré la conservation des 

fraises, ni augmenté là f ~té de la chair. 

Un mélange de gaz COITlI-renant 16 +/- 1.5% 0)2' 20 +/-1% 02 et 64 

+/2 % N2 s'est révélé efficace dans la prévention de la croissanC".e 

du Botrytis cinerea d'une fraise roisie aux fraises voisj"19S. I.e 

prérefroidissernent et l' entrep::sage en AC :rermetttent de facileIOOnt 

doubler la périooe de conservation des fraises frai ches. 

Une manutention améliorée des fraises penœttra 1..D1e reilleure 

conservation ce qui réduits de manière significative les pert.ès sur 

le marché local et rends possible l'exportation vers les provinces 

et états voisins. 
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canadian strawberry production has increased sharply sinee 

ten years. 'lb deal wi th the surplus created, new markets must be 

found nationwide requiring trans};X)rt te farther distances. Trans­

IX'rt ta longer distances needs improved conservation and handling 

techniques. In QUébec, strawberries typicall y have a shelf lite of 

two days or less which js tex:> short for suœessful marketing 

outside the province. Although shelf life is first related to the 

cultivar characteristics, postharvest handling rnethods such as 

precooling and controlled atJrosphere storage are as important in 

rnaintaining fruit quali ty . 'The adaptation of better post harvest 

handling techniques should lead te reciuction in losses and a better 

quali ty product te the consumers. 

1.1 '!he st.J:mJberry Imustry. 

strawberries are grown th:coughout the world fram the arctic 

regions te the tropies. '!he 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 produL.--tion. 

1 
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Table 1. Appi."oximate YX:>rld prcduct.ion of strawberries in the 

late seventies. 

Country Production Country Prcxiuction 
(X 1000 tonnes) (X 1000 tonnes) 

United states 224 Dernnark 11 

Japan 115 NOrWcly 10 
Mexico 110 Spain I:l 
Poland 100 Greece 5 
ltaly 74 New Zealand 5 

France 57 Australia 3 
Yugoslavia 56 Finland 3 
Gennany (E&Fr) 49 Israel 2 
Netherlands 32 

Bulgaria 30 
Belgitnn 25 
Hungary 21 
canada 19 
Czechoslovakia 15 

Mapted from Childers, 1980. 

strawberry production in canada is concentrated in Qùébec 

(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 fam value of 

$ 9.55 million. 'lhis production covered 75% of the provincial 

consl.Dl1ption of fresh strawberries (Figure 1). Because it is very 

dependent on weather conditions, annual local strawœrry production 

is unpredictable (Figure 2). For instance, yields were down ta 3.4 

tormesjha in 1981 and rose by 35% to 4.6 tannesjha in 1982. 'll1ese 

2 
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Figure 1. strawberry supply in Québec (1961-1986). 
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annual varie'tions in strawberry supply rnake it difficult to esta­

blish ~ ti:nn marketing strategy (CAGRIC, 1972). 

On the national level, canaclian strawberry i.mp:)rts have 

ma.intained over 20,000 tonnes a year since 1984 (Figure 3). '!he 

uni too states, Mexico and New Zealand are our ma.in suppliers. Sorne 

strawberries are now imported fram Chile and Israel. Imported 

œrries are nostly rought for processing. 

Frozen strawberry per capi ta consurnption data in canada shows a 

68% increase œtween 1971 and 1981. 'Ibis increase in the consump­

tion of frozen berries was related to the decrease in the consump­

tion of ~rted fresh and canned froi ts. 'Ihis corrororates the 

steady grOVJth in the imports of berries for processing between 1971 

and 1981. canadian growers should be aware of this trend and gra.N 

increasing amJunt..s of strawberries for processing. 

Fresh domestic products could sul::Etitute imported ones in 

surnmer ronths (Figure 4). canadian i.mpJrts of fresh strawberries in 

June, July and August averaged 11 300 tonnes between 1984 to 1987. 

But to service this new market profiUillly with domestic barries, 

losses due ta poor quality and spoilage will have to be reduced. 

For strawberries, Salunkhe and Desai (1984) evaluated lasses to be 

13.5% at the wholesale level, 5.5% at the re~iler level and 22.2% 

at the const.nner level for a total loss of 41.2%. In Québec, lafleur 

(1985) estimated 15% of the berries deli vered ta the retailer were 

unmarketable while 44% were bruised. 'Ibis reduced the gross profit 

fram the sales of fresh strawberries by up to 93%. 
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.. - Better management of harvesting, precooling and storage in 

controlll3d atrnos};i1eres (CA) are techniques b'IDt would reduce the 

losses significantly. 1bere is no doubt Canadian gra.vers could 

adapt sorne of these techniques to their operations. Adequate 

~tharvest handling techniguœ would make i t ~ible ta ship 

strawbercies across canada and ta increase our share of the rrarket 

for fresh strawberries. 

1.2. Metlnls of extelrling shelf life 

Fu.'1gi present in the field at harvesting are responsible for 

later post harvest lasses. Measures te control the level 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 
- res i.stant cul ti vars - refrigeration 
- cultural practices - precooling 
- biological control - CA starage 
- harvesting - irradiation 

Planting sites should be selected with goOO soil drainage am 

air circulation ta reduce humidi ty . Proper spacing of plants am 

application of fertilizers are ÏInp:)rtant. Dense foliage prcxluced by 

exceLSive use of nitrogen fertilizer or too narrow spacing will 

8 
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shade the berries. Shading will prevent fruits from drying during 

wet periods, creating ideal a:mditions for disease deveJopoont. '!he 

use of mulch which keep:; berries fram contact wi th the soil is also 

helpful in limiting Ü1fections (Freeman ;:url Pépin, 1977). 

'Ibe coJ"!trol of IX>St harvest diseases of strawberry must begin 

in the field where many of the infa."tions are initiated. Fungicide 

treatJnents are the first action for controlling Botrytis and other 

fungi in the field. Breeding and planting plants that are resistant 

to pre and fX)St harvest pathogens could be very effective in 

reducing losses; al though the developnent of genetic resistance is a 

long process. Biological control of lTOlds using saproP'lytic fungi 

is an al ternati ve to fungicide treatments rut much work still needs 

to be done before this technique if> widely available (Bhatt and 

Vaughan, 1962, Tronsmo and Dennis, 1977). 

certain cultural practices can reduce the lasses at harvesti 

berries sLould be picked early in the day as saon as it is dry, and 

handled carefully to avoid bruising. Prompt cooling to a to loCe 

will check gray mold develop1'EI1t and helps rnaintain the initial 

qualityof the berries. Adequate storage at lCM ternperatures and in 

CA extend shelf lj fe significantly by retarding rrold grcMth. '!he 

application of fLUttigants such as dichloran and sulfur dioxide can 

rErluce the incidence of postharvest ctiseases rut the effecti veness 

of these treatments js still debated (Smith and Worthington, 1965). 

Acetaldehyde, captan and dehydroar.etic acid were also tested for 

postha:nrest applications tut they affected the fruit quality 

(Jarvis, 1977, Cohen and Dennis, 1975). Radiation and heat treat-

9 
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ments have been successful in controlling decay rut no 1OOt'e better 

than the control achieved through conventional refrigeration of the 

berry. Maxie et al. (1971) and Wells (1970) have questioned the 

profi tabili ty of these methods. 

'Ibere are many interacting factors invol ved in the control cf 

postharvest diseases in strawberries. Measures to control the 

infestation and later developuent of pathogens are required at aH 

levels if losses are to be reduced significantly. Plant scientists 

could help in selecting cul ti vurs best adapted to post harvest 

storage; they could supervise spraying prograrn and cultural prac­

tices and assess the degree of field infestation. Àgricul tural 

engineers could carry on work on the handling of the berries such as 

precooling, packaging, storage and distril:ution from harvesting to 

retailing. 

1.3. Cbjectives 

strawberries are a fragile and short li ved product. 'They 

are easily bruised. when handled fram the field to the distritution 

channels and they are very susceptible to decay. Harvested tao ripe 

or stored unà.er the wrong conditions, ele product becomes even TlDre 

perishable. 

'lb find means te reIOOdy these problems, a study on the 

post harvest handling of strawberries is proposed. '!he objectives 

of the present study are: 



' ... 
i) Tc assess the quali ty of strawberries after storage 

under CA and RA for 10 days followed by a two clay 

storage under simulated conmtercia l storage candi tions 

ii) Tc verify the suppressing action of CA on oold propagation 

from a decaying berry to the neighlx:luring strawberries. 

The resul ts of the study will help to find cast effective 

methods to improve the handling of strawberries. 

1.4. Scope of tœ stOOy 

Control of postharvest diseases of strawt:erries is a mu! tifaœ­

ted problern wi th 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 

rnaintained following practices c:onnronly otserved in Québec. 

CUltural practices such as mulching, fungicide applications, 

fertilization, irrigation and choice of the cultivar were net 

noni tored before the experiment. strawberries harvested were of t.l1e 

Red Coat variety, the nost popular cul ti var in Qnébec. CUltivars 

differ in their keeping quality and response to CA storage. 'Ibis 

should te kept in mind when interpreting the resul ts. 

The level of infestation and the pathogens present in the field 

at harvest vary from place ta place, from season ta season and wi th 

time. Depending on weather candi tions, the degree of success of 

improved management of harvesting and handling in cantrolling 

postharvest losses will vary. 

11 
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At harvest and in subsequent steps of handling and storage, we 

followed the rec:omrnarxiations found in the li terature that seemed 

JOOSt applicable te Québec cxmditions. ether workers might prefer 

different abros};heres for CA starage or ~uld pick berries at a 

different maturity stage. In this case, recommandations given to 

harvest and hancile other cultivars were satisfactory for our 

cul ti var. Experience and further testim may lead to slightl y 

different harvesting and handling procedures. It should he rernem­

bered the emphasis was on rnaintaining quality of berries for the 

fresh market. PrOcessors rnay have a dHfere.Tlt opinion of what 

quali ty is and they may hal:vest berries much later ta œet their 

processing requirements. 



II - I.ITERA'lllRE RE.VIEH 

Fruits such as strawberries have a very short post harvest life 

even under optünum conditions. Ta maintain acceptable quality 

throughout the starage and distrihltion period, harvesting has to 

proceed before strawberries are fully ripe (Woodward and Topping, 

1972). Adequatr~ handling will m:dntain the quality of the berr'ies 

until deli vered ta the consumers. '!he next section will describe 

various methods used ta maintain the quality of the strawœrries and 

te extend their shelf life. 

2.1. Harvest.:inJ 

As opposed te 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 ta be easily crushed and 

bruised. I..ater these injuries rnake the fruit oore vulnerable te 

docay orga.'1isms and increase rost harvest losses (El Goorani and 

Sommer 1 1981). Cornrron problerns encountered while picking strawber-

ries for the fresh market are harvesting fruits that are tao ripe, 

picker damage, rough .éield handling and delayed cooling (Mitchell et 

al., 1964). 

13 



-------- --- -----------------------------------~ 

2.1.1 Harvesti.rg far the fresh market 

Depending on the tinte and distance to market, strawberries are 

harvested at different stages of ripeness. Fruits for local market 

should be full y ripe and firrn while frui ts for long distance 

shipnent or to be stored should be picked at the three fourths 

colored stage or white tip stage (t\\:xxiward, 1972). Ficker training 

ar.d supervision can significantl y reduce the market losses. Mitchell 

et al. (1964) oœerved selection of berries by careful pickers 

resulted in 14.4% Ul'l1TléITketable fruits after 8 days at 5 Oc while 

careless pickers caused 33.7% of the berries ta be unsalable. 

careful pickers snapped the fruit from the plant wi thout 

brtil.sing the berry or breaking the cap. C8reless or inexperienced 

pickers squeezed the fruits and dropped them ln the crates. They 

aIse fillea the crates t-o the p:ünt where berries were crushed when 

crates were stacked. In Qùébec, commercial strawberry harvesting is 

done IOC>Stly by untrained pickers and sul:stantial lasses can be 

attrituted ta their inexperience (Girard, 1985). f-bst gra.vers make 

a real effort ta avoid rough handling of their fruits during 

stacking and loading. Ha.vever they over look gcxxl ternperature 

manageroont, probably because the end results are net 50 iIllllEdiùtely 

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

and llDVed as quickly as possible from picking ta cooling stations. 

14 



2.1.2 Harvestirq st.rawberries for proœssÏD;J 

An increasing percentage of strawberries sold te processors are 

harvested mechankally. In fact in many areas, mechanical harves­

ters are now a necessi ty because of laror scarci ty and expenses. A 

cost comparison between hand and machine harvesting is presented in 

Appendix A. Major changes in cultural practices are required. to 

adapt the crop to mechanical harvesting. First, finn fruited, dark 

fleshed, unifonn ripening cultivars must be found and planted. 

Secondly, shaped beds are recornmended 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 mech.anism is DOW 

used successfully on many harvesters (Figure 5). A stream of air 

lifts the fruit aoove and in front of the comb brush stripping 

mechanism. Moving on a continuous belt, the comb brush strip:; the 

fruits fram the plants and conveys them ta an air lock valve. From 

this valve, fruits are picked and packed in containers (l-brris, 

1980). When used with shar:;ed beds, such harvesters operate at a 95% 

harvesting efficiency. The harvesting proceeds once the rnajority of 

the crop has developed an acceptable color. Al though the prcduct 

contains a wide range of maturi ties , samples containing up te 50% 

immature fruits can he used in the prcxhlction of an acceptable jarn 

(Spayd and V.orris, 1981). Picking early ripening fruits by 
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Figure 5. Schernatic of a rrecharri cal stra~rry harvestcr 
shc:Ming a) the IrOving sickle brr b) the comb hru;h 
pick.Ï.n:J arrl conveying system c) the fan blowül<j 
leaves away d) the air lock val ve ard e) th0 
fruit trans[X)rting conveyor. 
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1 .... hand improves the quali ty of the machine harvested fruits. For sorne 

cul ti vars, i t aiso increases the total yield harvested (Morris, 

1980) . 

Before being de li vered to the processors 1 machine harvested 

strawberries are usually cleaned. from Ieaves and debris using a durnp 

wash tanks 1 trash elinùnators and decappers. A grading unit is used 

next te sort the berry by maturity based on fruit size (Dale, 1985, 

Morris, 1980). 

2.2. PreooolinJ 

Ta market strawberries profitably on a regionai scale, they 

nrust keep for at least a few days. storage at low ternperatures is 

the simplest and most efficient way to maintain strawberry quality 

(El Goorani and Sonnner, 1981). storage at Iow temperatures reduces 

the activity of patl10gens ::"uch as .RhizQIlY§ and Botrytis species 

which are unable ta produce sPJrangia at tern:peratures aüow 100C. 

'lheir grawth and abili ty te establish new infections are aIse 

greatly reduced in the oCe te IODe terr\pE'.rature ra'1ge (Khalid and 

Jordan, 1976). Maximum growth and sporulation by Rhizopus occur 

between 15 ta 300C; infected fruits stored at 200c will be totally 

spoiled wi thin 48 hours. At 10°C, rot lesions may be evident less 

than 24 hours after inoculation. 

Most product..s are C(X)led in the sante room they are stored in 

with no special facilities for the cooling operation. 'Ibis method 

involves less handling and simpler design and operation for the cold 

room (Gui1lou, 1960). Cooling ta the desired temperature is slow and 
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takes place CNer a period of many hours. Highly perishêblo products 

such as strawberries, may deteriorate during the time they are 

cooled. while wann products are added to the cold room, stored 

products are exposed te continuaI variations in ternperature and 

humidity. In turn, this causes condensation of moi sture on the 

colder product, making it nore susceptible ta fungal infection 

(Hart, 1964, Tanini, 1983). Finally in a slow cooling operation, 

additional refrigeration ;_s necessary ta excract the heat of 

respiration which may be significant for products having a high rate 

of respiration. In room cooling, the exx)!ing rate of berries can be 

accelerated by suffitituting plastic mesh master trays for the 

regular fibertoard trays. Harris et al. (1969) rep:>rted the coolinq 

rate ta be twice as fast with the plastic mesh tray. 'Ihey also 

reported roorn c:ooling of berries to be 20% f3Ster when berries were 

in plastic baskets rather than in pulp œskets. In forced air 

precoolers, the type of baskets had little influence on the cooling 

rate. 

'!he inq.JOrtance of rapid precooling carmot be overeJnF.hasized 

since twice as much decay occurs in berries held at 12. 80C as at 

1. 1 Oc and four times as rnuch decay occurs at 21. 10 C as at 4. 4°C. A 

delay of 10 hours in c:ooling strawberries from 2cPC to 4. 40 C causro 

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

three days at 4.4Oc (Tanini, 1983). A 20 haur delay in pr8CXX)ling 

caused a 40% increase in B. cinerea infections. 
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Cooling can be ac:x:elerated by increasing the area exposed to 

cold élir and by creating air IOOverrent in r..he cold ro:Jm. Ta f~.2r 

accelerate cooling, cold air must be dri ven into or through the 

containers . Precoolers were develop:!d for this prrpose. By 

circulating a cold fluid around the prcduct to cool, the heat 

r..ransfer is greatly increased resulting in shorter cooling time. 

Different types of preexx>lers are available. 

Vacuum coolers are well adapted to ŒX>1 leafy vegetables. In 

these coolers, air is p..nnped away in the storage room untii IOOisture 

evaporates rapidly fram the product. Fast cooling c:xx::urs as the 

heat available in the product is used to eva};X)rat..e the water. The 

resulting water vapor is then conc'kmsed by refrigeration and run 

into a sump. '!he half cooling time for strawberry i.n a vacuum 

cooler is alx:>ut 25 minutes; for lettuce, it is 3 minutes (Guillou, 

1960) . strawberri es are cooled quicker and cheaper by hydrocoo-

Iing or forœd air cxx:üing. Vacuum cooling equipnYimt is expensive 

and requires skilled labor. large daily outputs are necessary for 

economical operation. 

strawberries can be precooled by circulating cold water around 

them (hydrocooling) rut, unless they are handled in l::lli.k, water 

resistant containers would be required. Draining off excPSS water 

would also be required. Any rise in te.mperature when packing 

hydrocoolecl product must be offset by additional refrigeration. 

With hydrocooling, damage ta the product from wetting or fram 

infections carried by the water is aiso a poss ibi lit Y • Cold air has 

none of the drawbacks of hydrcx:x>oling and for berries it is equally 
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effective (Guillou, 1960). Forced air cooling is brought arout by 

use of a differeoce in air pressure to force air through stacked 

containers. Forced air cooling is best adapted to situations where 

the pack is open. 'Ihat is why forced air precooling is the ITOSt 

C01l1ITOn method used te precxx:>l small fruits. Air circulation is 

provided by large fans that draw air through containers fX)Si tioned 

ta favor air circulation around the berries (Harvey et al., 1969), 

I..ess than 1% of the producers precool their fruits in ~ébec 

(Gi~, 1985). The small size of the operation, direct and local 

marketing explain to sorne extent why this is 50. Yet 150 producers 

cultivating areas larger than 2 hectares would benefit from precoo­

ling and cold storage (Girard, 1985). 

In Q.lébec, nost growers harvest less than 0.5 tonnes of 

strawberries per day. This small prcduction and the short season 

cannot justify the installation of an elflborate precxx:>ler. A 

IOOdular precooler, simple in design and inexpensive to tuild would 

likely meet the needs of nost growers if it was available on the 

market. 

2.3. storage of Strawberries 

Fruits and vegetables are still alive aftel" harvest ard their 

developnent continues. But because the harvested fruit is eut fram 

its normal source of water and has only a limited supply of caroohy­

drate ta respire, premature senescence, rotting and wil ting are 

proloc>ted unless fruits are maintained in a controlled envirOJlIœnt. 
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Many storage systems are available ta ctore ':ruits and vegeta­

bles. rnrü1g storage, stored products can lose significant mrount 

of IOOisture te the cold dry air. For strawberries however, I1Disture 

losses during storage are rarely a problem because the storage 

period is short and the epiderrnis of the berry is fairly impervious 

(Woodward, 1972). In.rreas where JOC>isture losses could become a 

problern, the use of high hœnidity storage systems such as the 

jacketed system or the Filacell system could be recoJl1l'l'el1ded. Both 

systems would have ta he downscaled to meet the growers need. If 

des i red , the Filacell system could be adapled te CA sterage systems 

(Krahn and Darby, 1971). storage at reduced atnostileric pressure 

has 1Jepn tested in Florida and Michigan and in one instance, the 

storage life of strawberries was extended ta 21 days under hypobaric 

storage cornpared ta 5-7 days in conventional cold room (Burg , 

1975). Yet the economic feasibilityof COIIlIœrCial hybobaric starage 

for strawberries is still uncertain in the U.S.À. and is likely not 

to be profitable under the short canadian operating season (Lange et 

al., 1978). 

CA storage of strawberries is lrQStl y developed in the United 

states for long distance transportation. In this storage system, 

gases invol ved in the metaOOlism of the stored COII1IOOdi ty are added 

or reJOC>ved. In ge.neral, ~ i5 reduced and 002 is increased. other 

gases such as ethy lene ( C2H4 ) and carton JOC>noxide (CD) are also 

controlled when necessary. storage in CA greatl y improves the 

starability of strawberries because it reduces their metaOOlic rate 
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and delays their ripening (El Goorani and SonTner, 1981). Reduction 

in the respiration rates are attrihlted te low oxygen COJ1Cf>...ntrations 

and in generdl, are nost noticeable when 02 concentrations are 

lowered below 8 to 10% • If the 02 level becomP.E too Ia.v in the 

storage rcom, fermentation occurs and off flavors develop (Couey and 

Wells, 1970). '!he cri tical 02 concentration below whic.i1 fennenta­

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 concer..tration is at 2 % 02 

and 98% N2 (Woodward and 'Ibpping, 1972, Couey et al., 1966). 

'!he role of ())2 in CA storage is te decrease or inhibi t the 

growth of pathogens, ta decrease the rate of oxidation of plant 

compounds and to reduce the losses in acidity, firmness and chloro­

P'lyll (El Goorani, J 981) • certain fruits and vegetables such as 

peaches and tomatoes, are susceptible to 002 and exposure to high 

concentrations of 0)2 results in off flavors, soft tissue am 

internaI and external browning of the tissue. strawberries are r.ot 

susceptible te 002 in jury 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 (X)2 levels. 
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2.3.1. Cootrolled a~ storage of strawberries 

COntrolled atnospheres can be created and maintained using 

three different types of systems which are= the O;z control systems, 

the ~ control systems and the IœIllbrane system. In the 02 control 

systems, the ~ is depleted by l::urning it in catalytic b.lrners, 

purging it by pulverising liquid nitrogen in the storage room or r:Jj 

p..nnping the air out of the room (hypobaric storage). In the ~ 

control systems, a:>2 is first rised by pulverising liquid 002 in the 

room or by making the storage roarn airtight and letting the ~ 

produced by the respiration of the storE~d products to aCCl..DllUlate in 

the atIrosphere. once the desired C02 level is read~ed, it is 

rnainmined by circulating the gas flow through a scrul:iJer which 

rerroves any excess. Water, hydrated lime, acti vated charcoal and 

rrolecular sieve are the rrain reagents used conunerciall y for ~ 

aœorption. The 02 concentration is usually lllaintained by letting 

air into the storage room. 'lhe 02 and CC2 control systems are net 

adapted to short tenu storage of strawberries unless a source of 002 

is available. 'The use of membrane systems, where a semi permeable 

rnenlbrane regulates the gas exchange l:etween the inside and the 

outside of the cold room, would also be limited for strawnerries 

beC'...ause of the time rEqUired to create the CA. Second! y, the gas 

exchange characteristics of the memb:r.me available do not lead ta CA 

wi th mth high 0)2 and 02 concentrations. Raghavan and Garie­

py (1984) have used a Iœlllbrane system successfully to store a number 

of vegetables and work is underway ta design a œrnbrane system which 
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\YOUl.d allOW' 0:2 and ~ levels in t'ne range of interest for straw­

beny storage. 

2.3.2. Gas oll,lŒiti.at fOI" oOlluolled at::uu:;plere starage of 
st:rawberries. 

A s1.llllllarY of the different studies reviewed on the C',A storage 

is presented in Table 3. In othe early experi.J1lents conducted between 

1900 and 1950, the storage temperatures were often high€x than 

optimal because CA was tried as a possible al ternati ve to low 

storage temperatures (Brooks et al., 1932, D:>ren et al., 1941). 

Brooks et al. (1932) found that an atnnsIilere comp:>S€d of 18% (X)2' 

17% 02 and 65% N2 had a checking effect on decay of strawberries 

stored unde.r CA. As a resu] t, better management of temperature was 

introduced (Guillou, 1960, Harvey et al., 1965). Precooling and 

lower storage temperatures be<:::am= standard in california shipnents. 

'!he airtightness of the containers waB aIse irnproved te 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 ta 3 te 5 days in 1973 and 4 te 7 days in 1980 arrl 

rec:ormoonded storage ternperatures dropped from 100C ta 4 ta 70c 

(~ey et al., 1980). 

'!he gas compositions used in CA storage were aIse improved to 

reduce decay to a minLllUITl while preventing the develo~t of off 

fla vors or 002 injury. loNer 002 concentrations did net reduce 

fungal growth significantly enough te exterrl shelf life while higher 
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Table 3. Effect of dIfferent storaqe conditions on strawberry decay and quali ty • 

- - ----- -- -- - - - - ----- - - - - - - - ---- --- .. - ------------------------------------------------ ---------------------------------
Gas concentratIons Terp. Le n9th Decay Off] ~arketlng Telp.5 Dec ay6 Reference 

\°2 IC0 2 1N2 Oc daysl 12 f1avors days 4 oC \ 

--- -- -- ----- - - - - - ---- - - - - - ------ -- - - ---------------------------------------------------------------------------------
18 2 8U 10 H Fulton, 1907 
1 ] 8 79 10 Y 

]6 64 10 Y 

17 18 65 10-16 H 1/ Brooks et al., 1932 
17 2] 60 10-16 H Y 
18-19 10 -Il 69-71 10-16 R Y 

17 15 68 10 H Il 21 100 Doren et al., 1911 
15--) 21 30-->0 55-->79 10 H Y 21 100 1 

6 15 79 Y Smith, 19]8 
Il 10 79 Il 

13 27 60 8-10 8 H 15 24 Harvey et al., 1965 
21 79 8·10 10 N IS ]] 

0.25 99.75 Y IS 1.4 Couey et al., 1966 
o • 50 99.50 /1 IS 3.8 
21 79 ~ IS 10.0 

16-19 10 - 20 64-71 1.5 1( IS 7.5 Couey and Wells, 1970 
15 30 S5 1.5 y 15 5.5 
21 79 1.5 R 15 16.7 

19 ID 71 ID ]-5 1.3 N 15 8 Barris and Barvey,I973 
16 20 64 10 3 5 1.7 N 15 11 
15 ]0 55 10 3-5 4.5 Y 15 26 
21 79 10 3-5 11. ~ 1( 15 64 

16-19 10-20 64 -71 4-7 N 16 5 Barvey et al., 1980 
21 79 4-7 H 16 33 

16 10 64 0.1 H 15-19 7.2 Lange et al., 1978 
1.0 99 1), 9 R 15-19 42.9 

2.3 S.O 92.7 3.3 21 14.0 N El lazzaz et aL, 1983 
17. S 15.0 67.5 ).] 21 0.2 R 
21.0 79.0 3.3 21 19.3 N 

lote: R: no Y: yesi lO-IS oC Jeans 10 to 150Ci IO-->150Caeans at t=o,telperature 1S at 100C and rises to 15 Oc 
at end of storaqe. 

1- Length of storage in days. 
2- t decBy in strBwberrles at end of storaqe. 
J- Off fluors detected or not. 
4- Length of storage in days wbere berries vere left at a given telperatm after storage in CA. 
5· Telperature at WhlCb bemes vere left dllring the aarketing period. 
6- t decay in strawberries at tbe end of urketinq period. 
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ro2 concentrations lead ta the developnent of persistent off flavors 

(Brooks et al., 1932, Harris et al., 1969, Couey and Wells, 1970). 

'!he best gas mixtures were those where 15 to 20% ~ was present 

with nearly equal aoounts of'" 02' Adding 002 in air using dry ice or 

liquid gas was the rrethod used commercially ta get the desired gas 

concentrations (Brooks et al., 1932, Harris and Hdrvey, 1973). 

Couey et al. (1966) used liquid nitrogen ta lower 02 concentra­

tions te store strawberries at 3 Oc for 5 days in atroosp1eres 

composed of 0 ta 1% 02 and 99 to 100% N2 • OXygen concentrations 

below 0.5% decreased decay caused by B. cinerea ta 4% while decay 

affected 10% of the berries stored in air. Off flavors developed in 

fruits held in 02 concentrations of 0.25% or less. In later 

studies, Couey and Wells (1970) studied the possible COITŒ1lercial use 

of storage in low 02 atr.osIi1er~. storage in abrDspheres containing 

low 02 concentrations (below 1%) was not reconnnended as i t is very 

sensitive (Couey and Wells, 1970). '!he authors recornmended 

atoospheres composed of 10 te 20% 002' 16 to 19% 02 and 64 to 71% 

N2 as an effective rreans of reducing decay in stored strawberries 

without causing off flavors. Lange et al. (1978) kept strawberries 

for 8 days at 60c in an atnosPlere cornposed of 20% OJ2' ] 6% 02 and 

64 % N2' 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 addi tional day of storage in air at tempE:ratures 

between 15 and 19 oc, only 7 % of the strawberries previously stored 

in CA were decayed compared to 42.9% decay in berries previously 

stDred in RA. El Kazzaz et al. (1983) stored strawberries for 21 
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days at a 1:.errq;)erature of 3. 30c in an atroos};tlere composed of 17.5% 

~, 15% ~ and 67.5% N2. 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 

studles are examples of the effectiveness of CA in the ranges 

recorrmended to maintain strawberry quali ty . 

2.4. Use of cart:rolled At:Joosplere in CDli>inatiŒl with other 
Trea:bœnts 

successful transport and short tem storage of strawberries are 

dependent on the extent ta which decay organisms can be controlled. 

Various treatroents such as preharvest applications of fungicides, 

irradiation and additi.on of gases such as carbon noooxide (CX)) to 

the CA can improve the effecti veness of CA in controlling f\.mgal 

growth. 

2.4.1. Irradiatioo 

Chalutz et al. ( 1965) compared the effecti veness of CA in 

inhibiting the growth of B. cinerea on irradiated and unirradiated 

strawberries packed in airtight microbes praof packages. When 

stored in an abros}:ilere composed of 10. 5% ~ f 4.8% 02 and 84.7% 

N2f 8J.3% of the strawberries irradiated with a dose of 200 Krad 

were still marketable after a storage period of 16 days at 5 oC. 

When stored in air, onl y 4U. 5% of the irradiated berries were 

marketable at the end of starage. 

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

from combining CA wi th irradiation ta inhibi t BotJ::ytis cinerea 
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growth. rater studies under actual transi t conditions showed 

disease control with irradiation was only as good as conventional 

refrigeration (Maxie et al., 1971). 
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2.4.2. F\m3icides 

Deperxling on seasonal weather rondi tians, 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 wi th 0.1 % Benlate 50WP 

(Benornyl) at tight cluster, full bloom and f -uit set, and stored in 

an a'blœphere COIt'ifX'Sed of 20% 0)2' 3% 02 and 77% N2' kept better 

than berries from unsprayed plants. Decay affected 45% of the 

berries fram sprayed plants compared ta 60% of the berries from 

unsprayed plants. In a later experirnent, no rot developed in 

berries picked from plants sprayed with Benlate or Bavist in (carben­

dazim) and stored in CA for 20 days at 4Oc. Different results were 

recorded in the second experiment because the weathE:!r during bloom 

through ripening was wann and dry and was unfavorable to infection. 

During the first year 1 the weather conditions in late '3pring and 

early St.mllœr were cool and wet, and favored infection of strawber­

ries by B. cinerea. Because field infection was l10re limited the 

sec:ond year than the first year, fungicide applkations arxi CA 

storage were lOOre effective in controlling pathogens. 
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2.4.3 EffErt of ethylene arrl carIn1 naxocide 

While strawberries are stored in CA, gas such as ethylene is 

produced by the berries and i ts accœnulation in the abrosP'lere may 

affect their keeping quality. El Kazzaz et al. (1983) ol::served that 

the presence of 20 pp:n of etlwlene in an atmosrnere composed of 5% 

(X)2' 2.3% 02 and 92.7% N2 prOIroted fungal growth. After 21 dayS at 

0.6 Oc, 14.0% of the berries stored in CA were decayed while 17.6% 

were rotted when 20 pp:n ethylene was added te the CA. strawberries 

stored in atnospheres containing 20 ppm ethylene were also softer 

than fruits stored in air or CA rut th~.re was no difference aoong 

treabnents with respect to off flavor, sweetness, soluble solids 

content and ti tratable acidi ty . El Kazzaz et al. ( 1983 ) suggested 

that the scrul:bing of ethylene from the atroc>sP'lere of storage rooItlf) 

might be advantageous because of its effect on disease developnent 

and its effect on fruit firmness. 

Carlx:m monoxide «(X)) can be added to CA to improve i ts ftmgi-

static effects (El Goorani aïd Sommer, 1979). In atJIDspheres 

composed of 2.3% 02' 5.0% 002 and 92.7% N2' cultures of B. ctnerea 

on strawberries stored at 5.5 OC for 19 days spread over the fruits 

at a rate of 1.2 mm per day. ~Vhen 9.0% CD was present in the CA 

(2.3% 02' 5.0% 002 and 92.7% N2), the growth rate of the fungi was 

reduced ta O. 3 nun per day. I.ater, El Kazzaz et al. ( 1983) o1:served 

only 0.15% of the berries stored in 10% CD, 2.3% 02' 5.0% 0)2 and 

82.7% N2 for 21 days at 0.6OC were decayed while 14.0% of the 

berries stored in CA (2.3% 02' 5.0% C02 and 92.7% N2) were decayed. 
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Use of CO in the making of CA could thus help suppress fungal gI"(XYth 

tut b'1e use of (X) in sterage have serious limitations because of i ts 

toxicity to hurnans and the danger of explosion at concentrations 

between 12% and 75% (v IV) . 

2.5. Effect of starage QulitialS al st:rawiJerry A1ysiology 
am Qlality 

30 

'lhe rraturity of strawberry at harvest influences their shelf 

life and quali ty . In general, bmnature barries store weIl compared 

with mature ones. From petaI faU, a strawberry requires aOOut 40 

days ta develop fully. The growth rate throughout this pexiod is 

fairly steady and slows only in the last days of developnent 

(Woodward, 1972). After alx>ut 42 days, growth ceases and the fruit 

enter a period of rapid ripening which lasts two te fi ve days. 

Q,lali ty factors such as ti tratable acidi ty , soluble soliels (SS), 

soluble sugars, pH and celor are used to evaluate the ripeness of 

fresh strawberries. 

2.5.1. ctlemical OOIIIŒii tim of st::rawberries 

Soluble solids, soluble sugars and titratable acidity increase 

steadily during the deve10pnent and ripeninq periods. At senescence, 

titratable acidity in overripe fruits tends ta decrease while 

soluble sugars rnaintain or increase (Figure 6) (Wo:xlward, 1972). 

After about 42 days, grawth ceases and the fruit enter a period of 

rapid ripening which lasts two to fi ve days. Ql.lali ty factors such 

as ti tratable acidi ty , soluble solids (SS) soluble sugars, pi am 

oolor are used te evaluate the ripeness of fresh strawberries. 
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At maturi ty , the total sugar content of strawberry ranqes 

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 al:.xJut 5.0% wi th 0.87% as sucrase and 4.13 % as 

reducing sugars. SWeeney et al. ( 1970) rep::>rt strawberries grown 

the first year are higher in soluble solids and sugars thnn those 

grown the second year. In taste panel scores, they found flavor was 

usually significantly related with sugars, SS and with the SS to 

ti tratable acid ratio. A sugar ta acid ratio of 5.:3 and a SS to 

acid ratio of atout 9 were found typical of mature berries (Sweeney 

et al., 1970). Glucose and fructose are the principal sugars found 

in strawberries. 

At maturi ty, ci tric and malic acids are the main organic acids 

found ir. strawœrries. Trace arounts of quinic succinic, glyceric, 

glucollic and oxa] oacetic acids can aIse be found (SY1E.!eney et al., 

1970). '!he titratable acidity of a typical ripe fruit is 1.01% 

(WjYl) 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 fram 3.3 to 3.7 (Woodward, 1972, Skred.e, 1980). 

In the development of strawberries, calor changes are associa­

ted with changes in the concentrations of pigrrents. Until al:xJut 30 

days after petaI fall, the developing strawbeny is green and 

little calor change occurs. Past this tirre, the synthesis of 
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carotenoid (yelloo pigments) and chlorop-tyll (green pigments) stop 

while the prcxluction of anthccyanin pigments (roo pignElts) picks up 

te increase rapidly on the 35 th clay (Woodward, 1972). '!he average 

anthocyanin content of a nature strawberry lies between 40 te 80 

ug/gram fresh weight. Light and temperature influence the produc­

tion of anthocyanins and in the field, full color developnent occurs 

in one or two days depending on the weather. In sterage, strawber­

ries harvested at the white stage will develop full color at room 

temperature notwi thstanding the temperature and light level. 

However, in whi te strawterries stored in the clark and at laCe, 

normal color developnent is irnpaired. Ascorbic acid or vi tamin C is 

the vi tamin found in greatest concentrations in strawberries. À 

typical average concentration of vi tamin C in strawberry is 60 

ng/100 gram fresh weight (Oliver, 1967). '!he ascorbic acid content 

of strawberries is low until the onset of celor development (30 to 

35 days after petal fall). Vitamin C content increases in ripening 

berries rut de<..."Teases in overripe ones. 

2.S.2. Effect of CA al c:b:Eical cœpositim of straW:Jerri.es 

Unusual concentrations of 02 and 002 in the atnosFhere around 

stored fruits affect their physiology and delay senescence. '!he 

effects of CA on the parél1œters measured ta find the degree of 

ripeness show how a gi ven CA can control physiological breakdown of 

the stored fruit. 

El Kazzaz et al. (1983) did net find any difference in the SS 

content and ti tratable acidi ty of strawberries stored for 21 days at 
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3.3OC in air or in atIoosp'cres compos€rl of 17.5% 002 and 67.5% N2; 

2. 3% ~, ~% ~ and 92.7 % N2' Borecka and Millikan (1981) found 

increased acidi ty and ra:iuced SS in strawberries stored for 10 days 

at 40c in air compared to berries stored in atnosI=heres composed of 

3% ~, 20% 0)2 ;:;md 77% N2' Soluble solids content in berries storm 

in CA was 9.50% cornpared to 8.18% in the control and ti tratable 

acidi ty in strawberries stored in CA was 0.65% cornpared to 0.74% in 

berries stored in air. When the experiment was repeated, no 

significant differenCE:. was found in the SS and the acidi ty of 

berries stored in CA or in air. In a third experirnent where the 

storage period was extended to 20 days, strawberries stored in air 

had a higher acidity than berri~; stored in CA although no signifi­

cant difference was found in th.e SS content of strawberries storm 

in air or in CA. '!he authors concluded there was no consistent 

clifterence in SS or in acidity that could be asscx::iated with the 

type of storage used. 

Plocharski et al. (1978) stored strawberries for 12 days at 6 

Oc in air and in abrospheres C0111p:)Sed of 1% 02 and 99% N2: and 16% 

02' 20% C02 and 64% N2 • During storage, he noni tored the changes in 

acidity, anthoc-yarüns; hydrog·en ion activity and vitamin C. For aU 

treabœnts, there was no d:laI1ge in total salids dl..lring storage. 

GraduaI losses in acidi ty and hydrogen ion acti vi ty were ol:served 

for aH treabnents. Yet fruits storm under ION 02 concentrations 

had the smallest changes in acidity with 18% decrease \.JtUle the 

acidity of strawberries stored in air decreased by 25% and by 32% in 

berries stored in 20% ~. Hydrogen ion acti vit Y decreasro 'r.Jy 40% 



in berries stored in air or under high C02 atJoosIileres, but only 22% 

urrler low û;2 atmosIileres. Plocharski et al. ( 1978) explained that 

in the low 02 at:Ioos}:heres, the acids were better preserved because 

respiration was suppressed. '!he changes in SS and in anthocyanin 

content during storage were very small and clifferences between 

treatments were net significant. Plocharski et al. (1978) conclu­

ded that because of the stabili ty of the anthocyanins during cold 

storage 1 the froi ts for inunediate consurnption after storage should 

be harvested when they are properly colored. 'Ille rate of degrada­

tion of vi tarnin C under atnospheres containing 20% 002 was greater 

than in the other treatments. In strawberries stored in 20% Cû:2 , 

26% of the vi tarnin C was lost comparoo. to 9% in berries stored in 

1% 02 and 18% in berries stored in air. The leM 02 atm:>s};bere 

helped in the preservation of vitamine by limi ting j ts oxidation. 

2.5.3. Effect of starage cxnliticns en respiratiœ 

OVerholser et al. (1931) stuclied the respiration rate of 

immature and mature strawberries in IOCXlified atIrospheres at 20Oc. 

In their experiment 1 C02 levels were increasing while 02 levels were 

decreasing by atout the srure percentage 002 was prcxiuced. vJi th 

concentrations in the range of 7 to 12% Cû:2, they found no depres­

sing effect during 16 te 18 hours IlOni toring periods. During the 

longer period and with a higher C02 content, respiration intensities 

were slightly greater. Respiration rates in air averaged 81 ng 

~/kg hr and 93 ng (X)2!kg hr for mat:ure fruits. 
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'Ihe respiration quotient (ratio of ~ produced to 02 oonsurned) 

was less t..'1an one indicating there was probabl y no anaerobic 

respiration. 'Iherefore, at these 002 levels, aH Cü2 released 

likel y came from the complete oxidation of hexose sugars. 
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Haller et al. ( 1933) found respiration rates at 20°C close to 

the ones of Overholser et al. (1931). 'lhey studied thf> respiration 

rate and respiration quotient of strawberries in relation ta 

temperature. At lower temperatures 1 they oœerved that the tempera­

ture coefficient was greater than at higher temperatures. '!he 

temperature coefficient is the nurnber of times the respiration rate 

is increased by a 100c rise in temperature. For instance, the 

temperature rise from 0 to 10 Oc IOC>re than tripled the respiration 

rate while a ternperature rise from 11 ta 21 Oc doubled it (tempera­

ture coefficients of 3.65 and 2.05 respectively). 

HallE'r et al. (1933) obtained different respiration quotients 

than OVerholser et al. (1931) . While OVerholser et al. (1931) had 

a quotient close to unit Y for the variety they studied, Haller et 

al. (1933) found a quotient of alx:>ut 1. J at Toc>st of the temperature 

studied. 'This higher respirdtion quotient indicated, m2 released 

likely came from the oxidation of citric acid. 'Ibis oœervation 

might be of interest in respiration studies where respiration rate 

is evaluated from the IreaSurernents of heat production l:Jy the berries 

because the complete oxidatlon of citric acid gives off only 70% as 

much heat as the oxidation of dextrose. 



'Ihornton (1933) studied the ~ uptake by strawberries at 250c 

in concentrations of carbon dioxide varying from 0 to 76%. His 

experirnents lasted fram 4 te 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 nore than 50% 002 was 

used. 

Woodward and 'Ibpping (1972) st:udied the effect of low 02 

atJoos};tleres on the 02 uptake of strawberries. Berries were stored 

in air or in aboospheres containing 1. 2% 02 and 98.8% N2 or 5% 02 

and 95% N2 at 4.5Oc for 12 days. 

'!he 02 consumption was lower in fruits stored l.mder lower 02 

concentrations and varied during the experiment. In al! treatments, 

there was an j ni tial decrease followed, after the fifth day, by an 

increase of 002 production. In air, the 02 uptake varied between 7 

ta 23 nç 02/kg hri in 1% 02/ it varied between 8 te 14 ng 02/kg hri 

in 2 % 02' it varied between 8 te 12.5 ng 02/kg hr and in 5% 02' 02 

uptake variro between Il.5 to 15 ng 02/kg hr . 

Ingle (1970) observed similar 02 consumption rates in strawber­

ries stored in air at 70c except that the pattern was different. He 

rep:::>rted no initial faII in the 02 uptake during the first 5 days of 

storage and onl y noted a rise in consumption after 5 days at 12 

Oc. Following storage in 2% 02' Wocdward and Topping ( 1972) noticed 

off flavers in the berries. Olemical analysis showed accumulation 

of alcd101 in the tj ssues. 
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Janes et al. (1978) studied the effects of acetaldehyde arrl 

ethyJ j.:IDe on the respiration of strawbel.-ries harvested at the white 

stage prior te the onset of color formation. Berries were ~ 

te 50 ppn ethylene or 5000 ppn acetaldehyde at 22 Oc and respiration 

was m:mitcred for 25 heurs. 

Exposure of strawberries te ethylene had alIlOSt no effect on 

the production of C02. 'Ibis verified resul ts reported by Gerhart 

(1930) and. Masan and Janris ( 1970) • By comparison, acetalàehyde 

increased respiration fram 52 ml ~/kg hr at the start of the 

experiment te 72 ml C02!kg hr 8 hours later. 

El Kazzaz et al. (1983) studied the effect of ethylene and 

carbon IOC>noxide on the respiration rate of strawberries at 0.6Oc 

over 16 days. At a concentration of 20 ppn in air, ethylene did net 

aff~-t respiration rate until the second week where respiration 

slightly .i.ncreased in cornparison to fruits held in air. AJthough it 

has not much effect on the respiration of stra\\1berry, ethylene may 

influence the physiology of organisms such as Botrytis cinerea (El 

Kazzaz et al., 1983). 

2.5.4. Relatioo between respiratiœ am starability 

'!he respiration rate being a nesure of the rate of ootal:x:>lism, 

i t shOlÙd in theoI\.!, be an index of the rate of deterioration of a 

product. A lower respiration rate would correspond te a slower 

deterioration rate and a longer storage life. 

In practice, steragc life is usuall y limi ted by decay and by 

tbysiological changes such as softening am. dehydration that are oot 
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related te respiration. 'Iherefore, storage conditions leading te 

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 Favouri te 

variety kept in 20% 002 is lower at 0 Oc than at 3 De. Yet the 

fruit kept at the lower temperature exhibited ())2 in jury after ten 

days while the fruits stored at 3 OC did net until after 30 days 

(Woodward and Topping, 1972). 

Firrn fleshed varieties of strawberries will also keep better 

than soft fleshed varieties al though the respiration rate of firrn 

fleshed varieties might be higher than the ones of soft fleshed 

varieties (OVerholser et al., 1931). 

2.5.5. Effect of starage cxnli.tialS Œl strawberry fi:cDlleSS 

Fruits of strawberry cultivars "'ar'J in their susceptibility te 

rotting and are easily bruised by hand picking and transporting, 

rapidly becoming unmarketable, especially at ambient temperatures. 

Firmness which is considered ta he related to resistance ta mecha­

nical in jury is often assessed by rul:iJing the fruit skin with thurnb 

and finger, by penetrometer tests and nore recently by so}:ilisticated 

apparatus such as an Instron wt'..ich measures ooth skin strength and 

firmness (Barritt, 1980, Ourecky and Bourne, 1968). 

À fi:rm flesh and tough skin reduce the susceptibility of 

strawterry to damage at harvesting and indirectly lenghtens shelf 

life (Barritt, 1980). 0Urecky and Boume (1968) used an Instron te 
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study the strength and finnness 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. 'lh.e fruits were prob:d through the side wit.h the stern in the 

horizontal plane. 'Ibis produced puncture curve wi th two and three 

peaks. 
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'!he fü:-st 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. SOne strawberry varieties have a fibrous core while 

others have a soft or hollaw core. 'Ibose wi th a fibrous core 

produced a puncture force curve wi th three peaks, the nù ddl e being 

interpreted as the resistance of the cortex ta the penetrating 

probe. Fruits with a œüform flesh and core area gave no second 

peak. '!he last peak correspJnds ta the maximum force required to 

penetrate the opposite side of the recsptacle (OJrecky am Boume, 

1968) • 

Oùrecky and Boume (1968) oœerved that as temperatur.e increa­

SEri, flesh firmness and skin toughness decreased and that the finner 

the fruit was, the greater was the effect. '!he g'.:-eatest change in 

firmness occurred between 1 Oc and 100c and the least between 35 Oc 

and 43.5 Oc. Flesh firnmess was found te influence skin toughness 

rating. 

Fruit size and maturity also had an effect on firI1'U1eSS. 

Unripe fnrit::; were usually finner with a tougher skin ho.Yever the 

difference between ripe and slightly overripe fruits was small. In 



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 Boume, 1968). 

Bourne (1982) defined a fi:nnness tenlpeIâture coefficient (FI' 

coeffici.ent) to describe the effect of temperature on firmness. 

'Ibis coefficient was defined as the percent change in finmess per 

degree temperatur~ increase over the temperature range studied. 

using this formula and data from defomation tests, he found that 

between 0 ta 30 '1::, the percentage decrease in firmness per degree 

Celcius increase (FT coefficient) wac; approximately linear rut 

highly variable. For a soft fleshed variety it was equal te 0.46 

am ta zero for a finn fleshed variety. Between 30 to 45 OC, the FT 

coefficient of the short fleshed variety was 3.09 and it was 3.48 

for the firm flesh variety. 

Boume (1982) found that the firmness temperature coefficient 

varied from cultivar to cultivar 1 from test method to another 1 from 

year to year and during storage. 'Iherefore, his resul ts could not 

be used to predict in advance whether strawberry cultivar will have 

a low 1 nedium or high FT coefficient. 

Plocharski et al. (1978) studied the effect of controlled 

a'brosIileres on the flesh firmness and skin toughness of strawbe...rry. 

Berries were kept at 6 ~ for 4 , 8 and 12 days in air; in 16% 02, 

20% Cü2 and 64% N2; in 1% 02 and 99% N2; and in air at 0.1 or 0.05 

atm:>sIileric pressure. 

After 4 days, he found fruits stored in 20% CX)2 had a narked 

increase in the texture of bath 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% CD2 were 2.1 N am 2.7 N 

respectively c:x:mq:xrred ta valtlf~ of 1.5 N and 2.3 N for terry stared. 

in air. 

After 8 days, there was 20% decrease in skin toughness and a 

30% decrease in firmness for aU treatrnents. After 12 days starage, 

the toughness and finTlness have decreased further and there was no 

significant differences anong treatments. 'Ihus exposure to 20% (l)2 

increased me:;hanical resistance of the skin and of the flesh for up 

te 8 days. 

Plocharsky (1982) further investigated the influence of m2 on 

fiI1lll1ess of strawberry. 'Ibe effect of the follONing atlTos}:tleres on 

strawberry firmness were measured.; air; 20% CX)2, 1% 02 and 79% N2; 

20% CD21 16% 02 and 64% N2; and 1% 02 and 99% N2' Berries were 

stared at 6 Oc for up to 10 days. Prior te storage, sorne berries 

were exposed ta atrrospheres corrq::osed of 20% CX)2' 16% 02 and 64% N2 

for 12 te 24 hours. 'Ibe firrnness of the fruits stored in 1% 02 and 

99% N2 "NaS not significantly different from that of the control. 

'lbe firmness of fnti ts stored in 20% Cü2 and 1% 02 and 20% m 2 and 

16% ~ were not significantly different. Fruits ston~d in 20% CD2 

were firmer than the ones stond in air. Fruits exposed te 20% m2 

for 12 or 24 hours prior ta starage in air or 1 % 02 and 99% N2 were 

fi1:'lœr than fruits not eJqX)S€d. 

In a second expe!:'"iloont, Plocharski (1982) verified the effect 

of 2, 4, 8 and 16 hours exposure ta atrros[i1eres composed of 16% 02' 

20% ~ arrl 64% N2 prior to storage in air at 6 Oc for ~ days. 



For ripe berries, a four hour exposure was enough to increase 

firmness by 8%; a 16 hour exposure increased firrnness by 25%. For 

llJ')jerripe berries, a 16 hour exp::>Sure \\TaS required to induce 

significant differences in firmness. '!he increase in finnness 

lasted throughout the tv.D day storage at 6 Oc and for .:lddi tional 

day at room ternperature. 'lb explain this phenomenon, Plocharski 

( 1982) measured. the change in pectic suœtances and Iroisture losses 

during storage. 

'!he greater firnmess of fruits stored in 16% 02 and 20% Q)2 and 

in 1% 02 and 99% N2 could be partly attrituted to a significant 

difference in mass loss during storage. Mass losses in berries 

stored in 20% C02 in air were 2.9% compared to 4.9% in berries 

stored in air. A few hours exposure to 20% C02 and 16 % 02 followed 

by storage in air for two days did not cause significant difference 

in mass losses. 

storage in 20% 0)2 or exposure to 20% OJ2 before storage in air 

decreased the arrount of water soluble fraction and increased. the 

anount of aJTlITOnium oxalate fraction of peetie suJ:stances. Exposure 

to 20% (X)2 before Storage in 1% 02 and 99% N2 did not change the 

content in water soluble fraction tut increased the anount of 

arrm::>niurn oxalate fraction. 

'!he increase in the anuoc>niurn oxalate soluble fraction of 

pectic sul::stanC'..e5 during storage was assl.IIœd to be due to an 

enhancement of the de esterification of pectie sul:stances. laYer 

activity of hydrogen ions as a result of exposure to 20% 002 would 

pranote de esterification. Neal (1965) shCMed c~e esterification to 
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have a firming effect on fruit tissue if calcium ions ~ availa­

hle. 'Ihe large differences in sodium hydroxide soluble fraction 

(not affected by C02 tren.tment) between ripe and underripe strawber­

ries may expIa in why underrj pe fruits did not react as nruch to (l)2 

exposure as the ripe ones. 'Ille a.llOunt of sodium hydroxide fraction 

in ripe berries was 59 rrg/llOg and 83 ng/lOOg in underripe fruits. 

Results from the studies cited shaw that post harvest handling 

have a significant influence on the quality and shelf life of 

strawberries. In the field, careful picking follawed by rapid 

cooling to law temperatures preserve fruit quality and reduce fungal 

growth. storage in CA suppress fungal grawth and to some extent 

improve strawbE:ny finnness and color. Besides 1 strawberries stored 

in CA can be stored longer and once out of storage, they keep better 

than strawberries stored in RA. 'Ihe benefits derived from improved 

post harvest handling of strawberries on strawberry quality and 

shelf life are the first steps te a broader marketing strategy 

covering the nation terri tory . 



III. MA.TERIALS AND MJmD'E 

'lb study the effecti ve..Tless of CA in reducing decay of straw­

berries of the Red Coat variety, a set of experiment was designed. 

'!he qua li ty of strawberries at the end of storage was alse studied 

as weIl as the residual shelf lite after storage. 

À factorial design consisting of the followil19' treatments was 

used: i) age uf the plantation 

ii) harvest dates 

iii) type of storaqe 

'!he treabrents were replicated four times ('rable 4, Table 5). 

statistical analysis of the data was done te evaluate any 

significant effect of the treatments on the followil19' parameters: 

1. percentage of sound berries at the end. of storage 

2. rnass loss 

3. nnisture content 

4. J:ii 

5. acidity 

6. skin firmness 

7. flesh fil1Tll1eSs 

In addition, a secondary factorial experinelt was carried on 

berries ta verify the effect of a two hour exJX:lSure to high ~ 

concentrations on the arove parrureters (Table 6). 'This treatment 

was administered in addi tian to the other treabnents of the storage 

experiment 0'1 berries harvested from one year old fields only. 



Table 4. Treabnents considered in the storage experiment. 

Treatrnent I.evel 

Age of the plantation one year or tYJo year 

Harvest date June 20 or June 27 

Type of storage RA or CA 

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

HARVEST 1 HARVEST 2 
/ \ / \ 

FIRST SIDJND FIRST SEn:ND 
YFAR YFAR YE'AR YFAR 

/ \ / \ / \ / \ 
CA RA CA RA CA RA CA RA 

Table 6. Lay out of the experiment including expJSure to high 
0')2 (onl Y berries fram the one year old plantation 
were used) 

HARVEST 1 
/ \ 

~ NO 
/ \ / 

HARVEST 2 
/ \ 

CD2 NO 
/ \ / 

CA RA CA CA RA CA 
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A third set of experirnent was also conducted to oœerve the 

effect of CA on the propagation of 1OO1d (nesting) fram one berry to 

the next. 'Ihis experimmt was conducted wi th berries frorn the 

second harvest onl y • 

3.1. Hal:Vest.Ï.nJ of the ~ies 

strawberries used in the experirnent were of the Red Coat 

variety. 'Ihey were grown on a mulched Ieanty soil rich in }:hosIi1o­

rus and potassium ( 225-279 kgjha and 335-449 kgjha respectively). 

'!he 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 experirocmtal containers (3.6 liters capacity plastic 

jug) . Harvesting was done in the morning between 9: 00 and ] 2: 00 and 

45 berries were placed in the containers. Once filled, containers 

were put under shade. 

'!he College staff and visitors harvested the strawberry fields 

'thoroughly every two days (Figure 7). Renee the mature berries used 

for the experirnent were no nore than two days old. Pickers were 

instructed to select berries that were sound and finn; preferably at 

the white tip stage, that 1s, 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 
Farrn where strawberries were harvested. 
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3.2. Treatments 

'IWo hours after the beginning of harvesting, about 35 kilograms 

of strawberries were taken ta the cold lU)rn ( Envirocon) to be 

precooled to 50c in less than ~ hours. To improve heat transfer, 

the two circulating fans of the cold roorn were left running at aIl 

times during precooling. Containers were placed in front of the 

fans 50 that cold air could circulate around the beITies. 'Ibe 

temperature of the fruits was measured at the begirming and at the 

end of the two hour cxx:>ling period using a needle probe (thermistor 

YSI series 700 R 2415-24) cormected te a YSI thernometer (series 

8400). 'The temperature was measured at the center of the contai­

ners. During storage, ternperature in the cold roorn was kept at 50 C 

+/- laC. 
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After precooling, the experimental containers were weighed. 

After weighing, a lid was loosely fitted on containers te be used 

for the regular atrrosphere treatment (RA). COntainers to be used 

for the CA treatrnent were tightly capped with a lid equipped with a 

gas inlet, a gas outlet and a septmn (Figure 8). U'te qa..s inlets 

were cormected ta a gas distribution network delivering approxirna­

tely 60 CC/min of a mixture of 16% 002 in air to each container. 

'lb bring the gas composition in the storage chambers ta the 

level des i red , the containers were flushed with a qas mixture 

COIl1J.XlS€d of 16% (X)2' 20% 02 and 64% N2 for 10 minutes at a rdt.e of 

400 ccjrnin per container. Gas analysis was done after flushing am 

containers with tao la.v carbon dioxide content were flushoo again 5 



te 10 oore minutes until the gas oomposi tion in the cx>ntainer was 

satisfactory • 

Gas wi thin the containers was sampled through a septum instal-

100 on the lid (Figure 9). A one cc syringe fitted with a 22.2 nun 

needle (Becton Dickinson, model 25G7/8) ... 'aS used to sarnple the gas. 

After sampling, the syringe was placro inte a rut.ter stopper te 

prevent any gas contamination or loss to and from the atmJsphere. 

Gas anal ysis was done wi thin minutes using a Fisher Hamilton gas 

partitioner (mJdel 29). '!he gas partitioner had been previously 

calibrated using a gas mixture composoo of 10.6% C02' 4.97%02 and 

84.43% N2. Results were recorded using a Hewlett Packard integrator 

(oodel 3390 A). 

Once the desired atmosphere was reached in a container, i t was 

flushed continuously at a rate of 60 ccjmin using a mixture of gas 

supplied by a gas cylinder. The mixture was done at the plant of 

Liquid cart:onic and ,.,ras for technical use (precision of +/- 2% in 

the concentrations). DIfferences in 0)2 concentrations fram 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% 0)2' 19 % +/- 2% 02 and 63 % +1- 2% N2' 
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l 
Figure 8. 'Ille experiJœntal containers were capped with a !id 

equiwed with a gas inlet, a gas oulet âITrl a septum. 

Figure 9 • Gas within the container was sanploo via the septum 
usirç a 1 cc seryn:JUe. 
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Gas composition in each container was nonitored d3.ily following 

the nethod described al:xJve. Excessive variation in gas composition 

were usually correc+-....ed by tightening the lids, fixing loose junc­

tions in the distrihltion network and flushing each container ( s) 

wi th a 100 ccjmin of the gas used te create the CA conditions. 

Usually, concentrations returned te desired levels within a half 

hour. '!he gas distrirution network as well as the container inlets 

and outlets were made of a 0.635 cm (outside diam2ter) plastic 

tubing ('Iygon) fitted together using high density polyethelyne 

fittings (Figure 10). '!he distriJ:ution network brought gas to the 8 

containers (Figure 11). Any spore contamination from a container to 

the other via the dist!'itution network was prevented by rnaintaining 

a p:>si ti ve pressure in the network relative te the containers. 

Tc have a ~re œlanced flow in aIl containers, gas WàS 

introduced in the distribution network 'lia ~ inlets. (Pigure 

12) . Gas flow in the distribution netwurk was controlled and 

JTK)ni tored via a precision flowmeter (Union carbide nodel FM-4202). 

'!he gas mixture was supplied from a high pressure cylinder (size K) 

(Figure 13). The cylinder was rolled prior to connecting it te the 

system te make sure gases inside were weIl mixed. '!he gas cylinders 

were kept in the cold room 50 that the gas temperature was the sarre 

as that of the berries. A two stage regulator equipped with a 

manifold was used te regulate the pressur,= and ta direct the gas to 

the gas distril:.ution neoorks. 
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... 

FITTINGS 

iEASTMAN IMPERIAL POL YPFWF-''r .f t',,' 

Figure 10. PolyethJr!ene fittings used to assemble the gas 
distrib.rtion Ilet\.vork. 

Figure 11. '!he gas distrib.rtion neb.ork brought a 100 
cx::;min of gas to up to 8 cxxrt:ainers . 



'!he manifold consistai of 0.635 cm cx>pper plated iron tubing 

(unknown manufacturer) with a 0.635 cm NP!' thread and held together 

by fittings also made of cx>pper plated iron (Figure 14). Eight 

valves were installed on the manifold constructed and were used te 

allaw or te shut gas flaw ta a given distril:ution network. A three 

rneter long 0.635 cm O.D. {X)lyethylene tubing cormected the manifold 

te the flOWl'lY2ter of each distrihlitan network. '!he tubing was held 

te the manifold by means of Easbnan Imperial fittings. 

3.3.~ 

At the end of the sterage experiment, the experimental contai­

ners were weighed. 'The initial and final masses were usej te 

compute the percent mass lasses during starage. '!he rnethod sugges­

ted by üurecki and Boume (1968) was follawed te m:xiS1.lre strawœrry 

texture. '!he Instron was calibrated so that a one kilogram load 

(9.8 N) caused a 25.4 cm horizontal deflec..tion of the pen. A 0.32 

cm ruruœter probe secured on the upper plate of the Instron and 

travelling at a speed of 10 cm/mw was used te puncture the ber­

ries. The chart speed was set at 20 cm/min. '!he edge of an eraser 

was used te supt:X>rt tl'l<=> frui t during tcsting ta prevent i t from 

rolling or changing position. '!he berries te be tested were left at 

room temperature ( 22 +/- 2 OC) for three hours te warIn up. A 

needle probe connected to a YSI thernorneter was intrOOuced in sorne 

of the berries te check if they had reached room temperature. 
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Figure 13. Gas supply system. A gas tank equiwect with a tvJo stage 
regulator SUWlies an 8 IX'rt manifold used to route the 
gas te distribltion ~rks. A flCJNIOOter rroni tors and 
oontrols the gas fION te each network. 

Figure 14. '!he manifold was equipp..'Ù Vii th ball va 1 ves usOO ta 
eut or allC7N the flOYJ of gas to a particular distri­
tution neb,ork. 
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During testing the Instron probe travelled through IOOre than 

half the fruit te obtain the desiroo two peak curve. '!he first peak 

corresponded to the toughness of the skin; the second te the 

firnness of the flesh. We weighed and tested 15 strawberries for 

each repl icate. 

'll1e acidi ty tests, the lIDisture content and the soluble solids 

were carried on the berries used for firrrmess tests. '!he quality 

tests were carried less than two hours after the f irmness tests were 

cornpleted. 'The fifteen be:rries of a given treatment were cleaned 

and eut inte quarters. One quarter was assigned to acicli ty tests, 

another to soluble solids determinations, a third to IOOisture 

analysis and the last was frozen or kept as a spare in the event a 

test would have te be redone. For each test, the 15 quarters were 

plt together 111 a coITqX)Site sarnple fram which three sub samples 

weighing 8 to 10 grams were drawn for anal ysis. For the acidi ty 

tests, the procedure suggested by the A.O.A.C. (1980) for the 

analysis of fresh frults was follav.'€d. '!he results were expressed 

as per cent citric acid. Soluble solids detenninations was done 

following the methoo suggested by the A.O.A.C. (1980). Juices 

extracted from the berries were filtered through a paper filter 

before placulg in the Al:tx? refractometer. Once the readings were 

taken, the refractometer window was cleaned using 100% ethanol. '!he 

results were expressed as per C2I1t soluble solids. 

To f ind the ooisture content, the samples were dried in an oven 

set at 43~ until no weight cnange wa.s recorded (usually two days). 
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3.4. Si.Dulatial of CXl!III'Prcial starage <Xnli tiœs 

At the end of each storage experilrents, the strawberries in the 

experirnental containers were inspected for visible signs of sIX>ilage 

( foul mors, IOOlds, ruscoloration). When none was rea.Jrded, the 

strawberries lett were sul:m.itted ta an experiment aimed at simula­

ting marketing conditions at the retail level. 

strawberries marketOO in retail stores are usually sold ut room 

temperature. At the end of the day, the unsold strawberries are 

stored in cold rooms usually set at 10 Oc. A simulation of the 

corranercial l'\a.rketing condi tion..s lS included at the eoo of storage 

ta verify the residual shelf life of strawberry. st..ûrage of fresh 

strawberries VX)uld De useless If the berries are spoi 100 once out of 

the cold room. '!he ex-peri~nts slInulatIng cornrœrcial storage condi­

tions were conducted in a cold room (Envircxxm) kept at 10 t-/- 'PC. 

'!he inside of the roorn was kept dark except when berr les were 

5éUTpled or transferred outside. '!he berries were stored in uncapped 

experimental containers. 

storage under connnerciai conditions lasted for two days. Every 

twelve hours, the berries were taken out of the cold roorn arx:i ston~d 

at roorn temperature (22 +/-2 oC). After 12 hours at room tempera­

ture, the containers Were stored back in the cold roorn. 'This cycle 

continued for two days. At the em of the period, the percentage of 

marketable straVJberries was recorded (to be later converted in the 

parruœter called percentage of SOt.1OO berries for statistical 
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analysis) . Sarnples of JOC)lds pre<3el1t were taken for isolation and 

identification (see Appendix B) • 

3.5. EIqlosure ta High ~ cxrcelltraticns 

A second set of experiment was conducted to evaluate the effect 

on quality and shelf life of strawœrries of a two hour exposure te 

002 concentrations aOOve 60% • 'Ihis set of experiment was carried 

only with strawberries harvested fram the one year ald plantation. 

It was repeated for toth harvests. '!he same experimental procedure, 

sirnilar te the storage experiment, was follOVJed for these experi­

ments except for the addi tional treatment of high ())2 exp::BŒ:"e which 

took place during preoooling. 

Frui t containers to œ exposed were capped wi th plastic lids, 

fitted with a septum, a gas inlet and a gas outlet, as soon as they 

were brought in the cold room. 'Ihey were then flushed wi th pure 

gaseous carlxm dioxide until the gas CCJTIl!X)Sition within the contai­

ner was at least 80% ())2. nus higher initial C02 concentration was 

set to offset gas losses through leaks duri.ng" the two hour exposu­

re. Gas analysis was done after flushing for 35 minutes at a 

flOVJrate of at least 400 ccjmin per container. Containers wi th too 

lOIN carton dioxide content were flushed again 5 te 10 more TIÙnUtes 

until the gas composj tion in the container was satisfactory. '!he 

method described in the section on the storage experiment was used 

to sample the atJrosphere in the contaIners. At the ena of the 

exposure perioo, aIl lids were reJOOVed from the oontainers. 
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strawberries were visuaIIy inspec..ted for possible carbon dioxide 

in jury. Foul odors were aiso checked. 

'Ibis experirnent was ineluded to approximate conditions that 

would exist in a precooler where liqlUd (X)2 ~uld be used as a 

refrigerant. Liquid 002 or N2 are PJpular refrigerants in precoo­

lers with a short operating season because systems equipped this way 

required Iittle maintenance and capital investJœnt (Rohrback et al., 

1984). In addition, the refrigeration capaeity can be very large. 

'!he use of cryogenie gas irnplies anaerobic or near anaerobic 

conditions will prevail in the precooler when it is operating. This 

might have an effect on strawberry flavour or qua li ty (Ball ioger , 

1980) . 

3.6. Eff~ of CA on IIDld ~tioo (nestirg) 

An experil1'ent was carried to check the effectiveness of the gas 

mixture used for the CA treaboont of the storage experinent 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 strawœrries from the second 

harvest were used. Mter precooling to lOOe, 700 gr~ of stra~r­

ries were p1aced in two liter transparent plastic containers. A 

decaying strawberry inoculated wi th Botrytis ciner~ was placed in 

the rniddle of the container 50 that no1d invasion could be ot6er­

ved. Four replicates were made ln normal atrrosrhere or in CA ( 16~ 

'The containers were 1eft at room tempera-
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ture for 24 heurs. PhotograIfu; of the nolded strawberries were then 

taken. A secorx:l set of pmtograP1s shCMing the degree of spoilage 

in each container was taken at the end of the experiment (36 hours 

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

J'101:OO. 



IV. RESlI1I'S AND DIroESICfi 

'!he resul ts of three experiments conducted in this study on the 

CA storage of strawberries are presented. in this section. 'They are; 

i) effecti veness of CA storage in reducing decay and i ts effect 

on berry quality. 

ii) effects of a two hour exposure te atnospheres high in m2 on 

flavor 1 color and keeping qua li ty of berries. 

iii) nesting experiment to assess disease propagation in 

different storage conditions. 

'!he oœe.rvations from the experiment on the influence of high 002 

exposure will be useful te generalize results from the storage 

experiment. Further the experüœntal results will contrib.Ite te 

arrive at recorranandations to improve the strawberry handling and te 

obtain sorne indications aOOut the cost ef fecti veness of the proposed 

nethods. 

4.1 Evaluatim of t:.œ Experine1t:al caniti<IlS. 

COncentrations of 02 and 002 inside the containers were 

m::>nitoroo during the storage experiments (Table 7). In the first 

experinent (started on June 20) 1 there was larger variations in gas 

concentrations. '!he variations, haNever 1 were wi thin the acceptable 

levels selected for the experi..Iœntal design. 
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Table 7. Average daily 02 and 002 concentrations in experi­
mental containers used for CA trea't:r!ent. 

Experirnent 1 EKperiment 2 

20 +/- 1.5% 20 +/- 1% 

16 +/- 1.5% 16 +/- 1% 

At the start of each experiment, the initial quality of 

strawberries was evaluated (Table 8). Strawberries fram the se.::ond 

harvest were smaller in size than stt"awberries fram the first 

harvest. 'Ille pH, nnisture content and firmness of the skin were 

aOOut the same in frui ts from roth harvests. 'The average pH was 

3.5, the average rroisture content was 88.9% and the average firmness 

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 moi sture 

content, pH and f irrnness of the OOrt compared weIl wi th resul ts from 

other studi es (Skrede , 1980, WOJdward, 1972 , OUrecky and Boume, 

1968) • 

'!he average acicli ty and average SS measured for strawberries 

from harvests 1 and 2 were respectively 0.88%, 10.0% and 1.04%, 

10.5% • '!he acidi ty and SS content measured were comparable ta those 

cited in the literature (Money and Christian, 1950, Woodward, 

1972). '!he acidity was greater in strawberries from the second 

harvest than in berries fram the first harvest. 'The acidity value 

indicates strawberries from the second harvest ta œ less ripe than 

L __ 
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those from harvest 1. '!he SS te acid ratio is 11.4 for strawber-

ries for harvest 1 comparerl te 10.1 for berries for harvest 2 

irrlicating strawberries from harvest 1 te be lTOre mature. 

Table 8. Chernical and Iilysical analysis of fresh strawber­
ries at harvest. 

ParaIreters Harvest one Harvest two 

% noisture 89.9 +/- 0.3 88.9 +/-0.8 

IiI 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 

Firmness 

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. 
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'!he first set of experiments considered the effects of harvest 

dates, year of plantation an:i type of storage on the quality and 

she1f life of strawberrles. 'The GI.M procedure was used to analyse 

the data. 'The complete tables of the statistical analysis perfonned 

on the data of the storage experiment are presented in Appendix c. 

'The data e}cpressed as a percentage (for exarnple, per cent soluble 

solids) were converted into their transformed value (arcsin (square 

root (X/100») to stabilize the variance according to the method 

sU<}Jested. by Dr7'per and Smith (1981). 

The year of plantation had a significant influence on the 

initial mass of bel."ries. But the harvest date had a signlficant 

effect on mass 1oos, initial mass of the berries, skin and flesh 

firnmess arrl SS (Table 9). FUrther the type of storage had a 

significant influeJ1C'.e on the percentage of sound berries and on the 

pp..rcentage soluble solids. '!he significance of the nain effects and 

interactions are also shawn in Table 10. 

4.2. Infl~ of the Year of Plantatien en the ()lality am 
Slel.f Life of st:raWberries. 

'lbe year of field plantation had little effect on strawberry 

keeping quality ('l'able 10). It was init.ially hYPJthesized that 

possible difference in rnaturity (fruits from older plants mature 

faster because their rc.ot systens are better established) or field 

infestation ~d influence the keeping quality of strawberries . 

As no such effect was ot:served, it is re<:::oIlUllel1ed that for storage 
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Table 9 . SignifiC'..ance of the treatrnents for the parameters 
studied in the storage experiment. 

Parameters 

% sound 

% lIlûSS 
loss 

% roi sture 

% acidity 

Mass (g) 

%SS 

Fimness 

Skin (N) 

Flesh (N) 

(M«:>VA are listed in Apperrlix C) 

Probability Source of variation 

0.0001 

0.0001 

0.1589 

0.1281 

0.1383 

0.0001 

0.0131 

0.0106 

0.0026 

storage 
storage-harvest-year interaction 

harvest 
harvest-year interaction 
harvest-storage interaction 

None 

None 

None 

ha...rvest 
year 

storage 
storage-year interaction 

harvest 
year-harvest interaction 
vear-storage interaction 

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

Parameters Treatments 
Year one Year two 

% sound 71a 66a 

% ll'aSS loss 1.4a 1.4a 

% mi sture 88.9a 89.4b 

pH 3.49a 3.50a 

% acidity O.93a 1.00a 

Mass (g) 14.3a Il.7b 

% Soluble solids 9.4a 9.9a 

FiI1lU1ess (N) 

Skin (N) 3.5a 3.4a 

Flesh (N) 5.3a 4.9a 

Means of four replicates per treatJnent. within each 
colurnn, rreans with a COlTIITOn letter are not significantly 
dlfferent according ta Tukey's stuàentized range test 
(P = O.O~). 
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experiments, there is no need te discriminate strawberries pick.ed 

from fields planürl on different years . 

'Itle IlDisture and ini tial mass of strawœrries picked from 

fields planted on different years were found te be significantly 

different. '!he pH, the aciclity and the soluble solid content were 

not significantly different whether the berries were harvested tram 

one year old or two year old fields. 'Ihis is ur. :~ke SWeeney et 

al. (1970) who observed strawberries grown the first year to be 

higher in SS than those grown the second year. '!he differences 

between SWeeney et al. (1970) results and ours is likely due to 

strawberry varietal differences. 

'Ihere was no significant dHference between the skin and thE' 

flesh fimnE:Ss of strawberries harvested from one or two ye.ar 010 

fields. 

4.3. Influeooe of Harvest oates œ ~ity aRi SŒlf life of 
stored stra~ies 

'!here was no significant influence of harvest date on the 

IOC>isture content, acidity, SS content after 10 days of storage and 

on the percentage of sound strawberries after 2 additional days of 

storage under COl1lI'œrcial conditions (Table 11). However, harvest 

date had a significant influence on the mass 105S, pH, mass, arx:! 

skin and flesh firmness of strawberries stored for 10 days. 



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

Parameters Treatments 
June 20 June 27 

% scnnld 68%a 

% mass loss 1.8%a 

% ooisture 90. O%a 

pi 3.53a 

% acidity 0.94%a 

Mass (g) 15.5a 

SOluble solids(%) 9.6a 

Finnness (N) 

Skin (N) 

Flesh (N) 

3.6a 

5.7a 

68%a 

1.0%b 

89.3%a 

3.46b 

0.99%a 

1D.5b 

9.6a 

3.3b 

4.5b 

Means of four replicates per treabnent. Within each 
column, rreans with a CXlIl1lron letter are not significantly 
different according to 'lUkey's studentized range test 
(P = 0.05). 
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'!he tinte of harv'esting had little influence on keeping qua lit Y 

of strawberries. In our study, it was hYJX)thesized t'1at strawOOr'-

ries picked later in the season ~uld œ nore prone ta decay because 

of higher field infestation. HoweveT tl1e results indicated tl\e tille 

of harvesting had little influence on keeping qua lit Y of strawœr-

ries. Working with a different cultivar (cambridge Favorite), 

D=nnis and Mountford (1975), Dennis (1978) and Browne et al. (1984) 

oœervoo a greater susceptibili ty and a shorter shelf life in 

strawberries harvested late in season. For inst.ance, after storage 

at 2 OC for three days in RA or in CA (10% ill2' 14% 02)' strawœr-

ries harvested early in season had a two te three days shelf life 

when left at 2.5 OC whiJ e strawberries harvested two wee.ks later 

spoiled wi thin hours (Browne et al., 1984). Browne et al. (1984) 

and Dennis (1978) attril::XJted the shorter shelf life of berries 

harvested late in season to higher inciderr-.e of B. cinerea and 

M. piriformis at the time of harVest. At the first harvest, 

infection affected 1% of the terries while at the third harvest, 6% 

of the berries were infected. 

Little variation in the level 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 œtween what we ol:Eerved and what the researchers ci ted 

oœerved. In our experiœnt, the level of infection present in the 

field at harvest tine was not rreasured. 



Mass lasses were significantly higher for berries from harvest 

1 than for berries from harvest 2. Berries from harvest 1 be~ 

signif icantly greater than berries from harvest 2, they might have 

lest JlX)re water because of their larger surface area. Additional 

data on surface ta volume ratio would be required to suœtantiate 

this explanation. Ha:.oJever, WOodward (1972) reports that for 

strawberries, mass or JOOisture lasses are rarely a problem during 

storage. 

'Ihere was a siql1lficant difference in pH between strawberries 

of different harvests at the end of storage. 'The SS to acidi ty ratio 

indicates berries from the first experirrent (ratio of 10.2) are rore 

mature at the end of starage than the œrries from the second 

storage experinent (ratio of 9. 7) . As mature fruits tend ta be less 

and less acid as they ripe, it might explain the difference in pH 

ot.served in berries from l:x:rth harvests. 

At the end of the storage experiIrent, the skin and the flesh 

of the strawberries from the first harvest were signif icantl y firm=r 

than the flesh of berries harvested later. '!he average firrnness of 

the skin and the flesh were respecti vel y J .6 N and 5.7 N for 

strawberries picked on the first harvest and J. 3 N and 4.5 N for 

berries from the second harvest. 'Ihose results are comparable te 

the ones of CA..lrecky and Boume (1968) who found the firrrmess of the 

skin and flesh of strawberrries of the Red Cœ.t variety ta be 2.5 N 

and 5.7 N. OUrecky and Boume (1968) found that the finnness of the 

underlying tissue was related to the skin firrrmess as shawn by a 

correlation of O. 764 between the tv,Q parameters. 
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Œ1r results irx:li.cate that larger fruits have finner skin and 

flesh. 'Ibis is unlike Œ1rec.ky and Bourne (1968) who found the skin 

and the flesh of small fruits to be fimer. Monma and Karnimura 

(1979) found a relation betweerl nass loss and skin firmness. 'Ihey 

observed. fruits wi th larger rnass loss were less f inn. our oœerva­

tions do not agree wi th those resul ts . 
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In our opinion, the lack of a standard procedure for firmness 

tests limits the validity of comparison with the studies cited. 

Œ1recky and Boume (1968) recognized. that the speed of travel, the 

size and the shape of the proœ, the temperature of the berry 

influenced the results recorded. For simpLi.city sake and to 

facilitate the replication of experiments , the proty~ usoo for the 

finnness tests should have a simple shape, easily defined and 

reproduced. Unless there is a reason justifyirx.J another shape, we 

recoIl1Iœl1d using cylinctrical probes that are easily manufactured 

krl.<:Ming onl y their diarreter. Complicated shapes, such as the star 

shaped proœ used by ourecky and Boume (1968), are definoo by many 

parameters (irmer and outer diameters of the star, lengtl1 and nurnber 

of each branches) and machining is reqw.red te proctuce the piece. 
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4.4 Efffd: of storage in RA am CA al stra\retler:ry shelf life 
am quality. 

Storage conditions had a significant influence on soluble 

solids, firmness of the flesh and skin and decay (% sound ) of 

strawberries (Table 12). 'Ihere was siqnificantly less decay in 

strawberries stored under CA than in berrles stored under RA. 'lbe 

SS content of strawberries stored under CA was significantly lower 

than when berries were storE~d under RA. 'The firmness of the flesh 

anj of the skin were significantly larger in strawœrries stored 

under CA than in berries stored under RA. In this study, no 

signH icant difference in IIDisture content, mass loss, Pi arx:l 

acidi ty were oœerved. 

storage in CA significantly reduced decay (% sound) in stored 

strawberries. storage in CA had no detectable effect on taste or 

sne 11. We noticed the color of the strawberries stored in CA was 

brighter than those in RA. Besides improving shelf lite, storage in 

CA seems to improve the appearance of the product and. makes i t look 

fresh. 

Reduction in lasses of 20% or IIDre 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 3.30(: in 15% C02' 17.5% 02 and 67.5 % 

N2' lange et al. ( 1978) stored strawberries at 6 Oc for 8 days in 

20 % 002 , 16% 02 and 64% N2 and oŒerved 0.1% loss cornpared to 20% 

in RA • 
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Table 12. Influence of the type of storage on strawbeny 
quality and shelf life. 

Treabnents 
storage in RA storage in CA 

% sound 55a 

% mass loss 1.4a 

% noisture 88.8a 

3.50a 

% acidity O.96a 

Mass (g) 12.7a 

%Soluble solids 9. 9a 

Firrnness (N) 

Skin (N) 

Flesh (N) 

3.3a 

4.9a 

80b 

1.4a 

89.5a 

3.50a 

O.96a 

13.4a 

9.4b 

3.6b 

5.3b 

Means of four replicates per treatJœnt. Within each 
column, means with a oornm:m letter are not significantly 
different acoording te 'IUkey'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) found no 

oonsistent difference in SS or in titratable acidity that could be 

asscx;iated wi th the type of storage used. As there is no consistent 

relation between these para:rreters and storage conditions, they are a 

PJOr indicator of the JX)Ssible influence of storage conditions on 

the maturity of strawberries. '!he ratio of the SS over t.ne acidity 

content is used for other small fruits, such as blueberries, ta 

assess their maturity (Ballinger, 1980). 

'Ihe flesh and skin of strawberries stored in CA were signifi­

cantly firmer than berries storE~d in RA. '!he increase in finmess 

was aoout 10%. 'Itlese results agree with the ones of Plocharski et 

al. (1978) and Plocharski (1982) who found a 20% increase in 

firrnness when strawb.~ies (Senga Sengana variety) were stored in 

20% ~ and 16% O2 for 8 days. When strawœrries were stored for 12 

days 1 he ol:served a decrease in f irmness . We did not Ireasure the 

evolution of the finnness of the strawberries while the ~imant 

was in progress and it rnight have to decreased at sore point. 

Shorter storage periods rnight therefore be advisable. 
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4n 5. InflueŒle of ~ to High CD.2 ODJentratims al 
st:rm.lberry ~jty am Slelf lite. 

Data on the gas concentrations at the beginning and at the end 

of the treatment where strawberries were exposed to high CX)2 

concentrations are presented in Table 13. Exposure to concentra-

tions between 60 to 80 % CX)2 for two hours did not cause any 

visible damage to the strawberries and no off flavors were detected 

atter the expJSure. 

The following experiment considered the effects of harvest 

dates, type of storage and ex};X>Sure to high (»2 concentrations on 

the quality and shelf life of strawberries. À factorial analysis 

was done using the SAS statistical system following the general 

linear m:.xiel (GlM) procedure. 'Ibe complete results of this analysis 

can be found in Appenclix c. 

Table 13. Average initial and final carbon dioxide concentxa­
tions in containers used for exposing strawberries 
to atrrospheres wi th high 0)2 concentrations. 

Harvest TreatJœnt 

HARVEST 1 

HARVEST 2 

CA 
cx:mroL 

CA 
Cüm'ROL 

002 concentrations 
initial final 

% 

81 
84 

85 
84 

% 

64 
61 

55 
58 



'!he type of storage was found to have a significant effect on 

the percentage of sound berries 1 mass loss and skin and flesh 

firrnness ('l'able 14). '!he harvest dates had a significant influence 

on mass lO8s, mass, and skin and flesh finnness. Short exposure to 

high Cü2 conŒmtrations had a significant influence only on the 

tirrnness of the flesh. 

Interactions anong the three treabnents had a significant 

effect on percentage of sound berries (Table 14). Interactions 

between harvest dates and storage had a significant effect on flesh 

firrnness. Interactions between harvest dates and exposure to high 

002 had a significant effect on decay (% sound.) and skin and flesh 

firrnness. Interaction œtween storage é\l1d exposure to 002 had a 

significant effect on massa 

Exposure of strawœrries to at:rrospheres wi th high 0)2 concen­

trations had no slgnificant effect on strawberry quality except for 

a significant increase in flesh firmness (Table 15). Plocharski. 

(1982) also oœerved an increase in finnness of strawberries 

following exposure to high C02 concentrations. 

Exposure for two hours to atnvspheres containing high 002 

concentrations had no significa.nt influence on decay nor on quali­

ty. 'Ihis means liquid gas could be used to precool the berries 

wi thout causing oft flavors or affecting the appearance of the 

fruits. Finnness of the flesh appears to be significantly increa­

sect by short exposure to high 002 which may help in preventing 

bruising and associated decay. 
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Table 14. Significance of the treatments for the paraneters 
studied in the high (l)2 experiment. 

Pararneters 

% sound 

% rnass 
loss 

% roc>isture 

% acidity 

Mass (g) 

%SS 

Firmness 

Skin 

Flesh 

(l>NJVA are listed in Appendix C) 

Probability Source of variation 

0.0001 

0.0093 

0.1523 

0.0967 

0.2694 

0.0001 

0.7744 

0.0001 

0.0007 

storage 
harvest-(X)2 interaction 
storage-harvest-(X)2 interaction 

storage 
harvest 

None 

None 

None 

harvest 
storage-<Xl2 interaction 

None 

storage 
harvest 
harvest-(X)2 interaction 
harvest-(X)2-storage interaction 

storage 
002 
r..arvest 
storage-harvest interaction 
OO2-harvest interaction 
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Table 15. Influence of exp:>Sure to high (X)2 on strawberry 
quali ty and shelf life. 

Parameters Treatments 
No exposure With exposure to (X)2 

% sound 

% mass loss 

% n~:>isturf~ 

pH 

% acictity 

Weight (g) 

%SOluble solids 

Firrnness (N) 

Skin (N) 

Flesh (N) 

na 

1.2a 

BB.8a 

3.5a 

O.92a 

14.7a 

9.3a 

3.5a 

5.3a 

66a 

1.4a 

BB.8a 

3.5a 

O.98a 

14.3a 

9.3a 

3.6a 

6.0b 

Means of four replicates per treat:Jnent. Within each 
column, means with a COI'llnOn letter are net significantly 
different according to 'l\lkey's studentized range test (P = 
0.05) . 
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4.6. Effect of CA al tœ I.œs of Arœa am the PrqJagatioo of It>ld 

strawberries stored in CA can be kept for fairly long period 

without appreciable loss of quality. strawœrries have been stond 

up to 21 days in C'À with little losses recorded (El Kazzaz et. al. , 

1983) . In same situations, the limiting factor ta the length of 

8D 

storage seems te be the loss of flavors wi th time . Varieties wi th 

strong aroma in part.Lcular lose their flavor rapidly and although 

sound at the end of storage, they are not as tasty (Smi th, 1938). 

'!he storage and high 002 experiments did not last long enough to 

observe any detectable loss of flavors in stored strawberries. 

'The inhibiting effect of CA on sporulation of Botrytis cinereg 

was verified in the nesting experiIPP...nt and is clearly shawn in 

Figure 15 a.'1d Figure 16. strawberries in the exmtainer on the left 

were stored in CA while those in the contaJ.ner on the right were 

stored in RA. Tnere is no visible filrurent growth on the spo) 100 

strawberry stored. in CA while in RA filaments have œgun te invade 

nearby sound strawberries. '!he whi t.e SfX)ts present on the plcture 

is due te poor processing when the film was developed. 

'Ihe retarding effect of CA on the growth of rrolds is well 

denonstrated in Figure 17. 'Ibis picture was taken at the end of the 

nesting experiment and shows the extent of s[X:ülage after 60 hours 

in containers maintained at 20 Oc in RA (upper container) or in CA 

(lower container). strawberries stored in CA shOVJS minima] signs of 

decay: discoloration of the surface, white filarrentous grCJWtt'1 

(Figure 18). By considering only their appearance, strawberries in 
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the CA cor,·tainer cx>uld still be solde Upon opening of the contai­

ner, sorne foul odors were present irxticating sorne fermentation has 

occurred. strawberries also had strong off flavors. 'lhis shows 

cold ~ture storage is required with CA if the quality of the 

strawberries is to be maintained. storage in CA will control decay 

organisms rut will l'lOt control biochemical reactions related to the 

metalxu ism of tl.'l.e fruits. 

strawberries stored in RA for 60 hours at room temperature are 

unmarketable (Figure 19). 

have begun te leak. 

Many berries are completely spoiled arxl 

storage in CA can stop the spread of infection fram one berry 

to another as denonstrated in the nesting experiment. Bruised or 

overripe berries can thus be stored for sorne time in CA without 

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



Figure 15. storage in CA inhibi ts the gI'CYtlth. of Botl:ytis 
cinerea. 'Ihe spread of infection fran the spoiled 
strawberry is stopped in the container on the left. 
strawberries lœated next ta the spoiled strawber:ry 
are beinJ cx:>lonized in the container on the left. 
White spot..c; present on the picture are a result of 
poor p:rocessing when the film was developed. 

Figure 16. storage in CA inhibits the spread of infection by 
inhibitinJ sporulatian am the developœnt of 
hyp'lae for BotJ:ytis cinerea. 
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Figure 17. 'lbe strawberries in the uwer container were kept 
in RA at 20 Oc for 60 heurs. K:Jst berries are 
spoiled. '!he berries in the lC7Ner container were 
stored in CA. Visible signs of spoilage are llIlCh 
nnre limite::i. 
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Figure 18. strawberries stored in CA at 20 Oc fer 60 heurs 
shows sorne signs of '5poilage: discoloration of the 
skin, whitish filaments growing on the receptacle. 

Figure 19. Most strawberries stored in RA at 200c for 60 
hours have began ta spoil. 
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v. EXlHHIŒ 

Precooling and CA storage are effective IOOanS of preventing 

spoilage of strawberries. 1heir use in Québec is very limi ted 

because nnst producers believe they cannot afford the invesbnent for 

the equipnent taking into acccunt the small volume of strawberries 

they procluce. In Québec, 52% of the producers (500 op3.rations) 

cultivate less than 1.2 hectares (3 acres), 31% poe operations) 

cultivate less than 4 hectares (10 acres) and 17% (160 operations) 

cultivate nore than 4 hectares (10 acres) (Girard, 1985). 

Small producers sell TOC>St of their harvest to the consurners 

tilrOugh pick your CWTI operation. larger producers market a signi­

ficant part of their harvest through distrirution channels and they 

'WOuld be the ones primarily interested in precoolinq and CA storage. 

Acx:::ording to Iafleur ( 1985 ), 15 % of the harvest dn li verecl at the 

retailer level is unmarketable while 44% is bruised. Given an 

annual production of 9 000 tons worth an estirnated $ l1 millions, 

spoilage alone would account for lasses of 1 350 tons leading to 

$1. 65 millions. 

5.1. InvesbDents Requinrl far Preax>linJ. 

If they were aware of the benef i ts, mJre than 460 producers 

would be using precoolers and CA stora'~ ':: while harrlling their crop5 

from the field to the store. A preliminary evaluation of the 

investnents and the benefits that can be drawn trom these methods 

will be presented in this sec..tion. 
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1Iccording to Berthelot (1984), the average yield of strawberry 

is arout 9 400 kgjha (8 400 lb/acre), the fields are harvested. over 

a period of 14 days and the average priee paid at the farrn is 

$1.20jkg ($0.55/lb). Given a producer harvesting 5 hectares of 

strawberries and selling half of i ts production directl y to the 

consumers, this would leave 23,500 kg (51 807 ll:::s) of rerrieF: to 

precool. Given the 14 days harvest period, there would be an 

average of 1 678 kg/day (3700 lœ/day) te precool from 25 Oc to 

5°C. 

If precooling is to take place in two hours including handliI1<J 

and there are 12 hours available te precool, this means the unit 

\tX)uld have te precool 140 kgjhr (310 lb/hr). According te ROhrbtlch 

et al. (1984), one kilcgram of liquid C02 is required to 0001 2.5 k<..l 

of blueberries by 20Oc. Based on this figure, 56 kgjhr of liquid 

0)2 would be necessary to cool the harvest. At a cast of $ 0.40 per 

kilogram of C02 (rentaI of the canister ineluded) f the cast of C02 

per kg cf berries would be $ 0.16. 'This represents 13 % of the 

selling priee of the crop. 

A mechanical refrigeration system could be used instead of 

liquid gas to precool the berries. Given a specifie heat of 3.8 

KJjkg Oc (0.9 Bill/lb Op) f neglecting the other sources of heat 

(respiration, heat gain through the walls of the precooler, etc.), 

and cooling the harvest by 20 oc, a total of 10 600 KJjhr (19 000 

BIUjhr) wou1d be re:rooved. A refrigeration system with a capacity of 

2 tons (2.3 KW) \tX)uld be sufficient to cool the harvest. 'Ihe hourly 
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cast of the electricity te operate the system would be negligible 

($0.10) . 
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'!he cast of energy of a prèCOOler is higher when liquid gas is 

used as a refrigerant. However, the acquisition cost of a precooler 

working wi th liquid gas is estimated at one fourth of the one of a 

conventional cold room (Belzile, 1986). A conventionaJ colc1 room 

wi th a refrigeration capaci ty of 2 tons and a storage célpaci ty of 18 

m3 tYOuld cast $ 8 500 • 

'!he hancUing of strawberries in cratP.S of 10 pints (4.5 kg) in 

and out of the precooler requires approxirnatel y one minute. Gi ven a 

total of 23 500 kg te h.mdle in the season and wages of $7.00 an 

hour, the manrower required ta hancHe the crop in the precool er 

would cast around $ 600.00. 

If the investment in the precooler is te be recovered wi thin 

fi ve years, the cost of cooling strawberries would be $ O. 097 ~r 

ki logram if a mechanica l refrigeration system is u..c;ed and $ 0.203 

if liquid gas is used (Table 16). With tim2 and neglectlng the 

maintenance cost of a mechanical refrigerab on system, the precooler 

operating with 11quid gas is twice as expensi ve to own and operate 

as the mechanical system. If s'.:.rawberr1es are sold at $ 1.20jkq, 

the cost of mechanical precooling is 8% which lS reasonable. '!he 

Québec Ministry of Agriculture and AgriCL'lture canada hav'! plans 

available ta illild precoolers ( Figure 19, Figure 20). 'The uni ts 

suggested are add ons ta e>::isting cold rOOI11S. 'Ihe prel iminary 

design of precoolers using liquid gas as refrigerants is available 

from gas supplier such as Liquid carlxmic. 



Figure 20. Precooler for small fruits te be added te existing 
oold rooI\l. A oorridor is created between the walls 
of the oold room and 8 reM of crates by closÏD:J a 
flap over the oorTidor. Air is drawn through the 
crates into the corTidor by a fan located at one 
end. '!he air expelle:î by the fan is rooled by the 
refrigeration system cf the cold roam before i t is 
recirculated through the berries (Plan # 60506) 
(Belzile, 1986). 
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Figure 21. Precooler for small fruits ta be added to 
a cold roan. Cold air is drawn fram 00th 
side of the tunnel for increase capacity. 
(Plan # 60505) (Belzile, 1986). 
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Table 16. comparison of precxx:>ling cost per kilogram in a conven­
tional cold roorn arrl. one using liquid gas as a refri 
gerant. 

Precoolers cast 
Acquisition Energy2 Handling3 'lbtal 

Actual $jkg1 $!kg $!kg $!kg 

Conventional $ 8 500 $ 0.072 negligible $ 0.025 $ 0.097 
Liquidgas $ 2 100 $ 0.018 $0.16 $ 0.025 $ 0.203 

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

2. Cost of the l':'quid gas or the electricity necessary te cool 
one kilogram of berry. 

3. Cost of handling the berries in and out of the precxx:>ler. 

5.2. Benefits Derivai fran PrecooliIg 

Precooling strawberries is an additional operation in the 

handl ing of strawœrries that needs addi tional costs in equipnent 

and manpower. 'lb recover those costs, a significant reduction in 

spoilage is expected. Precooling will reduce decay af"ter two days 

by 75% if it is done prornptly after harvest and dClWI1 ta a ternpera­

ture of 5 Oc (Tonlni, 1983). 'This rneans that at delivery at the 

retailer, the percentage of urnnarketable berries ~uld drop from 

15% to 4 %. 

'!he economic analysis carried for the proposed. exarnple sha.vs 

that the prec:ooling oosts outweigh the benefits derived from the 

reduction ln losses (Table 17). After 5 years, the costs of 

!,=cecooling with the mechanical system would al.nost breakeven with 

the revenues. If we consider the precooler is used less than four 
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weeks a year and solely te cool strawberries, precooling is not a 

good investrnent. To be profitable, the system v.uuld have to be in 

operation for a longer period of time (for instance by extending 

harvesting season with a late ripening variety ). '!he costs could 

be shared by precoolili.l other cro~ such as tomatœs, ras!iJerries, 

sweet corn, etc.. Prec<X)ling costs oould be recovered by obtaining 

a better priee for strawberries . 

'!he exarnple providoo shows that precooling is not beyond the 

means of a good proIX>rtion of Québec strawberry growers. '!he 

investment required is relatively srnall and subsidies are available 

from the Q,léb2c Ministry of Agricul ture te he 1 p cover up to 50% of 

the initial cost of the tuildil1g' and the equipnent. 

5.3. starage in CA. 

Precooled strawterries will keep better if they arp. stored in 

CA. storage might be advantageous te produeers who want te tiJœ 

their marketing with the large daily and weekly priee fluctuations 

COIlU'I'On on the Québec market. Sorne days ('I\.lesday and 'lhursday in 

particular), producers that can deliver early in the night will get 

bette..c priees (CAGRIC, 1972). Priees on Mcmday and Friday nights 

are usually low because the supply of berries exceeds the demande 

Priees are usually high just before or just after a rainfall 

(CAGRIC, 1972). 'Ille priee for a crate (4.5 kg) can vary by as rnuch 

as $ 4.00 wi thin a period of 12 hours. 



Table 17. SUmrnary of various costs, benefi ts and ROI for liquid gas 
am mechanical precooling. 

PREXXX)LER TYPE 

Initial Costs 

Building 
Fquipoont1 

'Ibtal 

Annual costs 

Energy2 
Operation 3 

Mainter.'IDCe 
Annrtization4 

Interest on Ioan5 

'Ibtal 

Revenue 

R,O.I.? 

No rurortization 
With amortization 

LIC"illD GAS 

$ 2,100. 

2,100. 

3,760. 
600. 

50. 
420. 
189. 

5,019. 

3,100. 

( 33 %) 
( 38 %) 

2,100. 
6,400. 

8,500. 

20. 
600. 
200. 

1,700. 
770. 

3,290. 

3,100. 

95 % 
( 6 %) 

1. Equipnent c. ')St for mechanica! refrigeration system ~ 2 tons 
capacity) 

2. cost of cooling for liquid gas is $ 0.16jkg X 23 500 kg 
for rnechanica! is $ 1.40jday X 14 days 

3. Operation costs is cost of extra hanclling to stack crates in 
pre<XX.'>!er. 

4. Initial oost of tuilding and equipnent anortized in 5 years. 
5. Interest on loan on b.1ilding and equipnent is 15%. Yearly 

payrœmt of interest are set equal in the analysis. 
6. Precooling reduces Iosses fram 15% to 4%. Revenues are drawn fram 

the sales of 2 585 kg (11% X 23 500 kg) of berries at $ 1. 20jkg. 
7. R. O. 1. is return on investrnent 

= Revenue - costs (with or without éUOOrtization) 

Costs with or without anortization 
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A producer who could store ms lvrrvest and keep i t until he 

feels the market is ready could stabilize ms income. New markets 

coula be found as the harvests from two te three days could De 

grouped and sold te wl"l,.')lesalers. 

Al though i t invol ves nore care than RA sterage, CA storage is 

IlOt that difficult ta achieve. Dry ice or gas tank can be used te 

create CA. When using gas tanks, the IIOSt important tnint te check 

is the airtightness of the room or oontainers in which CA is 

maintained. When using dry ice, the rate of sublimation has ta be 

matched with the ventilation rate (through leaks or forced ventila­

tion). Sublimation CUIVes for dry ice in b.ùk arx:l in pellets are 

available from gas suppliers (Figure 22). From these we f ind, for 

instance, that the sublimation rate of dry ice at 5 Oc for a cube of 

22.7 kg (50 ll:s) is aOOut 1 kgjhr for the first 10 hours. Suppose 

an enclosure of 3 m3 wi th 50 % free space and one air change every 

hour. A 20 % 002 concentration ŒlI1 be maintained in the enclosure 

as long as 0.3 m3/h of gaseous CX)2 is supplied (see sample calcula­

tions in Appendix D). 'The sublimation of 1 kilcqram of dry ice 

produces about 0.56 rn3 of gaseous 0)2' 'Ihis rneans alx>ut 0.5 kqjhr 

of dry ice would have to sublimate in the enclosure te rna:intam the 

desired CA. 'Ibis can be obtained by leaving a black of dry iœ of 16 

to 20 kg in the enclosure. 

Gi ven a cast of $ 0.50 per kilogram of dry ice, the cost of the 

gas to mainta ln the enclosure in CA for 72 hours would ne alx>ut 

$18.00. If 400 crates (4.5 kg) of strawberries are stered in the 
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enclosure, CA storage would cx>st only $ 0.05 lOOre per crate than 

regular RA storage. 

K:r'laoJing the inhibitory effects of CA on fungi growt:h, the 

additional investment required to maintain an enclosure in CA would 

be more than justified in situations similar to the one presented. 



'Ibis study was carrioo out to investigate the handling of 

strawberries in Quebec. '!he IlDSt important parameters influencmg 

quality and shelf life were identified and the harvesting and 

handling methcds followed in Quebec were evaluated. Better 

harvesting methods, precooling and CA storage would greatl y irnprove 

strawberry quality. This was demonstrated in a factorial experiment 

where recoJl'Ullfmded harvesting and handling methods were followed. 

strawberries of the Red Coat variety harvested at the right maturity 

and precoolèd shortly after harvest kept for 10 days when stored at 

5 Oc in CA composed ci 169,; C02' 20% 02 and 64% N2' Except for an 

increase in skin and flesh flrrnness, storage in CA did not influence 

the qùality parameters. ExpŒ:ure te high C02 concentrations while 

precooling had no effect on the shelf life or quality of strawber-

ries. 

Following CA storage, the residual shelf life of strawbe.rries 

stored in conditions found in retail stores was evaluated. straw-

berries \oJere kept successively at 22 Oc and 10 Oc for periods of 12 

hours. After two days of this regime, 80% of the berries previously 

stored in CA were still sound cornpared to 55% of the berries stored 

in RA. CA storage extended shelf life by inhibiting fungal growth. 
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'!he inhibition of fungal growth was denonstrated in an experi­

ment where CA prevented the spread of infection fram a decaying 

strawberry to berries in the same container. CA was effective in 

preventing the growth of Botrytis cioerea, EhizogLS species, am 

Alternaria tE:.'1Uis. 

Preliminary estimates indiŒlb_ precooling and CA srorage are 

economically feasible and would be profitable for growers harvesting 

oore tl.3l1 5 hectares per season. 

6.2. OB:lusicns 

'!he following conclusions were drawn frorn the work carried 

out in this study: 

i) precooling is essential te the conservation of strawberries 

for periods longer than one day. 

ii) CA storage composed of 16 +/- 1.5% 0021 20 +/- 1% 02 and 64 

+/- 2% N2 is an effective rneans of preventing funqal 

growth in strawberries stered at 5 Oc and at room tempera 

ture. 

iii) exposure te high 002 concentrations for two heurs have no 

effects on strawberry quality. 
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6.3. Reet .lIle Jdaticns for further researdl 

'Ihe handlirg of strawberries encœnpasses many aspects that the 

present study did net rover fully. '!he effect of precoolirg and CA 

storage on the shelf life of other cul ti vars 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 srnall strawberry prcdu­

cers. 'Ihe 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 frorn the farrn throughout the distriOOtion 

channels should be developed to prevent sIX>ilage due to bruising and 

poor storage rondi tions. wi th the shortage of manpower, special 

considerations should be given te the harxlling of mechanically 

harvested strawberries and the procedure te integrate precooling and 

CA storage wi th actual proc:essing m=thods followed by jam manufac­

turers. 
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APPENDICES 

A. Cost comparison between hand harvesting and machine harvesting. 

B. Isolation and identification of fungi present in the field. 

c. Results of the J>N:JVA am of Duncan's new nnlltiple range tests 
on factor effects and treatment combinations. 

D. Sample calculations ta detennine the dr.OUJ1t of dry ice neces­
sary ta rnaintain CA in an enclosure. 
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19leIilix A. 0Jsts CY"II{JlrÎSŒl between harKi harvest.:ÏnJ am 
Jœdrlne harvest:i.rg 
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According to a study nade by Institut québécois d'opinion 

p.1blique (1984), 40% of the constrrnerS get their fresh strawberries 

directly from the growers having pick your own operations, 28% b.lys 

them at public markets am 32 % tuy them from a retailer such as 

grocery stores. 

Depending on the management of harvesting, the harvesting costs 

( lal::or , machinery and container costs) wi 11. vary. For commercial 

harvesting rrore than 1 235 hours of lator per hectare are required 

te pick an average of 7 475 kgjha (Buth and McKitix>n, 1984). Lal:x>r 

is the major harvesting cost at $ 3786 per hectare, containers 

aœount for $ 1 995 per hectare and rnachinery for $ 133. Total cast 

per hectare is $ 5 873. Harvesting costs per kilogram are nearly 

79 cents wi th lal:or élccounting for 51 cents, containers for 26 cents 

and machinery for 2 cents per kilograrn. 

For picl< your own operations, lator heurs are less than 198 

heurs per hectare which is nruch 10000er than for comrrercial harves­

ting. Total harvesting cost is lawered ta $ 617. 00 per hectare te 

pick an aVerClCJe of 6 707 kgjha. Lal:or costs 14.3 cents/kg, 

actvertising 5.1 centslkg and rnachinery 1.3 cents/kg, for a total of 

22.7 cents per quart. The difference in harvesting costs between 

commercial picking and PYO is 56.3 cents per quart. 
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Mechanical harvesting is generaIIy used te pick strawberries 

to be sold to processors. Self propelled and tracter drawn mechani­

cal harvesters are available on the market. In 1984, a self 

propelled unit capable of harvesting 0.4 ha a day sold for 

$82,000.00 while a tracter nnunted unit of similar capacity ;:,cld for 

~ 3L. 000. 00 to $ 50, 000. 00. For mechanicai harvesting, t.he Iaror 

required to pick an average of 13,517 kgjha was estimated at a 100 

heurs (Dale, 1985). '!he total harvesting cost per kilogram WdS 31.4 

cents and storage bin rentaI 1.1 cents. Under Canadian short 

harvesting pericd, the nechanicai harvester tested l:1j Dale (1985) 

could harvest at Ieast 4 hectares per season. 
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~ B. Isolatiat am iderrt:ificatiŒl of furgi present in the 
field. 
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'lbe presence of ma jar pathogenic f1..D1gi on the strawberries 

harvested for the experiments was verified. '!he presence of flmgi 

was verified by visual inspection and by incubating selected samples 

of strawberry tissues arrl isolating the nolds present. '!he rnethod 

followed for the isolation and culture of fungi was deri ved fram the 

one suggested by Dennis and M:>untford (1975) and Jarvis (1977). 

After incubating the cultures for 5 days at 20 oC, 

pictures of the colonies were taken. 'Ihree fungi were predominant 

in the samples gathere:i f:rom ooth harvests: Bot:L.:ytis cinerea , 

Rhizopus species, and AIten'lérria oomis (Figure B.1, Figure B.2, 

Figure B. 3) . 
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Figure B.1. BotJ:yt.i~ cinerea. (Note: white dots are a 
result of poor prcx::::essing during film development) 

Figure B.2. RhizoplS stolonifer. 
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Figure B.3. Altemaria tenuis. (Note: white spots are a 
result of poor processing during film 
developnent) . 
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Appendix C. Results of the N:lOVA and of Tukey' s studentized range 
tests on factor effects and treatment combinations. 
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00 53 2 2 89 2 
00 43 2 2 89 6 
00 50 3 6 88 7 
00 47 2 2 89 2 
CO 64 o 7 89 7 
CO 89 o 6 89 1 
CO 84 1 1 88 3 
CO 61 o 8 87 6 
00 86 o 6 88 4 
00 89 o 9 89 2 
00 71 o 6 89 1 
00 73 1 5 88 0 
CO 48 o 3 88 1 
CO 52 o 5 90 0 
CO 58 4 7 89 5 
CO 23 2 5 88 8 
00 66 o 4 87 8 
00 70 1 0 88 3 
00 72 o 8 88 7 
00 51 1 1 89 2 
00 78 1 4 89 1 
00 67 1 ::; 89 2 
00 79 1 3 90 2 
00 79 1 5 89 9 
00 38 1 9 90 3 
00 S9 1 7 88 8 
00 71 1 6 88 7 
00 63 1 :3 89 0 
00 85 1 6 89 6 
00 75 2 0 88 9 
00 63 1 9 90 2 
00 81 1 1 89 4 
00 56 1 8 89 8 
00 43 o 7 887 
00 64 o 6 89 3 
00 39 o 6 89 2 

~ 

~ 

14 13 THURSDAY, JULY 21. 1988 1 

PH ACID WEIGHT 55 NEWT1 NFWT2 
3 50 o 98 16 2 9 60 4 34:ï83 7 4850.3 3 58 o 98 17 0 9 50 4 03191 6 51384 3 53 1 09 14 6 Il 00 4 26735 6 35688 
3 45 1 05 18 0 9 50 4 69899 8 58375 
3 46 1 04 17 9 8 30 4 26735 6 219~4 3 54 1 00 18 1 10 50 4 27716 7 64197 3 54 o 96 15 5 10 00 3 96324 6 90624 3 50 o 98 19 5 10 00 3 76704 5 11101 3 43 t 05 18 3 9 80 3 07053 4 44393 
3 52 o 92 17 3 10 20 2 70756 4 88538 3 45 1 10 17 3 8 90 2 94300 5 09139 
3 47 o 97 16 4 10 00 2 82528 5 33664 3 52 o 84 17 8 10 20 3 94362 5 34645 3 58 o 80 16 8 9 20 2 96262 4 79709 3 61 o 84 15 6 9 20 3 50217 5 33664 
3 52 o 86 16 4 9 80 4 46355 6 14106 
3 45 o 78 13 2 9 61 3 66894 5 15025 
3 47 o 91 13 2 8 59 3 78666 7 10244 3 52 o 91 10 1 9 79 3 85533 5 01291 3 44 o 91 13 2 10 22 3 53160 6 07239 3 42 o 75 12 0 8 28 3 15882 4 03191 3 40 o 99 1 1 1 9 :')1 3 81609 ~ 02272 
:J 48 o 81 12 4 8 78 3 54141 4 99329 
3 54 1 46 14 3 9 97 3 75723 5 14044 3 40 1 25 119 8 65 3 39426 6 41 :')74 3 61 o 98 13 :') 8 67 3 57084 6 01353 3 53 o 85 13 0 9 83 3 24711 4 73823 3 42 1 09 12 6 10 03 3 8:')533 7 10244 
3 39 o 91 10 2 8 72 2 83509 4 70880 
3 48 o 87 Il 5 8 80 2 30535 4 57146 3 42 o 89 10 7 9 45 2 24649 4 70880 3 44 o 98 9 1 10 02 2 6~851 4 13982 3 4/ 1 O~ 13 9 8 30 4 21830 ~ 66037 3 59 o 91 13 9 10 10 3 22749 6 33726 3 60 o 90 14 5 9 70 3 13920 ~ 66037 3 :33 o 97 12 2 10 00 2 8:3471 ~ 29740 3 64 o 93 14 8 9 30 4 40469 :3 54265 3 ~7 o 7~ 16 0 9 70 3 52179 ;:) 43474 3 44 1 20 13 9 10 20 2 97243 4 79709 3 41 1 O~ Il 8 10 20 2 78604 4 37526 3 43 o 89 8 6 9 51 2 83509 3 19806 3 55 o 94 8 6 9 11 3 93381 4 37526 3 48 o 98 10 2 B 48 2 97243 4 81671 3 40 o 93 Il 4 9 70 3 61008 5 03253 3 57 1 18 9 8 10 93 3 76704 4 70880 3 46 1 21 9 1 10 81 3 42369 4 03191 3 42 1 24 10 8 Il 45 3 80628 5 67999 3 53 1 01 8 4 10 93 3 37464 3 58065 



If' 

SAS 14 13 TH','RSDAY. -''-.'LY 21. 1 ~88 ~ 

OBS YEAP HA STOR PRE TGOOD TLOSS TMOI ST TAC l [1 TSS 
1 1 1 CA CO 1 09476 o 122783 1 23114 o Q9ql:57 o 31:5023 
2 1 1 CA CO 1 OO~12 o 1~oS31 1 23273 o 0""91:::;;- o 313322 
3 1 1 CA CO 1 20193 o 10976:5 1 2295~ 0 104 ~?4 o 33806:l 
4 1 1 CA CO 1 04720 o 109765 1 23918 0 102650 o 31332;:' 
5 1 1 CA 00 1 201""3 o 122783 1 24080 0 102158 o 292239 
b 1 1 CA 00 1 18730 o 134570 1 21860 0 100167 o 329994 
7 1 1 CA 00 1 30303 o 145420 1 24408 o 07813- o 321751 a 1 1 CA 00 1 11977 o 114266 1 24080 o 079157 o 321751 
9 1 1 RA CO o 78540 o 161952 1 25747 0 102650 o 318402 

10 1 1 RA CO o 91691 o 152245 1 24573 o 096064 o 325069 
Il 1 1 RA CO o 95886 o 168123 1 22639 0 105074 o 302941 
12 1 1 RA CO 1 01320 o 158780 1 20610 o 098649 o 321751 
13 1 1 RA 00 o B1542 o 148873 1 23594 o 091780 o 325069 
14 1 1 RA 00 o 71517 o 148873 1 24244 o 089562 o 308170 
15 1 1 RA 00 o 78540 o 190894 1 22797 o 091780 o 308170 
16 1 1 RA 00 o 75538 o 148873 1 23594 o 092870 o 318402 
17 1 2 CA CO o 92730 o 083764 1 24408 o 088433 o 315193 
18 1 2 CA CO 1 23273 o 077537 1 23433 o 095539 o 297454 
19 1 2 CA CD 1 1'5928 o 10'5074 1 22170 o 095539 o 318234 
20 1 2 CA CD o 89631 o 089562 1 21094 o 095539 o 325400 
21 1 2 CA 00 1 18730 o 077537 1 22325 o 086711 o 291877 
22 1 2 CA 00 1 23273 o 095011 1 23594 o 099664 o 313493 
23 1 2 CA 00 1 00212 o 077537 1 23433 o 090122 o 300828 
24 1 2 CA 00 1 02440 o 122783 1 21705 0 121126 o 321250 
25 1 2 RA CO o 76539 o 054800 1 21860 0 116453 o 298!523 
26 1 2 RA CO o 80:540 o 070770 1 2490:5 o 0991::;7 o 298879 
27 1 2 RA CO o 86574 o 218530 1 24080 o 092327 o 318906 
28 1 2 RA CO o 50018 o 1'58780 1 229"55 0 104594 o 322250 
29 1 2 RA 00 o 94826 o 063288 1 21399 o 095539 o 299766 
30 1 2 RA 00 o 99116 o 100167 1 22170 o 093410 o 301181 
31 1 2 RA 00 1 01320 o 089562 1 22797 o 094480 o 312468 
32 1 2 RA DO o 79540 o 105074 1 23594 o 099157 o 322084 
33 2 1 CA 00 1 08259 o 118::;99 1 23433 0 102650 o 292239 
34 2 1 CA 00 o 9::;886 o 122783 1 23::;94 o 09::;539 o 323414 
35 2 1 CA 00 1 09476 o 114266 1 25239 o 095011 o 316717 
36 2 1 CA 00 1 09476 o 122783 1 24738 o 098649 o 321751 
37 2 1 RA 00 o 66422 o 138281 1 25408 o 096587 o 309895 
38 2 1 RA DO o 87:589 o 130756 1 22955 o 086711 o 316717 
39 2 1 RA 00 1 00212 o 126831 1 227 Q 7 0 109765 o 3;:!5069 
40 2 1 RA 00 o 91691 o 122783 1 23273 0 102650 o 325069 
41 2 2 CA DO 1 17310 o 126831 1 24244 o 094480 o 313493 
42 2 2 CA 00 1 04720 o 141897 123114 o 097106 o 306609 
43 2 2 CA 00 o 91691 o 138281 1 25239 o 099157 o 295486 
44 2 2 CA DO 1 11977 o 10:5074 1 23918 o 096:587 o 316717 
4!5 2 2 RA 00 o 84::;::;4 o 134:570 1 24::;73 0 108843 o 336945 
46 2 2 RA 00 o 71 :517 o 083764 1 22797 o 110223 o 335017 
47 2 2 RA 00 o 92730 o 077:537 1 23755 0 111587 o 345193 
48 2 2 RA 00 o 67449 o 077537 1 23594 0 100669 o 336945 



\0 
.-4 
.-4 

DEPENDENT VARIABLE 

SOURCE 

1'10DEL 

ERROR 

CORRECTED TOTAL 

SOURCE 

5TOR 
PRE 
HA 
STOR*HA 
STOR*PRE 
PRE*HA 
5TOR*PRE*HA 

DEPENDENT VARIABLE 

SOURCE 

MODEl 

ERROR 

CORRECTED TOTAL 

SOURCE 

STOR 
PRE 
HA 
STOR*HA 
STOR*PRE 
fiPE*HA 
STOR *PRE *HA 

--

TGOOD 

OF 

7 

24 

31 

OF 

1 
1 
1 
1 
1 
1 
1 

TLOSS 

OF 

7 

24 

31 

OF 

1 
1 
1 
1 
1 
1 
1 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR 1'10D=:LS PROCEDURE 

SUM OF SQUARES MEAN SQUARE F VALUE 
o 77932560 o 11133223 8 79 
o 30402802 o 01266783 

1 08335362 

TYPE 1 SS F VALUE PR ) F OF 

o 60218421 47 54 o 0001 1 o 02560888 2 02 o 1679 1 o 00969109 o 77 o 3904 1 o 00591064 o 47 o 5011 1 o 00746214 o ::)9 o 4503 1 o 0434::)432 3 43 o 0764 1 o 08:)01432 6 71 o 0160 1 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

SUM OF SQUARES MEAN SQUARE F VALUE 

o 02362028 o 00337433 3 5:) 
o 02283207 o 00095134 
o 0464::)23::) 

TyPE 1 55 ï- VALUE PR :> F OF 
o OO!)63368 !) 92 o 0228 1 o 00021810 o 23 o 6364 1 o 01423929 14 97 o 0007 1 o 00080262 o 84 o 367:) 1 o 001420:53 1 49 o 2336 1 o 00092635 o 97 o 3336 1 o 00037971 o 40 o 533~ 1 

14 13 THURSDAY, JULY 21, 1988 4 

PR :- F R-SQUARE C IJ 

o 0001 o 719364 11 5250 

ROOT MSE TGOOD l'lEAN 

0 11255147 a 97658332 

TYPE III 55 F VALUE PR ) F 

o 60218421 '17 54 o 0001 o 02:560888 2 02 0 1679 o 00969109 o 77 o 3904 o 00591064 o 47 o 5011 o 00746214 o ::)9 o 4503 
o 04345432 3 43 o 0764 o 08:501432 6 71 o 0160 

14 13 THUR5DAY, JULY 21, 1988 5 

PR :: F R-5QUARE C V 

o 0093 o 508484 25 6059 
ROOT l'1SE TLOSS l'1EAN 

o 03084374 0 12045561 

TYPE III 55 F VALUE PR :: F 
o 00~63368 ~ 92 o 0228 o 00021810 o 23 o 6364 o 01423929 14 97 o 0007 o 00080262 o 84 o 3675 o 00142053 1 49 o 2336 o 0009263::) o 97 o 3336 o 00037971 o 40 o 5335 



r­-

DEPENDENT VAR IABLE 

SOJRCE 

MODEL 

ERROR 

CORRECTED TOTAL 

SOORCE 

STOR 
PRE 
HA 
STOR*HA 
5TOR*PRE 
PRE*HA 
SlOR*PRE*HA 

DEPENDENT VARIABLE. 

SOJRCE 

MODEL 

EPROR 

CDRRECTED TOTAL 

SOURCE 

STOR 
PRE 
HA 
STORl>HA 
SlOR*PRE 
PRE*HA 
STOR*PRE*HA 

TMOIST 

OF 

7 

24 

31 

OF 

1 
1 
1 
1 
1 
1 
1 

PH 

OF 

7 

24 

31 

OF 

1 
1 
1 
1 
1 
1 
1 

YEAR 1 BEPRIES - FACTORIAL ANAL,SIS 

GENEPAL LINEAR MODELS PPOCEDURE 

SUN OF SQUARE"5 MEAN SGIJARE F VALUE 

o 00156425 o 00022346 1 72 

o 00312271 o 00013011 

o 00468697 

TYPE 1 55 F VALUE PR ::- F OF 

o 00018555 1 43 o 2441 1 
o 00020298 1 ~6 o 2237 l 
o 0007~692 ~ 82 o 0239 1 
o 00006372 o 49 o 4908 1 
o 00033176 2 55 o 1234 1 
o 00000025 o 00 o 9651 1 
o 00002307 0 18 o 6775 1 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

SUM OF SQUARES MEAN SQUARE F VALUE 

o 04262188 o 00608884 2 00 

o 07292~OO o 003038~4 

o 11554687 

TYPE 1 55 F VALUE PR > F OF 

o 00002813 o 01 o 9242 1 
o 0001:5312 o 05 o 8243 1 
o 01950313 6 42 o 0182 1 o 00002812 o 01 o 9242 1 
o 00112813 o 37 o 5480 1 
o 01162812 3 83 o 0622 l 
o 01015312 3 34 o 0800 1 

14 13 THURSDA" ~lUL, 21, 1<:'89 6 

PR :- F R-SQUARE C \. 

0 1'23 o 333746 o <;1247 

ROOT MSE TMOIST MEAN 

o 01140671 1 233~6437 

TYPE III 55 F VALUE PR :' F 

o 00018:5:5:5 1 43 o 2441 
o 00020298 1 :56 o 2237 
o 00075692 ~ 82 o 0239 
o 00006372 o 49 o 4908 
o 00033176 2 55 0 1234 
o 00000025 o 00 o 9651 
o 00002307 o 18 o 6775 

14 13 THlJRSDAY, JULY 21, 1988 7 

PR :> F R-SQUARE C V 

o 0967 o 368871 1 5804 

ROOT MSE PH MEAN 

o 05512297 3 48781250 

TYPE III 55 F VALUE PR ::-- F 

o 00002813 o 01 o 9242 
o 00015312 o 05 o 8243 
o 01950313 6 42 o 0182 
o 00002812 o 01 o 9242 
o 00112813 o 37 o 5480 
o 01162812 3 83 o 0622 
o 01015312 3 34 o 0800 



co 
...--l 
...--l 

DEPENDENT VARIABLE 

SOURCE 

MODEL 

ERROR 

CORRECTED TOTAL 

SOURCE 

STOR 
PRE 
HA 
STOR*HA 
STOR*PRE 
PRE*HA 
STOR *PRE *HA 

DEPENDENT VARIABLE 

SOURCE 

MODEL 

ERROR 

CORRECTED TOTAL 

SOURCE 

STOR 
PRE 
HA 
STOR*HA 
STOR*PRE 
PRE*HA 
STOR *PRE *HA 

-,.; 

TACID 

OF 

7 

24 

31 

OF 

1 
1 
1 
1 
1 
1 
1 

WEIGHT 

OF 

7 

24 

31 

OF 

1 
1 
1 
1 
1 
1 
1 

YEAR 1 BE'iRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

SUM OF SQUARES MEAN SQUARE F VALUE 
o 00046314 o 00006616 1 35 
o 00117294 o 00004887 
o 00163608 

TYPE 1 SS F VALUE PR :- F OF 
o 00000640 o 13 o 7207 1 o 00007736 1 58 o 2205 1 o 00000106 o 02 o 8843 1 o 00010949 2 24 o 1475 1 o 00021540 4 41 o 0465 1 o 00003831 o 78 o 3848 1 o 00001514 o 31 o 5830 1 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

SUM OF SQUARES MEAN SGUARE F VALUE 
222 202187:50 31 74316964 21 26 

3:5 83250000 1 49302083 

2::)8 03468750 

TYPE r 55 F VALUE PR :> F DF 
1 95031250 1 31 o 2643 1 1 48781250 1 00 o 3281 1 203 51531250 136 31 o 0001 1 1 16281250 o 78 o 3863 1 9 57031250 6 41 o 0183 1 4 42531250 2 96 o 0980 1 o 090312:50 o 06 o 8078 1 

" 

14 13 THURSDAY. JULY 21. 1988 8 

PR :- F R-SQUARE C V 
o 2694 o 283079 7 1213 

ROOT MSE TACID MEAN 
o 00699088 o 09816867 

TYPE III S5 F VALUE PR )- F 

o 00000640 o 13 o 7207 o 00007736 1 58 o 2205 o 00000106 o 02 o 8843 o 00010949 2 24 0 1475 o 00021540 4 41 o 0465 o 00003831 o 78 o 3848 o 00001514 o '31 o 5830 

14 13 THURSOAY. JULY 21. 1988 9 

PR ) F R-SQUARE C V 
o 0001 o 861133 8 4141 

ROOT MSE WEIGHT MEAN . 22189232 14 52187500 

TYPE II 1 SS F VALUE PR ) F 
1 95031250 1 31 o 2643 
1 48781250 1 00 o 3281 203 51531250 136 31 o 0001 1 16281250 o 78 o 3863 9 57031250 6 41 o 0183 4 42531250 2 96 o 0980 o 09031250 o 06 o 8078 

-, 
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YEAR 1 DEPRIES - FACTORIAL ANAL\SIS 14 13 THtIRSDA'r. ~IUL'r 21. 1988 10 

GEtJE"'(\L LI NEAR MODELS PROCEDURE 

DEPENDENT VAR IABLE TSS 

SOURCE OF SUM OF SQUARES MEAN SOOARE F VALVE PR :- F R-SQUARE C V 

MODEL 7 o 00058129 o 00008304 o 57 o 7744 o 142133 3 8570 

EPROR 24 o 003~0849 o 00014619 ROOT MSE T55 MEAN 

CORRECTED TOTAL 31 o 00408978 o 0120<;1078 o 31347578 

SruRCE OF TYPE 1 55 F VALUE PR :> F OF TYPE II 1 55 F VALUE PR :> F 

STOR 1 o 00002306 0 16 o 6948 1 o 00002306 o 16 o 6948 
PRE 1 o oo00919~ o 63 o 43~5 1 o 00OO919~ o 63 o 4355 
HA 1 o 00041801 2 86 o 1038 1 o 00041801 2 86 0 1038 
5TOR*HA 1 o 00000191 o 01 o 9099 1 o 000.....0191 o 01 o 9099 
STOR*PRE 1 o oo00308~ o 21 o 6501 1 o 00003085 o 21 o 6501 
PRE*HA 1 o 00000285 o 02 o 8902 1 o 000OO28~ o 02 o 8902 
5TOR ..-PPE *HA 1 o 00001266 o 09 o 7711 1 o 00001266 o 09 o 7711 

YEAR 1 BERRIE5 - FACTORIAL ANALY515 14 13 THURSDAY. -.iULY 21. 1988 Il 

GENERAL LINEAR MODELS PROCEDURE 

DEPENDENT VARIABLE NEWTl 

SOJRCE OF SUM OF SOUARES MEAN SOUARE F VALUE PR :> F R-SOUARE C V 

MODEL 7 9 84138026 1 40~91147 13 60 o 0001 o 798649 9 0839 

ERRDR 24 2 48115913 o 10338163 RDOT MSE NEwn MEAN 

CORRECTED TO fAL 31 12 32253939 o 32153014 3 53957062 

SOJRCE OF TYPE 1 55 F VALUE PR )- F DF TYPE III 55 F VALUE PR :> F 

5TOR 1 4 65402591 45 02 o 0001 1 4 65402591 45 02 a 0001 
PRE 1 o 17034993 1 65 o 2115 1 o 17034993 1 65 o 2115 
HA 1 1 44846157 14 01 o 0010 1 1 44846157 14 01 o 0010 
STOR*HA 1 o 15089820 1 46 o 2388 1 o 15099820 1 46 o 2388 
STOR*PRE 1 o 02771600 o 27 o 6094 1 o 02771600 o 27 Cl 6094 
PRE*HA ! 1 46~2066:5 14 17 o 0010 1 1 46:520665 14 17 o 0010 
STOR*PRE*HA 1 1 92472200 18 62 o 0002 1 1 92472200 18 62 o 0002 

• 



o 
C'J 
~ 

DEPENDENT VARIABLE 

SOURCE 

MODEL 

ERROR 

CORRECTED TOTAL 

SOURCE 

STOR 
PRE 
H4 
STOR*HA 
STOR*PRE 
PRE*HA 
STOR *PRE *HA 

.~","'" 

NEWT2 

OF 

7 

24 

31 

OF 

1 
1 
1 
1 
1 
1 
1 

YEAR 1 DERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODEL5 PROCEDURE 

14 13 THURSDAY. JULY 21. 1988 12 

SUM OF SQUARES MEAN SGUARE 

23 73222826 3 39031832 

14 77539308 o 61564138 

38 50762134 

TYPE 1 55 F VALUE PR :> F 

5 75217906 9 34 o 0054 
4 12384019 6 70 o 0161 
3 97034361 6 4:5 o 0180 
:5 :53793344 9 00 o 0062 
o 26886261 o 44 o :51:50 
2 :58432724 4 20 0,0:516 
1 49474211 2 43 o 1323 

F VALUE 

:5 :51 

OF 

1 
1 
1 
1 
1 
1 
1 

PR :' F 

o 0007 

ROOT MSE 

o 78462818 

TYPE III 55 

5 75217906 
4 12384019 
3 97034361 
:5 :53793344 
o 26886261 
2 :58432724 
1 49474211 

R-SQUARE 

o 616300 

F VALUE 

9 34 
6 70 
6 45 
9 00 
o 44 
4 20 
2 43 

c V 

13 8625 

NEWT2 MEAN 

:5 6600b344 

PIl Jo F 

o 0054 
o 0161 
o 0180 
o 0062 
o :51:50 
o 0~16 
0 1323 

YEAR 1 DERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

14 13 THURSDAY, JULY 21, 1988 13 

TUKEY'S STUDENTIZED RANGE (HSD) lEST FOR VARIABLE TGOOD 
NOTE' THIS TEST CONTROLS THE TYPE 1 EXPER IMENTWI5E ERROR RATE. 

BUT GLNERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ 

ALPHA=O 05 DF=24 MSE= 0126678 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 08213 

MEANS WITH THE SAME LETTER ARE NOT 5IGNIFICANTLY DIFFERENT 

TUIŒY GROUP ING 

A 

B 

MEAN 

1 11376 

o 83940 

N STOR 

16 CA 

16 RA 



N 

............ __ .,~ -

YEAR 1 BERRIES - FACTORIAl ANAlYSIS 

GENERAL LINEAR MODElS PROCEDURE 

TUKEY'S STUDENTIZED PANGE (HSD) TEST FOR VARIABLE TLOSS 
NOTE THIS TEST CONTFOLS THE TYPE l EXPEP Il'iEUnHSE ERROR RATE, 

BUT GENERALL{ HAS A HIGHER 1YPE II ERP OR PATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=9 5E-04 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 02251 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUP ING 

A 

B 

MEAN 

o 13372 

O. 10719 

N STOR 

16 RA 
16 CA 

YEAR 1 BERRIES - FACTORIAL ANALYSI5 

GENERAL LINEAR MoDELS PROCEDURE 
TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TMOIST 
NOTE' THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERRoR RATE THAN REGWG 

ALPHA=O. 05 DF=24 MSE=l 3E-04 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 00832 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 
TUXEY 

~ 

GROUP ING 

A 
A 
A 

MEAN 

1. 235972 

L 2:31156 

N STOR 

16 RA 

16 CA 

14 13 THURSDAY, JULY 21. 1988 14 

14: 13 THURSDAY, JULY 21, 1988 15 
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODElS PROCEDURE 

TUKEY'5 5TUDENTI ZED RANGE (HSD) TEST FOR VAF\ 1 ABLE PH 
NOTE: THI S TEST CONTROLS THE TYPE: 1 EXPER IMENTWISE ERROR RATE. 

BUT GENE"RALLY HAS A HIGHER TYPE II ERROR RA TE TIlAN REGWG 

ALPHA=O 05 DF=24 MSE= 0030385 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 04023 

MEANS WITH THE SAME LETTER ARE NOT 5IGNIFICANTLY DIFFERENT 

TUKEY GROUP ING 

A 
A 
A 

MEAN 

3 48875 

3 48687 

N STOR 

16 CA 

16 RA 

YEAR 1 BERRIE~ - FACTORIAL ANAlYSIS 
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 II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=4 9E-05 
CRITICAL VALUE üF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE=O 0051 

MEANS WITH THE SANE LETTER ARE NOT 5IGNIFICANTLY DIFFERENT 

TUKEY 

,li 

GROUPING 
A 
A 
A 

MEAN N STOR 
0.098616 16 CA 

0.097722 16 RA 

14: 13 THURSDAY, JULY 21, 1988 16 

14: 13 THURSDAY, JULY 21, 1988 17 
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YEAR 1 BERR 1 ES - FACTOR 1 AL ANAL 'iSIS 

GENERAL LINEAR MODELS PROCEDUPE 

TUKEY'S STUDENTIZED ~ANGE (HSD) TEST FOR VARIABLE t-JEIGHT 
NOTE THIS ·TEST CONTROLS THE TYPE 1 EXPER IMENTWISE ERRQR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 ~SE=l 49302 
CRITICAL VALUE OF STUDENTIZED PANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 89166 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUP ING 

A 
A 
A 

MEAN 

14 7687 

14 2750 

N STOR 

16 CA 

16 RA 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE: TSS 
NOTE: THIS TEST CCNTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=I.5E-04 
CRITICAL VALUE OF STUDENTIZED RANGE=2.919 
MINIMUM SIGNIFICANT DIFFERENCE=. 00882 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 

TUKEY 

" 

GROUP ING 

A 
A 
A 

MEAN 

o. 314325 

O. 312,!l27 

N STOR 

16 CA 

16 RA 

14 13 Tfil_'RSDl~Y, .Jl1LY 21, 1988 18 

14: 13 THURSDAY, JULY 21, 1988 19 
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE NEWTl 
NOTE· THIS TEST CONTROLS THE TYPE 1 EXP~RIMENTWtSE ~RROR RATE. 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ 

ALPHA=O. 05 DF=24 MSE=O 103382 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 23463 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUV.EY GROUP ING 

A 

B 

MEAN 

3.9209 

3. 1582 

N STOR 

16 CA 

16 RA 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

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 REGWG 

ALPHA=O. 05 DF=24 MSE=O 615641 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
~INIMUM SIGNIFICANT DIFFERENCE= 57257 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY 

'.~ 

GROUP ING 

A 

B 

MEAN 

6 0840 

!5 2361 

~~.~ 

N STOR 

16 CA 

16 RA 

-~--------:r 

14: 13 THIJRSDAY, JULY 21, 1988 20 

14: 13 THURSDAY, JULY 21, 1988 21 
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vEAR 1 BERRIES - FACTORIAL ANALvSIS 
GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED PANGE (HSD) TEST FOR VARIABLE TGOOD 
NOTE THIS TEST CONT~OLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THMN REGWG 

ALPHA=O 05 D~=24 MSE= 01~6678 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 08213 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TU 10<. EY GROUP ING 

A 
A 
A 

MEAN 

1.00487 

o 94829 

N PRE 

16 00 

16 CO 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 
GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE· TLOSS 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O. 05 DF=24 MSE=9. 5E-04 
CRITICAL VALUE OF STUDENTIZED RANGE=2.919 
MINIMUM SIGNIFICANT DIFFERENCE= 02251 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLV DIFFERENT. 

TUKEY 

~ 

GROUP ING 

A 
A 
A 

MEAN 

o 12307 

0.11784 

N PRE 

16 CO 

16 00 

14 13 THL'RSDAY· JULY 21. 1988 

14: 13 THURSDAY, JULY 21, 1988 

.,.., 
c.c. 
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 
GENERAL LINEAR MODELS PROCEDURE 

TUv\EY'S STUDENTIZED RAI'l-:;E (HSD) TEST FOR VARIABLE. TMOIST 
NOTE' THIS TEST CONTROLS lHE TYPE 1 EXPERlf"IENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE Il ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=l JE-04 
CRITICAL VALUE OF STUDEN1IZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 00832 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 

TUKEY GROUP ING 

A 
A 
A 

MEAN 

1.236083 

1. 231046 

N PRE 

16 CO 

16 00 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 
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=O 05 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 

A 
A 
A 

MEAN 

3. 49000 

3 48562 

N PRE 

16 00 

16 CO 

14 13 THURSDAY, JVLY 21, 1988 24 

14: 13 THURSDAY, JULY 21, 1988 25 
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'IEAR 1 BERRIES - FACTORIAL ANAL'tSIS 

GENEPAL LINEAR MODELS PROCEDURE 

TUKEY'S STVDEN1IZED PANGE (HSO) lEST FOR VARIABLE TACtO 
NOTE TH! 5 TEST CmHPOLS THE" T'tPE 1 EYPEP !MErnl·Jl ":JE ERPQR PATE, 

BUT GENERALL Y HAS A HIGHER TYPE II ERf\DR RA TE THAN REGWG 

ALPHA=O 05 DF=24 MSE=4 9E-05 
CRITICAL VALUE OF STUDENTIZED RANGE=2 719 
MINIMUM SIGf.JIFICANT DIFFERENCE=O 0051 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUPING 

A 
A 
A 

MEAN 

o 099723 

0.096614 

N PRE 

16 CO 

16 00 

VEAR 1 BERRIES - FACTORIAL ANALYSIS 
GENERAL LINEAR MODELS PROCEDURE 

TU~EY'S STVDENTIZED RANGE <HSO) TEST FOR VARIABLE WEIGHT 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE !I ERROR RATE THAN REGWG 

ALPHA=O. 05 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 GROUPING 

A 
A 
A 

MEAN 

14.7375 

14.3062 

N PRE 

16 CO 

16 00 

14 13 T~JRSDAY. JULY 21. 1988 2[, 

14' 13 THURSDAY, JULY 21, 1988 27 
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODElS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSDJ TEST FOR VARIABLE TSS 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAB A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 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 
TUKEY GROUPING 

A 
A 
A 

MEAN 

0.315171 

o 311781 

N PRE 

16 CO 

16 00 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE: NEWT1 
NOTE· THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAB A HIGHER TYPE II ERPOR RATE THAN REGWG 

AlPHA=O 05 DF=24 MSE=O 103382 
CRITICAL VALU~ OF BTUDENTIZED RANGE=2 919 
MINIMUM SI~NIFICANT DIFFERENCE= 23463 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 
TUKEY 

.! 

GROUPING 

A 
A 
A 

MEAN 

3.6125 

3 4666 

N PRE 

16 CO 

16 00 

14.13 THURSDAY, JULY 21, 1988 28 

14: 13 THURSDAY, JULY 21, 1988 29 
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

TUJ.<.EY'S STUDENTIZED PArJGE (HSD) TEST FOR VARIABLE NEWT2 
NOTE THIS TEST CONTROLS THE TYPE 1 EXPEF? IMENTWISE ERROR RATE. 

BUT GENEPALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=O 615641 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 57257 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TU KEY GROUP ING MEAN N PRE 

A 6 0190 16 CO 

B 5 3011 16 00 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE: TGOOD 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BU1 GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE= 0126678 
CRITICAL VALUE OF STUDENTIZED RA~GE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 08213 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY 

~ 

GROUPING 

A 
A 
A 

MEAN 

o 99399 

0.95918 

N HA 

16 1 

16 2 

14 13 THURSDAY, JULY 21. 1988 30 

14' 13 THURSDAY, JULY 21, 1988 31 
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GEN~RAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE CHSD) TEST FOR VARIABLE TLOSS 
NOTE: THIS TEST CONTROLS THE TYPE l EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ 

ALPHA=O 05 DF=24 MSE=9 5E-04 
CRITICAL VALUE OF STU~ENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 02251 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUPING 

A 

B 

MEAN 

O. 14155 

O. 09936 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

N HA 

16 1 

16 2 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TMOIST 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ 

ALPHA=O 05 DF=24 MSE=1 3E-04 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 00832 

MEANS WITH THE SANE LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 

TUKEY 

~ 

GROUPING 

A 

B 

MEAN 

1 238428 

1. 2~13701 

N HA 

16 1 

16 2 

\.- -_ ..... 

-------~._~- ~ 

14: 13 THURSDAY, JULY ?1, 1988 32 

14.13 THURSDAY, JULY 21, 1988 33 
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED PANGE (HSD) TEST FOR · ..... ARIABLE PH 
NOTE: THIS TEST CO~JTROLS THE TYPE 1 EXPERIMEi'lTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 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 GROUPING 

A 

B 

MEAN 

3 51250 

3 46312 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODEL.S PROCEDURE 

N HA 

16 1 

16 2 

TUKEY'S STUDENTI2ED RANGE <HSD) TEST FOR VARIABLE. TACID 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE. 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWO 

ALPHA=O 05 DF=24 MSE=4 9E-05 
CRITICAL VALUE OF STUDENTJZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFER~NCE~O 0051 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY 

:. 

GROUPING 

A 
A 
A 

MEAN 
O. 098350 

0.097987 

N HA 

16 1 

16 2 

14 13 THURSDAY, ~ULY 21. 1988 34 

14' 13 THURSDAY. ~ULY 21. 1988 35 
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YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PRDCEDURE 

TUKEY'S STUDENTIZrD RANGE (HSD) TEST FOR VARIABLE WEIGHT 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPER IMENTWISE ERROR RATE. 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 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 GROUPING 

A 

B 

MEAN 

17.0437 

12 0000 

N HA 

16 1 

16 2 

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 REGWG 

ALPHA=O 05 DF=24 MSE=l 5E-04 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE=. 00882 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 

TUKEY 

~ '" 

GROUPING 

A 
A 
A 

MEAN 

O. 317090 

O. 309862 

N HA 

16 1 

16 2 

14 13 THURSDAY, JULY 21. 1988 36 

14' 13 THURSDAY. JULY 21. 1988 37 
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~EAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE O-'SD) TEST FOR 'vARIABLE NEWT1 
NOTE THIS TEST CONTROLS THE T'1PE 1 EXPER IMEtHl·nSE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=O 103382 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 23463 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUPING MEAN 

A 3. 7523 

B 3.3268 

YEAR 1 BERRIES - FACTORIAL ANALYSIS 

GENERAL LINEAR MODELS PROCEDURE 

N HA 

16 1 

16 2 

TUKEY'S STUDENTIZED RANGE CHSD) TEST FOR VARIABLE NEWT2 
NOTE: THIS TEST CONTROLS THE TYFE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERR OR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=O 615641 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE=. ~72~7 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 

TUKEY GROUPING 

A 

B 

MEAN 

6 0123 

5.3078 

N HA 

16 1 

16 2 

14 13 THURSDA'y', JULY 2 L 1988 38 

14: 13 THURSDAY, JULY 21, 1988 39 
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YEAR 1 ~( 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LI NEAR MODELS PROCEDURE 

CLASS LEVEL INFORMATION 

CLASS LEVELS VALUES 

YEAR 2 1 2 
HA 2 1 2 

STOR 2 CA RA 

NUMBER OF OBSERVATIONS IN DATA SET = 32 

YEAR 1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

SUM OF SGUARES 

o 70387174 

o 24446~4:) 

o 948::"':-: ~~ 9 

TYPE r ss 
o 029':::0503 
o 00005132 
0.57929612 
o 01057804 
o 01025641 
o 01617758 
o 05820724 

.. ~ 

MEAN SQUARE 

O. 100~~311 

0.01018606 

F VALUE 

2 88 
o 01 

56.87 
1 04 
1 01 
1 59 
5 71 

PR :> F 

o 1028 
o 9440 
o 0001 
0.3183 
o 3257 
o 2197 
o 0250 

F VALUE 

9. 87 

OF 

1 
1 
1 
1 
1 
t 

1 

\~'l.~l 

-"-'0--'_ --. " w 1'jJ 

14: 13 THURSDAY. JULY 21. 1988 40 

14.13 THURSDAY. JULY 21. 1988 41 

PR ~ F 

o 0001 

ROOT MSE 

o 10092602 

TYPE III SS 

o 02930503 
o 00005132 
o 57929612 
o 01057804 
o 01025641 
o 01617758 
o 05820724 

R-SOUARE 

o 742217 

F VALUE 

2 88 
o 01 

56 87 
1 04 
1 01 
1 59 
5 71 

c V. 

10 3555 

TGOOD MEAN 

o 97461060 

PR :! F 

o 1028 
o 9440 
o 0001 
o 3183 
o 3257 
o 2197 
o 0250 

',,", 
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DEPErlDENT VAP IABLE 

SOURCE 

MODEL 

ERROP 

cœRECTED TOTAL 

SOURCE 

YEAR 
HA 
STOR 
YEAR*HA 
YEAR*STOR 
HA*STOR 
YEAR*HA*STClR 

DEPENDENT VARIABLE 

SOURCE 

MODEL 

ERROR 

CORRECTED TOTAL 

SOURCE 

VEAR 
HA 
STaR 
YEAR*HA 
YEAR*STOR 
HA*STOR 
VEAR*HA*STOR 

" 

TLOS5 

OF 

7 

24 

31 

OF 

1 
1 
1 
1 
1 
1 
1 

TMOIST 

OF 

7 

24 

31 

DF 

1 
1 
1 
1 
1 
1 
1 

YEAR 1 ~~ 2 BEFRIES - HIGH C02 TREATMENT EXCLUDED 

GEtIEP~L LHIEAR MODELS PROCEDURE 

SUM OF SGUAPES MEAN SGUARE F VALUE 

o 01644067 o 00234867 7 43 

o 007~9045 o 00031627 

o 02403112 

TYPE 1 55 F VALUE PR ::> F OF 

o 00000027 o 00 o 9769 1 o 00895083 28 30 o 0001 1 o 00000164 o 01 o 9432 1 o 00304214 9 62 o 0049 1 o 00130238 4 12 o 0537 1 o 00308388 9 75 o 0046 1 o 00005954 0 19 o 6683 1 

YEAR 1 ~ 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

SUM OF SGUARES MEAN SGUARE F VALUE 

o 00103149 o 00014736 1 69 
o 00209154 o 00006715 

o 00312303 

TYPE 1 SS F VALUE PR :> F OF 
0.00052787 
o 0001922:5 
o 00010036 
(' 00017274 
0.00002944 
0.00000005 
o 00000878 

6 06 o 0214 1 
2 21 o 1505 1 
1 15 o 2939 1 
1 98 o 1720 1 
o 34 o 5665 1 
0.00 o 9817 1 o 10 o 7537 1 

14 13 THURSDA'r. JUL'r 21. 1988 4;;' 

F'R '. F P-SGU.'RF" C V 

o 0001 o 684141 1":1 10;'8 

ROOT MSE TLOSS 1'1Ei\N 

o 017783Q 5 0 1177:;286 

TYPE III 55 F VALUE P:1 :- F 

o 00000027 o 00 o 9769 
o 00895083 28 30 o 0001 
o 00000164 o 01 o 9432 o 00304214 9 62 o 0049 o 00130238 4 12 o 0537 
o 00308388 9 75 o 0046 o 00005954 o 19 o bf.S3 

14 13 THURSDAY. JULY 21. 1988 43 

PR ) F R-5GUARE C V 

o 1589 o 330284 o 7558 
ROOT MSE TMOIST MEAN 

o 00933528 1 23510734 

TYPE III SS F VALUE PR ::> F 

o 00052787 6 06 o 0214 o 00019225 2 21 o 1505 
o 00010036 1 15 o 2939 
o 00017274 1.98 o 1720 
o 00002944 o 34 o 5665 
o 00000005 o 00 o 9817 o 00000878 o 10 o 7537 



.---~-_._--~-----~ 

\0 
C") 
,-i 

YEAR 1 ~( 2 BEPRIES - HIGH C02 TREATNENT EXCLUDED 14 13 THURSDAY 1 JUl y 21. 1988 44 
GENERAL LINEAR MODEL5 PROCEDURE 

DEPENDENT VARIABLE PH 

SOURCE DF SUN OF SQUARES l'1EAN SGUARE F VALUE PR :' F R-SQUARE C V 
MODEl 7 o 05302188 o 00757455 1 83 0 1281 o 347578 1 8410 ERROR 24 o 09952500 o 00414687 ROOT MGE PH MEAN 
CORRECTED TOTAL 31 o 15254687 o 06439623 3 49781250 

SOURCE OF TYPE 1 SS F VALUE PR ~ F OF TYPE III 55 F VALUE PR :' F YEAR 1 o 00195312 o 47 o 4991 1 o 00195312 o 47 o 1{991 HA 1 o 03850313 9 28 o 0055 1 o 03850313 9 28 o 0055 STOR 1 o 000153.~ o 04 o 8492 1 o 00015312 o 04 o 8492 YEAR*HA 1 o 002628103 o 63 o 4338 1 o 00262813 o 63 o 43313 YEAR*STOP 1 o 00025312 o 06 o 8070 1 o 00025312 o 06 o 8070 HA*STOR 1 o 00007812 o 02 o 8920 1 o 00007812 o 02 o 8920 YEAR *H,o.*STOR 1 o 00945313 2 28 o 1441 1 o 00945313 2 28 0 1441 

YEAR 1 ~, 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 14 13 THURSDAY. ,",ULY 21. 1988 45 
GENERAL LI"'EAR MODEL5 PROCEDURE 

DEPENDENT VARIABLE TACID 

SOURCE OF SUM OF SQUARES MEAN SGUARE F VALUE PR :;. F R-5QUARE C V MODEL 7 o 00060107 o 00008587 1 78 0 1383 o 341548 7 0543 ERROR 24 o 00115878 o 00004828 ROOT MSE TACID MEAN CORRECTED TOTAL 31 o 00175985 o 00694856 o 09850107 
SOURCE DF TYPE 1 55 F VALUE PR :> F OF TYPE III 55 F VALUE PP :; F YEAR 1 o 00011397 2 36 o 1375 1 o 00011397 2 36 0 1375 
HA 1 o 00006523 1 35 o 2565 1 o 00006523 1 35 o 2565 STOR 1 o 00000002 o 00 o 9837 1 o 00000002 o 00 o 9837 'rEARit-HA 1 o 00000850 0 18 o 6785 1 o 00000850 o 18 o 6785 'rEAR*5TOR 1 o 00029112 6 03 o Ci:->17 1 o 00029112 6 03 o 0217 HA*STOR 1 o 00010774 2 23 o 1483 1 o 00010774 2 23 0 1483 YEAR*HA*STOR t o 00001449 o 30 o 5888 1 o 00001449 o 30 o 5888 

.,ci 
1 ~.r_~ 
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OEPENDENl VAPIABLE 

SOORCE 

MODEl 

ERPOR 

COORECTED TOTAL 

SOUPCE 

YEAR 
HA 
STOR 
YEAR"HA 
YE,t\R*STOR 
HA*STOR 
YEAP "'HA'" STOR 

DEPENDENT VARIABLE 

SOURCE 

MODEL 

ERROR 

CORRECTED TOTAL 

SOURCE 

YEAR 
HA 
STOR 
YEAR*HA 
YEAR*STOR 
HA*STOR 
YEAR*HA*5TOR 

'(EAR 1 

WEIGHT 

OF SUN OF SQUARES 

7 270 7800COOO 

24 40 34000000 

31 311 12000000 

OF TYPE 1 55 

1 :52 :52125000 
1 202 OO~OOOOO 
1 4 0612:5000 
1 4 65125000 
1 6 12500000 
1 1 3612:5000 
1 o 04500000 

YEAR 1 

TS5 

OF SUM OF SGUARES 

7 o 00288678 

24 o 00299036 

31 o 00587714 

OF TYPE 1 SS 

1 o 00051830 
1 o 00000156 
1 o 00067121 
1 o 00043611 
1 o 0~063278 
1 o 00040003 
1 o 00022680 

~ 2 BEPRIES - HIGH C02 TREATMENT ~XClUDED 14 13 THURSDA'r. ,-'Ul'r 21. 1988 4" 

GEtIEP!'\l l IrlEAR M(1DELS PPOC EDL'H E 

MEAN SQUARE F VALUE PR F R-SQlIARE C V 

38 68285714 23 01 o 0001 o 8]'0339 9 9537 

1 68083333 ROOT MSE WEIGHT MEAN 

296469:;7 13 02'OO()llO 

F VALUE PR )- F OF TYPE Il 1 55 F VALUE PR :- F 

31 2:5 o 0001 1 :52 :53125000 31 25 o 0001 
120 18 o 0001 1 202 OO:xJOOOO 120 18 o 0001 

2 42 o 1332 1 4 0612:5000 2 42 0 1332 
2 77 o 1092 1 .. 65125000 2 77 a 1092 
3 64 o 0683 1 6 12500000 3 64 o 0683 
o 81 o 3771 1 1 3612:5000 o 81 o 3771 
o 03 o 8714 1 o 04500000 o 03 a 8714 

& 2 BERRIES - HIGH C02 TREATMENT EXClUDED 14 13 THURSOAY. JULY 21. 1988 47 
GENERAL LH~EAR MODE.I S PROCEDURE 

MEAN SQUARE. F VALUE PR :> F R-SGUARE C V 
o 00041240 3 31 o 0131 o 491188 3 5340 

o 00012460 ROOT MSE T55 MEAl\; 

o 01116236 o 31580518 

F VALUE PR :> F OF TYPE III SS F VALUE PR :' F 

4 16 o 0526 1 o 00051830 4 16 o 0526 o 01 o 9118 1 o 00000156 o 01 o 9118 
5 39 o 0291 1 o 00067121 5 39 o 0291 
3 50 o 0736 1 o 00043611 3 :50 o 0736 
:5 08 o 0336 1 o 00063278 5 08 o 0336 
3 21 o 08:58 1 o 00040003 3 21 o 08:58 
1 82 o 1899 1 o 00022680 1 82 0 1899 

. ;1 
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DEPENDENT VAR IABLE 

SOURCE 

MODEL 

ERROR 

CORRECTED TOTAL 

SOURCE 

YEAR 
HA 
STOR 
YEARNIA 
YEAR*STOR 
HA*STOR 
YEAR*HA*5TOR 

DEPENDENT VARIABLE 

SOURCE 

MODEL 

ERROR 

CORRECTED TOTAL 

SOURCE 

YEAR 
HA 
STaR 
YEAR*HA 
YEAR*STOR 
HA*STOR 
YEA~*HA*5TOR 

.. ,,'1 

NEWT1 

NEWT2 

YEI',P 1 

OF SUM OF SQUAPES 

7 5 56619678 

24 5 52171465 

31 11 08791143 

OF TYPE 1 55 

1 o 01193628 
1 1 2126:)004 
1 o 59:)53605 
1 1 72337503 
1 1 48627334 
l o 13136528 
1 o 40506075 

YEAR 1 

OF SUM OF SGUARES 

7 14 83580229 

24 11 .38961461 

31 26 22541690 

OF TYPE 1 55 

1 1 23:)674:)3 
1 9 97258917 
1 1 77844614 
1 0 195:55476 
1 o 29840709 
1 1 3:)404493 
1 o 00108566 

!, 2 BEPPIES - HIGH C02 TPFATI'IENT EXCL'JDED 

GENERAL LINEAR MODELS PROCEDURE 

MEAt! SQUARE F VALUE 

o 79517097 3 46 

o 23007144 

F VALUE PR :: F OF 

o 05 o 8218 1 
:) 27 o 0307 1 
2 59 o 1207 l 
7 49 o 0115 l 
6 46 o 0179 1 
o 57 o 4572 1 
1 76 o 1970 1 

& 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODEL5 PROCEDURE 

MEAN SGUARE F VALUE 

2 11940033 4 47 

o 474:)6728 

F VALUE PR > F OF 

2 60 o 1197 1 
21 01 o 0001 1 

3 7:5 o 0648 1 
1) 41 o :5270 1 
o 63 o 43:)6 1 
2 B~ o 1041 1 
o 00 o 9622 1 

... -,,~ 

14 1 j THUR SOA '( , JULY 21, 1988 40 

pp :- F R-SGUAflE C 'l 

o 0106 o 502006 13 9140 

ROOT MSE NEWTl MEAN 
o 47965763 3 447295:11 

TYPE III SS F VALUE PH :: F 

o 01193628 o 05 a 8218 
1 21265004 :; 27 o 0307 
o 59553605 2 59 0 1207 
1 72337503 7 49 o 0115 
1 48627334 6 46 o 0179 
o 13136528 o 57 o 4572 
o 40506075 1 76 0 l'no 

14 13 THURSDAY, JULY 21. 1988 49 

PR :: F R-SGUARE C V 

o 0026 o 565703 13 4955 
ROOT MSE NEWT2 MEAN 

o 68888843 :; 10457219 

TYPE III 55 F VALUE PR :: F 

1 ;;:3:5674:53 2 60 0 1197 
9 97258917 21 01 o 0001 
1 77844614 3 75 o 0648 
o 19555476 o 41 o 5270 
o 29840709 o 63 o 435b 
1 35404493 2 85 0 1041 
o 00108566 o 00 o 96"22 
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YEAR 1 & 2 BEPRIES - HIGH C02 TREATMENT EXCLUDED 

GENEPAL LINEAR MODELS PROCEDURE 

TUJI..EY'S STVDENTI ZED R ArJGE (HSD l TEST FO~ 'v'f'\R l ABLE TGOOD 
NOTE. THIS TEST cornpoLs THE TYPE 1 EXPER IMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE= 0101861 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 07365 

MEANS WITH THE BAME LETTER ARE NOT SIGN!FICANTLY DIFFERENT 

TU KEY GROUPING 

A 

B 

MEAN 

1 10916 

o 84006 

N STOR 

16 CA 

16 RA 

YEAR 1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STl.ùDENTIZED RANGE (HSD) TEST FOR VARIABLE TLOSS 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 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 GROUPING 

A 
A 
A 

MEAN 

o 117979 

O. 117527 

N STOR 

16 RA 

16 CA 
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YEAR 1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 
GENERAL LI NEAR l'!fJDELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) lEST FOR VARIABLE TMOIST 
NOTE THIS TEST CONTPOLS I.E TYPE 1 EXPER[MENTWlSE ERROR RATE, 

BUT GENERALL~ ~fAS A HIGHER TYPE II EPROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=8 7E-0~ 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 00681 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUP ING 

A 
A 
A 

MEAN 

1 236878 

1. 233336 

N STOR 

16 CA 

16 RA 

YEAR 1 & 2 BERRIES - HIGH C02 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=O 05 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 

.-<"1 

GROUP ING 

A 
A 
A 

MEAN 

3 50000 

3 49562 

N ST OR 

16 RA 

16 CA 

.. ~ ...................... ~~.~, 

'.'_.~'''--': 
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'tEAR 1 ~, 2 BEPRIES - HIGH (,02 TRE,l\niE.tJT EXCLUDED 

GENER~L LIrJEAR MODELS PROC'EDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR ~ARIABLE TACID 
NOTE THIS TEST CONTPOLS THE TYPE 1 EXPEPH1F1jnlI~E ERROR RATE, 

BUT GEtJEPALL y HAS A HI GHEF~ TyPE II EPRDR RATE THAN REGL-JQ 

ALPHA=O 05 DF=24 MSE=4 8E-05 
CRITICAL VALUE OF STUDENTIZED RANGE~2 919 
MINIMUM SIGtHFICANT DIFFERENCE= 00507 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUP ING MEAN N STOR 

A o 098526 16 CA 
A 
A o 098476 16 RA 

YEAR 1 L 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 
GENERAL LINEAR MODELS PRGCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE WEIGHT 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=l 68083 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 94608 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY 

~ 

GROUPING 

A 
A 
A 

MEAN 

13.3812 

12 6687 

N STaR 

16 CA 

16 RA 

14 13 THUHSD,~y·. ...JULY 21, 1988 54 
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YEAR 1 ~ 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENER~L LINEAR MODELS PROCEDURE 
TUKEY'S STUDENTtZED RAtlGE (HSD) TEST FOR './ARIADLE TSS 
NOTE THIS TEST CONT~OLS TIE TYPE 1 EXPERIMFNTWISE ERROR RATE. 

BUT GENEPALL Y HAS A HtGHEr~ TYPE 1 l Ef7rWR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=1 2E-04 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGtHFICANT DIFFERENCE=:: 00815 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUP ING 

A 

B 

MEAN 

o 320385 

o 311225 

N STOR 

16 RA 

16 CA 

YEAR 1 8< 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE NEWTl 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE. 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=O 230071 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINI MlIM SIGN IFICANT DIFFERENCE= 35002 

MEANS wrTH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUP ING 

A 
A 
A 

MEAN 

3.5837 

3 3109 

N STOR 

16 CA 

16 RA 
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iEAR 1 ~ 2 BEPRIES - HIGH C02 TREATMENT EXCLUDED 

GENEPAL LINEAR MODELS PROCEDURE 

TUKEY'S STVDENTIZED RANGE (HSD) TEST FOR VARIABLE NEWT2 
NOTE THIS TEST COrrrpOLS THE TYPE 1 EXPERIMENTWI5E ERROR RATE. 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ 

ALPHA=O 05 DF=24 MSE=O 474567 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGrlIFICANT DIFFERENCE= 50271 

MéANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUP ING 

A 
A 
A 

MEAN 

5 3403 

4 8688 

N STOR 

16 CA 
16 RA 

YEAR 1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

TU~EY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE· TGOOD 
NOTE· THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O. 05 DF=24 MSE= 0101861 
CRITICAL VALUE OF STUDENTIZED RANGE=2.919 
MINIMUM SIGNIFICANT DIFFERENCE= 0736~ 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 
TUKEY 

~ 

GROUP ING 

A 
A 
A 

MEAN N YEAR 

1 00487 16 1 

0.94435 16 2 

14 13 THURSDAY, JULY 21, 1988 58 
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YEAR 1 ~ 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MDDELS PPDCEDURE 

TUKEY'S STVDENTIZED RANCE (HSD) TEST FOR VARIABLE TLOSS 
NOTE' THIS TEST Cm·npOLS THE TYPE 1 EXPEP TI'lEf,ITWISE ERROR RATE. 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWQ 

ALPHA=O 05 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 GROUPING 

A 
A 
A 

MEAN 

O. 117845 

o 117661 

N YEAR 

16 1 

16 2 

YEAR 1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MDDELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TMOIST 
NOTE THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE I~ ERROR RATE THAN REGWQ 

ALPHA=O. 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 

T\JKEY 

,J 

GROUP ING 

A 

B 

MEAN 

1 239169 

1. 231046 

N YEAR 

16 2 

16 1 

14 13 THURSDAY. JULY 21, 1988 60 
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iEAR 1 ~ 2 EEGRIES - HIGH C02 TREATMFNT EXCLUDED 

GENEP."\L LIrJEAR MODELS PPOCEDURE 

TUV,EY'S STUDENTIZED PAtlr;E (HSD' TEST For ':i\PIABLE PH 
NOTE THIS TEST cmF;"'OLS HIE T'{PE l EXPEP It'"lG1HJI:::E ERROR RME, 

BUT GENERALL Y HAS A HIGHER TYPE II ERPOR pt; TE THAN REGt,.JQ 

ALPHA=O 05 DF=24 MSE= 004146Q 
CRITICt1L '.}f.I_IJE OF STUDEtJTIZED RANG~:=-~ °19 
MINIMIJT1 SIGIIIFICANT DIFFEREt~CE= 04699 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUJ.<.EY GROUP ING 

A 
A 
A 

MEAN 

3 50562 

3 49000 

N YEAR 

16 2 

16 1 

YEAR 1 ~ 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TACIO 
NOTE THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=4 8E--0'5 
CRITICAL VALUE OF STUDENTI~ED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 00507 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUJ"EY 

~ 

GROUP ING 

A 
A 
A 

MEAN 

o 100388 

O. 096614 

N YEAR 

16 2 

16 1 

-, 
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YEAR 1 ~ 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR l'JODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VAR fABLE WEIGHT 
NOTE THIS TEST C(1NfI'"!OLS THE TYPE 1 EXPER II"lE1 HL-IISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II EPROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=l 68083 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 94608 

MEANS WI1H THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TWŒY GROUP ING 

A 

B 

MEAN 

14 3062 

Il 7437 

N YEAR 

16 1 

16 2 

YEAR 1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE <HSD> TEST FOR VARIABLE TSS 
NOTE- THIS TEST CDNTROLS THE TYPE l EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=1 2E-04 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 00815 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY 

, • .1 

GROUPING 

A 
A 
A 

MEAN 

o 319830 

o 311781 

N YEAR 

16 2 

16 1 

.~ . 
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YEAR 1 ~ 2 BEPRIES - HIGH C02 TREATMENT EXCLUDED 

GENE~~L LINEAR MODELS PROCEDUPE 

TUKEY'S STUDErlTIZED ~ArlGE (HSD) TEST For~ 'v'ARIABLE NEWT1 
NOTE THIS TEST CmJrF'OLS THE TYPE l EXPEPIMEîn\.o/ISE ERROR RATE, 

BUT GENERALLY ~AS A HIGHER TYPE II ERPOR RA~E THAN REGWQ 

ALPHA=O 05 DF=24 MSE=O 230071 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGI.JIFICANT DIFFERE"'ICE= 35002 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROuP ING 

A 
A 
A 

MEAN 

3 4666 

3.4280 

N YEAR 

16 1 

16 2 

YEAR 1 ~ 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

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 REGWO 

ALPHA=O 05 DF=24 MSE=O. 474567 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 50271 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 

TUKEY GROUP ING 

A 
A 
A 

MEAN 

5 3011 

4 9081 

N YEAR 

16 1 

16 2 

" 
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YEAR 1 ~ 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RA~~E (HSD) TESl FOR VARIADLE TGOOD 
NOTE' THI S TEST CONTROLS THE TYPE 1 EXPER II'lENTI.-JISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER T~PE Il ERROR RA1E THAN REGWQ 

ALPHA=O 05 Dr=24 MSE= 0101861 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGIHFICANT DIFFERENCE= 07365 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUPING 

A 
A 
A 

MEAN 

o 97:588 

o 97334 

N HA 

16 2 

16 1 

YEAR 1 ~ 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE TLOSS 
NOTE THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O O~ 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 

.... ~ 

GROUPING 

A 

J3 

MEAN 

o 134477 

o 101028 

N HA 

16 1 

16 2 

,.. .. 

---:1 
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YEAR 1 ~( 2 BERRIES - HIGH C02 TREAT1'1ENT EXCLVDED 

GEfJEPAL LI NEAR rv;ODELS PRO:::EDURE 

TUKEY'5 STIJDErJTIZED RANG= ~HSD) TEST FOR \/A~IABLE TMOIST 
NOTE THIS TEST CGrJTPOLS THE TYPE 1 EXPEq U1ErJTWISE ERROR RATE. 

BUT GENERALLY ~AS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MS~=8 7E-05 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGnIFICANT DIFFERENCE= 00681 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROUPING 

A 
A 
A 

MEAN 

1 237558 

1 232656 

N HA 

16 1 

16 2 

YEAR 1 ~( 2 BERRIES - HIGH C02 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=O. 05 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 GROUPING MEAN N HA 

A 3. ~3250 16 1 

B 3.46312 16 2 

j 
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YEAR 1 8, 2 BERRIES - HIGH C02 TREATI'1ENT EXCLlIDED 

GENERAL LINEAR MODELS PROCEDUPE 

TUKEY'S STUDENTIZED RANGE (H5D) TEST FOR V~RTABLE TACID 
NOTE. THl S TEST CONTROLS THE T'rPE l EXPER l!'lHHI.-JISE ERrWR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ErmOR RA1 ETHAN REGWG 

ALPHA=O 05 DF=24 MSE=4 SE-05 
CRITICAL VALVE OF STVDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 00507 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

TUKEY GROVPING 

A 
A 
A 

MEAN N HA 
o 099929 16 2 

o 097073 16 1 

YEAR 1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABLE: WEIGHT 
NOTE. THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWrSE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERRDR RATE THAN REGWG 
ALPHA=O 05 DF=24 MSE=l 68083 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGNIFICANT DIFFERENCE= 94608 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICAt. LY DIFFERENT 

TUKEY GROUPING MEAN N HA 

A 15 5375 16 1 

B 10.5125 16 2 

':;:1 . ,. 
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YEAR 1 ~, 2 BEPRIES - HIGH C02 TREATMENT EXCLUDED 

GEtlEPAL LPIEAR MODELS PROCED!JPE 

TU~EY'S STUDENTIZED PANGE (HSD) TEST FOR VARIABLE TSS 
NOTE THIS TEST Cmnr:WLS THE TYPE 1 EXPEP IMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERP,C1R PATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=1 2E-04 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGrJIFICANT DIFFERENCE= 00815 

MEANS WITH THE SAME LETTER ARE NOT SIGNtFICANTLY DIFFERENT 

TUKEY GROUPING 

A 
A 
A 

MEAN 

o 316026 

o 315584 

N HA 

16 1 

16 2 

YEAR 1 & 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 
GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STVDENTI ZED RANGE (HSD} TEST FOR VAR 1 ABLE NEWTl 
NOTE: THIS TEST CONTROLS THE TYPE 1 EXPERIMENTWISE ERROR RATE, 

BUT GENERALLY H~S A HIGHER TYPE II ERROR RATE THAN REG""G 

ALPHA=O. 05 DF=24 MSE=O 230071 
CRITICAL VALVE OF STVDENTIZED RANGE=2 919 
MINI MUM SIGN IFICANT DIFF"ERENCE= 35002 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 

TUKEY 

ri 

GROVPING 

A 

B 

MEAN N HA 

3.6420 16 1 

3.2526 16 2 
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YEAR 1 ~ 2 BERRIES - HIGH C02 TREATMENT EXCLUDED 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIIED RAt8E 'HSD) TEST FOR VAR [ABLE NEWT2 
NOTE THIS TEST CONTnOLS THE TYPE 1 EXPEHIMENTWISE ERROR RATE, 

BUT GENERALLY HAS A HIGHER TYPE II ERROR RATE THAN REGWG 

ALPHA=O 05 DF=24 MSE=O 474567 
CRITICAL VALUE OF STUDENTIZED RANGE=2 919 
MINIMUM SIGIHFICANT DIFFERENCE= 50271 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 
TUKEY GROUPING MEAN N HA 

A 5 6628 16 1 
B 4.5463 16 2 

*WJI 
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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 
- free space 
- air change per hour 

ii ) dry ice 

3 m3 

50% 
1 air change per 

1. 5 rn3 jh 
poor airtightness 

- sublimation rate at 50 C: see Figure 22 

iii) volume of gaseous CO 2 per kg of dry ice sublimated 

0.0224 m3/mole A ( 1000g j 40gjmole) 
0.56 rn3jkg 

B) AMOUNT OF DRY ICE 

i) rate of sublimation required 

Given a CA with 20% C02' a fifth of the volume of t 
atrnosphere is gaseous C02 and a fifth of the volume 
of air ventilated every hour is CO 2 . Hence, 

CO2 corlsumed = 1.5 m3 /h X 20% j 0.56 m3 /kg 
= 0.54 kg C02/hr 

ii) amount of dry ice matching the rate of subllmation 

Referring to Figure 22, a block of dry ice weighing 
between 16 ta 20 kg would 10se 0.5 kgjhr at 5 oC. 


