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Abstract. Anjou pears were sprayed with 3 concentrations of 

CaCl during fruit development at the Mid-Columbia Experiment 

Station, Hood River Oregon, and harvested at 85%, 100% and 110% 

stage of maturity (based on 147 days of full bloom and 6.8 kg 

flesh firmness). 

After the 85%, 100% and 110% mature fruits were held at 

-1.1° C, for 0,25,40,55,70,85,100,120 and 135 days they were 

ripened at 20 C for 11 days. Fruit calcium was relatively high 

(6.28 to 7.27 mg/lOOgr F.W.) compared to other seasons. Relative 

to fruit calcium, internal and evolved ethylene, firmness, and 

respiration parameters differed significantly only in 85% mature 

fruits. Fruit calcium had only a small effect on ripening 

parameters on the 100% mature fruits. However, the general 

effects of higher fruit calcium were lower ethylene, lower CO., 

and greater retained firmness. 

The 85% mature fruit required an average of 80 days -1.1 C 

storage to be able to produce more than lul/1 internal ethylene 

during ripening at 20 C. Low (control) calcium fruits produced 

ethylene  as  early as 55 days in cold storage,  with  concomitant 



decrease in fruit firmness, and increase in respiratory C0_ 

activity. Medium and high calcium fruits showed the same pattern 

only after  70 and 120 days -1.1 storage, respectively. 

Low calcium, 100% mature fruits first were able to 

synthesize ethylene (more than 1 ul/1) after 85 days -1.1° C 

storage while the medium and high calcium fruits attained this 

amount of ethylene only after 120 days. Respiration increased and 

firmness decreased  soon after ethylene was produced. 

Low calcium (control), 110% mature fruits required only 55 

days -1.1° C storage to ripen. 

Fruits, 100% mature, were treated with propylene at harvest 

and after 115 days of -1.1° C storage. Attempts to ripen fruit 

in air at harvest failed to initiate ethylene production, to show 

a climacteric C02 rise, or to soften. After 115 days of -1.1° C 

storage, which satisfied the chilling requirement, all fruits 

showed the typical ripening responses within 8 days. Compared to 

air, 50 ul/L propylene at harvest stimulated a very slow softening 

in all cases but failed to trigger any ethylene synthesis and 

showed a slow increase in respiration over 30 days. After 115 

days at -1.1° C the 50 ul/L propylene treated fruits ripened 

similarly to fruits ripened in air. 

The 500 ul/L propylene treatment on freshly harvested fruits 

considerably accelerated softening, and initiated ethylene after 

8 days, with peak ethylene and C02 production occurring on the 

19th day. After 115 days of chilling the fruit ripened about the 

same  in  air  as with 50 or 500 ul/1  propylene.   However,  the 



amounts  of ethylene produced after the chilling  requirement was 

satisfied were three fold that produced at harvest. 
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CHILLING REQUIREMENTS OF ANJOU PEARS. 

EFFECTS OF MATURITY, FRUIT CALCIUM AND PROPYLENE 

ON RIPENING RESPONSES 

CHAPTER I 

INTRODUCTION 

Ethylene, a plant hormone is produced by climacteric fruits, 

and is known to regulate fruit ripening. Many factors can 

influence storage life of fruits. Susceptibility to rots, 

mechanical injury, and rapid softening are but a few factors in 

addition to the normal senescent processes which limit storage 

life. Storage life of pear fruits is often related to the 

timing of initiation of fruit ethylene production. Differences 

in timing of ethylene production as well as the effect of other 

factors which modify it, have been observed in different types of 

fruits. Generally fruits which produce ethylene early in 

storage have short lifetimes. Conversely, if ethylene can be 

delayed, storage duration can generally be increased. 

Anjou pears harvested at normal maturity usually show a 

requirement of about 60 days in cold storage to initiate ripening. 

However, this amount of chilling requirement can be increased by 

50% by increasing the fruit calcium, such as by orchard sprays. 

The understanding of Anjou fruit physiology is very important not 

only from a scientific point of view but also that it will 

provide us a tool for better control of ripening, and may have 

value in predicting useful storage life of the fruits. 



The objectives of this thesis are to examine and describe 

certain aspects of the preharvest as well as the post harvest 

physiology of Anjou fruits, related to the effects of propylene, 

fruit calcium, and maturity on chilling requirements for 

ripening. 

The first manuscript (Chapter III) describes the effects of 

maturity on chilling requirements and ripening of Anjou pear 

fruits treated with calcuim sprays during development. 

The second manuscript (Chapter IV) describes the effects of 

propylene treatment on fruit ripening at harvest and after the 

chilling  satisfaction of preharvest calcium treated Anjou pears. 

Since these chapters are assembled in journal manuscript 

format, many figures which are part of the total series of 

experiments, but otherwise redundant in the manuscripts have been 

relegated to the appendix. Minor points of discussion in Chapters 

III and IV may make reference to the appropriate appendix figures. 

These manuscripts are intendend for submission to the Journal of 

the American Society for Horticultural Science. 



CHAPTER II 

LITERATURE REVIEW 

Ethylene is a simple hydrocarbon gas, a natural product of 

metabolism which exerts regulatory control or influence over 

numerous plant growth, development and senescence processes 

including ripening (1). 

Among the physiological effects which have been reported are: 

stimulation of ripening of fleshy fruits (1,38,41), stimulation 

of leaf abscission (1,6,92), inhibition or promotion of root 

growth (48), and increase of membrane permeability (178), etc. 

The interactions of ethylene and other kinds of hormones are 

numerous and complex (43,102,105,120,130,164,169) and will not be 

reviewed here. 

A.  FRUIT RIPENING 

Fruits have been classified as either climacteric or non- 

climacteric depending on their respiratory behavior during 

ripening after the fruit matures (26). 

Non-climacteric fruit exhibit a fairly steady respiration rate 

during  ripening (1).   Treatment  of non-climacteric fruits with 

ethylene  causes  an unnatural climacteric - like respiratory CO 
2 

increase,  (which  subsides  on removal of ethylene)  but  not  an 

increase  in endogenous ethylene.   Climacteric fruit  undergo a 

decrease  in  respiration rate  as  the  fruit  matures   (the 

preclimacteric minimum)  followed by a  large  increase during 

ripening. This is accompanied by marked changes in composition and 



texture, and finally a decrease in respiration rate as the fruit 

enters a senescent decline. Ripening of climacteric-type fruits 

is associated with and usually preceded by large increases in 

ethylene production. Treatment with sufficient ethylene 

concentration in the pre-climacteric stage induces the 

climacteric and ethylene production and this ripening process is 

irreversible after the endogenous ethylene increases to a certain 

threshold level (about Ippm). Aminoethoxyvinylglycine (AVG), a 

methionine homologue, and an ethylene synthesis inhibitor, vacuum 

infiltrated into Bartlett pears retarded ripening (134). AVG 

sprayed on tree attached apples delayed fruit ripening, reduced 

fruit drop, and increased fruit removal force (19). Under 

hypobaric conditions, by removing ethylene, ripening and 

senescence were retarded (62). Mc Murckie, et al (124), found 

that propylene, an ethylene homologue, induced ethylene production 

in bananas (climacteric type) but not in citrus fruit (non- 

climacteric type). The authors suggested that biogenesis of 

ethylene in climacteric fruit is regulated by two systems: System 

1, which is involved in the regulation of aging processes and is 

associated with the low rate of ethylene production during growth, 

and system 2, which is responsible for the autocatalytic increase 

in ethylene production which accompanies ripening. System 2 is 

missing in non-climacteric fruits. 

Burg and others (39,38) have shown that for several 

climacteric fruits studied, there is a rise in intercellular 

content  of ethylene to a level which stimulates these  fruits  to 



ripen,  and  that  this  rise  occurs  well  in advance of the 

respiratory  CO   climacteric.   Prior  to  induction of  the 
2 

respiratory climacteric,  ethylene concentrations in excess of  3 

ul/1 in the central cavity of melon,  is sufficient to induce  the 

climacteric  (150).   Internal  ethylene  (0.02 ul/1)   initiates 

ripening  in apples although other factors control the action of 

ethylene  (147).   The  rise in internal  ethylene concentrations 

appears  promising as a maturity index  for predicting ripening 

ability of  apples (159).   Fruit attached to the tree are  less 

sensitive to ethylene than are harvested fruit, indicating that an 

inhibitor(s)  may be translocated from other parts  of  the  tree 

(165).  Avocado  fruit fails to ripen while still attached  (187). 

Also, in "Fuerte" avocado  and "Chaffey" cherimoya, the amount of 

internal  ethylene,   although  present was believed  to  be 

insufficient  to  stimulate  ripening  at  the begining of  the 

respiratory climacteric (91).   Tomatoes show a different pattern. 

Immature   tomatoes have  a respiratory CO  climacteric  but  no 
2 

ethylene  production or  other aspects  of ripening  occurs.  A 

respiratory climacteric  and  ethylene  production occur during 

ripening of more mature tomatoes (168).  Immature tomatoes exhibit 

a climacteric  increase in respiration when treated continuously 

with  ethylene  (107).  However,  by  substituting  propylene  for 

ethylene  there was no change in endogenous  ethylene  production 

until other symptoms of ripening (color) appeared (121). Pratt and 

Goeschl  (144),  have  proposed  that the various  fruit ripening 

reactions  are  triggered  by ethylene but  subsequently proceed 



independently of one another. 

Tissue softening generally accompanies fruit ripening. 

Softening is due to the dissolution of cell walls (mainly the 

pectins of the middle lamella) which results in ripening 

associated changes in wall polysaccharides. A reduction in cell 

wall pectin content has been reported for virtually every ripening 

fruit (136,145). These observations have led to a great many 

studies which have documented the involvement of pectolytic 

enzymes (polygalacturonase, pectinesterase) in wall degradation 

(145). Decreases in cell wall neutral sugar content (mainly 

galactose and/or arabinose) have also been described for ripening 

fruit ( 85,89,179). Losses of neutral sugars are generally 

analyzed by hydrolyzing cell walls prepared from fruit at 

different stages of ripeness and determining monosaccharide 

content (85,179). Losses of galactose residues from apple cell 

walls was similar for applications of high or low ethylene 

concentrations (90). 

It is clear that there is also an increase in soluble protein 

content during the climacteric. Cycloheximide, an inhibitor of 

protein synthesis by 80s ribosomes, when infiltrated into 

harvested mature fruit prevents ripening in pears (67), and 

bananas (31). Ribonucleic acid synthesis peaked just before the 

onset of ripening (145). RNA synthesis is required for the 

synthesis of new enzymes involved in ripening (146). 

Polygalacturonase (PG) in tomatoes was produced de novo after 

the beginning of autocatalytic ethylene production  (30,70).   The 



activity of malic enzyme increased during ripening of pear and 

apple fruits in association with other biochemical changes, 

including an increase in the respiratory quotient of intact 

fruits, increase in NADP and NADPH content of the fruit cortex 

(45,67,80,81,87,158), increased capacity of the fruit tissue 

slices to decarboxylate malate (139) and decline in malic acid 

content of the fruit. Phosphofructokinase (PFK), pyruvate kinase 

(PK), glucose-6-phosphate dehydrogenase (G-6-PDH), and malic 

enzyme (ME), activity was accelerated by exogenous ethylene as was 

with a decrease in fruit firmness, increased respiration, and 

ATP formation even at low oxygen partial pressure and low 

temperatures (35). 

B. ETHYLENE BIOSYNTHESIS 

In 1966, Lieberman and Mapson (103) suggested methionine as a 

possible precursor of ethylene based on the observation that 

methionine readily converted to ethylene in a model system 

consisting of Cu and ascorbic acid. Application of methionine to 

post-climacteric apple fruit, gave a 100% increase in ethylene, 

but did not increase ethylene production of pre-climacteric or 

climacteric fruit (60). Methionine (ImM) has little effect on 

ethylene production in a variety of vegetative tissue (47). 

Addition of methionine in Atropa belladona callus culture 

decreased ethylene production (174). L-methionine more recently 

has been shown to be the major precursor of ethylene in higher 

plants (22, 44, 106, 162). The C-3 and C-4 of methionine were 

converted to ethylene,  C-l to carbon dioxide,  and C-2 to  formic 
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acid (44), while the sulfur atom and the methyl group were 

retained in the tissues (44,193). Bacteria and fungi can utilize 

4-methylthio-2-oxobutanoate in addition to methionine to produce 

ethylene (27), and this was later shown to be part of the 

recycling pathway back to methionine (94). a-ketoglutarate and 

glutamate can also be utilized by Penicillium digitatum, 

depending on growing conditions, by several pathways to produce 

ethylene (116). 

Inhibition of the conversion of methionine to ethylene (using 

2,4-Dinitrophenol, an oxidative phosporylation electron transport 

inhibitor) suggested a requirement for ATP (37, 132, 192). 

Murr  and  Yang (132) later showed  that  S-adenosylmethionine 

(SAM)  is  an  intermediate in the conversion of methionine  to 

ethylene.   SAM  was  degraded into carbon dioxide,  formic acid, 

ammonia,  ethylene  and 5'-methylthioadenosine (MTA)  (132).  The 

same  researchers working on apple tissue,  later found that MTA 

was  recycled  back to methionine,   They postulated  that MTA, 

possibly  through  SAM is an intermediate in the conversion of 

methionine to ethylene (4).  Other indirect evidence  that SAM may 

be an intermediate in the conversion of methionine to ethylene and 

that the conversion of methionine into MTA and MTR  (5-S-methyl-5- 

thioribose)  are  closely  related to  ethylene  biosynthesis  was 

provided  later by Adams and Yang (4) working with apple  tissue. 

MTA converts to methionine via MTR-l-P in higher plants (93),  in 

rat liver (14),  and in Enterobacter aerogenes (167).   Both the 

CH S-group  and  the  ribose  portion of MTR becomes  the new 
3 



methionine  (198).  Kushad,  et  al,  showed  later  that MTR-l-P 

converts to methionine via alpha-keto-gamma-methylthiobutyric acid 

(alpha-KMB) (94) which is identical to 4-methylthio-2-oxobutanoate 

cited in earlier work (27). 
14 

Experiments with  C-methionine fed to apple tissue, held in 

air,  in nitrogen,  and  first in nitrogen and then in air, has 

shown  that in the first treatment ethylene was produced;  in  the 

second,    1-aminocyclopropane-l-carboxylic   acid  (ACC)   was 

acccumulated;  and  in  the  last case  the accumulated ACC was 

converted  to ethylene.   This also proved that oxygen is required 

for the conversion of ACC to ethylene (5). 

Treatment  of a variety of plant tissues with ACC resulted  in 

an  increase in ethylene production (47).  For several fruits, ACC 

synthase  has  been suggested  to be the rate  limiting  step  in 

ethylene biosynthesis (75,197).  Endogenous ACC regulates ethylene 

production  in most  plant  tissues  and  fruit  tissues at  the 

climacteric stage of maturity (75).  ACC can also be converted to 

its conjugated form, N-malonyl ACC (9,78,79,81).  In sections from 

hypocotyls  of dark-grown mung-bean (Vigna radiata L.)  seedlings 

malonylation  of  D-amino  acids  and  of ACC  are   intimately 

interrelated (75).  Malonyl-ACC occurs in peanuts seeds but  does 

not serve as the source of ethylene during germination (78).  Thus 

malonyl-ACC appears to be a means of inactivating the potentially 

harmful ACC as an ethylene precursor.   However, in most fruit and 

vegetable tissues, malonyl-ACC is low in concentration and appears 

to play an insignificant role. 
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C.  REGULATION OF ETHYLENE BIOSYNTHESIS 

1. Light.   Light  has  been  shown  to regulate ethylene 

production in plants.  Illumination of  sorgum seedlings  (57), 

cranberries  (56),  and  lettuce seeds (3),  has been observed  to 

increase ethylene production.  Exposure of mature green  tomatoes 

to  red  light,  resulted  in a 3-day  advance  in pigmentation, 

climacteric  CO  rise  and  ethylene  production  (84).  Also a 
2 

blue/far  red  light spectrum increased ethylene in peach apices 

(64).   After  a red light pulse on etiolated pea  seedlings,  ACC 

content,  ACC oxidase  activity,  and  ethylene production was 

increased (59).  However the conversion of exogenously applied ACC 

to ethylene was reversibly inhibited by light in tobacco (59)  and 

water stressed wheat leaves (189). 

2. Stress. It has been shown that ethylene (wound or stress 

ethylene) is induced in various plant tissues by stress-inducing 

chemicals, temperature extremes, drought, water logging, 

radiation, insect damage, and disease or mechanical wounding 

(1,193). 

Yu and Yang (197), working with mung beans hypocotyls, orange 

peel, and unripened green tomatoes, have shown that ACC synthase 

regulates stress and wound ethylene. ACC synthase and the 

production of ethylene forming enzymes (EFE) are both stimulated 

by wounding in cantaloupe, and in addition, EFE enzymes are 

stimulated by ethylene (195). 
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3.  Carbon dioxide. Carbon dioxide prevents or delays ethylene 

production.  At  1% (1) and 8% (45) concentration,  CO  inhibited 
2 

ethylene  production.   Burg and Burg (42) have suggested that CO 
2 

competes  with  ethylene  for  the binding site with a Ki  of 

15ul/l.  CO is commercially used in controlled atmosphere storage 
2 

of  fruit helping to delay the ripening action of ethylene,  and 

also acting to reduce the rate of respiration. 

4. Oxygen.  Low oxygen inhibits ethylene production (109). 

Propylene  administered in 6.5% 0 or less did not induce ethylene 
2 

production by 'Red Delicious' apples and anaerobic atmosphere was 

necessary  to completely inhibit ethylene synthesis in fruits once 

autocatalysis began (165).  Apple tissue stopped making  ethylene 

soon after  it was  placed  in nitrogen atmosphere.   Ethylene 

production started when the tissue was again placed in air (5). 

5. Plant hormones. Auxin (IAA) induces ethylene production 

especially in vegetative tissues. Abscissic acid (ABA) treatment 

of wheat leaves, in a stress induced ethylene production 

experiment, reduced ethylene and ACC but treatment with 

benzyladenine (BA) or IAA stimulated them both (130). Auxin 

regulates ethylene production in mung bean hypocotyls by acting on 

ACC synthase, a key enzyme that converts SAM to ACC 

(191,192,196,197). Auxin inhibits ripening in 'Bartlett* pears at 

early stages of maturity, but then promotes ripening if applied at 

late maturity (66). 

6. Organic compounds. Aminoethoxyvinylglycine (AVG), and 

amino-oxyacetic  acid  (AOA),  both inhibit ACC  synthase  action 
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(197),  and other rhizobitoxine analogs have been shown to inhibit 

ethylene production (15,16,75,114,197).  Sensitivity of the tissue 

to   these  compounds  decreases with  the  age of  the  tissue 

(104,108).   Prehavest  applications of AVG inhibits  ethylene  in 

pears (134,156,184), and apples (32), during storage.  A period of 
o 

storage  at  0  C which promotes uniform ripening  in  'Bartlett' 
o 

pears  after  transfer  to  20  C counteracted  the effects of 

preharvest applications of AVG (156). However, ethylene production 
o 

was  inhibited  in pears removed from storage at 0 C and vacuum 

infiltrated  with AVG,   and  resulted  in delayed  respiratory 

climacteric  and  accompanying ripening changes.   Treatment of 

inhibited fruit with ethylene overcame the effects of AVG (134). 

Cycloheximide inhibits chemical stress-induced ethylene 

(2,190)  and actinomycin D inhibits auxin-induced ethylene  (190). 

Uncouplers of oxidative phosphorylation (such as 2,4- 

dinitrophenol) (11,12), free radical scavengers (11,12,15), and 

phenothiazines (115), also inhibit ethylene synthesis. 

Benzohydroxamic acid and 3-chlorobenzohydroxamic acid, however, 

promote ethylene synthesis in the presence or absence of ACC in 

cocklebur cotyledons (161). 

7. Inorganic compounds. Several metallic ions can play a 

regulatory role in ethylene production. Silver ion inhibits 

ethylene action in a wide variety of plant responses including 

growth inhibition, abscission, and change in sex expression of 

cucurbit flowers (25). In addition, silver ion inhibits ethylene 

production in fruit (83),  and vegetative tissues (7,24).   Silver 
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has been used commercially in cut carnations to extend their 

vase life (176) and is usually formulated as silver thiosulfate. 

Cost and mammalian toxicity preclude its use in edible crops. 

Cobalt reduced ethylene production in subcellular fractions of 

tomato (97), and effectivelly blocked the conversion of ACC to 

ethylene. 

Copper chelators blocked ethylene synthesis in apple tissue 

slices (106). 

The physiology of plants is influenced profoundly by the level 

of calcium during growth and development (86,137). Although 

calcium was reported to enhance ethylene production in excised 

mung bean hypocotyls (98,194), apple protoplasts (10), potato 

discs (13), and aged slices of postclimacteric apple (104), this 

effect seems related to stressed or wounded tissues. In the 

latter case the effects of calcium to preserve the ethylene 

forming system was attributed to the stabilization of membranes by 

calcium (100). In most naturally occuring systems calcium seems 

to suppress the ethylene synthesis systems. 

Increasing the calcium content of apples has been reported to 

retard senescence, and to reduce several types of 

physiological disorders during storage (20,130,141,149,163). 

Respiratory rate and ethylene production (20,65,104,164), were 

also reduced. Calcium deferred senescence in leaf discs (139). 

Also low calcium content is associated with rapid senescence of 

vegetative tissue (17). 

An  antagonistic interaction between calcium and ethylene  was 
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observed in storage breakdown of apples, indicating that an 

accurate index of storage potential of apples could be based on 

both calcium and ethylene levels (187). D'Anjou pears affected 

with cork spot produced more and earlier ethylene than healthy 

fruit (130). Low calcium in D'Anjou pear fruit decreases the 

chilling requirement to induce ripening (175), indicating that 

calcium may be affecting the conversion of ACC to ethylene (175). 

In tomatoes the delay and reduction in intensity of the 

climacteric in calcium infiltrated fruit is associated with 

reduced ethylene production (188). Similar results were observed 

with calcium infiltrated avocado treated with 500 ppm propylene 

(63), compared to non-treated (63,176,). Poovaiah and Leopold 

reported a similar delay in the ripening of high calcium content 

bananas (139). 

There is much evidence that calcium is of .fundamental 

importance for regulating and maintaining membrane permeability 

and the maintainance of cell integrity (134). Electron microprobe 

studies of Roland and Bessoles (161), have revealed that calcium 

is located especially in the border zone between the cytoplasm and 

cell walls indicating high calcium in the plasmalemma. Calcium 

can be removed from membranes by treatment with EDTA. This 

treatment increases membrane permeability to such an extent that 

inorganic and organic compounds diffuse out of the cell and 

considerable damage may result (172). Impairment of membrane 

permeability by calcium deficiency, like the effect of EDTA, 

reduces  the  retention  of diffusible cellular  compounds   (60). 
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Membranes become leaky and as the deficiency progresses there is a 

general disintegration of membrane structure (111). In whole 

plants the disorder occurs in meristematic tissues such as root 

tips, growing points of the upper plant parts and storage organs. 

Brown melanin compounds resulting from polyphenol oxidation are 

associated with the deficient tissues (129). Addition of calcium 

can restore damaged membranes (18,46). Marshner (129) suggests 

that the low calcium storage organs induce a high membrane 

permeability and allow solute diffusion in these tissues. This is 

obviously of importance in fruits and storage organs which 

accumulate large amounts of sugars from the phloem. 

Calcium increases membrane stability by bridging the 

carboxylic groups of membrane proteins with the phosphate group of 

phospholipids and by interacting with adjacent phospholipid 

phosphate groups. 

Research within the last decade first in animal tissues (110) 

and then more recently in plants (118,138,173) has revealed the 

calcium binding proteins, and in particular calmodulin. This 

protein interacts reversibly with calcium to form a protein- 

calcium complex, the activity of which is regulated by the 

cellular flux of calcium. Calcium binding proteins act as 

potential receptors of calcium thus mediating the effect of 

calcium in cellular reactions. Calmodulin has been shown to play 

a central role in cellular regulation in animals (by regulating 

the protein kinases) and the same seems likely to be the case for 

plants (53) as current research is beginning to establish. 
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8.  Chilling. In contrast to summer pears which ripen readily 

without  cold  treatment,  winter type pears usually require cold 

treatment  for a period of time to produce ethylene  and ripen 

(50,51,91,138,166 ).  Wang,  et al,  (185) have shown that  short 

cold treatment of 'Bartlett' pears induced ethylene production and 

climacteric rise in respiration accompanied by fruit softening and 

an increase in soluble pectin and protein nitrogen.  By using cool 
o o 

temperatures  at night  (45 F) and normal temperatures  (65  F) 

during  the day,  he induced premature ripening,  a physiological 

disorder of 'Bartlett' pears.  Control of premature ripening could 

be attained by gibberellins or daminozide which delayed  ripening. 

However,  cold treatment reversed this effect (108).  'Bosc' pears 
o 

typically require  20 days  at -1.1 C to be  able  to produce 
o o 

ethylene and ripen (51). Six days at 5 C before transfer to 20 C 

resulted  in  the highest ethylene production and better  ripening 

(166). 

D' Anjou pears usually require 50 to 60 days cold  storage at 
o 

-1.1  C.  (49,52,142)  in order  to  ripen.   However,  in some 

instances ethylene production has been reported to be initiated 

shortly after harvest (50),   or even at harvest  (185).  High 

calcium content  in the fruit prolonged the cold  requirement of 

Anjou pears (175).  Preharvest exposure of Anjou pears for 6 weeks 
o o 

at  17.2  C and 13.9 C daily hourly average resulted  in normal 
o o 

ripening,  but  20 C and 11.7 C resulted in failure to properly 

ripen, and with much lower quality, after long term storage (127). 

Preharvest  temperatures early in the season are more important to 
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determine harvest maturity date of Anjou pears (126).  Sensitivity 

of Anjou  pears  to exogenous  ethylene decreased progressively 

during maturation.   Flesh  firmness  decreased,  while ethylene 

production, respiratory rate, and protein content increased (186). 

Blankenship and Richardson (28), working with Anjou pears 

have shown that during the 46 days required for the fruits used in 

their  study to initiate ethylene production,  first was developed 

the capacity to convert exogenous ACC to ethylene followed by the 

production of ACC and ethylene.   Cold treatment stimulated ACC 

synthase,  ACC  and ethylene production in cucumbers,  only after 

they were  transferred to warmer  temperatures  (180).  However 
o 

cucumbers  chilled  at 2.5 C showed an  increased  capability  to 

synthesize ACC  accompanied  by a diminished  loss  of galactose 

residues  (cell  walls) relative to the  loss which  occurred  at 
o 

12.5 C (71). 
o 

Ethylene  synthesis  occurs even at 0 C at low  levels  until 
o 

fruit  are  transfered to 15 C,  suggesting that  those  ethylene 

levels  are  adequate  to  autocatalytically  trigger  ethylene 

production (91). 

9, Autocatalysis. Autocatalysis of ethylene production is a 

common phenomenon of climacteric fruit. Ethylene above a 

threshold concentration triggers its own production (72,186). 

Trewavas (171) suggested that the limiting factor in plant 

development is sensitivity of tissues to plant growth substances 

rather than the changes in the endogenous concentrations of growth 
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substances. Sensitivity of fruit to ethylene is not constant 

throughout the life of the fruit. Most fruits become more 

sensitive as time after anthesis increases (122). Fruits 

attached to the tree are less sensitive to ethylene than harvested 

fruits (125), suggesting that a ripening inhibitor may be supplied 

by the parent plant (36). Ethephon (182) and propylene 

(121,127,165) also induce ethylene production. Propylene, like 

ethylene, causes epinasty, inhibits elongation of pea subapical 

sections, and promotes ripening (58). Propylene was found to be 

the next most active compound to show ethylene activity. 

Equivalent molecular requirements of propylene to cause half 

maximal ethylene response was found be 130 times that of ethylene 

(42). 

It has been suggested by Hackett et al (72) that the action 

of ethylene as a ripening hormone may be distinguished by two 

processes: 1) the initiation of ethylene synthesis, and 2) the 

physiological response. ACC synthesis (29,75,192), as well as 

conversion of ACC to ethylene (76,175,192) is stimulated in fruit 

ripening. However, inhibition of ethylene production by ethylene 

has also been reported for non-climacteric fruit tissue (153), 

developing (200) and mature (33,177,199) climacteric fruit, in 

wounded (154,160), and in lAA-treated (7) vegetative tissues. In 

wounded citrus peel tissue, this inhibition may be due to 

inhibition of ACC synthase formation and activity (152). The 

concentration and the time of exposure to ethylene appears to 

determine the extent of inhibition in all cases. 
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CHAPTER III 

EFFECTS   OF  FRUIT MATURITY AND  CALCIUM ON RIPENING AND 

CHILLING REQUIREMENTS OF ANJOU PEARS 

Additional index words:  Pyrus communis, postharvest physiology, 

ethylene synthesis, respiration, firmness. 

Abstract. Anjou pears were sprayed with 3 concentrations of 

CaCl. at the Mid-Columbia Experimental Station, Hood River, 

Oregon, and harvested at 85%, 100% and 110% maturity stages. 

After the fruits were held at -1.1° C, for 0,25,40,55,70, 

85,100,120 and 135 days they were evaluated for ability to ripen 

when held at 20 C for 11 days. Fruit calcium in this lot was 

higher than usual, for all treatments. Relative to fruit calcium; 

internal and evolved ethylene, firmness, and respired CO- differed 

significantly only in 85% mature fruits. Fruit calcium had only a 

small effect on ripening parameters for the 100% mature fruits. 

The 85% mature fruit required an average of 80 days in 

-1.1 C storage, to be able to produce more than lul/1 internal 

ethylene during ripening at 20 C. Low (control) calcium fruits 

produced ethylene as early as 55 days in cold storage, with 

concomitant decrease in fruit firmness, and increased respiratory 

CO activity. Medium and high calcium fruits showed the same 

pattern after  70 and 120 days -1.1 storage, respectively. 

The 100% mature low calcium fruits were first able to 

synthesize  ethylene  (more  than 1 ul/1) after 85  days  -1.1   C 
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storage while the medium and high calcium fruit attained this 

amount of ethylene only after 120 days. Respiration increased and 

firmness decreased  soon after ethylene was produced. 

The 110% mature low calcium (control) fruits required only 55 

days -1.1° C storage to ripen. 

INTRODUCTION 

Winter type pears usually require a period of cold storage in 

order to develop the ability to ripen and to produce ethylene. 

Short cold treatments of only a few days for 'Bartlett* pears (a 

summer type) increased ethylene production (185) and induced 

ripening (108). Fully mature 'Bosc' pears required 20 days at 

-1.1° C to initiate ripening (51). However, mature preclimacteric 

'Bosc' pears required only 6 days at 5° C to initiate ripening at 

20° C (166). Storage at -1° C for a sufficient (but unspecified) 

period abolished the lag in ripening of 'Conference' pears (87). 

Anjou pears normally require. 50 to 60 days (51,49,52) in 

cold storage at -1.1° C to ripen. However, depending on the fruit 

calcium concentration, and possibly other factors, they may 

require as much as 90 days (51) or as few as 30 days (51) or 

even no days (186) in cold storage at -1.1° C to begin to ripen at 

20 C. High calcium Anjou pear fruits required more time in cold 

storage in order to initiate ripening than did low calcium fruits 

(175). 

Increased calcium levels in apples and pears were found to 

retard  senescence  and to reduce physiological  disorders  during 
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storage (130,20,141,143,163). Increased calcium levels have been 

associated with reduced respiratory rate and ethylene production 

in apples and in pears (104,20,65,158). The effects of calcium on 

postharvest physiology of fruits are also related to promoting 

flesh firmness and delaying softening of pears (175) and apples 

(112) during cold storage. 

Exogenous ethylene applied to immature and mature Anjou 

pears induced ripening and softening (186). Sensitivity of Anjou 

pears to exogenous ethylene increases with time after anthesis. 

Anjou pears harvested at 4 weekly intervals after the fruit 

attained full maturity, and then stored at -1.1° C for 0 to 150 

days, showed that the period of time to satisfy the chilling 

requirements of the fruit decreased as harvest maturity was 

advanced (49). 

The purpose of this study was to investigate the extent to 

which Anjou pear chilling requirements for ripening were 

influenced by maturity and fruit calcium concentrations. 

MATERIALS AND METHODS 

Three groups of ten mature Anjou trees were selected at the 

Mid-Columbia Experiment Station, Hood River, Oregon in 1985, and 

sprayed with 0, 1-2, or 3 Ib/lOOgal calcium chloride plus X-77 

surfactant four times (3-June , 3-July, 12-August, and 24-August) 

during fruit development. All calcium treated fruits were 

harvested at three stages of maturity, 85%, 100% and 110% mature, 

based  on  147  days from full bloom and  6.8 kg  flesh  firmness 
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(hereafter reffered to as 85%, 100%, and 110% mature fruits). At 

the 110% stage of maturity only the control was harvested. Fruit 

firmness, fruit weight, and fruit calcium concentration for all 

calcium treatments and stages of maturity are given in Table 

III.l. After each harvest the fruit were transferred into 

perforated polyethylene film lined 20 kg cardboard cartons and 

placed into a -1.1 C cold storage room until they were used. 

Fruits were not treated with fungicide in order to evaluate 

possible effects on storage rots separately. 

Fruits samples from each harvest time were taken out of 

storage after 25, 40, 55, 70, 85, 100, 120,and 135 days and placed 

in a 20 C room to ripen for 11 days. One kg fruit samples, 4 

replicates for each harvest time and calcium rate were placed in 4 

liter jars connected with a humidified air flow-through system for 

ethylene and respiration determinations. The flow rate was 

maintained by using capillary tubes that delivered 200ml/min of 

humidified air to each one of the jars. This ensured that C0„ 

accumulation did not exceed 0.5%. In addition, 24 fruits per 

calcium rate and harvest time were also taken out of storage at 

the same time and held in air in 20 1 jars (flow rate lOOOml/min) 

to ripen for internal ethylene and flesh firmness determinations. 

Ripening parameter determinations. C0„ was measured by 

passing the effluent gas from the 4 1 respiration jars through a 

Beckman Model 865 infrared gas analyzer. One ml gas samples 

were taken by syringe from the outlet tubes of the jars and 

evolved   ethylene  was  measured with a  Carle  Model  311  flame 
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ionization gas chromatograph, equipped with a 2.0 m, 80/100 mesh 

activated alumina column. Four fruits per calcium treatment 

combination were taken from the 20 1 jars every other day and used 

to measure the internal ethylene from 1 ml internal atmosphere 

sample pulled from the submerged fruit by a syringe. For 

comparative purposes, internal ethylene at 1 ul/1 was arbitrarily 

chosen as having physiologic activity. The same four fruits were 

used for flesh firmness measurements by a Hunter force gauge model 

LKG-1 12 kg tester, equipped with Smm tip, in a UC Davis 

apparatus. 

Calcium determinations: After each ripening experiment was 

over, all fruits of each 4 1 jar were washed and used for calcium 

extraction by the method described by Perring (135), as modified 

in our lab (148). Ten grams of a 1:1 fruit-water suspension were 

transferred into a serum-capped test tube and 10 ml of 

concentrated HCl (37.8% A.R.) added and capped. This capping step 

was found to considerably reduce the analytical variability due 

to uneven evaporation of HCl. Acid concentration must remain 

constant for accurate atomic absorption readings. The suspension 

was boiled for 20 min in a water bath and then cooled. The 

digested contents were then filtered through Whatman 41 paper. 

Strontium chloride was added to a final concentration of 3% SrCl. 

to all extracts in order to reduce Atomic Absorption mineral 

interferences. The filtrate was diluted to 25 ml with distilled 

water. Calcium was determined in a Perkin Elmer, Model 303 

Atomic   Absorption spectrophotometry,  calibrated  against  CaCl 
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standards in acid. 

Statistical analysis. LSD's for comparisons between 

treatments at a particular time during ripening were calculated 

with the NCSS "Number Cruncher" statistical system on an IBM PC 

computer. LSD's for comparing firmness and internal ethylene were 

obtained by the application of factorial analysis. LSD's for 

comparing evolved ethylene and CO. were obtained by the 

application of repeated measurements in time (split plot design) 

(55). 

RESULTS 

This study investigated the effects of maturity and fruit 

calcium on chilling requirements of Anjou pear by measuring the 

ripening parameters (fruit firmness, internal ethylene, evolved 

ethylene, and respiration rate) at 20° C after the fruits were 

stored at -1.1° C for various periods of time. 

For  the  preharvest  spray  treatments  of  0,  1-2,  and  3 

IbCaCl^/loOgal, Table III.l. shows the measured calcium 

concentrations. In 85% mature fruits was found 9.61, 10.38 and 

10.90 mgCa/lOOgr F.W., respectively; whereas in the 100% mature 

fruits was 6.26, 6.69 and 7.22 mgCa/lOOgr F.W.. The 110% mature 

control fruits averaged 5.26 mgCa/lOOgr F.W. 

Within  the  85%  and  100% maturities  only  the 3 Ib/lOOgal 

spray  fruit calcium concentrations were significantly different 

compared to the control (p§0.01). 
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1. Maturity effects on ripening parameters of control Anjou 

pears (no calcium treatment). 

A.  FIRMNESS. 

85% mature fruits. Fruit firmness at harvest was 9.61 kg 

(Table.III.1), and remained fairly constant when the fruit were 

subjected to ripening for 11 days. From 25 through 55 days of 

-1.1° C storage, fruit firmness was 7 kg and remained constant 

for the 11 days of attempted ripening at 20° C. After 70, 85, and 

100 days of cold storage fruit firmness had decreased to about 3 

kg by the 11th day of ripening. Fruit had softened further to 1 

kg on the 11th day of ripening at 20° C when the fruits were 

stored for 120 and 135 days at -1.1° C. 

100Z mature fruits. Control calcium fruit firmness at 

harvest was 6.26 kg (Table.III.1.). No decrease in firmness was 

observed when the fruit were subjected to ripening at harvest and 

after 25, 45, 55, and 70, days of -1.1° C storage. However, after 

85 days -1.1° C storage fruit firmness began to show a decrease, 

and thus after 100, 120, and 135 days substantial softening was 

evident on transfer to ripening temperatures (Fig.III.2.). 

110% mature fruits. Firmness at harvest was 5.26 kg 

(Table.III.1.). Marked decreases in firmness were observed only 

after the fruits had been stored at -1.1° C for 55 days or 

longer. Those fruits softened to 1-2 kg by the 11th day of 

ripening at 20° C (Fig.III.3.). 
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B.  INTERNAL AND EVOLVED ETHYLENE. 

85% mature fruits. The first detectable rise of internal 

ethylene above lul/1 at 20° C, was observed in fruit after 55 days 

of -1.1° C storage (Fig.III.4.). 

After 70 days -1.1° C storage, and 11 days ripening at 20° 

C, internal ethylene rose to 10 ul/1. In parallel to the internal 

ethylene, evolved ethylene was about 4 ul/kg-hr on the 11th day of 

ripening at 20° C. After 70 days in cold storage both internal 

and evolved ethylene in fruits increased considerably, and after 

135 days in -1.1° C storage and then transfer to 20° C, fruit 

internal ethylene reached 85 ul/1 after 11 days, and evolved 

ethylene reached 28 ul/kg-hr after 11 days (Fig.III.4, and 

III.7). 

100% mature fruits. Internal and evolved ethylene remained at 

very low levels from harvest through 70 days in storage. Internal 

ethylene rose above 1.0 ul/1 only after the fruits were 85 days in 

cold storage followed by 9 days at 20° C. Internal ethylene rose 

to 5 ul/1 after 11 days ripening (Fig.III.5.), while evolved 

ethylene  remained low (Fig.III.8.). 

After 100 days in cold storage the fruit became capable of 

producing more ethylene (Fig.III.5, and III.8). Ethylene 

production was markedly increased after the fruits were held for 

120 days in cold storage and the chilling requirements were 

completely satisfied. Internal ethylene (Fig.III.5.) was as much 

as 113 ul/1 and evolved ethylene (Fig.IV.8.) ranged from 15 to 

25 ul/kg-hr. 
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110Z mature fruits. Both internal and evolved ethylene 

remained low on transfer to 20 C, until after the fruits were 

held for 55 days at -1.1° C (Fig. III. 6, and III.9.). Increasing 

amounts of ethylene (above 1.0 ul/1) were found during ripening at 

20 C after the fruits were held at -1.1 C for 55 days or more 

(Fig.III.6.). After the fruits were held for 85 days at -1.1° C 

internal ethylene was found as high as 57 ul/1 and the evolved 

ethylene at 8 ul/kg-hr, on the 11th day of ripening at 20 C 

(Fig.III.6, and III.9.). 

C.  RESPIRATION. 

85% mature fruits. Respiration at harvest showed a decrease 

followed by an increase which at first evaluation might be taken 

as similar to a climacteric rise. This does not appear to be the 

case because the overall rate is low and the later respiratory 

CO rate showed a decreasing pattern until the fruits were stored 

at -1.1° C for 70 days (Fig.III.10.). This could even be 

interpreted as a respiratory pattern proceeding toward the pre- 

climacteric minimum as fruits approach optimum maturity. The 

longer the fruits were held at -1.1 C, the greater the increases 

in CO rate (Fig.IV.10.). 

100Z mature fruits. Respiratory activity of fruits ripened 

at 20 C showed a decreasing pattern until the fruits were held 

for 85 to 100 days at -1.1° C (Fig.IV.11.). Thereafter, the 

fruits respired more rapidly and after 120 and 135 days they 

showed an increasing pattern reaching about 28 mg/kg-hr C09 on the 

11th day of ripening at 20° C (Fig.III.11.). 
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110% mature fruits. CO^ production by 110% mature control 

fruit initially declined when ripened at 20 C after cold storage 

at -1.1 C . Only after 40 to 55 days in cold storage did 

respiration rate begin to increase with time when the fruits were 

subjected to ripening conditions at 20 C. After 85 days of 

-1.1° C storage the fruits respired 25mg/kg-hr C02 on the 11th 

day of ripening at 20° C (Fig.IV.12.). 

2.  Fruit calcium effects on ripening parameters. 

A.  FIRMNESS. 

While there may not always have been statistical differences 

in firmness relative to fruit calcium treatments, fruits with high 

calcium were consistently firmer. 

85% mature fruits. Fruit firmness remained fairly constant 

during the first 55 days in cold storage followed by ripening at 

20° C (Fig.III.13.). After 70 days in cold storage the low 

calcium (control) pears softened significantly by the 11th day at 

20 C (Fig.III.14.) High calcium treated fruits remained very 

firm while medium calcium treated fruit decreased but both 

remained firmer than the control. The same pattern was 

observed throughout the subsequent days in storage followed by 

ripening, except that the medium calcium treated fruits softened 

at about the same rate as the control after the fruits were held 

85 days or more at -1.1 C (Fig.III.15.). The fruit firmness of 

pears stored for 25,40,55,85,100, and 120 days are given in 

appendix Figures A.1,2,3,4,5, and 6 respectively. 
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100% mature fruits. Attempts to ripen fruit at harvest 

(Fig.III.17.) or through 85 days of cold storage failed to elicit 

ripening responses. Fruit softening response at 20 C, was first 

shown after the pears had remained in cold storage at -1.1 C for 

100 days. Calcium treated fruit did not differ significantly in 

flesh firmness up to 80 days. After 100 days cold storage then 11 

days of ripening at 20 C, the control fruit had softened to 1kg, 

while the medium calcium fruit had softened but was firmer (3.8kg) 

whereas the high calcium fruit did not soften at all and was still 

at 6kg, (Fig.III.17.). After the fruits were held at -1.1° C for 

120 days, softening became more dramatic (Fig.III.18.). High 

calcium treated pears were firmer on the third day at 20 C than 

the low and the medium calcium pears. All calcium treated fruit 

had finally softened by the end of the 11th day of the ripening 

course. The fruit firmness of pears stored for 

25,40,55,70,85, and 135 days are given in the appendix Figures 

A.7,8,9,10,11 and 12 respectively. 

B.  INTERNAL ETHYLENE. 

85% mature fruits. The first detectable rise of internal 

ethylene above 1 ul/1 at 20 C was observed in fruit after 55 days 

-1.1 C storage for the low (control) calcium treatment 

(Fig.III.19.). Medium and high calcium treated fruits did not 

produce any, or only trace  amounts of ethylene at this time. 

After 70 days of -1.1 C storage, internal ethylene rose to 

10 ul/1 for the control and 7.5 ul/1 for the medium calcium 

treated  fruit after 11 days at 20 C.   The high calcium  treated 
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fruit in the same period of time still had less than 1 ul/1 

internal ethylene (Fig.III.20.). 

After 120 days in cold storage, fruit internal ethylene 

concentrations increased considerably during ripening at 20° C 

with the high calcium and the medium calcium treatments having 

less ethylene on the 11th days than the control (Fig.III.21.). 

After 135 days in -1.1° C storage and then tranfer to 20° C, 

control calcium fruit internal ethylene peaked at 85 ul/1, medium 

calcium fruit had 83 ul/1, and high calcium fruit 27 ul/1. The 

internal ethylene of pears stored for 25,40,85,100, and 135 days 

are given in appendix Figures A.13,14,15,16 and 17 respectively. 

100% mature fruits. Fruit internal ethylene remained at very 

low levels from harvest through 70 days in -1.1° C storage. 

Internal ethylene rose above 1.0 ul/1 only after the fruit were 

stored for 85 days and then transfered to 20° C. Only the the 

control calcium treatment rose in internal ethylene after 11 days 

ripening while the medium and high calcium fruit had only trace 

ethylene (Fig.III.22.). 

After 120 days in cold storage the fruit became capable of 

producing much more ethylene. Although the chilling requirements 

were completely satisfied, still the calcium treatments were 

significantly different in ethylene production (Fig.III.23.). The 

internal ethylene peaks after 135 days -1.1° C storage, were as 

much as 113 ul/1 for the control calcium treatment, 95 ul/1 for 

the medium calcium treated pears and as low as 73 ul/1 for the 

high calcium treatment.  The internal ethylene of pears at harvest 
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and stored for 25,40,55,70,100,  and 135 are given in the appendix 

Figures A.18,19,20,21,22,23 and 24 respectively. 

C. EVOLVED ETHYLENE. 

The observed pattern for evolved ethylene was shown to 

parallel the internal ethylene. Thus the results for internal 

ethylene apply equally to evolved ethylene, except that there may 

have been some delays in observing the onset of evolved ethylene. 

The evolved ethylene of 85% mature pears stored for 70,85,100,120 

and 135 days are given in the appendix Figures A.25,26,27,28 and 

29 and of 100% mature pears stored for 85,100,120 and 135 days 

in the appendix Figures A.30,31,32 and 33 respectively. 

D. RESPIRATION. 

In all ripening series for both 85% and 100% mature fruit low 

calcium fruit showed a higher respiratory CO activity than medium 

and high calcium fruit. The respiration of 85% mature pears at 

harvest and stored for 25,40,55,70,85,100,120 and 135 days are 

given in the appendix Figures A.34,35,36,37,38,39,40,41, 42 and 

of 100% mature pears at harvest and stored for 

25,40,55,70,85,100,120, and 135 days in the appendix Figures A.43, 

44,45,46,47,48,49,50, and 51 respectively. 

DISCUSSION 

Although we expected that the less mature fruits should  have 

had  higher chilling requirements,  this turned out not to be  the 

case.  The 85% mature fruit required 55 days of -1.1° C storage 

for  the control and an average of 81 days  for all treatments  to 
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be able to produce more than 1 ul/1 internal ethylene at 20° C. 

The 100% mature fruit required 85 days for the control and 108 

days averaged over all treatments which is 64% and 33% longer 

than the 85% mature fruit, respectively. The low calcium 110% 

mature fruit required the same number of chilling days as the low 

calcium 85% mature fruits, ie. 55 days (Fig.III.24.). Chen and 

Mellenthin (49), have shown that Anjou pears harvested at 100%, 

104%, 109% and 114% mature, required 60 days at -1.1° C to satisfy 

chilling for both 100% and 104% mature and 30 days for the 109% 

and 114% stage of maturity. It is clear that the chilling time 

requirement decreases beyond 100% fruit maturity. What is not 

yet known is whether this is due to an increase in sensitivity of 

the fruit, or alternatively, to partial satisfaction of chilling 

requirements by cold weather in these late harvests or, both. 

Fruit softening was found to be closely related with the 

appearance of ethylene in the fruit (see page 25 and 26). In all 

cases the fruit softened in response to ethylene. However high 

fruit calcium even under sufficient (greater than 1 ul/1) 

internal ethylene in many cases delayed softening. Several reports 

support a strong association of calcium with firmness in both 

apples (113) and pears (175). There are several possible roles 

for Ca in the postharvest behavior of fruits. Calcium interacts 

with the cell wall pectic substances, thus strengthening the cell 

walls (21). Similarly, the cell membranes are affected by 

calcium, improving their integrity and reducing their permeability 

(54).  There may also be direct and indirect affects of calcium on 
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the ethylene biosynthesis pathway. 

Although immature fruit contained significantly more calcium 

than mature and overmature fruit, this clearly did not result in 

increased chilling requirement. Thus it is unlikely that there is 

a direct effect of calcium on chilling requirements. This may 

possibly be due to the accumulation of ripening inhibitors during 

maturation which apparently become maximal at 100% maturity of the 

fruit. Since premature fruit is less sensitive to exogenous 

ethylene than mature and overmature fruit, this inhibition may be 

counteracted only by chilling. 

TABLE.III.1.  Effects of control,  medium, and high calcium sprays 

and stage of maturity on fruit weight,  flesh firmness,  and fruit 

calcium. 

Stage of maturity (%) 

Fruit weigh (gr) 

Flesh firmness (kg) 

Control sprays 
fruit Ca mg/lOOgr F.W. 

Medium calcium sprays 
fruit Ca mg/lOOgr F.W. 

High calcium sprays 
fruit Ca mg/lOOgr F.W.       10.90       7.22 

85% 100% 110% 

112.97 194.50 218.90 

9.28 6.76 5.7 

9.61 6.26 5.26 

10.38 6.69 mm 

Fruit weight. LSD.05 
Flesh firmness. LSD.05 
Calcium treatments.  LSD.01 

24.57 
0.73 
0.95 
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Pig.III.1.  Flesh firmness of 85% mature 'Anjou' fruit as affected 
by time  in -1.1 C storage,  then ripened at 20 C.  Numbers next 
to lines refer to days in -1.1 C storage. 
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Fig.III.2.  Flesh firmness of 100% mature  'Anjou'  fruit as 
affected  by  time  in -1.1 C storage,  then ripened  at  20 C. 
Numbers next to lines refer to days in -1.1 C storage. 
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Fig.III.3.   Flesh  firmness  of  110% mature  'Anjou'  fruit  as 
affected  by  time   in.-1.1 C storage,  then ripened at  20 C. 
Numbers next to lines refer to days in -1.1 C storage. 

r 
y 

z 
en 

4 6 8 

RIPENING TIME. DAYS AT 20 C 

Fig.III.4.    Internal ethylene of 85% mature 'Anjou'  fruit as 
affected  by  time  in -1.1 C storage,  then ripened  at  20 C. 
Numbers next to lines refer to days in -1.1 C storage. 
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Fig.III.5.   Internal  ethylene  of 100% mature 'Anjou'  fruit as 
affected  by  time  in -1.1 C storage,  then ripened  at  20 C. 
Numbers next to lines refer to days in -1.1 C storage. 
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Fig.III.6. Internal ethylene of 110% mature 'Anjou' fruit as 
affected by time in -1.1 C storage, then ripened at 20 C. 
Numbers next to lines refer to days in -1.1 C storage. 
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Fig.III.7.   Evolved  ethylene of 85% mature  'Anjou'  fruit as 
affected  by  time   in -1.1 C storage,  then ripened at  20 C. 
Numbers next to lines refer to days in -1.1 C storage. 
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Fig.III.8.  Evolved ethylene of 100% mature  'Anjou'  fruit 
affected  by  time  in -1.1 C storage,  then ripened  at  20 C. 
Numbers next to lines refer to days in -1.1 C storage. 
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Fig.III.9.   Evolved  ethylene of 110% mature  'Anjou'  fruit as 
affected  by  time  in -1.1 C storage,  then ripened at  20 C. 
Numbers next to lines refer to days in -1.1 C storage. 
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Fig.III.10.  Respiration of 85% mature 'Anjou' fruit as affected 
by time  in -1.1 C storage,  then ripened at 20 C.  Numbers next 
to lines refer to days in -1.1 C storage. 
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Fig.III.11.  Respiration of 100% mature 'Anjou' fruit as affected 
by time  in -1.1 C storage,  then ripened at 20 C.  Numbers next 
to lines refer to days in -1.1 C storage. 
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Fig.III.12.  Respiration of 110% mature 'Anjou' fruit as affected 
by time  in -1.1 C storage,  then ripened at 20 C.  Numbers next 
to lines refer to days in -1.1 C storage. 
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Fig.III.13. Flesh firmness at harvest during attempted ripening 
of 85% mature 'Anjou' pear fruits sprayed with low (control), 
medium, and high CaCl  rates during fruit development. 
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Fig.III.14,  Flesh firmness after during ripening of 85% mature 
'Anjou'  pear  fruits  70 days -1.1 C storage  sprayed with  low 
(control), medium, and high CaCl  rates during fruit development. 
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Fig.III.15.   Flesh firmness after during ripening  of 85% mature 
'Anjou'  pear  fruits 135 days -1.1 C storage  sprayed with  low 
(control), medium, and high CaCl  rates during fruit development. 
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Fig.III.16. Flesh firmness at harvest during attempted ripening 
of 100% mature 'Anjou' pear fruits sprayed with low (control), 
medium, and high CaCl  rates during fruit development. 
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Fig.III.17.   Flesh  firmness  during ripening  of  100% mature 
'Anjou'  pear fruits after 100 days -1.1 C storage  sprayed with 
low  (control),  medium,   and high CaC12 rates  during  fruit 
development. 
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Fig.III.18.  Flesh  firmness  during  ripening  of  100% mature 
'Anjou'  pear fruits after 120 days -1.1 C storage,  sprayed with 
low  (control),  medium,   and  high  CaC12  rates during  fruit 
development. 



43 

3    - 

i     2 H 

Low Ca  spray 
Mediura Ca  spray 
High  Ca  spcay 

.  LSDo.05 

RIPENING TIME. DAYS AT 20 C 

Fig.III.19.    Internal ethylene during ripening  of 85% mature 
'Anjou'  pear fruits after 55 days -1.1 C storage,  sprayed with 
low  (control),  medium,   and high  CaC12 rates  during  fruit 
development. 
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Fig.III.20.   Internal  ethylene during ripening of 85% mature 
'Anjou'  pear fruits  after 70 days -1.1 C storage,sprayed with 
low  (control),  medium,   and high CaC12 rates  during  fruit 
development. 
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Fig.III.21.    Internal ethylene during ripening of 85% mature 
'Anjou' pear fruits after 120 days -1.1 C storage,  sprayed with 
low  (control),  medium,   and high CaC12 rates  during  fruit 
development. 
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Jig.III.22.   Internal  ethylene during ripening of  100% mature 
'Anjou'  pear fruits after 85 days -1.1 C storage,  sprayed with 
low  (control),  medium,   and high CaC12 rates during  fruit 
development. 
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Fig.III.23.   Internal  ethylene during ripening of 100% mature 
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low  (control),  medium,   and high CaC12 rates during  fruit 
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ethylene  synthesis.   (As determined by internal ethylene greater 
than 1 ul/1 after 11 days at 20 C). 
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CHAPTER IV 

EFFECTS OF EXOGENOUS PROPYLENE AND FRUIT CALCIUM 

ON RIPENING OF ANJOU PEARS AT HARVEST 

AND AFTER 115 DAYS IN -1.1° C STORAGE. 

Additional index words:   Pyrus communis,  postharvest physiology, 

chilling requirement, respiration, ethylene, flesh firmness. 

Abstract. Anjou pears were sprayed before harvest with 3 

concentrations of CaCl at the Mid-Columbia Experiment Station, 

Hood River Oregon, and harvested at 6.8 kg firmness. The fruits 

were treated with 0 (control), 50, and 500 ul/1 propylene at 

harvest and after storage for 115 days at -1.1° C. 

Attempts to ripen fruit in air at harvest failed to initiate 

ethylene production, or to show a climacteric CO rise and failed 

to soften. After 115 days at -1.1° C storage which satisfied 

the chilling requirement, all fruits showed the typical ripening 

responses  within 8 days. 

Compared to air, 50 ul/1 propylene at harvest stimulated a 

very slow softening in all cases but failed to trigger any 

ethylene synthesis and resulted in a slow increase in respiration 

over a 30 day period. After 115 days at -1.1° C, fruits ripened 

with 50 ul/1 propylene were similar to fruits ripened in air. 

Treatment with 500 ul/1 propylene at harvest considerably 

accelerated softening and initiated ethylene after 8 days with 

the peak of ethylene and C02 production occurring on the 19th day. 

After  115  days of chilling the 500 ul/1 and  50  ul/1  propylene 
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treated fruit ripened virtually the same as the 0 (air) treated 

pears. However, the amounts of ethylene produced after the 

chilling requirement was satisfied were three fold that produced 

at harvest. 

Fruit calcium ranged high (6.28 to 7.27 mg Ca/lOOgr F.W.) 

compared to other seasons and exhibited only slight effects on the 

ripening parameters. 

INTRODUCTION 

As is well known, ethylene, a plant hormone, is involved 

and produced in association with ripening of fruits and 

senescence of plant tissues (1,40,117,144,200). 

In a previous study (182) leading to this one, 85% mature 

Anjou pears attained full ripening when treated with 500 ul/1 

ethylene or 4000 ul/1 ethephon. In another study (186), 57% to 

100% mature Anjou pears responded to exogenous ethylene 

treatment at concentrations in the range of 0.05-2 ul/1. 

Propylene is a useful treatment because it can be separated 

from ethylene by gas chromatography (34,165). While propylene can 

mimic the activity of ethylene, much higher concentrations are 

required (typically 100 to 200 fold higher) in order to produce 

an equivalent response (1). Thus a 1.0 ul/1 ethylene-induced 

response would require 130-150 ul/1 propylene to evoke the same 

response (42). 

Sensitivity of the fruit to exogenous ethylene increases 

with   time  after anthesis (186).  This has been shown  for many 
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climacteric fruits (165,199) treated either with ethylene or 

propylene. 

Normally, winter pears are harvested at a pre-climacteric 

stage and require a period of cold storage before they are able to 

initiate the events associated with ripening. Anjou pears usually 

require 50 to 60 days (49,52,142) in -1.1° C cold storage to 

initiate ripening. However, sometimes they require as much as 90 

days (50), or as little as 30 days (50), or even no cold storage 

at all (186). In an experiment complementary to this one (see 

ch.III), it was found that for Anjou pears harvested at optimal 

maturity (Harvest II) that they required 85 to 100 days in -1.1° C 

storage to begin to synthesize ethylene and exhibit the 

climacteric ripening pattern (pp. 26, Fig.III.5., this thesis). 

This high variability in chilling requirement appears to be 

related to fruit calcium concentration. High calcium fruits delay 

the onset of the climacteric (175). Calcium retards senescence 

(139,140), reduces the calcium deficiency physiological disorders 

(bitter pit and cork spot) in apples and pears 

(69,112,119,148,149) and decreases the respiratory rate and 

ethylene production (65,69,158). 

This study seeks to clarify some of the interactions between 

Anjou pear fruit calcium, propylene-induced ethylene synthesis, 

and several ripening parameters associated with non-chilled and 

chilling satisfied fruit. 
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MATERIALS AND METHODS 

Calcium treatments: Three groups of ten mature Anjou trees 

were selected at the Mid-Columbia Agricultural Experiment Station, 

Hood River, Oregon, and were sprayed 4 times (3-June, 3-July, 12- 

August, and 24-August) with zero, 1 to 2 lbs, and 3 lbs CaCl„ per 

100 gal with X-77  surfactant added. 

Fruits were harvested at 100% stage of commercial maturity, 

based on 147 days post-bloom growth period,  and fruit firmness of 

6.8 Kg.  The harvested fruit were placed directly into perforated 

polyethylene bag liners in 20 kg cartons.  Fruits were not treated 

with postharvest fungicide in order to observe whether or not 

calcium influenced rot development. 

Chilling treatments: Half of the fruits were stored at 

-1.1° C for 115 days and the remaining fruit were used 

immediately. 

Propylene treatments: In both cases, at harvest and after 

chilling was satisfied, 1 kg fruit, .samples, 4 replicates for each 

of the three calcium rates were placed in 4 liter jars for 

ethylene and respiration determinations. Also, three reps per 

calcium rate of 44 fruits in 20 1 jars were connected to the 

flow through system for periodic take-out sampling for firmness 

and internal ethylene determinations. Humidified air flow rate of 

200ml/min for each 4 1 jar and 1000 ml/min for each 20 1 jar 

containing 0, 50 and 500 ul/1 propylene for each group 

respectively was maintained by calibrated glass capillary tubes. 

This  ensured  that CO  accumulation did not exceed 0.5%  and  was 
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checked by infra-red gas analysis. Freshly harvested pears were 

held in a ripening environment at 20° C for 30 days while cold 

stored fruit were ripened for 15 days. 

CO and ethylene were measured every day whereas internal 

ethylene and flesh firmness were measured every other day. 

The statistical analysis procedures, the ripening parameters, 

and calcium determination methods are described previously on pp. 

22 and 23  of this thesis. 

RESULTS 

The control, medium, and high orchard spray calcium 

treatments were found to have fruit calcium concentrations of 

6.28, 6.75, and 7.27 mg Ca/lOOgr F.W., respectively. Only the 

high calcium spray was statistically higher in fruit calcium than 

the control calcium spray (p§.01). Medium and high spray treatment 

calcium levels were not statistically different. All the above 

concentrations are considered to be above the incipient levels for 

cork spot occurence in comparison with concentrations reported for 

the same variety in the past (178) and only one sample in the low 

calcium treatment of this study exhibited cork spotted fruit at 

harvest. 

1. Fropylene effects on fruits subjected to ripening at harvest 

and after 115 days in cold storage  (-1.1° C). 

Firmness at harvest. Fruits held in air (i.e., control 

propylene treatment) showed very little decrease in firmness. 

However,  flesh  firmness of fruit treated with  50ul/l  propylene 
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decreased slowly to 2 kg in 30 days. The fruits which were treated 

with 500 ul/1 propylene decreased rapidly in flesh firmness and 

reached 1 kg firmness in 15 days  (Fig.IV.1). 

Firmness after 115 days at -1.1 C. After the chilling 

requirement was satisfied, flesh firmness decreased from 6 to 

about 1 kg in 10 days when the pears were subjected to ripening 

regardless of whether or not they were treated with propylene 

(Fig.IV.1). 

Internal ethylene at harvest. Internal ethylene 

concentrations for fruit ripened in air (control) was below 

detection limits (ie, 0.01 ul/1). Fruits treated with 50 ul/1 

propylene showed only trace amounts of ethylene after the 28th 

day of ripening. However, when the fruits were treated with 500 

ul/1 propylene considerable amounts of ethylene were produced. In 

this case internal ethylene only appeared after 8 days and reached 

about 25 ul/1 on the 30th day (Fig.IV.2). 

Internal ethylene after 115 days at -1.1 C. Fruit internal 

ethylene was above 1 ul/1 on the first day out of storage and as 

high as 80 ul/1 on the 9th day of ripening at 20 C. Propylene 

treatments had only slight additional effects on internal 

ethylene, after the chilling requirement had been satisfied 

(Fig.IV.2). Since the internal ethylene was well above 

physiologic thresholds, the observed similar rates of softening 

might have been anticipated. 

Evolved ethylene at harvest. Freshly harvested fruit failed 

to ripen and only one replicate of the low (i.e.  control) calcium 
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fruits produced small amounts of ethylene (Fig.IV.3.). That 

replicate of fruits which did produce ethylene at this stage had 

cork spot symptoms and the measured fruit calcium concentration 

for  them was very  low (4.5 mg/100gr F.W.). 

Pears treated at harvest with 50 ul/1 propylene did not 

produce any ethylene, either. However, when freshly harvested 

fruit were treated with 500 ul/1 propylene at harvest, they began 

to produce ethylene only after 8 days and the peak amounts of 

ethylene produced (day 17) were only 7 ul ethylene/kg-hr 

(Fig.IV.4.). 

Evolved ethylene after 115 days at -1.1 C. All control (air) 

and propylene treated fruits ripened within 8 days (the time of 

the climacteric peak for all treatments) and the amounts of 

ethylene produced were in the range of 17 to 25 ul ethylene/kg-hr 

depending on the fruit calcium treatment (Fig.IV.4.). 

Respiration at harvest. CO^ production (Fig.IV.5.) was 

maintained as low as 13 mg C0„/kg-hr for 24 days and then 

declined when the fruits were held in air, or exhibited a slow 

increase when treated with 50 ul/1 propylene. However, 500 ul/1 

propylene treatment resulted in a climacteric CO. rise with a peak 

as high as 45 mg CO /kg-hr on the 18th day. 

Respiration of  fruits  stored  for  115 days  at -1.1  C. 
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harvest. 

2. Effects of calcium on ripening parameters of propylene treated 

fruit. 

Firmness at harvest. Flesh firmness of calcium treated 

fruits right at harvest were not significantly different but in 

all cases during ripening, high and medium calcium fruit were 

found to soften less rapidly compared to the control. Even though 

the curves are not significantly different in all points, the 

trend consistently shows that high calcium fruit remained firmer 

than medium, and medium calcium fruits firmer than controls 

(Fig.IV.6.). 

Firmness after 115 days of -1.1 C storage. Even after 115 

days of -1.1° C storage, high calcium fruit shows a slower 

decrease in firmness than the medium calcium and control 

treatments (Fig.IV.6.) 

Internal ethylene production at harvest. Freshly harvested 

fruit failed to ripen in air and only the low (i.e. control spray) 

calcium fruits produced small amounts of ethylene in the one of 

the four replicates (Fig.IV.3.). The fruits which did produce 

ethylene at this stage had cork spot symptoms and the measured 

fruit calcium concentration for them was low (4.5 mg/lOOgr 

F.W.). Fruits treated with propylene did not show significant 

differences due to calcium. 

Evolved ethylene after 115 days at -1.1 C. The fruit which 

satisfied the chilling requirements (Fig.IV.9.) ripened normally 

and  produced considerable amounts of ethylene.   Control  calcium 
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fruit produced as high as 23 ul ethylene/kg-hr (on day 8) while 

medium Ca and 4 days later high calcium fruit produced 15 ul 

ethylene/kg-hr. While this trend of the control calcium 

treated fruit to produce more ethylene earlier was not 

statistically significant compared to the other calcium 

treatments, it was consistent in virtually all cases. Even though 

the fruit calcium treatment in an individual parameter might not 

be significant statistically, nevertheless the trends are the same 

with respect to high, medium, and low calcium in nearly every case 

for each parameter measured. This suggests that the numbers of 

replications used probably was not sufficient given the amount of 

variability to distinguish the differences that apparently are 

there. 

Internal ethylene at harvest. (Fig.IV.8.). Only the 500 

ul/1 propylene treatment produced ethylene which appeared after 8 

days. Low calcium fruits had significantly increased amounts of 

ethylene initially (i.e. days 11-18) but finally after 26 days 

all fruit cacium levels generated similar amounts of ethylene. 

Internal ethylene after 115 days at -1.1 C. Fruit internal 

ethylene peaked for the control (at 80 ul/1), and the medium (at 

60 ul/1) calcium treatment after 9 days, and after 12 days (at 50 

ul/1), for the high calcium treatment (Fig.IV.9.). Thus even 

after 115 days cold storage, higher fruit calcium delayed the 

onset and the time to peak, as well as supressing amounts of 

internal ethylene for all propylene treatments. 
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Respiration at harvest and after 115 days at -1.1 C. 

Although the trends were similar (high calcium fruit respired less 

than the control) no significant differences were observed. 

DISCUSSION 

Fruits not treated with propylene at harvest, and placed in a 

20° C ripening environment showed the typical inability to 

initiate any of the ripening responses right at harvest. 

Virtually no softening (Fig.IV.1,6.), no internal ethylene 

(Fig.IV.3.), nor evolved ethylene (Fig.IV.4.), and no rise in 

respiration, and respiration at a very low rate (Fig.IV.5.) 

occurred. There is an exception in that one of the low fruit 

calcium replicates (i.e., 4.5 mg Ca/lOOgr F.W.) did produce 

ethylene at this stage and had cork spot symptoms (Fig.IV.3.). 

Ethylene production by cork spotted pears right at harvest (21), 

or 7 days after harvest (1), has been previously reported. In the 

first case the fruits were measured and found to be low in 

calcium. In the second case, although no mineral analysis was 

reported, it is believed that fruit calcium most likely was low. 

After satisfaction of the chilling requirement (115 days, 

-1.1° C) however, all the fruits were capable of ethylene 

synthesis, softening and exhibited higher rates of respiration and 

the typical climacteric CO production. Responses were then quite 

dramatically different in association with fruit calcium 

concentration. 

High calcium fruits had lower CO and ethylene rates of 

production,  (Fig.IV.7.)  and  required more days of  ripening  to 
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reach the peak rates. The internal ethylene (Fig.IV.9.) was 

slower to initiate, slower to peak, and peaked at a lower ethylene 

concentration with progressively higher fruit calcium. Firmness 

was not significantly different at harvest, and only changed 

slightly on attempted ripening at harvest but even then high 

calcium fruits were slower to soften. After 115 days at -1.1° C 

storage (Fig.IV.6.) the high calcium fruit softened rapidly, but 

still not as rapidly as the medium and control calcium fruits. 

The 50 ul/1 propylene ( equivalent to 0.4 ul/1 ethylene) 

treatment was not a high enough concentration to induce both 

ethylene production and the climacteric rise in respiration within 

30 days after harvest (Fig.IV.5,6,7). However, this concentration 

was sufficient to induce softening (Fig.IV.8). A similar result 

was found by Wang, et al (186), who used 0.1 ul/1 ethylene. After 

the fruits were stored at -1.1° C for 115 days all the ripening 

parameters were accelerated at 20° C when treated with 50 ul/1 

propylene. Again differences due to fruit calcium concentration 

were similar in the 50 ul/1 propylene treatments to fruit treated 

with air only. 

Treatment with 500 ul/1 propylene induced ethylene production 

in freshly harvested fruit on the 8th day. Both ethylene and CO- 

peaked on the 19th day (Figs.IV.4,5.). By this time the fruits 

were already very soft (Fig.IV.l.). Wang, et al (186) treated 

100% mature fruit with ethylene (.05 to 2 ul/1) and reported no 

delay of ethylene production related to change in fruit firmness. 

Perhaps  the  fruit used in Wang's study was much lower  in  fruit 
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calcium. 

Whether this phenomenon is a differential effect of propylene 

itself compared to ethylene or whether it is related to the 

physiology of the fruit is as yet unknown. Lyons and Pratt (107), 

have shown that immature tomatoes exhibit a climacteric-like 

increase in respiration when treated continuously with ethylene. 

The time to the beginning of ripening for ethylene treated 

tomatoes was reduced by about 50% compared with control fruit 

held in air. McGlasson, et al (121), have shown that by 

substituting ethylene for propylene that there was no change in 

endogenous ethylene production until other symptoms of ripening 

appear (eg. change in fruit color). However, the fact that in 

another study the same variety of pears required 85 days of cold 

storage at -1.1° C (see page 26, this thesis), associated with 

high fruit calcium concentration, implies that Ca influences 

something in the physiology of the fruit which regulates ethylene 

production, the effect of which induction of autocatalysis by 

exogenous propylene can not overcome as completely as does 

chilling. 

Fruits ripened after 115 days of cold storage ripened 

normally and added propylene did not further stimulate ethylene 

production, the respiratory climacteric, or accelerate softening. 

Average ethylene production after 115 days was 100% greater than 

the control and over 60% greater than that of the 500 ul/1 

propylene treatment at harvest (Fig.IV.4.). A smaller peak of 

ethylene  was  observed  on  the  2nd  day,  (Fig.IV.4.),  in  all 
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propylene treatments and in the control indicating that ACC may 

have accumulated during cold storage and was being converted to 

ethylene soon after the pears were warmed up. Alternatively, other 

accumulated precursors may have been mobilized to ethylene 

synthesis. Gross and Wang (71), observed accumulation of ACC in 

chilled cucumbers. Anjou pears have been reported to first 

develop their capability to convert ACC to ethylene during cold 

storage before they synthesize ACC (28). 

Respiratory activity during ripening was 50% greater in cold 

stored Anjou pears  compared  to the control  and  the  50 ul/1 

propylene treated fruits at harvest. However, the same cold 

stored and then ripened fruits respired 20% less than the 500 

ul/1 propylene treated fruits at harvest. This may indicate 

lower substrate pools after storage. 

Flesh firmness decreased dramatically for all 115 days -1.1° 

C stored fruit within 12 days. However, at harvest, fruit held in 

air softened very little. The 50 ul/1 propylene treated fruits 

softened at a very slow rate down to 2kg in 30 days. The 500 

ul/1 propylene treated fruits at harvest softened rapidly to 2 kg 

in 12 days. It should be noted that ethylene production 

started in the samples at harvest only when the fruit became 

quite soft in response to propylene. This suggests either that 

the enzymes responsible for the cell wall breakdown are very 

sensitive to very small amounts of ethylene present, or as is more 

likely, respond directly to propylene as an ethylene homologue at 

low concentration.  In tomato, polygalacturonase (PG) was produced 
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de novo after the beginning of autocatalytic ethylene production 

(121). The same enzyme is present in Bartlett pear tissues during 

ripening (8). Since ethylene production initiated after the 

firmness decreased to about 2 kg, it is not clear whether the 

produced ethylene was induced by propylene directly or indirectly 

after softening had began. 

Alternatively, the softening response can be driven by 

propylene and other ethylene homologues and ethylene synthesis per 

se may not be closely linked to to fruit softening. It may 

rather be that any ethylene-homologue can stimulate the softening 

reaction independently of whether ethylene is produced or not. 
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Fig.IV.1.   'Anjou'  pear  fruit firmness ripened at harvest  and 
after 115 days of -1.1 C storage in relation to air,  50 ul/1  or 
500 ul/1 propylene in the ripening atmosphere. 
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Fig.IV.2.   'Anjou' pear internal ethylene ripened at harvest and 
after  115 days of -1.1 C storage in relation to air,  50 ul/1 or 
500 ul/1 propylene in the ripening atmosphere. 
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Fig.IV.4.    'Anjou* pear evolved ethylene at harvest and after 
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ul/1 propylene in the ripening atmosphere. 
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Fig.A.1.   Flesh  firmness during ripening of 85% mature  'Anjou' 
pear  fruits  after  25 days -1.1 C  storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.2.  Flesh  firmness during ripening of 85% mature  'Anjou' 
pear  fruits  after  40  days -1.1 C storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.3.    Flesh firmness during ripening of 85%  mature  'Anjou' 
pear  fruits  after  55 days -1.1 C  storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 

2 



83 

to 

• 

8 - 

7 - 

6 - 

S - 

i : 3 - 

1 - 

O   Control Ca spray 
+■       Medium Ca spray 
O   High Ca Spray 

 1 1 1 
•        I 

IMC Ml* AT 200 

T- 
10 12 

Fig.A.4.   Flesh  firmness during ripening of 85% mature  'Anjou' 
pear  fruits  after  85  days -1.1 C storage  sprayed with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.5.    Flesh firmness during ripening of 85% mature  'Anjou' 
pear  fruits  after  100 days -1.1 C storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.6.   Flesh  firmness during ripening of 85% mature  'Anjou' 
pear  fruits  after  120 days -1.1 C storage  sprayed with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.7.   Flesh firmness during ripening of 100% mature  'Anjou' 
pear  fruits  after  25  days -1.1 C storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.8.   Flesh firmness during ripening of 100% mature  'Anjou' 
pear  fruits  after  40 days -1.1 C storage  sprayed with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig,A.9.  Flesh firmness during ripening of 1002 mature  'Anjou' 
pear  fruits  after  55  days -1.1 C storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.10.    Flesh firmness during ripening of 100% mature 'Anjou' 
pear  fruits after 70 days -1.1 C storage sprayed with low, 
medium, and high CaCI  rates during fruit development. 
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Fig.A.11.  Flesh firmness during ripening of 100% mature  'Anjou' 
pear  fruits  after  85  days -1.1 C storage  sprayed  with  low, 
medium, and high CaCI  rates during fruit development. 
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Fig.A.12.   Flesh firmness during ripening of 100% mature  'Anjou' 
pear  fruits  after  135 days -1.1 C storage  sprayed with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.13.  Internal ethylene during ripening of 85% mature 'Anjou' 
pear  fruits  after  25  days -1.1 C storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.14.  Internal ethylene during ripening of 85% mature 'Anjou1 

pear  fruits  after  40 days -1.1 C storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.14.   Internal ethylene during ripening of 85% mature 'Anjou' 
pear  fruits after 85 days -1.1 C storage sprayed with low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.16.  Internal ethylene during ripening of 85% mature 'Anjou' 
pear  fruits  after  100 days -1.1 C storage  sprayed with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.17. Internal ethylene during ripening of 85% mature 
'Anjou' pear fruits after 135 days -1.1 C storage sprayed with 
low, medium, and high CaCl  rates during fruit development. 
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Fig.A.18.  Internal ethylene at harvest during attempted ripening 
of 100% mature 'Anjou1 pear fruits sprayed with low,  medium,  and 
high CaCl  rates during fruit development. 
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Fig.A.19. Internal ethylene during ripening of 100% mature 
'Anjou' pear fruits after 25 days -1.1 C storage sprayed with 
low, medium, and high CaCl  rates during fruit development. 
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Fig.A.20.   Internal  ethylene during ripening of 100Z    mature 
'Anjou'  pear  fruits after 40 days -1.1 C storage  sprayed  with 
low, medium, and high CaCl  rates during fruit development. 
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Fig.A.21.   Internal  ethylene during  ripening of  100% mature 
'Anjou'  pear  fruits after 55 days -1.1 C storage  sprayed  with 
low, medium, and high CaCl  rates during fruit development. 
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Fig.A.22.   Internal  ethylene  during  ripening  of 100%    mature 
'Anjou'  pear  fruits after 70 days -1.1 C storage  sprayed  with 

low, medium, and high CaCl  rates during fruit development. 
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Fig.A.23.   Internal  ethylene  during  ripening  of  100%  mature 
'Anjou'  pear fruits after 100 days -1.1 C storage  sprayed  with 
low, medium, and high CaCl  rates during fruit development. 
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Fig.A.24.   Internal  ethylene  during  ripening  of  100% mature 
'Anjou'  pear  fruits after 135 days -1.1 C storage sprayed  with 
low, medium, and high CaCl  rates during fruit development. 
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Fig.A.25.  Evolved ethylene during ripening of 85% mature  'Anjou' 
pear  fruits  after  70  days -1.1 C storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.26.  Evolved ethylene during ripening of 85% mature  'Anjou' 
pear  fruits  after  85  days -1.1 C storage  sprayed with  low, 
medium, and high CaCl  rates during fruit development. 
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Pig.A.27.  Evolved ethylene during ripening of 85% mature  'Anjou' 
pear  fruits  after 100 days  -1.1 C storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.28.   Evolved ethylene during ripening of 85%  mature 'Anjou' 
pear  fruits after  120 days -1,1 C storage  sprayed with low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.29.  Evolved ethylene during ripening of 85%  mature  'Anjou' 
pear  fruits  after  135 days -1,1 C storage  sprayed  with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.30.  Evolved ethylene during ripening of 100% mature 'Anjou' 
pear  fruits  after  85  days -1.1 C storage  sprayed with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.31.  Evolved ethylene during ripening of  100% mature 
'Anjou'  pear fruits after 100 days -1.1 C storage  sprayed  with 
low, medium, and high CaCl  rates during fruit development. 
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Fig.A.32.  Evolved ethylene during ripening of 100% mature 'Anjou' 
pear  fruits  after  120 days -1.1 C storage  sprayed with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.33. Evolved ethylene during ripening of 100% mature 'Anjou' 
pear  fruits  after  135 days -1.1 C storage  sprayed with  low, 
medium, and high CaCl  rates during fruit development. 
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Fig.A.34.  Respiration at harvest during attempted ripening of 85% 
mature  'Anjou' pear fruits sprayed with  low,  medium,  and  high 
CaCl  rates during fruit development. 
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Fig.A.35.  Respiration during ripening of 85% mature 'Anjou' pear 

fruits after 25 days -1.1 C storage sprayed with low, medium, and 
high CaCl  rates during fruit development. 
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Fig.A.36.  Respiration during ripening of 85% mature 'Anjou'  pear 
fruits after 40 days -1.1 C storage sprayed with low, medium, and 
high CaCl  rates during fruit development. 
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Fig.A.37.  Respiration during ripening of 85% mature 'Anjou' pear 
fruits after 55 days -1.1 C storage sprayed with low, medium, and 
high CaCl  rates during fruit development. 
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Fig.A.38.  Respiration during ripening of 85% mature 'Anjou'  pear 
fruits after 70 days -1.1 C storage sprayed with low, medium, and 
high CaCl  rates during fruit development. 
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Fig.A.39.  Respiration during ripening of 85% mature 'Anjou' pear 
fruits after 85 days -1.1 C storage sprayed with low, medium, and 
high CaCl  rates during fruit development. 
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Fig.A.40.  Respiration during ripening of 85% mature 'Anjou'  pear 
fruits  after 100 days -1.1 C storage sprayed with  low,  medium, 
and high CaCl  rates during fruit development. 
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Fig.A.41.  Respiration during ripening of 85% mature 'Anjou' pear 
fruits  after 120 days -1.1 C storage sprayed with  low,  medium, 
and high CaCl  rates during fruit development. 
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Fig.A.42.  Respiration during ripening of 85% mature 'Anjou'  pear 
fruits  after 135 days -1.1 C storage sprayed with  low,  medium, 
and high CaCl  rates during fruit development. 
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Fig.A.43.  Respiration at harvest during attempted ripening of 
100% mature 'Anjou' pear fruits  sprayed with  low,  medium,  and 
high CaCl  rates during fruit development. 
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Fig,A.44.  Respiration during ripening of 100% mature 'Anjou' pear 
fruits after 25 days -1.1 C storage sprayed with low, medium, and 
high CaCl  rates during fruit development. 
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Fig.A.44.  Respiration during ripening of 100% mature 'Anjou' pear 
fruits after 40 days -1.1 C storage sprayed with low, medium, and 
high CaCl  rates during fruit development. 
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Fig.A.46.  Respiration during ripening of 100% mature 'Anjou' pear 
fruits after 55 days -1.1 C storage sprayed with low, medium, and 
high CaCl  rates during fruit development. 
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Fig.A.47.  Respiration during ripening of 100% mature 'Anjou' pear 
fruits after 70 days -1.1 C storage sprayed with low, medium, and 
high CaCl  rates during fruit development. 
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Fig.A.48.  Respiration during ripening of 100% mature 'Anjou' pear 
fruits after 85 days -1.1 C storage sprayed with low, medium, and 
high CaCl  rates during fruit development. 
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Fig.A.49.  Respiration during ripening of 100% mature 'Anjou' pear 
fruits  after 100 days -1.1 C storage sprayed with  low,  medium, 
and high CaCl  rates during fruit development. 
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Fig.A.50.  Respiration during ripening of 100% mature 'Anjou' pear 
fruits  after 120 days -1.1 C storage sprayed with  low,  medium, 
and high CaCl  rates during fruit development. 

40 

30 - 

30 

20 - 

20 - 

IB 

10 

0 - 

□  Control Ca spray 
+  Medium Ca spray 
0  High Ca spray 

T T —I— 
10 a    a    io   12 

RPENNO TOE, MYB AT 20 0 

14 
—T— 
18 18 

Fig.A.51.  Respiration during ripening of 100% mature 'Anjou' pear 
fruits  after 135 days -1.1 C storage sprayed with  low,  medium, 
and high CaCl  rates during fruit development. 
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