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Abstract. 'Anjou' pears were sprayed with 2 concentrations of

Abstract approved:

CaCl, during fruit development and harvested at 70 N flesh
firmness, Pears were held at -1.1°%, 5°, 10°, or 20° C for up to
100 days then ripened at 20° C for 11 days. Unexpecﬁently,
fruits stored at 20° C lost firmness and chlorophyll after 20 days
without ethylene exceeding 0.3 ul/l, Only after 70 days did
ethylene begin to rise above 1 ul/l and be sustainable., Fruits
stored at -1.1° C produced climacteric ethylene after 55 days and
firmness decreased in response to climacteric ethylene. Fruits
stored at 5° or 10° C required only 40 days to produce climacteric
ethylene, Calcium-treated pears had significantly lower internal
ethylene and greater firmness in all treatments, but calcium had
only a small effect on ripening parameters of 10° C stored fruits.

Both linoleic acid, the major fatty acid of 'Anjou' pear
total lipids, and linolenic acid increased 100% during storage
at -1,1°, and about 50% during storage at 5° or 10° C but did
not increase during 20° C storage. Calcium treatments did not
affect on fatty acid profiles. While linoleic acid simultaneously

increased with chilling satisfaction, the significance of this



relationship 1s not yet known,

Fruits held at =-1.1° C retained firmness and chlorophyll
with little change 1in total proteins, amino acids, or soluble
polyuronides, However, when fruit chilling requirements were
satisfied (ie, after 70 days), internal ethylene peaked to 1.8
ul/1, ACC to 0.9 unmoles/g, and ethylene-forming enzyme(s) (EFE)
activity to 71 nl CZH4/g/h, while titratable acidity decreased and
sensitivity to propylene maximized. Pears stored at 20° C first
softened, lost chlorophyll and titratable acidity and 15% of the
cell wall polyuronides became soluble, Ethylene-forming enzyme(s)
activity peaked then before ethylene, ACC, and total proteins
increased. Sensitivity to propylene accelerated after the

firmness decreased,
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DIFFERENTIAL STORAGE TEMPERATURE AND DURATION EFFECTS ON ETHYLENE

SYNTHESIS AND FIRMNESS OF 'ANJOU' PEARS

CHAPTER I

INTRODUCTION

Ethylene, a plant hormone produced by climacteric fruits, is
known to regulate fruit ripening. Many factors can influence
storage life of fruits. Susceptibility to decay, mechanical
injury, and rapid softening are but a few factors in addition to
the normal senescent processes which 1limit storage life.

Storage life of pear fruits (Pyrus communis) is often related to

the initiation of fruit ethylene production, Differences 1in
timing of ethylene production and 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 storage lifes., Conversely, if ethylene production can be
delayed, storage life can generally be increased.

'Anjou' pears harvested at normal mwmaturity usually require
about 60 days of cold storage to initiate ripening. However,
additional calcium from orchard sprays or other factors can
increase the amount of chilling requirement up to 50%. Knowledge
of 'Anjou' fruit physiology 1is important not only from a
scientific point of view but also because it may provide a tool
for better control of ripening, and may have value in predicting

useful storage life of the fruits., Knowing the storage behavior



of lots of fruit may improve marketing decisions,

The objectives of this thesis are to examine and describe
certain effects of storage temperature, fruit calcium, and
propylene_on chilling requirements for ripening of 'Anjou' pear
fruitsfﬁq“?v

Chapter II develops the literary background pertinent to the
thesis problem.

The first manuscript (Chapter III) describes the effects of
storage temperature and fruit calcium levels on chilling
requirements and ripening of 'Anjou' pear.

The second manuscript (Chapter IV) describes changes in
fatty acid composition of 'Anjou' pears in relation to storage
temperature, fruit calcium and chilling requirements,

The third manuscript (Chapter V) describes the ripening
behavior of 'Anjou' pear fruits ripened directly at 20° C as
compared to fruits stored at -1.1° C for various amounts of time
and then ripened at 20° C, as expressed by the changes of various
ethylene synthesis parameters and other biochemical constituents
such as protein, soluble pectins, etc,, associated with ripening.

The fourth manuscript (Chapter VI) investigates changes in
chilling requirements and sensitivity to exogenous propylene of
'Anjou' pears during storage at 20° C or -1.1° C.

Since these chapters are assembled in journal manuscript
format, several figures redundant to the manuscript have been

relegated to the appendix section.



CHAPTER II

LITERATURE REVIEW

Ethylene is a simple nydrocarbon gas, a natural product of
metabolism which regulates or influences numerous plant growth,
development, and senescence processes, including ripening (1).

Among the physiological effects attributed to ethylene are:
stimulation of ripening of fleshy fruits (1,45,48), stimulation
of leaf abscission (1,6,116), inhibition or promotion of root
growth (55), and stimulation of membrane permeability (225). The
interactions of ethylene and other kinds of plant hormones are
numerous and complex (50,130,133,154,166,205,211) 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 (29).

Non-climacteric fruits exhibit a fairly steady respiration
rate during ripening (1) and often change slowly as they ripen.
Treatment of non-climacteric fruits with ethylene causes an
unnatural climacteric-like respiratory €O, increase, (which
subsides on removal of ethylene) but not an increase in
endogenous ethylene. Climacteric fruits show a decrease in

respiration rate as the fruits mature (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 fruits enter a senescent
decline. Ripening of climacteric~type fruits is associlated with,
and usually preceded by large increases in ethylene production.
Treatment with sufficient ethylene concentration in the pre-
climacteric stage 1induces the climacteric response and ethylene
production and this ripening process 1is irreversible after the

endogenous ethylene increases beyond a certain threshold level of

b
i
\
about 1 :212: Aminoethoxyvinylglycine (AVG), a methionine

homologue, and an ethylene synthesis inhibitor, vacuum infiltrated
into 'Bartlett' pears retarded ripening (167). AVG sprayed on
tree~ attached apples delayed fruit ripening, reduced fruit drop,
and increased fruit removal force (22). Under hypobaric
conditions, removing ethylene retarded ripening and senescence
(72). Mc Murckie, et al (158), found that propylene, an ethylene
homologue, induced ethylene production in bananas (climacteric
type) but not in citrus fruits (non-climacteric type). The
authors suggested that biogenesis of ethylene 1in climacteric
fruits is regulated by two systems: Systembi: which 1s involved
in the regulation of aging processes and 1s 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 1s missing in
non-climacteric fruits,

Burg and others (45,46) have shown that for several



climacteric fruits, 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 respiratory climacteric,
ethylene concentrations in excess of 3 ul/l in the central cavity
of melon, is sufficient to induce the climacteric (190). Internal
ethylene (0.02 ul/l) initiates ripening in apples although other
factors may control the action of ethylene (186). The rise 1in
internal ethylene concentrations appears promising as a maturity
index for predicting ripening ability of apples (200). Fruits
attached to the tree are 1less sensitive to ethylene than are
harvested fruits, indicating that an inhibitor(s) may be
translocated from other parts of the tree (207). Avocado fruits
fail to ripen while still attached (238). Also, in 'Fuerte'
avocado and 'Chaffey' cherimoya, the amount of internal ethylene,
was believed to be insufficient to stimulate ripening at the
beginning of the respiratory climacteric (l116). Tomatoes show a
different pattern. Immature tomatoes have a respiratory co,
climacteric but do nof show ethylene production or other aspects
of ripening. A respiratory climacteric and ethylene production
occur together during ripening of more mature tomatoes (211).
Immature tomatoes exhibit a climacteric increase in respiration
when treated contiﬂuously with ethylene (137). However,
substituting propylene for ethylene there was not a change 1in
endogenous ethylene production until other symptoms of ripening

(color) appeared (155). Pratt and Goeschl (183), 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 1n cell
wall pectin content has been reported for virtually every ripening
fruit (172,184). These observations have led to a great many
studies which have documented the involvement of pectolytic and
cellulolytic enzymes (polygalacturonase, pectinesterase and
cellulase) in wall degradation (183). The degradation of pectates
mediated by polygalacturonase is substantially inhibited by
calcium (64). The cell-wall-bound calcium fraction in storage
tissue of apple fruits constitutes up to 90% of the total calcium
(76). Calcium strengthens the cell wall by bridging the
carboxylic groups of pectates (151). High fruit calcium from
preharvest spraying or postharvest dipping with calcium chloride
is related to flesh firmness 535325339 during sforage
(143,144,189) and ripening (86,189). In calcium deficient
M
cucumber root tissue, polygalacturonase activity 1increases with
the appearance of the typical symptoms of calcium deficiency in
ripening fruits: the disintegration of cell walls and collapse of
the affected tissues such as the petioles and upper parts of the
stems (116). Decreases in cell wall neutral sugar content (mainly

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

fruits (106,111,228). Losses of neutral sugars are generally



analyzed by hydrolyzing cell walls prepared from fruits at
different stages of ripeness and by determination of
monosaccharide content (106,228). Losses of galactose residues
from apple cell walls was similar for applications of high or low
ethylene concentrations (112).

The ground color of the skin is determined by the
concentrations of chlorophyll and carotenoids (87). The color
changes may be due to degradative or synthetic processes, or both.
Chlorophyll wusually degrades with fruit maturity and ripening and
thus the carotenoids contribute more to the color (77,87).

There is also an increase in soluble solids during fruit
ripening which can be influenced by the storage regime. This
increase could be due to conversion of starch to soluble sugars
and/or a release of cell wall bound neutral sugars (8,58,91). It
has been suggested by Ulrich (218) that most of the fruit organic
acids are localized in the vacuole of the pulp cells. Fruit acids
have been sthn to decrease with time after fruit set (95).
Titratable acidity is known to decrease during fruit ripening and
storage (56,99,129). The rate of the loss in total or individual
organic acids has been reported to be retarded in apples (114),
and pears (129) during controlled atmosphere storage.

The metabolism of fatty acids during fruit ripening has
been little studied. 'Bartlett' pears which have been temporarily
stored at 0° C and then ripened at 20° ¢ appear to show a
decrease in linoleic and linolenic acid. However, apples treated

bl Ve O U

the same way showed an increase in linolenic acid, (196). An



increase in linoleic but a decrease in linolenic acid with
ripening of apples was observed in another study (84),., However,
Lurie and Ben-Arie (136), working with 'Calville de San Sauveur'
apples showed a decrease-in linoleic acid which was more evident
after the climacteric rise in ethylene. During ripening of banana
pulp tissue, a decrease in the proportion of linoleic and an
increase of linolenic acid was observed (225), Paulin, et al
(170), working with carnation suggested that peroxidation of fatty
e

acids Plez§~a fundamental role in the senescence process and
ethylene appears to be a by product rather than an initiating
factor. In 'Bosc' and 'Bartlett' pears the onset of ripening was
found to correlate with the peroxide content of the fruit tissues
(41). In addition to that, inhibitor studies suggest the
involvement of free radicals in the peroxide content of the fruit
tissues (13).

It is clear that there 1is also an increase in soluble protein
content during the climacteric (93). Cycloheximide, an inhibitor
of protein synthesis by 80s ribosomes, when infiltratgd into
harvested, mature fruit, prevents ripening in pears (80), and
bananas (40). Ribonucleic acid synthesis peaked just before the
onset of ripening (181), RNA synthesis is required for the
synthesis of new enzymes involved in ripening (182).

Polygalacturonase (PG) in tomatoes was produced de novo after
the beginning of autocatalytic ethyleme production (36,88). 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
(52,80,101,102,109), increased capacity of the fruit tissue slices
to decarboxylate malate (177) and 5 decline in malic acid content
of the fruit, gnggggggggg;gkigigg (PFK), pyruvate kinase (PK),
glucose-6-phosphate dehydrogenase (G-6-PDH), and malic enzyme
(ME), activity was accelerated by exogenous ethylene fruit
firmness decreased and respiration and ATP formation even at low

oxygen partial pressure and low temperatures increased (42),

B. ETHYLENE BIOSYNTHESIS

In 1966, Lieberman and Mapson (131) 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 (140), Methionine (1 mM) has little effect on
ethylene production in a variety of vegetative tissue (54).

Addition of methionine 1in Atropa belladona callus culture

decreased ethylene production (221). E:methionine more recently
has been shown to be the major precursor of ethylene in higher
plants (25,51,134,203), whereas D-methionine often act as an
inhibitor, The C-3 and C-4 of methionine were converted to

ethylene, C-1 to carbon dioxide, and C-2 to formic acid (51),
\/\"-\‘_’—_—

P s W, W
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while the sulfur atom and the methyl group were retained in the
tissues (51,245) and later shown to be recycled. Bacteria and
fungi can utilize 4~-methylthio-2-oxobutanoate in addition to
methionine to produce ethylene (30), and this was later shown to
be part of the recycling pathway back to methionine (121). Alfa-

ketoglutarate and glutamate can be utilized by Penicillium

digitatum, depending on growing conditions, to produce ethylene
by several pathways (148).

Inhibition of the conversion of methionine to ethylene (using
2,4-dinitrophenol, an oxidative phosphogylation electron transport
inhibitor) suggested a requirement for ATP (44,167,243),

Murr and Yang (167) 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) (167). The
same researchers, later found that MTA was recycled to
methionine in apple tissue. They postulated that MTA, possibly
through SAM, is an intermediate in the conversion of methionine to
ethylene (4). Adams and Yang later provided 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 MIR (5-S-methyl-thioribose) are closely related to
ethylene biosynthesis, in apple tissue (4). Previously, MTA was
shown to convert to methionine via MTR-1-P in tomatoes and
avocadoes (120), in rat liver (16), and in Enterobacter aerogenes

-

(209). Both the CHyS-group and the ribose portion of MIR are

HL S
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incorporated into the new methionine (150). Kushad, et al, showed
later that MTR-1-P converts to methionine via alpha-keto-gamma-
methylthiobutyric acid (alpha-KMB) (121) which is identical to 4-
methylthio=-2-oxobutanoate cited in earlier work (30).

Experiments with 14¢_pethionine fed to apple tissue, held in
air, in nitrogen, and first in nitrogen and then in air, has
shown that in the first treatment (air) ethylene was produced; in
the second (N,), l-aminocyclopropane-l-carboxylic acid (ACC) was
accumulated; and in the last case the accumulated ACC was
converted to ethyleme. This also proved that oxygen is required
for the conversion of ACC to ethylene (5).

Treatment of a variety of plant tissues with ACC increased
ethylene production (54), For several fruits, ACC synthase has
been suggested to be the rate limiting step in ethylene
biosynthesis (96,249). Endogenous ACC has been postulated to
regulate ethylene production in most plant tissues and fruit
tissues at the climacteric stage of maturity (96). ACC can also
be converted to its conjugated form, N-malomyl ACC (9,99,100,102).
In sections from hypocotyls of dark-grown mung-bean (Vigna radiata
L.) seedlings malonylation of D-amino acids and of ACC are
intimately interrelated (96). Malonyl-ACC occurs in peanut seeds
but does not serve as the source of ethylene during germination
(99). 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

l. Light, Light has been shown to regulate ethylene
production in plants. Illumination of sorgum seedlings (66),
cranberries (65), 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 (68). Also a
blue/far red light spectrum increased ethylene in peach apices
(74). After a red light pulse on etiolated pea seedlings, ACC
content, ACC oxidase activity, and ethylene production were
increased (68). However, the conversion of exogenously applied
ACC to ethylene was reversibly inhibited by light in tobacco (68)
and in water—-stressed wheat leaves (240).

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
(1,245).

Bradford and Yang (34) have shown that waterlogging in tomato
plants not only blocks the aerobic conversion of ACC to ethylene
in the root, but also causes increased synthesis of ACC which is
subsequently transported through the xylem to the shoot where it
is aerobically converted to ethylene, causing to petiole epinasty.
Yu and Yang (249), working with mung bean hypocotyls, orange
peel, and unripened green tomatoes, have shown that ACC synthase

regulates stress and wound ethylene, ACC synthase and the
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production of ethylene forming enzymes (EFE) are both stimulated
by wounding in cantaloupe, and in addition, EFE are stimulated by
ethylene (247).

3. Carbon dioxide. Carbon dioxide prevents or delays ethylene
production., At 1% (1) and 8% (52) concentration, CO, inhibited
ethylene production. The concentrations of CO, giving half-maximal
inhibition of ACC-dependent ethylene production is only several-
fold higher than the ambient level of C02 in the atmosphere (247).
€0, is used in commercial controlled atmosphere storage of fruits
to help delay the ripening action of ethylene, and also to reduce
the respiration rate.

4. Oxygen. Low oxygen inhibits ethylene production. Propylene
administered in 6.5% 0, or less did not induce ethylene production
by 'Red Delicious' apples. An anaerobic atmosphere was necessary
to completely inhibit ethylene synthesis in fruits once
autocatalysis began (207). Apple tissue ceased ethylene
production soon after it was placed 1n nitrogen atmosphere.
Ethylene production resumed when the tissue was again placed in
air (5).

5. Plant hormones. Auxin (IAA) induces ethylene production
especially in vegetative tissues. Abscisic 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 (165). Auxin regulates
ethylene production in mung bean hypocotyls by acting on ACC

synthase, a key enzyme that converts SAM to ACC (243,244,248,249).
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Auxin inhibits ripening in 'Bartlett' pears at early stages of
maturity, but promotes ripening if applied at late maturity (79),
In several studies on the effect of cytokinin on leaf senescence,
there was substantial agreement (119,225) that cytokinin
maintained protein by retarding the rate of breakdown rather than
enhancing the rate of synthesis, Reports on the effects of
cytokinins on fruit ripening also indicate that they act as
senescence retardants, particularly of the peel (198).

6. Organic compounds. Aminoethoxyvinylglycine (AVG), and
amino-oxyacetic acid (AOA), both inhibit ACC synthase action
(249), and other rhizobitoxine analogs have been shown to inhibit
ethylene production (17,18,96,146,249). Sensitivity of the tissue
to these compounds decreases with the age of the tissue
(132,138). Preharvest applications of AVG inhibit ethylene in
pears (169,197,235) and apples (38) during storage. A period of
storage at 0° C, which promotes uniform ripening in 'Bartlett'
pears after transfer to 20° C, counteracted the effects of
preharvest applications of AVG (197). However, ethylene production
was inhibited in pears removed from storage at 0° C and vacuum
infiltrated with AVG. Infiltration with AVG also resulted in
delayed respiratory climacteric and retarded ripening changes.
Treatment of inhibited fruits with ethylene overcame the effects
of AVG (169).

Cyclohexamide inhibits chemically stress—induced ethylene
(2,241) and actinomycin D inhibits auxin-induced ethylene (241).

Uncouplers of oxidative phosphorylation (such as 2,4-
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dinitrophenol) (12,13), free radical scavengers such as n-propyl
gallate or sodium benzoate (12,13,17), and phenothiazimes (115),
also 1inhibit ethylene synthesis. Benzohydroxamic acid and 3-
chlorobenzohydroxamic acid, however, promote ethylene synthesis
in the presence or absence of ACC in cocklebur cotyledons (202).

Carbohydrates have also recently been shown to stimulate
ethylene production via an auxin-induced increase in ACC synthase
activity and, more specifically, galactose has increased ethylene
production in tobacco leaf discs (173). In another study,
galactose stimulated ethylenme production and increased free ACC in
aged tobacco leaf discs (174), Galactose at 400 to 800 ug/g of
tomato fresh fruit weight stimulated a transient increase 1in
ethylene within 25 hours after infiltration. Transient increases
in ethylene were also caused by infiltrating galacturonic acid,
dulcitol, and mannose (108).

Cell wall fragments obtained from the digestion of pear cells
by macerase (a mix of polygalacturonases and cellulases) led to
rapid and transient ethylene production when applied to pear
suspension culture cells (215). Induction of ethylene
biosynthesis has also been observed by cell wall digesting
enzymes like cellulysin (11)., ©Purification of cellulysin
revealed that the ethylene inducing factor of this enzyme mixture
is a protein different than the ethylene inducing factors of
pectinase, pectinlyase, and rhozyme enzymes (82). Recently,
tomato polygalacturonase has been reported to induce ethylene

production in tomato fruits (19).
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7. Inorganic compounds. Several metallic ions can play
regulatory roles 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 (28). In addition, silver ion inhibits ethylene
production in fruits (104), and vegetative tissues (7,27). Silver
ion has been commercially used in cut carnations to extend their
vase life (223) 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 (124), and effectively blocked the conversion of ACC to
ethylene, While cobalt is quite effective, because it is a heavy
metal and possesses mammalian toxicity at the concentrations
needed to inhibit ethylene it will likely not be cleared for use
on edible crops.

Copper chelators blocked ethylene synthesis in apple tissue
slices (135).

The physiology of plants is profoundly influenced by the level
of calcium during growth and development (107,175). Although
calcium was reported to enhance ethylene production in excised
mung bean hypocotyls (125,246), apple protoplasts (10), potato
discs (15), and aged slices of postclimacteric apple (132), 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 (127). In most naturally occuring systems, calcium seems
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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 (20,165, 179, 188, 204). Respiratory
rate and ethylene production (20,75,132,205), were also reduced.
Calcium deferred senescence in leaf discs (177). Low calcium
content 1is also associated with rapid senescence of vegetative
tissue (20).

An antagonistic interaction between calcium and ethylene was
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 (238). 'Anjou' pears affected
with cork spot (a calcium deficiency disorder similar to apple
bitter pit) produced more and earlier ethylene than healthy
fruits (165). Low calcium in 'Anjou' pear fruit decreases the
chilling requirement to induce ripening (222), indicating that
calcium may be affecting the conversion of ACC to ethylene (222)
or possibly other intermediates in ethylene synthesis. In
tomatoes, the delay and reduction in intensity of the climacteric,
in calcium infiltrated fruits is associated with reduced ethylene
production (239). Similar results were observed with calcium
infiltrated avocado treated with 500 ul/l propylene (73),
compared to non-treated (73,223), Poovaiah and Leopold (177)
reported a similar delay in the ripening of high calcium content
bananas,

There 1s much evidence that calcium 1is of fundamental
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importance for regulating and maintaining membrane permeability
and the maintainance of cell integrity (169). Electron microprobe
studies of Roland and Bessoles (202), 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 (219). Impairment of membrane
permeability by calcium deficiency, like the effect of EDTA,
reduces the retention of diffusible cellular compounds (70).
Membranes become leaky and as the deficiency progresses there is a
general disintegration of membrane structure (142), In whole
plants the disorder commonly 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 (162),
Addition of calcium can restore damaged membranes (21,53).
Marshner (162) suggests that the low calcium storage organs have 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. Calcium literally "tightens" the membrane
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phospholipids from an average area of 42 A to 39 A with high
calcium,

Research within the last decade initially in animal tissues
(141) and then more recently in plants (150,176,220) 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 more recently by altering phosphatidyl
inositol phosphates) and the same seems likely to be the case for
plants (176) as suggested by current research.

8. Chilling. In contrast to summer pears Wwhich ripen readily
without cold treatment, winter type pears usually require cold
treatment for a period of time to produce ethylene and ripen
(57,59,116,176,208 ). Wang, et al, (236) have shown that short
cold treatment in the orchard 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 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 sprays of gibberellins

or daminozide which delayed ripening. However, cold treatment
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reversed this effect (138). 'Bosc’ pears typically require 20
days at -1.1° C to be able to produce ethylene and ripen (59).
However, 6 days at 5° C before transfer to 20° C resulted in the
highest ethylene production and better ripening (208).

'Anjou’ pears usually require 50 to 60 days cold storage at
-1.1° ¢ (56,60,180) in order to ripen. However, in some instances
ethylene production has been reported to be initiated shortly
after harvest (57), or even at harvest (236). High calcium
content in the fruits prolonged the cold requirement of 'Anjou'
pears (222). Preharvest exbosure of 'Anjou' pears for 6 weeks at
17.2° C and 13.9° C daily hourly average (DHA) resulted in normal
ripening, but 20° C and 11.7° C resulted in failure to properly
ripen, and much lower quality, after long term storage (160).
Preharvest temperatures early in the season are very important in
determining harvest maturity date of 'Anjou' pears (159).
Sensitivity of 'Anjou' pears to exogenous ethylene increased
progressively during maturation. Flesh firmness decreased, while
ethylene production, respiratory rate, and protein content
increased (237). In many cases, however, when the pears were
treated with 0.05 or 0.1 ul/l ethylene the pears softened before
any autocatalytic ethylene was observed (237).

In another study (86), 'Anjou' pears treated with 500 or 50
ul/1 propylene (these are the equivalent to 4 and 0.4 ulu/l
ethylene) at harvest, softened from 6.8 to 2 Kg flesh firmness
before autocatalytic ethylene was triggered, However, after 110

o

days in -1.1° C storage, the loss in firmness occured
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significantly with the rise in ethylene. The trigger of
autocatalytic ethylene by the 500 ul/l propylene at harvest
required 9 days, but after 110 days in -1.1° C storage, only 2
days. This further suggests that the sensitivity of the fruits to
propylene increases with storage time. A decrease in flesh
firmness before the rise in climacteric ethylene occured within
10 days at 20° C ripening and after 60 days in -1.1° C storage of
85% mature 'Anjou' pears (232), This decrease in firmmness prior
to the climacteric rise in ethylene was also observed by Toumadje
and Richardson (216) when 'Anjou' pears were ripened at 20° C
after they had been stored from 1 to 5 weeks in -1,1° C,

In an earlier work, Porritt (180) investigated the effects of
temperature on respiration, firmness, and other quality
characteristics of 'Anjou' pears and concluded that a chilling
requirement was necessary for ripening and that -1° C storage
temperature compared to 0° C increased the storage life by 40%. By
examining this work more carefully we can observe that when the
pears were held at 15° or 20° C the pears lost their firmness
before any respiratory climacterjic rise occured,

Blankenship and Richardson (31), have shown that during the 46
days chilling required for 'Anjou' pear fruits to initiate
ethylene production, the capacity to convert exogenous ACC to
ethylene preceded the endogenous production of ACC and ethylene,
In 'Conference'pears, ethylene synthesis and ACC synthase activity
increased rapidly after slicing of pears held at -1° C but more

slowly in discs cut from pears immediately after harvest. The
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formation of the mRNA for ACC synthase is suggested to have also
occured in -1° C storage (113).

Cold treatment (which actually causes chilling injury in
cucumbers) stimulated ACC synthase, ACC, and ethylene production
in cucumbers, but only after they were transferred to warmer
temperatures (230). However, cucumbers chilled at 2.5° C showed
an increased capacity to synthesize ACC accompanied by a
diminished loss of galactose residues (cell walls) relative to
those exposed to non-chilling temperature (12.5° C) (90).

Ethylene synthesis occurs even at 0° C at low levels until
fruit are transferred to 15° C, suggesting that those ethylene
levels are adequate to autocatalytically trigger further
ethylene production (116).

9. Autocatalysis. Autocatalysis of ethylene production is a
common phenomenon of climacteric fruit, Ethylene above a
threshold concentration triggers its own production in many plants
(92,237). Trewavas (217) 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 substances. Sensitivity of fruit to
ethylene is not constant throughout the life of the fruit., Most
fruits become more sensitive with increasing time after anthesis
(155). Fruits still attached to the tree are less sensitive to
ethylene than harvested fruits (158), suggesting that a ripening
inhibitor may be supplied by the parent plant and this is well

known for avocadoes (43). Ethephon (233) and propylene
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(154,160,207) can also induce ethylene production. Propylene,
like ethylene, causes epinasty, inhibits elongation of pea
subapical sections, and promotes ripening (67). Propylene was
found to be the second most active compound (after ethylene)
mimieing ethylene activity. Equivalent molecular concentration
requirements of propylene to cause half maximal ethylene responses
was found to be 130 times that of ethyleme (49).

It has Been suggested by Hackett, et al (92) 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 (33,96,244), as well as
conversion of ACC to ethylene (97,222,244), is stimulated by
propylene during fruit ripening. However, inhibition (i.e., auto-
inhibition as opposed to auto-catalysis) of ethylene production by
ethylene has also been reported for non-climacteric fruit tissue
(193), developing (252) and mature (39, 224, 251) climacteric
fruit, in wounded (194,201), and in IAA-treated (7) vegetative
tissues., In wounded citrus peel tissue, this inhibition may be
due to inhibition of ACC synthase formation and activity (192).
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 TEMPERATURE AND FRUIT CALCIUM ON RIPENING AND CHILLING

REQUIREMENTS OF 'ANJOU' PEARS

Additional index words: Pyrus communis, postharvest physiology,

ethylene synthesis, firmness, storage.

Abstract. 'Anjou' pears were sprayed before harvest with 2
concentrations of CaCl, at the Mid-Columbia Experiment Stationm,
Hood River Oregon, and harvested at 68 N firmness. The fruits were
held at -1.1°, 5°, 10°, and 20° ¢, for 0, 13, 25, 40, 55, 70, and
85 days, before evaluation for ability to ripen when held at 20° C
for up to 11 days.

‘Control fruits stored at -1.1° required 55 days in order to
be able to produce more than 1 ul/l internal ethylene during
ripening at 20° C. A decrease in firmness was associated with
increased ethylene. Calcium-sprayed fruits showed the same
pattern, but were able to produce more than 1 ul/l ethylene only
after 70 days of -1.1° C storage.

Fruits held at 20° C storage, required 70 days to produce
more than 1 ul/l of ethylene., Climacteric ethylene appeared only
after firmness decreased to about 20 N, Calcium-sprayed fruits
showed the same pattern, but required 80 days at 20° C to produce
more than 1 ul/l ethylene and resisted softening for about 50
days.

Untreated pears stored at 59 or 10° C both required 40 days



25

to produce internal ethylene concentrations greater than 1 ul/1,
whereas the calcium-sprayed fruits at 5 or 10° C required 55 and
40 days, respectively. Fruit ripening at 5° or 10° C was
intermediate between -1.1° and 20° C stored fruits in relation

to softening and ethylene synthesis.,

INTRODUCTION

Winter pears usually require a period of cold storage in
order to ripen and produce ethylene. Summer pear cultivars such
as ‘'Bartlett' require no or only a very short cold treatment of
a few days in order to increase ethylene production (236) and
induce ripening (138). Among the winter pears, in one study (59),
mature 'Bosc' required 20 days at -1.1° C to initiate ripening,
but in another study required only 6 days at 5° C to initiate
ripening at 20° C (208). Storage at -1° C for a sufficient (but
unspecified) period abolished the lag in ripening of 'Conference'
pears (109). 'Eldorado' pears require about 40 days in 0° C to
produce ethylene and ripen (229).

'Anjou' pears normally require 50 to 60 days (59,56,60) 1in
cold storage at -1.1° ¢ to ripen. However, depending upon the
fruit calcium concentration, and possibly other factors, they wmay
require as much as 90 days (59), as few as 30 days (59) or even
zero days (237) in cold storage at =-1.1° C to begin to ripen at
20° C. In an earlier study, Porritt (181) investigated the effects

of temperature on respiration and firmness in 'Anjou' pears. A
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more rapid loss in firmness with higher temperature was observed
and in all cases this happened before the climacteric rise of
CO,. High calcium 'Anjou' pear fruits required 15 more days in
cold storage in order to initiate ripening than did 'normal'
calcium fruits (86,222).

Increased calcium levels in apples and pears were found to
retard senescence and to reduce physiological disorders during
storage (23,165,179,181,204). Increased calcium levels have been
associated with reduced respiratory rate and ethylene production
in apples and pears (23,75,132,199). The effects of calcium on
postharvest physiology of fruits are also related to promotion of
flesh firmness and delayed softening of pears (222) and apples
(143) during cold storage.

Exogenous ethylene applied to immature and mature 'Anjou'
pears can induce ripening and softening. 'Anjou' pear sensitivity
to exogenous ethylene increases as fruits mature (237),
Treatments at harvest with various concentrations of propylene,
on both calcium-sprayed and control fruits, resulted first in a
decrease in firmness followed by an increase in autocatalytic
ethylene. While autocatalytic ethylene production in calcium-
treated 'Anjou' pear fruit was not different than the control,
calcium-treated pears softened less rapidly (86).

The purpose of this study was to investigate the extent to
which 'Anjou' pear chilling requirements for ripening were
affected by the storage temperature and fruit calcium

concentration.
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MATERIALS AND METHODS

Two groups of ten mature 'Anjou' trees were selected at the
Mid-Columbia Experiment Station, Hood River, Oregon in 1985, and
sprayed .eight consecutive weeks (during fruit development) with
0 (control), or 32,3 mM calcium chloride plus B-1956 surfactant.
All fruits were harvested based on 147 days from full bloom and 68
N flesh firmness of the control fruits. The fruits were
transferred into perforated polyethylene film-lined 20 kg
cardboard cartons and placed in -1.1°¢c, 5° ¢, 10° c, or 20° ¢
storage rooms until they were used. All the fruits were screened
for cork spot and only healthy fruits used.

Fruit samples were taken at harvest and later from each
storage temperature treatment after 13, 25, 40, 55, 70, and 85
days and placed in a 20° C room to ripen for 11 days. Five
replicates for each ripening day at 20° ¢, temperature and
calcium rate were used. Internal ethylene and flesh firmness were
measured every other day for fruits stored at different
temperatures and then ripened at 20° C.

Ripening parameter determinations. A one ml internal
atmosphere sample was pulled by syringe from the water—immersed
pears and internal ethylene was measured with a Carle Model 311
flame ionization gas chromatograph equipped with a 2.0 m, 80/100
mesh, activated alumina column, For comparative purposes,
internal ethylene at 1 ul/l was arbitrarily chosen as having
physiologic activity. The same five fruits were used for flesh

firmness measurements (two punches on each fruit) by a Hunter
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force gauge model LKG-1 12 kg tester equipped with 8mm tip, in a
UC Davis apparatus.,

Calcium determinations: After each ripening series was over,
all fruits of the first -ripening day, were washed and used for
calcium extraction by the method described by Perring (135), as
modified in our lab (148). Ten grams of a 1l:1 fruit-water
suspension were transferred into a serum-capped test tube, 10
ml of concentrated HCl (37.8%Z A,R.) were added and tubes were
capped. Capping considerably reduced 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,
in all extracts in order to reduce mineral interferences. The
filtrate was diluted to 25 ml with distilled water. Calcium was
determined in a Perkin Elmer Model 303 Atomic Absorption
spectrophotometer calibrated against CaCl, 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.
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RESULTS

This study investigated the effects of storage temperatures
(-1.1°, 5°, 10°, and 20° C) and fruit calcium on chilling
requirements of 'Anjou' pear by measuring the ripening parameters
(fruit firmness, and internal ethylene) at 20° C after the fruits
were stored for various periods of time,

For the preharvest spray treatments of water plus surfactant
(control), and 4.2 mg CaClz/l, the fruit calcium concentrations
were found to be 5.59 and 6,61 mgCa/100gr F.W., respectively. The
32.3 mM CaCl, -sprayed fruits calcium concentrations were
significantly different compared to the control (LSD,05: 0.92).
The internal ethylene was found to be 0.l16 and 0.08 ul/1 (LSD.05:
0.12), and the flesh firmness was found to be 67.6 and 71.3 N
(LSD.05: 6.2) for both control and calcium treated-pears

respectively, at harvest,

I. Storage temperature effects on ripening parameters of control
'Anjou’ pears (no calcium treatment).

A. FIRMNESS.

Fruit firmness during -1.1 @ C storage declined only about 7
N (ie, from 68 to 61 N after 85 days). However, fruits stored at
59 ¢ retained their firmness for about 40 days followed by a
rapid decrease to 17 N on the 70th day. Fruits stored at 10° or
20° ¢ gradually softened to 15 N within 55 and 70 days,
respectively (Fig.III.l.).

Storage at -1.1° ¢ (Fig.III.2.). Fruit firmness at harvest



30

was 67.6 N, and only slightly decreased during the first 1l days
when the fruits were subjected to 20° C ripening. From 25 through
40 days of -1.1° C storage, fruit firmness was 60 N and remained
constant for the 1l days of attempted ripening at 20° C. After
55, 70, and 85 days of cold storage, fruit firmness had
decreased to 25, 19, and 11 N, respectively, by the llth day of
20° C ripening.

5° C storage temperature (Fig.III.3.). No decrease in the
initial 68 N firmness was observed when the pears were subjected
to ripening from harvest through 13 days of 5° C storage.
However, after 25 days of 5° C storage, fruit firmness began to
decrease, and thus after 40, 55, and 70 days substantial
softening was evident on transfer to ripening temperatures.

10° C storage temperature (Fig.III.4). Marked decreases in
firmness were observed only after the fruits had been stored at
10° ¢ for 25 days or longer. Fruits ripened after 25 days in 10°
C had decreased firmness to 38 N in 11 days at 20° C while fruits
stored for 40 and 55 days softened to 10 N by the 7th day of
ripening at 20° C.

20° C storage temperature (Fig.III.5.). Only slight firmness
loss was observed when the fruits were stored at 20° C for 13
days. After the 13th day the fruits started softening and the
firmness decreased to 45, 38, 20, and 10 N on the 25th, 40th,

55th, and 70th day of storage at 20° ¢, respectively.
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B. INTERNAL ETHYLENE.,

Fruits stored at -1.1° C showed a slight increase in internal
ethylene which reached about 3 ul/l on the 85th day. The increase
in internal ethylene that led to the climacteric rise for pears
stored at 5% C or 10° C was observed only after the 25th day.
However, fruits stored at 20° C showed little internal ethylene up
to 40 days, and then an increase to 40 ul/l on the 70th day
(Fig.III.6.).

-1.1% ¢ storage temperature (Fig.III1.7.). The first
detectable rise of internal ethylene above 1 ul/l when transferred
to 20° C, was observed in fruits after 55 days of =-1,1° ¢
storage, This would be considered the normal wminimum chilling
requirement and typical of this pear variety.

After 70 days of -1.1° C storage and 11 days ripening at 20°
C, internal ethylene rose to 10 ul/l, After 85 days in cold
storage the internal ethylene in fruits increased considerably,
and reached 45 ul/l after 11 days.

5% C storage temperature (Fig.III.8.). Internal ethylene
remained at very low levels from harvest through 25 days in
storage, Internal ethylene rose above 1.0 ul/l only after the
fruits were 40 days in cold storage followed by 9 days ripening
at 20° C. Internal ethylene rose to 15 ul/l after 11 days
ripening.

After 55 days in 5° C cold storage the fruits were capable

of producing more ethylene, Ethylene production was markedly

increased after the fruits were held for 55 and 70 days in cold
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storage and the chilling requirements were completely satisfied.
Internal ethylene peaked at 51 and 55 ul/l, respectively,

10° C storage temperature (Fig.ILI.9.). Internal ethylene
remained low upon transfer to 20° C, until after the fruits were
held foé 25 days at 10° C. Increasing amounts of ethylene (above
1.0 ul/1) were found during ripening at 20° C after the fruits
were held at 10° C for 40 days or more. When the fruits were held
for 55 days in 10° C and then transfered to 20° C, internal
ethylene appeared to decline, probably indicating that peak
ethylene production had already occurred in 10° C storage and
prior to 20° C ripening.

20° C storage temperature (Fig.IIL.10.). Immediately after
harvest a small increase in internal ethylene occurred and a minor
peak was reached on the 6th day at 0.6 ul/l. The internal
ethylene remained low after 25 and 40 days at 20° C. Only after
55 days did ethylene rise above 1 ul/l, and peaked after 70 days

in 20° C.

1I. Fruit calcium effects on ripening parameters.
A, FIRBMNESS.

While there may not always have been differences in firmness
large enough to be statistically significant relative to fruit
calcium treatments, fruits with high calcium were consistently
firmer than the controls by 4 N at harvest and by 1-4 N during
storage at -1.1°, 5°, or 10° C. Larger differences (+ 4 to + 30 N)
in firmness of calcium—-treated fruits compared to controls were

only observed in fruits stored at 20° C (Fig.III.l.).
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-1.1° ¢ storage temperature (Fig.III.ll.). Fruit firmness
of calcium-treated pears remained fairly constant during the first
55 days in cold storage followed by ripening at 20° C. However,
the firmness of control: fruits remained constant for only 40
days in cold storage. After 70 and 85 days in cold storage,
calcium-treated pears softemed significantly by the 1llth day at
20° C and the flesh firmness was 52 and 15 N, respectively.,

5¢ C storage temperature (Fig.III.12), Attempts to ripen
calcium—treated fruits at harvest or through 25 days of cold
storage failed to elicit ripening responses contrary to what
happened with the control fruits, Fruit softening response of
calcium~treared pears at 20° C was first shown after the pears had
remained in cold storage at 5° C for 40 days. After 55 or 70 days
cold storage plus 11 days of ripening at 20° C, both control and
calcium-treated fruits had softened to 10 N on the 7th day.

10° C storage temperature (Fig.III.13.). Calcium~treated
pears retained most of their firmness when they were stored for 25
days in 10° C storage followed by ripening at 20° C. The control
fruits however, showed a significant decrease in firmness after 25A
days in storage. After 40 days in cold storage the flesh firmness
of both the calcium-treared and control pears dramatically
decreased to 10 N within 7 days in 20° c.

20° C storage temperature (Fig.III.5.). Calcium-sprayed
'Anjou' pears retained most of their initial firmness through
55 days in 20° C storage. The control retained firmness only for

20 days. The calcium—-treated and control fruits softened to 20 N
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at 90 and 55 days of storage, respectively,

B. INTERNAL ETHYLENE,.

During storage at -1.1°, 5°, or 10° C calcium-treated fruits
produce consistently less (although not statistically different)
ethylene than the controls. Only calcium-treated pears stored at
20° C showed a difference of about 10 days later to produce
climacteric ethylene than the controls (Fig.III.6.).

-1.1° C storage temperature (Fig.III.l4.). The first
detectable rise of internal ethyleme above 1 ul/l at 20° ¢
ripening was observed in calcium-treated fruits after 70 days -
1.1° ¢ storage, and this was 15 days later than the controls.,
After 85 days of -1.1° C storage, internal ethylene rose calcium-
treated pears to 28 ul/l after 11 days at 20° C.

5° C storage temperature (Fig.III.15). Calcium-treated pear
internal ethylene remained at very low levels from harvest through
40 days in 5° C storage. Internal ethylene rose above 1.0 ul/l
only after the fruits were stored for 55 days and then transferred
to 20° C. However, the internal ethylene of control fruits rose
above 1 ul/l after 40 days in 5° storage.

10° C storage temperature (Fig.III.16.). Internal ethylene
rose above 1 ul/l only after the calcium-treated pears were stored
for 40 days the same compared to 55 days for the control pears.,

20° C storage temperature (Fig.III.10.). The internal
ethylene of calcium-treated pears showed a slight increase with a
minor peak of 0.4 ul/l on the 6th day after harvest., From the

13th day through the 68th day internal ethylene of calcium -
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treated pears remained below 0.l ul/l and rose above 1 ul/l only
after the 80th day of storage at 20° C. This was 10 days later

than for the control pears.

III. Chilling requirement.

Control (no calcium) spray. The chilling requirement was
defined as the time that the fruits must remain in storage in
order to produce 1 ul/l or more of internal ethylene during
ripening at 20° C within 11 days. Accordingly, 55, 40, 40 and 70
days were the chilling requirements for the 'Anjou' pears that
were stored at -1.1°2, 5°, 10°, and 20° C, respectively
(Fig.II1.17.).

Calcium spray. The chilling requirements of calcium—treated
pears were 70, 55, 55, and 85 days for =-1.1° ¢, 5% ¢, 10° C, and

20° C, respectively (Fig.IIL.17.).

DISCUSSION

Control 'Anjou' ©pears 1in this study required 55 days at
-1.1° C to satisfy their chilling requirement (Figs.IIL.2,
III.17). This is agrees well with the 50 to 60 days at -1.1° ¢
most commonly reported in previous research (31,59). In all
ripening series, after the fruits had satisfied the chilling at -
1.1° ¢, loss of firmness parallelled, and was synchronous with
endogenous ethylene production (Figs.III.2, IIL.7).

'Anjou' pears stored at temperatures from -1.1° to 25° ¢

revealed that temperatures between 5° and 10° C resulted in a
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faster loss of firmness and an earlier rise in climacteric
respiratory activity compared to fruits held at temperatures of
0° or -1.1° C (180). Cold storage of 'Anjou' pears has been
reported to stimulate ethylene forming enzyme(s) activity (31),
and to lead to accumulation of ACC (31,216). Also, the
sensitivity of the fruits to propylene was maximized when the
chilling requirement was satisfied (86).

Winter pears have always been thought to require chilling in
order to ripen, This finding that the ability of the pears to
eventually ripen at 20° C with no chilling has been overlooked by
many researchers who usually examine pear postharvest ripening
ability at 20° C for only 20 to 30 days (86,216,229). 'Anjou'
pears stored at 20° C produce ethylene above 1 ul/l after 70 days
(Fig.1II.5.). The minor peak in internal ethylene observed right
after harvest for all of the storage temperatures might be
attributed to stress due to harvest, handling, and transportation,
However, the sequence of ripening events is different for non-
chilled 'Anjou' pears compared to those that have satisfied
their chilling requirement in cold storage. No rise 1in internal
ethylene above 1 ul/l can be observed before 70 days at 20° ¢
storage, even though fruit firmness gradually decreases to about
20 N. The climacteric rise in ethylene appears to be related to
the loss in firmness (Figs.III.5, III1.10.).

Storage at 5 or 10° C results in a decrease in chilling
requirement to 40 days for both storage temperatures (Figs.III.S8,

111.9, III.17.). Temperatures of 7° to 10° C were reported to



37

decrease the chilling requirement of 'Bosc' pears from about 20
days (59) to 5 days (208). The pattern of 'Anjou' pear ripening
after chilling at 5 or 10° C is intermediate between -1.1° and 20°
C. Approximately 30% and 50% loss in firmness (Figs.III.3,
I11.4.) is observed during ripening at 20° C after 25 days of
chilling at 5% and 10° C, respectively, despite the fact that
internal ethylene only ranges up to 0.1 ul/l (Figs.III.8, III.9.).
Fifty percent loss in firmness is even observed in 'Anjou' pears
stored at 10° C for 40 days, when followed by ripening at 20° C.
These fruits readily produce ethylene (Fig.III.9.) and lose most
of the remaining 50% of their firmness (Fig.III.4.). Storage at
temperatures near 10° C appears to stimulate ripening events
faster than all the other temperatures, probably because of the
combined effects of fruit softening and the earlier ethylene
synthesis compared to 20° or -1.1° ¢ storage.,

Loss of firmness prior to ethylene production ethylene in
ripening 'Anjou' pears has previously been reported (180,216).
This seeming reversal of the order of ripening events, certainly
raises question regarding the conventional views of the causal
nature of ethylene in ripening. Researchers have recently given
increasing attention to the importance of fruit softening in
other aspects of fruit ripening. Several studies suggest that
galactose residues liberated from cell walls may trigger ethylene
production (108,89). 1In other studies, wall fragments obtained by
the action of macerase enzymes triggered ethylene production 1in

cultured pear cells (215). Treatment of 'Anjou' pears at harvest
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with 50 ul/l propylene (equivalent to 0.4 to 0.5 ul/l ethylene)
resulted in slow softening from 67 to 10 N within 30 days without
a rise in climacteric ethylene (86), which suggests that this low
concentration of propylene stimulates the activity and/or
production of wall softening enzymes. Other studies on 'Anjou'
pears suggest that softening is sensitive to as little as 0,08
ul/1 ethylene (232). Thus very small or slightly increased amounts
of ethylene which are always present in the fruit tissue,
depending on the temperature, can stimulate softening which in
turn may stimulate the climacteric rise in ethylene production.

Fruits sprayed with calcium during fruit development and then
stored cold showed delayed softening, and required more about 15
days more in storage (in all cases except in 10° C storage) in
order to produce 1 ul/l ethylene during ripening at 20 ° ¢
compared to the water-sprayed controls. Fruit softening was found
to be closely synchronized to the appearance of ethylene when the
fruits were stored at -1.1° C. Calcium-sprayed fruits which were
constantly stored at 20° C showed the same pattern of ripening as
did control fruits except that they hold their firmness and green
color for about 50 days (Fig.III.5). Only after a dramatic
decrease in firmness did internal ethylene rise above 1 ul/l on
the 80th day (Fig.III.10). Similar delays in softening
(Fig.III.1l.) and ethylene production (Fig.III.l4.) were observed
when the calcium-treated fruits were stored at 5° C. However,
calcium-sprayed fruits stored at 10° C did not show much

difference probably because of the rapid induction of ripening
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(Fig.III.1l12, 15).

Several reports support a strong association of calcium with
firmness in both apples (145) and pears (222). There are several
possible roles for calcium in the postharvest behavior of fruits,
Calcium interacts directly with the cell wall pectic substances,
thus strengthening the cell walls (24). Also polygalacturonase
activity is inhibited when calcium is added in the reaction medium
for the assay (64). Similarly, cell membranes are affected by
calcium, which 1improves their integrity and reduces their
permeability (62). There may also be wundiscovered direct and
indirect effects of calcium on the ethylene biosynthetic pathway
as suggested by these studies,

The ability of fruits to ripen with or without chilling
raises the question of whether we should consider the chilling
requirement as a normal part of the postharvest physiology of the
fruits or instead consider it a manifestation of another
temperature stress. If we consider storage and delayed ripening
at 20 © C as normal then we are faced with the time separation of
the rise in internal ethylene occuring after the losses in flesh
firmness) and the respectively different threshold ethylene
concentrations which may be wunique in the winter pear fruit
ripening. Does this happen because 'Anjou' pears are slow
ripening fruits or because there are inhibitors of ethylene
production and/or action which are overcome either by chilling or
by loss in firmness? Those questions no doubt will continue to

attract researcher's attention.



40

w..
la)
Y4
\Y) m_‘
)]
)]
N}
3
e ¥
'S
I
: 3 -
J
L

| +calcium
G-8 -11¢
+-4 5 ¢
-0 10 C
k-4 20 C

10 -

ITII

0 T T T 1 T T
0 13 2% ) LS n 85 100

STORAGE TIME, DAYS

Fig.I1I.l. Effects of time at several storage temperatures on
flesh firmness of preharvest calcium-treated or control 'Anjou'
pear fruits. LSD.05: 11,2



41

FLESH FIRMNESS (N)
=
1

days in storage
H ( (harv)
n 4 H1

68 25

+H 40

¢0 55

kA 70

XX 85

10 1

RIPENING TIME, DAYSAT 20 C

Fig.I1I.2. Effects of time (days) in -1.1°C storage on flesh
firmness of 'Anjou' pears subjected to 20°C ripening.
LSD.05: 18,6
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Fig.III1.3., Effects of time (days) in 5°C storage on flesh
firmness of 'Anjou' pears subjected to 20°C ripening.
LSD.05: 15.4
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control 'Anjou' pears as affected by time in -1.1 °C storage,
followed by 20°C ripening regime. LSD.05: 16.7
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CHAPTER 1V

CHANGES IN FATTY ACIDS OF 'ANJOU' PEARS IN RELATION TO STORAGE

TEMPERATURE AND CALCIUM

Additional index words: Pyrus communis, postharvest physiology,

lipids, ethylene, firmness.

Abstract. ‘'Anjou' pears were treated with two concentrations of
calcium chloride during fruit development., The fruits were
collected at normal harvest maturity and stored -l.lo, 5°, 10°,
and 20° C. Fruit flesh firmness, internal ethylene, and the
total 1lipid fatty acid composition were examined after various
storage times,

Fruits stored at -1.1° C remained firm and internal ethylene
concentrations were initially around 0.1 ul/l and then leveled at
about 3 ul/l after 100 days. Fruits stored at 5° C held their
firmness for only 40 days followed by softening and a climacteric
rise in ethylene. Fruits stored at 10° C and 20° C gradually lost
their firmness and showed a climacteric rise in ethylene on the
40th and 55th day, respectively,

Linoleic acid, the main fatty acid, increased 100%Z during
storage at -1.1° C but only 50% during storage at 5° or 10° c. No
increase was observed during storage at 20° C. Linolenic acid
increased only during -1.1° C storage.

Most other fatty acids did not change significantly during

storage and showed little response to storage temperature
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treatments., Preharvest-calcium—treated pears were not different

than the control fruits in fatty acid profiles.

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 (236) and induced
ripening (138). Fully mature 'Bosc' pears required 20 days at
-1.1° C to initiate ripening (59). However, mature preclimacteric
'Bosc' pears required only 6 days at 5° C to initiate ripening at
20° C (208). Storage at -1° C for a sufficient (but unspecified)
period abolished the lag in ripening of 'Conference' pears (109).
'Eldorado’ pears required about 40 days in 0° C to produce
ethylene and ripen (229).

'Anjou' pear fruits normally require 50 to 60 days (56,59,60)
in cold storage at -1.1° ¢ to ripen, However, depending on the
fruit calcium concentration, and possibly other factors, they have
been reported to require as much as 90 days (59) or as few as 30
days (59) or even zero days (237) in cold storage at -1.1° C to
begin to ripen at 20 C. In an earlier study, Porritt (181)
investigated the effects of temperature on respiration and
firmness in 'Anjou' pears. More rapid loss in firmness was
observed with higher storage temperature, occuring before the rise
of climacteric CO, in all cases. High calcium 'Anjou' pear

fruits required more time in cold storage in order to initiate
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ripening than did low calcium fruits (222,86).

Increased calcium levels in apples and pears were found to
retard senescence and to reduce physiological disorders during
storage (23,165,179,181,204). Increased calcium levels have been
associated with reduced respiration and ethylene production in
apples and pears (23,75,132,199). The effects of calcium on
postharvest physiology of fruits are also related to better
retention of flesh firmness and delayed softening of pears (222)
and apples (143) during cold storage.

Studies of a wide variety of organisms grown at low
temperature and capable of adapting to low temperature have shown
that there is a ubiquitous increase in lipid unsaturation.
Generally, low temperatures have led to increased unsaturation of
the esterified fatty acids, particularly linoleic (18:2) and
linolenic (18:3) (14,69,115,186). Decrease in linoleic acid
content was evident after the climacteric rise in ethylene of
'Calville de San Sauveur' apples (225), Fatty acid peroxidation
is suggested to play a fundamental role 1in the senescence of
carnations (170), and the peroxide content of 'Bosc' and
'Bartlett' pears was found to correlate with the onset of
ripening (41).

The purpose of this study was to investigate the changes in
fatty acid composition of 'Anjou' pears in relation to storage

temperature, fruit calcium and the requirements for chilling.
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MATERIALS AND METHODS

The orchard treatments, harvest maturity, storage temperature
regimes, fruit sampling methods for ethylene, firmness etc, were
previously described in Chapter III, pp 27.

Fruit samples from each temperature treatment (—l.lo, 50, 100,
or 20° C) were taken at harvest or after storage for 13, 25, 40,
55, 70, 85 or 100 days and placed in a 20° C room to warm
overnight, Five replicates were used for each treatment
combination and sampling date., Internal ethylene concentration and
flesh firmness readings were taken the following day and 25 g of 3
of those fruits were used for total lipids extraction. Fruit
calcium was analyzed on the pooled quarter sectors of those five
replicates.

Fatty acids analysis: Basically, the 1lipid extraction
procedure of Folch, et al (78) was used, Twenty five g of pear
tissue including the peel were washed, quartered and cored and
homogenized in 100 ml of 2:1 chloroform/methanol solvent with a
Brinkmann Folytron tissue homogenizer, The homogenate was
filtered through Whatman #l1 filter paper and the filtered residue
was washed with 100 ml of the same solvent. Twenty five ml of
0.58% NaCl was added to the filtrate in a separatory funnel and
the total iipids were obtained in the chloroform phase. The
lipids were concentrated to oil at reduced pressure and 40° C in a
rotary evaporator; dissolved in chloroform; transferred to pre-
weighed teflon-lined screw cap test tubes and blown to dryness

with nitrogen. Total lipids were weighed and the tubes were
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filled with chloroform and stored at -5° C until they were
analyzed for fatty acids. For the fatty acid analysis the tubes
were brought to a constant volume.of 10 ml under nitrogen., Four
ml of the total lipid extract were evaporated in a N, stream to
dryness, dissolved in 2 ml hexane and then 2 ml 14%
BF3/methanol (pPierce Chem. Co.) and { ml of internal fatty acid
standard (21:0) were added to the tubes which were then capped and
refluxed fo;‘30 min. After cooling, 2 ml of deionized water were
added to stop the reaction. The fatty acid methyl esters were
recovered in the hexane phase, then blown down to dryness under
nitrogen and dissolved in 0.5 ml of methylene chloride., Three ul
of this extract were injected into an F&M gas chromatograph
equipped with FID detector and a 2 m X 4 mm O,D. column packed
with 3% SP-2310/2%SP-2300 on 100/200 mesh Chromosorb WAW
(Supelco), run isothermally at 190° C and N, flow rate of 30
ml/min. The individual fatty acid methyl esters were identified
by their retention times compared to authentic standards
(Supelco)., A typical 'Anjou' pear total lipid fatty acid methyl
esters chromatogram is shown in the appendix (A.4.).

The determination of ripening parameters (fruit internal
ethylene and flesh firmness), fruit calcium, and the statistical

analysis are described in chapter III, page 27 this thesis,
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RESULTS

Fruit calcium., Calcium levels were 5,59 for the control
fruits and 6.6l mg calcium/100 g fresh weight for calcium—-treated
fruits.

Flesh firmmess. (Fig.IV.l.) Fruit firmness at harvest was
68.6 N for the control and 72,1 N for the calcium-sprayed pears.
During storage at -1.1° C, the pears retained nearly all of their
initial firmness through 100 days. Fruits stored at 5° C retained
their firmness for 40 days. Fruit softened to 15 N during the
period from 40 to 70 days. Marked decreases in fruit firmness
were observed for fruits stored at 10° and 20° C after the 13th
day in storage at those temperatures, Flesh firmness reached 15 N
on the 55th and 70th day cf 10° and 20° C storage, respectively.

Internal ethylene. (Fig.IV.2.) Internal ethylene at harvest
was 0.18 ul/1 for the control but only 0.08 ul/l for the calcium-
sprayed fruits. Both calcium-treated and control fruits stored
at -1.1° C showed a slow increase in internal ethylene which
leveled to about 3 ul/l at the end of this storage study (100th
day). The control pears reached 1 ul/l in 55 days, whereas the
calcium treated pears required nearly 70 days. The increase in
internal ethylene that led to the climacteric rise for pears
stored at 5°2 or 10° C was observed only after the 25th day.
Control fruit stored at 20° C showed low internal ethylene levels
up to the 40th day. Then the internal ethylene increased to 40

ul/1l on the 70th day.
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Changes in total lipids (Fig.IV.3.). The 'Anjou' pear total
lipids slightly decreased and fluctuated within the 2.8 and 2.1
mg/g of fresh weight range for all treatments.

Changes in fatty acids. The analysis of 'Anjou' pear total
lipid éatty acids (as methyl ester derivatives) showed major and
minor components, Fatty acids are described in chemical
nomenclature by the number of carbon atoms of the chain (n) and
the number of the double bonds following the colon (n:#). Common
names are also given (128).

Generally, as the major component, 34 to 48% consisted of
linoleic acid (18:2) which exhibited large changes during storage
(Fig.IV.7.). Palmitic acid (16:0) constituted 24 to 34%,
linolenic acid (18:3) 9.0 to 14.5%, oleic acid (18:1) and (20:2)
5.4 to 6.8%Z, and arachidic acid (20:0) constituted of 0.7 to 1%
of the total.

The minor individual fatty acids were all less than 0.4%
and consisted of myristic acid (14:0), palmitoleic acid (16:1),
and others of 14:1, 16:2, 20:1, 22:0, and 24:0 the latter two come
most probably from the peel cuticular waxes,

Linoleic acid (18:2) levels remained constant during the
first 25 days in -1.,1° C storage for both control and calcium-
treated fruits. After 25 days, however, 18:2 increased by about
100 £ on the 70th day at -1.1° C followed by a 20 to 25 %
decrease. Control fruits stored at 5° C showed a peak of 18:2 on
the 40th day, 40% above the initial amounts at harvest, followed

by a slight decrease (Fig.IV.7). When the fruits were stored at
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10° C, however, 18:2 again increased to 50 % above initial
amounts on the 40th day (Fig.IV.6, 7.). Fruits stored at 20° C
showed negligible change in 18:2 (Fig.IV.7.).

Linolenic acid (18:3) also showed a 70% increase during
storage at -1.1° C with no difference between the control and
calcium treatments (Fig.IV.8.). Storage at 10° C had almost no
effect on linolenic acid content, although some increase was noted
on the 55th day (Fig.IV.8.). The linolenic acid levels during 5°
and 20° C storage appeared to decrease especially after the 40th
day (Fig.1lV.8.).

Most of the other fatty acids showed litle change during
storage at -1.1° (Fig.IV.5.), 5%, 10° (Fig.iv.6.) or 20° C and
the fluctuation that they do show was due to the dramatic change
of 18:2. However, at 10° C, 14:0, 14:1, 16:1, 20:0, and 22:0
showed some increase after 40 days in storage (Fig.IV.6.).

Fruits stored at -1.1° C had an unsaturated/saturated fatty
acid ratio with a peak on the 55th day for the control and on the
70th day for the calcium~treated  fruits (Fig.IV.4.). Fruits
stored at 5° C, and 10° C show a peak on the 40th day and 25th
day (Fig.IV.4.). However, for fruits stored at 20° C, although
there 1s not a distinctive peak, the ratio shows a net increase
with time in storage (Fig.IV.4,). Interestingly, these peaks in
18:2 and the unsaturated/saturated ratio maxima do approximately

coincide with chilling satisfaction, except for 20° C storage.
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DISCUSSION

Two major factors affect the storage of 'Anjou' pears, the
chilling temperature and the development of ripening. Fruits
stored at -1.1° C satisfied their chilling requirement after 55
and 70 days for the control and calcium-treated fruits,
respectively (See chapter III, page 35). The timing of the
chilling requirement satisfaction correlates well with the
increase in linoleic acid (18:2) (Fig.IV.7.), and with the
unsaturated/saturated fatty acid ratio (Fig.IV.8.). Other changes
during storage also occur. Although flesh firmness may remain
essentially unchanged at -1.1° C (Fig.IV.l.), there are increases
in internal ethylene (Fig.IV.2,), an accumulation of ACC
(31,216), and increases in EFE(s) activity (31), and a net
increase in the sensitivity of the fruit to propylene (86). 'Bosc'
and 'Bartlett' pear fruit peroxide content was found to correlate
with the onset of ripening (41). Inhibitor studies suggested the
involvement of free radicals in the reaction sequence which
converted ACC to ethylene (11). Paulin, et al (170), suggested
that peroxidation of fatty acids plays a fundamental role in
senescence processes in carnation and ethylene appears to be a
by-product rather than an initiating factor. Perhaps along with
the other changes during -1.1° C storage of 'Anjou' pears, ﬁhe
increase in linoleic (18:2) may be required, may facilitate
and/or be associated with the onset of ripening once chilling
requirement is satisfied by providing substrate for peroxide

formation, Altermatively, the increased unsaturation may increase
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membrane permeability, or activate membrane-bound enzymes such
EFE(s), since the fatty acid composition reported here, derives
almost exclusively from the membrane lipids (pears contain very
little triglycerides).

Although there is no data on changes of the factors mentioned
above, an increase in linoleic acid still occurs in pears stored
at 5° and 10° C. (Fig.IV.7.). The peak of the increase in
linoleic acid and the peak in the unsaturated/saturated fatty acid
ratio corresponds well with satisfaction of the chilling
requirement, of 40 days (see Chapter III, page 36) for both
storage temperatures., After the chilling requirement 1is
satisfied, the fruits slowly and partially ripen even low storage
temperatures (Fig.IV.l, 2.), and a decrease in linoleic acid is
later observed (Fig.IV.7.). It is intriguing to speculate whether
this could be important later in storage when pears fail to ripen
if held too long (160).

Storage at 20° C results in a decrease in firmness
(Fig.IV.1l.) which is considerably separated in time from the
later climacteric rise in ethylene (Fig.IV.2.). Linoleic acid
levels remain unchanged and there is only a slight 18:2 increase
associated with the climacteric rise 1in ethylene (Fig.IV.7.).
Linolenic acid (18:3) levels show a general decrease (Fig.IV.8.)
however. 'Bartlett'.pears which have been briefly stored at 0° C
and then ripened at 20° C reportedly show a decrease in linoleic

and linolenic acid. However, apples treated the same way

increased in linoleic acid (196). An increase in linoleic and a
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decrease in linolenic acid with ripening of apples was observed in
another study (84). However, Lurie and Ben-Arie (136) working
with 'Calville de San Sauveur' apples show a decrease in linoleic
acid which was more evident after the climacteric rise in
ethylene., During ripening of banana pulp tissue, a decrease in
the proportion of linoleic and an increase of linolenic was
observed (226).

Whether there are any distinctive changes of fatty acids upon
ripening at 20° C it cannot be positively determined from these
results and additional studies are required. However, it 1is
clear that chilling leads to increased unsaturation of 'Anjou'
pear esterified fatty acids, particularly of linoleic (18:2) and
linolenic (18:3). This effect of temperaﬁure on fatty acid
unsaturation has been shown for a wide variety of organisms
(114,115,186) but little connection has been made with ethylene

synthesis or the chilling requirement for ripening.
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CHAPTER V
TIME SEPARATION OF CELL WALL SOFTENING AND CHLOROPHYLL LOSS
FROM THE ETHYLENE PATHWAY AND OTHER RIPENING EVENTS OF '‘'ANJoOU’

PEARS WHEN HELD AT 20° C COMPARED TO -1.1° C.

Additional index words: Pyrus communis, postharvest physiology,

firmness, pectins, proteins, chlorophyll, organic acids, amino

acids, ACC.

Abstract. 'Anjou' pears were harvested at 68 N firmness commercial
maturity from the Mid-Columbia Experiment Station, Hood River
Oregon in 1987, Storage temperatures of 20° C or -1.1° ¢
exhibited some surprising differences in the sequence of ripening
events up to 100 days.

Pears held at 20° C continually from harvest showed little
change in parameters for two weeks, but then chlorophyll began to
degrade losing about 10% per week, Firmness held at initial
values for the first 3 weeks, then began to lose about 4 N per
week for the next 12 weeks. The 407% increase in soluble
polyuronides paralleled the firmness loss, but with no change in
total uronides. Titratable acidity decreased slowly the first 6
weeks, then more rapidly to 10 weeks, then leveled. During all of
these changes, internal ethylene did not rise above 0.2 ul/l until
after the 13th week., Interestingly, while ethylene-forming enzyme

(EFE) activity exhibited slow increases 3 nl C,H,/g/h in the first
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5 weeks, it was not until the 9th week that the EFE activity began
to peak, Total protein paralelled the timing of EFE, ACC did not
rise above 0.5 nmoles/g until after the 12th week. This slightly
preceded the rise in internal ethylene which remained below 0.3
ul/1 until after the lBtﬁ week at 20° C. Thus softening, loss of
cholrophyll, and the increase in total protein and EFE activity
preceded ACC accumulation and the rise in internal ethylene by
several weeks when 'Anjou' pears were held continuously at 20° C,

Anjou pears held at -1,1° C showed no changes in chlorophyll,
firmness, protein, amino acids, or total polyuronides for at least
12 weeks. Despite essentially no change in firmness, there was a
slow, but steady increase by about 15% in soluble polyuronides at
—1.16 C storage. Surprisingly, EFE activity increased steadily by
10-fold (up to 71 nl C,H,/g/h) during the first 4 weeks, levelled
to 10 weeks, then rose again. ACC remained very low (less than
0.15 nmoles/g) for the first 5 weeks, followed by a rapid increase
to almost 1.0 nmole/g by the 12th week. Internal ethylene showed
a slow increase from less than 0.1 ul/l from the 5th week to the
8th week when it rose and levelled near 1 ul/l,

Thus 'Anjou' pears held at cold (ie, -1.1° C) storage
temperatures, the softening and chlorophyll systems are held in
check, whereas the becoming functional and increasing in advance
of any sustainable rise in internal ethylene. Satisfaction of a
chilling requirement thus appears to favor the development of
ethylene synthesis capacity, which upon transfer from cold storage

to warm temperatures results in enough internal ethylene to
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rapidly drive of the associated ripening mechanism.

Clearly the softening that occurs with no chilling
satisfaction 1is not dependent upon internal ethylene in excess of
0.1 ul/l, Either that softening at 20° C is not ethylene dependent
or, alternatively, it is already maximally stimulated at very low
ethylene levels, typically less than 0.03 ul/l,

Fruits with satisfied chilling requirements (70 or more days
at -1.1°2 C) softened in response to accelerated ethylene
production in one week at 20° C, However, these pears did not
sustain the increased ACC levels or EFE activity. The changes in
the biochemical constituents associated with ripening were
accelerated 1in response to ethylene,

Fruits with partially satisfied chilling requirements
ripened similarly to  fruits that received no chilling, In all
cases a decrease in firmness to about 25 N preceded the
climacteric rise in ethylene or increases in ACC levels. EFE
activity reached a maximum before ethylene in all cases for
incompletely chilled 'Anjou' pears. Duration in -1.1° C storage
was positively correlated with early, peaking of the parameters
associated with ethylene biosynthesis; the changes were also more
rapid for the other biochemical constituents associated with

ripening.
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INTRODUCTION

Winter type pears usually require a period of cold storage in
order to ripen and produce ethylene. Pertinent literature on
general aspects of chilling requirements were covered in Ch.III,
Pp.26 and will not be repeated here. 'Anjou' pears normally
require 50 to 60 days (59,56,60) 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 (59)
or as few as 30 days (59) or even zero days (237) in cold storage
at -1.1° C to begin to ripenm at 20 C. During storage at -1.1° C,
the ACC concentration increased (31,216,222,229), along with
increased activity of ethylene forming—enzyme(s) (EFE) (31) the
latter increased before ethylene appeared. While there have been
several citations in the literature (245) implying or stating
outright that the conversion of ACC to ethylene is a one-step,
single enzyme-mediated process, there 1s no supporting evidence
for that hypothesis. In fact, despite numerous attempts to isolate
the ethylene-forming enzyme, none have been succesful., It seems
much more likely that several steps are needed to convert ACC to
ethylene and that several enzymes would be necessary. We
therefore have chosen to write and speak of EFE(s) rather than EFE
alone to connote this alternate hypothesis, However, for the sake
of clarity, the use of EFE as an abbreviation will be used, but
with the understanding that in our minds, several enzymes are
inferred as a system.

Linoleic and linolenic acids, predominantly as membrane
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constituents, also increase with -1.1° C storage (Chapter 1IV).
This may, in some as yet uncharacterized way, relate to chilling
satisfaction and ripening.

'Anjou' pears are eventually able to ripen at 20° C even if
they are not exposed to chilling (chapter III). Loss in firmness
occurs first followed by climacteric ethylene, The two events can
be separated by time at the 20° C temperature. Partial chilling
satisfaction of 'Anjou' pears, ripened at 20° C resulted in low
ethylene production (216), loss in firmness and depletion of the
ACC pool. Softening is due to solubilization of polyuronide
(229) and reduction in cell wall neutral sugar content (mainly
galactose and/or arabinose) (106,111,172).

It is clear that there is also an increase in soluble protein
content during the climacteric (93). Cycloheximide, an inhibitor
of protein synthesis, when infiltrated into harvested mature
fruits prevents ripening in pears (80), and bananas (40). RNA
synthesis 1is requifed for the synthesis of new enzymes involved in
ripening (182).

'Anjou' pears with high sugar and acid content are associated
with high postharvest quality but these costituents are not
related to storage duration whereas high protein at harvest
results in short storage life (160). All these constituents
fluctuate from season to season and do not appear to be closely
associated with postharvest life (59). Titratable acidity 1is
generally known to decrease during fruit ripening and storage

(56,99,129). Chlorophyll usually degrades with fruit maturity and
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ripening and thus the carotenoids contribute more to the color
(77,87).

The purpose of this study was to investigate the time
course of the changes in various parameters of ethylene
biosynthesis and other biochemical constituents associated with no
chilling or with chilling satisfaction and ripening of 'Anmjou'
pears at 20° C when they are subjected to -1.1° ¢ storage for

various amounts of time,

MATERIALS AND METHODS

Fruit material. 'Anjou' pears were purchased from the Mid-
Columbia Experiment Station, Hood River Oregon in 1987, The fruits
were harvested based on 147 days from full bloom and 67 N flesh
firmness. After harvest the fruits were transferred into
perforated polyethylene-film-~lined 20 kg cardboard cartons and
placed into a -1.1°C, storage room. All the fruits were screened
for cork spot., Only healthy fruits were used,

Fruit samples, were taken at harvest or out of =-1.1° C
storage after 13, 25, 40, 55, 70, and 85 days and placed in a 20°
C room to ripen. Five replicates were used for each sampling day.
Internal ethylene and flesh firmness were measurment three times
per week. The determination of ripening parameters such as
internal ethylene, flesh firmness, and the statistical analysis

are described in the methods of chapter III.
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ACC analysis. ACC was extracted and prepared according to
Miller, et al (163) with some modifications., Five grams of pear
flesh tissue was homogenized in 15 ml 90% acetone with a Polytron
tissue homogenizer (Brinkmann Instruments) and the homogenate was
filtered through a Whatman #1 filter paper into a scintillation
vial, The extract was then stored at -20° C until it was used. An
aliquot equivalent to 1 g fresh weight of tissue was then passed
through a 2 ml Dowex 50 column. The column was then washed with
water, and ACC was eluted with 1 N NaOH and further assayed
according to Lizada and Yang (134).

Ethylene Forming Enzyme activity determination. EFE activity
was determined by adding known amounts of ACC to tissue plugs,
allowing ACC to convert to ethylene which was measured by GLC
according to Meadows and Richardson (31), with some modifications,
Three replications consisting of 3 individual pears were used.
For each pear, 12 plugs of flesh were cut with a 0.5 cm ID cork
borer. Six of these plugs (about 3 g) were weighed and vacuum
infiltrated (90 seconds, water aspirator) with 0.35 M mannitol
(control)., The excess liquid was drained, the plugs blotted dry, -
and a partial vacuum applied for 10 seconds to free trapped
ethylene. The plugs were then placed in 25 ml erlenmeyer flasks,
sealed with serum caps, and incubated for 30 min at 20° C. Then,
1 ml atmospheric gas samples were withdrawn by syringe and
ethylene was measured by GLC as described earlier, The other six
plugs from the same fruit were treated identically except they

were vacuum infiltrated with 0,05 mM ACC in 0.35 mannitol, Three
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replications (ie, three pears) were used for each time-temperature
treatment. Control plugs (0.35 M mannitol-treated) ethylene was
subtracted from that produced by ACC-treated plugs to calculate
EFE activity, expressed as nl CZH4/3 fresh  weight /h.

Fruit total and water soluble polyuronide. Ten grams of
peeled and cored pear flesh tissue of each of three individual
fruits was homogenized in 90 ml of acetone. The homogenate was
placed in -20° C for two days for precipitation of the insoluble
material, After centrifugation (2000xg, 20 min), the pellet was
washed twice with 50 ml acetone, dried under vacuum, and stored in
glass vials until further analysis, Before analysis, the pellet of
acetone insoluble solids was dried at 50° C overnight. Forty mg
of the acetone insoluble powder was then dissolved in 100 ul
concentrated sulfuric acid overnight under nitrogen at 4° C and
then diluted to 1IN sulfuric acid. Then, 25 ul was further diluted
with 175 ul of 1N sulfuric acid and used for galacturonic acid
determination with meta-hydroxydiphenyl reagent according to
Blumenkrantz and Asboe-Hansen (32), Galacturonic acid in 1 N
sulfuric acid was used as a standard. The total polyuronide
content was calculated as mg galacturonic acid equivalents/g of
acetone insoluble solids (AIS).

Forty mg of the AIS was dissolved in 10 ml of water and
heated for 30 min at 80° C. The solution was then cooled to room
temperature and the water insoluble material was precipitated by
centrifugation. The hot water soluble extract (80 ul) was also

analyzed for polyuronide residue according to Blumenkratz and
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Asboe-Hansen (32). Galacturonic acid in water was used as a
standard and the water soluble wall fraction was expressed as mg
galacturonic acid equivalents/g AIS.

Peel chlorophyll detemination. The epidermis of three fruits
was peeled and ten discs 1.1 cm diameter per fruit were cut with a
cork borer. The peel tissue was immediately homogenized in 5 ml
of 80% acetone and insoluble material was pelleted by centri-
fugation. The absorption at 665 nm of the extract was then
determined by spectrometry (139).

Titratable acidity. An aliquot equivalent of 1 g of fresh
pear tissue of the extract prepared for ACC analysis was titrated
to pH 7.2 using 0.001 N NaOH prepared and standardized as
suggested by Skoog and West (210). The results are expressed as
ueq/g of fresh weight,

Amino acids analysis. The extract used for ACC analysis was
also used for amino acid analysis with the ninhydrin reagent based
on the method described by Moore and Stein (164) as modified by
Yemm and Cocking (242) with leucine used as a standard,

Total protein determination. The AIS (40 mg) was dissolved
in 5 ml 1 N NaOH. One hundred ul of this solution was neutralized
with 100 ul 1 N HCl and the protein assayed with the Coomassie
Blue reagent according to Bradford (35). Bovine serum albumin

standard was treated identically.
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RESULTS

Flesh firmness. (Fig.V.l.) Fruit firmness at harvest was 70
N. The fruit retained 94% of initial firmness throughout -1.1° ¢
storage for 100 days. Fruits harvested and directly subjected to
20° C storage retained their firmness for about three weeks
followed by a gradual decrease to 15 N on the 1l4th week. Fruits
subjected to -1.1° storage for 25, 40, 55, 70, and 85 days and
then transfered to 20° C to ripen showed a dramatic decrease in
firmness to about 10 N on the 10th, 7th, 5th, 3rd, and 2nd week at
20° C, respectively.

Internal ethylene (Fig.V.2.). Internal ethylene at harvest
was 0,08 ul/l., No increase was observed during the firét 4 weeks
of -1.1° C storage. However, after the 4th week, internal
ethylene began to increase, reaching 1.85 ul/l by the 10th week
and remained constand thereafter. Internal ethylene of fruits
directly (no cold storage) held at 20° C showed a trancient small
ethylene peak and then decreased to 0.0l ul/l from harvest to the
2nd week of ripening. A gradual increase in internal ethylene to
0.45 ul/1l on the 13th week preceded the climactéric rise above 30
ul/l on the 1l4th week of ripening. Fruits stored at -1.1° ¢ for
25 days and then transfered to 20° C had 0.25 ul/l internal
ethylene after warming. Internal ethylene then decreased to 0.03
ul/l on the 2nd week of ripening at 20° C. A small increase to
0.29 ul/1l was then observed on the 9th week which was then
followed by the climacteric rise in ethylene, The internal

ethylene of fruits stored for 40 days at -1.1° C and then warmed
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to 20° C was 0.31 ul/l., Following a decrease to 0.05 ul/l in the
2nd week of ripening at 20° C, internal ethylene rose above 1
ul/1 in the 5th week showing the climacteric rise in ethylene
above 30 ul/l. Internal ethylene of fruit stored at -1.1° C for 55
days was 0,47 ul/l after warming at 20° C. Internal ethylene
decreased to 0,11 ul/l in the lst week of ripening at 20° C. An
increase in ethylene above 1 ul/l in the 3rd week led to the
climacteric rise with a peak of 37 ul/l during the 4th week,
Fruit stored at -1.1° C for 70 or 85 days had internal ethylene
concentration of about 1 ul/l which remained constant during the
first week of ripening at 20° C. The climacteric rise in ethylene
occured during the 2nd week with peaks of 47 and 53 ul/l for 70
and 85 days of -1.1° C storage, respectively.

ACC (Fig.V.3.). ACC, an ethylene precursor, was at harvest
about 0.09 nmoles/g of fresh weight, ACC levels remained about
the same up to the Sth week in -1.1° C storage, then increased to
0.9 nmoles/g on the 9th week, leveled for two more weeks and
decreased on the l4th week of -1.1° C storage as climacteric
ethylene increased (Fig.V.2).

ACC levels did not change through the 13th week when the
fruits were held at 20° C. ACC increased to 0.38 nmoles/g during
the l4th week during ripening at 20° C.

Fruit stored for 25 days at =1.1° C and then transferred to
20° C showed an increase to 0.19 nmoles ACC/g only in the 9th
week, ACC levels of fruit stored for 40 and 55 days at -1.1° C

and then warmed briefly to 20° C were 0.28 and 0.2 nmoles/g,
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respectively, ACC then decreased to 0.02 nmoles/g on the 4th
and 2nd week. Thereafter, ACC rose with a peak of 0.38 and 0.48
nmoles/g on the 6th and 4th week of ripening at 20° C, for the
fruits stored at -1.1° for 40 and 55 days, respectively. ACC
concentration of fruits stored for 70 days at -1.1° C then warmed
to 20° C, was 0.35 nmoles/g. After one week at 20° C, ACC levels
further declined to 0.13 nmoles/g and increased the following
week to 0.32 nmoles/g. The pears stored for 85 days at -1.1° C had
0.21 nmoles/g ACC upon warming to 20° C. The levels of ACC
declined after one week to 0,05 nmoles and increased after two
weeks to 0,16 nmoles.

EFE activity (Fig.V.4.). EFE activity at harvest was l.4 nl
C,H,/g /h. During -1.1° C storage, the EFE activity (actually
assayed at 20° C) gradually increased and peaked at about 71 nl
C2H4/g /h on the 1l4th week,

The EFE activity of fruits ripened at 20° without any prior
cold storage increased to 4.5 nl 02H4/g /h on the 5th week and
remained unchanged up to the 9th week. After the 9th week at 20°
C, EFE activity peaked to 13.4 nl C,H,/g /h on the 10th week and.
declined thereafter to 2.8 nl C2H4/g /hr on the l4th week,

Fruits stored for 25 days at -1.1° C showed an EFE activity
of 17 nal CZHQ/g /h after warming at 20° C. Following ripening at
20° C, EFE activity decreased to 4.2 nl C2H4/g /h in the 2nd week,
and remained unchanged until the 6th week. After a small peak
at 6.7 nl C,H,/¢g /h on the 7th week, EFE activity further

decreased to 4,3 nl C2H4/g /h the 10th week of ripening at 20° C.
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The EFE activity of fruits stored for 40 and 55 days at -1,1° C
after transfer to 20° C was 23.5 and 51.8 nl CZHA/g /h, and
decreased to 4,1 and 6,2 on the second week, respectively. The
fruits held for 40 days at -1.1° C peaked in EFE activity the 5th
week at 10 nl CZHA/g /h, and the fruits stored for 55 days (the
5th week) had EFE activity of 20.2 nl CoH,/g /h, during the 5th
week of ripening at 20° C. The EFE activity of fruits stored for
70 and 85 days at -1.1° C was 50 nl C2H4/g /h after transfer to
20° C, and dramatically decreased to 4.6 and 9.8 ul C2H4/g /h the
3rd and 2nd week, respectively.,

Total (Fig.V.5.), and soluble (Fig.V.6), polyuronides. Total
polyuronides of fruits continually stored at -1.1° C, or directly
ripened at 20° C, or held after various periods of -1.1° C
storage and then ripened, was about the same (in the range of 107
to 118 mg/g AIS) and did not change throughout the experiment.
The soluble fraction of the polyuronides behaved differently.

Soluble polyuronide concentration of 'Anjou' pears at harvest
was 63 mg/g of ALS. During storage at -1.1° C, soluble
polyuronides began to increase from the 6th week of storage and
reached 72 mg/g on the 1llth week. No further increases were
observed. The soluble polyuronide of fruits not stored at -1.1° C
but held directly in 20° C gradually increased to 84 mg/g AIS
the l4th week of ripening. Fruits stored for 25 days at -1.1° C
and then ripened at 20 © C showed the same pattern as fruits not
cold stored. However, the 10th week of 20° C ripening, the

soluble polyuronide rose to 88 mg/g AIS. Fruits stored at -1.1° C
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for 40, 55, 70, and 85 days had, respectively, 77, 74, 73, and 74
mg/g AIS. Soluble polyuronides increased to 90, 88, 95, and 100
mg/g AIS on the 7th, Sth, 2nd, and 2nd week of ripening at 20° ¢
for 40, 55, 70, and 85 days for -1.1° C stored pears,
respectively,

Chlorophyll (Fig.V.7.). Only a slight change in peel
chlorophyll was observed during -1.1° C storage for 100 days.
Fruits ripened at 20° C, without cold storage, had only slight
chlorophyll loss the first 2 weeks, followed by a progessive
degradation that resulted in nearly complete loss on the l4th
week of ripening at 20° C.

Fruits stored for 25, 40, 55, 70 and 85 days at -1.1° C and
then ripened at 20° C lost nearly all chlorophyll on the 10th,
7th, 5th, 3rd and 3rd week, respectively.

Titratable acidity (Fig.V.8.). Titratable acidity at harvest
was 33 ueq/g of fresh weight, The titratable acidity of pears
stored at -1.1° C slowly decreased to 25 ueq/g the l4th week of
storage. However, for the fruits directly held at 20° C, the
titratable acidity decreased even more to 20 ueq/g on the l4th
week of storage.

Titratable acidity of fruits ripening at 20° C after -1.1° C
also decreased. Fruits stored for 25, 40, 55, 70 and 85 days at
-1,1° C had, respectively, 29, 28, 26.5, 25.5, and 24.8 ueq/g
titratable acidity immediately after removal from storage.
Titratable acidity during 20° C ripening after cold storage

decreased to 21, 24, 23, 24, and 22.5 ueq/g, respectively on the
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10th, 8th, 6th, 4th, and 3rd week of ripening.

Total amino acids (Fig.V.9.). The total free amino acid
concentration of the fruits at harvest was 0.68 umoles/g., During
storage at -1.1° C, the amino acid concentration declined to
0.55 umoles/g. The fruits that were placed directly in 20° C at
harvest showed an increase 1in amino acids with a peak of 0,9
umoles/g the 2nd week, decreased to 0.6 umoles/g the 4th week, and
finally decreased to 0.5 umoles/g the l4th week.

Fruits stored at -1.1° C for 25, 40, 55, 70, and 85 days had
free amino acid concentrations of 0.56, 0.56, 0.54, 0.59, and
0.48 umoles/g, respectively. Fruits stored for 25, 40 and 55
days at -1.1° C and then ripened at 20° C showed peaks 1in the
lst to 3rd week to about 0.69 umoles/g followed by a decrease to
about 0.5 umoles /g on the 5th week of ripening at 20° C, then the
total amino acids rose again to 0.8, 0.7, and 0.6, respectively.
However, the fruits stored at -1.1° C for 70 and 85 days showed
only a decrease in free amino acid content on the 3rd and 2nd week
of ripening at 20° C, respectively,

Total proteins (Fig.V.lO.). Total proteins during -1.1° C
storage decreased slightly from 0.35 mg/g at harvest to 0.30
mg/g the 2nd week followed by a very slight increase to 0.36 mg/g
the l4th week. The fruits not stored at -1.1° C but held
directly at 20° C also showed a decrease to 0.28 mg/g the 3rd
week, increased to 0.38 mg/g the 6th week and again the 13th
week to 0.45 mg/g.

The total protein of fruit stored at -1.1° C for 25, 40, 55,
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70, and 85 days showed steady increases to 0,38, 0.39, 0.42,
0.46, and 0.49 mg/g, respectively. The pattern of changes in
total protein was similar for all fruits, Fruit total protein

decreased the first two weeks and then increased to around 0.45,

mg/g.

DISCUSSION

'Anjou' pears usually do not soften (142) or soften only
slightly (about 7%) during -1.1° C storage (Fig.V.l.) and slowly
lose chlorophyll (about 7%) (Fig.V.7.). However, ethylene can
build up to 1.5 ul/1l (Fig.V.2.,), ACC up to 0.9 nmoles/g (Fig.V.3.)
and EFE activity up to 71 nl C,H,/g /h (Fig.V.4.). The soluble
polyuronide fraction increases by about 15% (Fig.V.6.),
titratable acidity decreases 20% (Fig.V.8.), accompanied by a
small net decrease (7%) in protein (Fig.V.10.) and decrease (25%)
in amino acids (Fig.V.9.) content.

Changes in ethylene synthesis parameters, as well as the
other biochemical constituents with =-1.1° C storage have been
previously reported (31,216,222,229). As will be shown in chapter
VI, the sensitivity of the fruit to propylene also increases
during -1.1° C storage, and is maximized once the chilling
requirements are satisfied.

Fruits placed at 20° C after harvest, with no cold treatment,
ripen in a very characteristic way, by showing a much earlier loss

in flesh firmness and chlorophyll, 6 to 7 weeks ahead of the
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climacteric rise in ethylene (Fig.V.1,2). Climacteric ethylene
production occurs on the 13th week of 20° C storage, well after
the fruits become edibly ripe and soft to thumb pressure (about 20
N) (see also chapter III). Chlorophyll loss accompanies the loss
in firmgess (Fig.V.7.), and titratable acidity becomes half that
at harvest (Fig.V.8.). Free amino acid concentration decreases
(Fig.V.9.), and total protein increases by about 20% (Fig.V.10.)
before climacteric ethylene initiates (Fig.V.l.), along with the
rise in ACC (Fig.V.3.) in the 13th week at 20° C. EFE activity
(Fig.V.4), however, begins to peak 4 weeks earlier (on the 9th
week) and this is a bit unexpected.

Generally, the sequence of ripening events at 20° C (with no
chilling) are; first the cell walls and chlorophyll degrade,
then titratable acidity exhibits some stepwise decreases, EFE
activity rises then falls, and later «climacteric ethylene appears
and is always associated with an increase in ACC and protein.

'Anjou’ pears with partially satisfied chilling requirement
(more than 70 days at -1.1° C) show a decrease in firmness upon
transfer to 20° C as well as decreases in chlorophyll, amino and
organic acids, and increases in protein and water soluble
polyuronides. To simplify the discussion of other ripening events,
it is most useful to use firmness and internal ethylene as major
criteria for comparison. The rate of loss in firmness is
determined by the extent to which the chilling requirement is
satisfied. The more chilling that the fruits receive in -1.1° C

storage, the faster is the loss in firmness at 20° C., Fruit
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receiving only 25 days of chilling, require about 10 weeks at
20° C ripening temperature to soften to 10 N. However, pears
stored at -1.1° C for 55 days and with about 75% of the chilling
requirement satisfied, soften to 10 N in 5 weeks when ripened at
20° Cc. ‘Anjou' pears with satisfied chilling requirement (70 or
more days in ~1.1° C) soften to 10 N in about a week at 20° ¢
(Fig.V.l.). The initiation of climacteric ethylene (above 1 ul/1)
in pears which have not fully satisfied the -1.1° C chilling
requirement show a pattern similar to that of firmness once
transferred to 20° cC. The closer to chilling requirement
satisfaction (ie, the longer held at =-1.1° C) the sooner is
climacteric ethylene synthesized during ripening at 20° C. The
rise in ethylene for partially chilled pears occurs when firmness
is in the range of 25 to 15 N (Fig.VI.l, 2.). When chilling is
satisfied, climacteric ethylene begins to initiate when firmness
has decreased to 40 to 25 N,

'Anjou' pears with increasingly satisfied chilling
requirement, when exposed to warm temperatures (20° C for our
experiment) usually show increasingly higher internal ethylene .
(Fig.V.2.), higher ACC content (Fig.V.4.), and higher EFE
activity (Fig.V.3.), and are more sensitive to propylene (as will
be seen in chapter VI), and probably have a high ratio of
unsaturated/saturated fatty acids (chapter IV). The chilling
requirement is satisfied in cold storage when all those factors
peak. The fruit ripens in a very characteristic way with: losses

in firmness, green color, organic and amino acids, and gains in
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protein and water soluble polyuronides in response to rising
climacteric ethylene (chapter 1IV),

Another point to consider is the fact that for incompletely
chilled 'Anjou' pears after storage at -1.1° C followed by
transfer to 20° C the fruit is usually not able to sustain the
accumulated ACC (31) or the high EFE activity. Both ACC
concentration and EFE activity decrease to a certain level and
then peak before or during the climacteric rise in ethylene
(Fig.V.2, 3, 4.). Apparently, from these data we can clearly
answer the question that researchers oftem pose, ie, whether or
not EFE activity, or ACC peaks before or after the climacteric
rise in ethylene., Clearly EFE activity preceded ACC and the
internal ethylene rise in all cases. For the 25 or 40 day -1.1° C
chilling and for the non-chilled pears, EFE activity appears to
increase well before ACC or climacteric ethylene, Once chilling
is satisfied, this 1is readily apparent in the 70 and 85 days
cold storage treatments where EFE activity starts high then
decreases., There is another difficulty also in the handling of
tissue for the assay of the EFE activity, especially when tissue
is quite soft, ACC increases closely parallel the initiation of
ethylene for nearly all treatments. The fact that ACC accumulates
in cold-stored pears implies either that it 1is compartmentally
segregated from the ethylene forming enzyme or, alternatively,
that enzymes leading up to ACC are not as low-temperature-
inhibited as are the enzymes converting ACC to ethylene. There is

some evidence (Fig.V.3.) to support the latter alternative as ACC
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can disappear quite rapidly once chilling is satisfied and pears

are placed at 20° C.



93

80
—1.1 C storage
z days in —-1.1 C
~ 9-8
3 = S-g e o
W vy 25
Z 9 ++ 40
E o0 55
“Ba AaA 70
§ " i} . X 85
20 - (T : Sy
X ? N
\ 15
10 -
o TY I Ir'r 1 1717111 JyJ1J7J1J1J7I1Jtryf5J1rrrryrrrryrrrrrorro0rTroornriyTT
6 1 2 3 4 5 8 7 8 9 106 11 12 13 14 15 18
RIPENING TIME, (weeka)
Fig.V.l. Flesh firmness of 'Anjou' pears during ripening at 20°C

after storage at -1,1°C for

100

various time durations.,

LsD.05: 18

31. -

10 o

INTERNAL ETHYLENE (ul/1)
ad ook

—1.1 C atorege

days in -1.1 C

[¢]

25
40
55
70
85

33188

1
4

rreerrrrrrrrerrrrrriryrverrrrrreT

S 8 7

9

10

RIPENING TIME, (weeka)

11

LB

12 13 14 15 18

Fig.V.2. Internal ethylene of 'Anjou' pears during ripening at 20°

C after storage at -1.,1°C for various time durations.

LSD.05: 4.6



94

days In ~1.1 C

[+

25
40
55
70
8%

33158

ACC (nmoles/g )
ol
o

0.3

0.2

0.1

—1.1 C storage

RIPENING TIME, (weeks)

14 15 18

Fig.V.3. l~-amino-cyclopropane~l-carboxylic acid (ACC) content of

'Anjou' pears during

for various time durations, LSD.05: 0.16

ripening at 20°C after storage at -1.1° C

days in —=1.1 C

0

25
40
55
70

31.

19.
18.
12.

10
7.9
8.3
5.0
3.9
3.1
2.5
1.9
1.5
1.2

EFE(S) ACTIVITY (nl C2H4/g hr)

—=1.1 C storage

1 T T T T T T T T T T T
o] 1 2 3 4 5 8 7 8 -] 10 11

RIPENING TIME, (weeks)

Fig.V.4. Ethylene-forming-enzyme (EFE) activity
during ripening at 20°C after storage at =-1.1°C
durations., LSD.05: 4.9

of 'Anjou' pears
for various time



95

150

doys in —1.1 C
G8 o
@y 25

~ 140 4 ++ 40

g -0 85

o &4 70

N X B85

3

~ 130 -1

(]

w

o

z

[«]

4

£ 120 o

o) ~1.1 C storage

a

2

e

110

100

o 1 2 3 4 &5 8 7 8 9 10 11
RIPENING TIME, (weeksa)

12 13 14 15 18

Fig.V.5. Total polyuronides of 'Anjou’ pears during ripening at
20°C after storage at ~1.1°C for various time durations.

LSD.05: 5.3

100

80

80

70

SOLUBLE POLYURONIDES (mg/g AIS)

80 —1.1 C slorage

days In —=1.1 C

[o]

28
40
55
70
8s

381358

50 -1 T T T T T T T T T T T
o 1 2 3 4 5 8 7 8 -] 10 11

RIPENING TIME, (weeks)

Fig.V.6. Soluble polyuronides of 'Anjou' pears

during ripening

at 20°C after storage at ~1.1°C for various time durations.

LSD.05: 6.5



96

0.9

al

~1.1 C stora
0.8 9¢

[INTON |

0.7

-1.1¢C

0.4

CHLOROPHYL (A 665 nm)
o
[
1

0.3 -

0.2 -

0.1

0 T T T T T T T T T L T
0 1 2 3 4 5 8 7 8 9 10 12 13 14 15 16

RIPENING TIME, (weeka)

Fig.V.7. Chlorophyll of 'Anjou' pears during ripening at 20° C
after storage at -1.1°C for various time durations. LSD.05: 0.17

—1.1 C storage

NeBsLRULrE

28
23
24
23
22
21
20
19
18
17 A
16
13

TITRATABLE ACIDITY (ueq/g F.W.)

T T T T T T T T T T T T T T
8 7 8 9 10 11 12 13 14 15 18

=1 ¥331388

N
w
FS
(4

RIPENING TIME, (weeks)

Fig.V.8. Titratable acidity of 'Anjou' pears during ripening at
20°C after storage at -1.1°C for various time durations.,
LSD.05: 2.3



97

0.8 - deys in —1.1 C

0.8

0.7

0.8

0.8
—1.1 C storage

TOTAL AMINO ACIDS, (umoles/g F.W.)

0.4

0.3 -1 T T T T T T T T T
o] 1 2 3 4 5 8 7 8 -] 10 1 12 13 14

-
-~

RIPENING TIME, (weeks)

Fig.V.9. Total amino acids of 'Anjou' pears during ripening at

20°C after storage at -1,1°C for various time durations.
LSD.05: 0.12

0.8
days in =-1.1 C
0.55 Be o
wv 25
++ 40
- 0.5 oo 55
E &4 70
*xX 85
2 0.45
-]
£
S
§ 0.4
5]
@
o 0.35
0.3 -1.1 C storage
0.25 -
0.2 T T T T T T T T T T T T T T T
) 2 4 8 8 10 12 14 i8
RIPENING TIME, (weeks)
Fig,V,10. Total protein of 'Anjou' pears during ripening at

20°C after storage at -1.1° C for various time durations.
LSD.05: 0.6



98

CHAPTER V1

THE DEVELOPMENT OF AUTOCATALYTIC SUSTAINABLE ETHYLENE AND ALTERED
SENSITIVITY TO PROPYLENE BY 'ANJOU' PEARS IN 20° C OR -1,1° ¢
STORAGE AND WHEN WARM AND COLD STORAGE ARE ALTERNATED,

FOLLOWED BY 20° C RIPENING TEMPERATURE

Additional index words: Pyrus communis, postharvest physiology,

autocatalytic ethylene synthesis, firmness, ripening.

Abstract, 'Anjou' pears were harvested from the Mid-Columbia
Experiment Station, Hood River Oregon, at 70 N firmness. The
pears were stored at -1.1° or 20° C. Fruits stored for various
amounts of time at -1.1° C were then transferred to 20° C to
ripen. Conversely, fruits stored at 20° C for various amounts of
time were transferred to -1.1° C for various durations, followed
by transfer to 20° C to ripen. The ability to produce climacteric
(greater than 1 ul/1) ethylene was measured and the elapsed time
of the storage temperature was noted. In a parallel experiment,
fruits removed from both -1.1° C and 20° C storage after
predetermined times were treated with 500 ul/l propylene at 20°
C, to determine when autocatalytic ethylene and softening were
induced.,

For pears stored at -1,1° C then transferred to 20° C, the
time required to produce climacteric ethylene progressively
decreased as time in cold storage increased., The total amount of

time in -1,1° C storage plus the time at 20° C ripening
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temperature remained nearly constant at 85 days. Similarly, the
sensitivity of the fruit to exogenous propylene increased
progressively with time in -1.1° C storage.

However, this was not the case with fruits initially stored
at 20° C. The total amount of time to produce 1 ul/l ethylene in
20° C storage plus -1.1° C chilling treatment increased with time
in storage and required more time than the -1.1° C storage
treatment alone, but finally decreased to about the same. While
the fruits stored at -1.,1° C responded faster to propylene
proportionate to storage time, the fruits stored at 20° C did so
after 55 days out of 90 total when the firmness is decreased to
about 25 N, Thus, the manner that 'Anjou' pears ripen in
response to warm storage temperature 1is different than for cold
storage also in respect to both the chilling requirement for
autocatalytic ethylene and to the sensitivity of the fruit to

exogenous propylene,

INTRODUCTION

Winter type pears usually require a period of cold storage in
order to develop the ability to ripen and to produce ethylene,
Summer pears such as 'Bartlett' have no chilling requirement even
though they are harvested at greater firmness than winter pears
(236). 'Anjou' pears normally require 50 to 60 days (51,49,52) at
-1.1° C to ripen. Howevér, depending on the fruit calcium

concentration, and possibly other factors, they may require as
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much as 90 days (51) 30 days (51) or even zero days (if calcium
is low) (186) in cold storage at -1.1° C to begin to ripen at 20
C. ‘'Anjou' pears eventually ripen at 20° C even if they are not
exposed to chilling (chapter III). Loss in firmness occurs first
and climacteric ethylene follows. The two events are totally time
separated when 'Anjou' pears are continuously held at high
temperatures,

Propylene is a useful treatment for study of autocatalytic
ethylene because it it mimies ethylene action and 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 (1l). Thus a 1,0 ul/l ethylene~induced
response would require 130-150 ul/1l propylene to evoke the same
response (42). 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 (182). 'Anjou' pears treated at harvest with 500 ul/1l
propylene required about 9 days to produce autocatalytic (ie, -
greater than 1 ul/l) internal ethylene but required only 1 day
after the fruits had satisfied the chilling requirements. Thus
the sensitivity of fruit to propylene maximized after the
chilling requirement was satisfied (86).

The purpose of this study was to investigate: 1. The
time required for 'Anjou' pears to produce autocatalytic ethylene

greater than 1 ul/l during storage at 20° C (not involving
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chilling) as compared to =-1,1° storage (involving chilling). 2.
The effects of -1.1° C and 20° C storage on the development of the

sensitivity of the fruits to exogenous propylene,

MATERIALS AND METHODS

'Anjou' pear fruits were purchased from the Mid-Columbia
Experiment Station, Hood River, Oregon in 1986. All fruits were
harvested based on 147 days from full bloom and 70 N flesh
firmness, After harvest the fruits were transferred into
perforated polyethylene film-lined 20 kg cardboard cartons and
placed into -1.1° C or 20° C storage. All the fruits were
screened for cork spot., Only healthy fruits were used.,

The time required by the fruits at harvest (0 days) or
stored at -1.1° ¢ for 25, 40, 55, 70, and 85 days and transferred
to 20° C in order to ripen and the time to produce climacteric
ethylene (as defined: greater than 1 ul/l) during ripening at 20°
C, was then noted. Five replicates, three times per week, were
used for internal ethylene determination (see methods chapter
111).

In the reciprocal experiment, fruits were started intially at
high temperature (20° C) for varying periods. This was followed
by transfer to -1.1° C storage for progressive 10 day increments
to see what effects chilling treatment would have on subsequent
ethylene synthesis and ripening (at 20° C again). The design of

this experiment is schematically presented below.
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The amount of chilling (-~1.1° C) required by the fruits
after initial storage at 20° C for varying times in order to
produce climacteric ethylene within 11 days at 20° C ripening
temperature was also determined. After storage at 20° C for 0, 25,
40, 55, 70, or 85 days pears were transferred to -1.1° C. The
fruits were then chilled (at -1.1° ¢) for 10, 20, 30, 40, 50, 60,
or 70 days. The pears were again transferred to 20° C to ripen
for 11 days. Internal ethylene was determined every other day
on five replicates.

The sensitivity of the fruits to propylene was determined as
follows: Forty fruits of each storage treatment (-1.1° or 20° C)
stored for 0, 25, 40, 55, 70, and 85 days, then were placed in 20
1 jars to ripen for 14 days at 20° C. Humidified air flow
containing 500 ul/l propylene at 1000 wl/min for each 20 1 jar was
metered in by calibrated glass capillary tubes. This ensured that
co, accumulation did not exceed 0.5% in the atmosphere, and thus

would not be inhibitory to ethylene synthesis. Internal ethylene
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and flesh firmness were determined every other day on five
replicates.,
The ripening parameter determinations and the statistical

analysis are described in the methods of chapter III.

RESULTS

A, CHILLING REQUIREMENTS

-1.1° C storage. Firmness of ‘'Anjou' pears only slightly
decreased from 70 N to 65 N during 90 days at -1.1° C.

Internal ethylene during the same period at -1.1° C decreased
from an initial value of 0.1 ul/1l to about 0,01 at 14 days
followed by a progressive increase to about 2 ul/1l through 98
days. Thus 56 days was designated as the time to reach the 1 ul/l
internal ethylene which is usually associated with the ability for
continued ethylene production during ripening (Fig.VI.l.).

Fruits not subjected to cold storage but placed at 20° C to
ripen at harvest showed a prolonged inability to produce ethylene
more than 0.3 ul/l. It was only after 100 days at 20° C that
internal ethylene exceeded 1 ul/l1 and then climacterically rose
beyond 30 ul/l within the next 10 days (Fig.VI.2.).

Fruits held only 25 days at -1.,1° C then moved to 20° C to
ripen also showed a considérable delay (63 days) before 0.03 ul/l
was exceeded. Within the next few days internal ethylene rapidly
reached 1 ul/l and continued to rise to 30 ul/l by the 70th day
(Fig.VI.2.).

Pears held 40 or 50 days at -1.1° C also had delayed
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ethylene production, requiring 34 and 23 days, respectively, to
attain 1 ul/l internally. Once 70 days or more of -1.1° C storage
had been passed, there was essentially no delay in ability to
initiate climacteric ethylene and maximum values above 40 ul/1l
were attained around the 14th day (Fig.VI.2.).

20° C storage. In contrast to the lack of change in firmness
that occurred at -1.1° C sto?age, pears at 20° C showed a very
slow decrease to 65 N at 21 days. Thereafter, softening rapidly
progressed up to 42 days (about 35 N), followed by a slower loss
in firmness to 10 N at 98 days (Fig.VI.3.).

Internal ethylene in 20° C storage remained well below 0.3
ul/1l up to 80 days and at 90 days climacteric ethylene was
initiated, surpassing 30 ul/l by day 98 (Fig.VI.3.).

20° C initial storage followed by -1.1° C storage. Pears held
at -1.1° C for periods up to 60 days failed to synthesize internal
ethylene above 0.4 ul/l during 12 days of ripening at 20° C.
After 70 days in -1.1° C storage, then transfer to 20° C for
ripening, internal ethylene exceeded 1 ul/l on the 7th day and
increased to about 7 ul/l on the 12th day (Fig.VI.4).

Pears held at 20° C for 25 days required 70 days at -1.1° C
in order to produce sustainable ethylene above 1 ul/1l when placed
back at 20° C for 11 days. Even though pears stored at -1,1° C
for 50 or 60 days at -1.,1° C had respectively, 1.5 and 10 ul/1l
internal ethylene on the first day of transfer to ripening, this
was not sustainable, falling to values around 0.3 ul/l by day 7 of

ripening. Evidence suggests (Ch,V, fig.3.,) that the initial drop
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ripening. Evidence suggests (Ch.V, fig.3.) that the initial drop
in the 1lst day ethylene, may have been due to accumulated ACC
converting to ethylene (Fig.VI.5).

'Anjou' fruits held 40 days at 20° C required 60 or more
additional days at =-1.,1° C storage to produce sustainable ethylene
above 1 ul/l, Pears stored for 60 or 70 days at -1.1° C and also
for 50 days had internal ethylene above 1 ul/1l but the pears
stored for 50 days at -1.1° C could not sustain ethylene above
0.3 ul/l in the ripening environment (Fig.VI.6.).

'Anjou' pears held 55 days at 20° C, required at least 50
days at -1.1° C storage to sustain ethylene upon ripening. Pears
stored for either 50 or 40 days at -1.1° C had lst day ripening
ethylene above 1 ul/l (9 ul/l and 4 ul/l, respectively), but the
pears stored for 40 days at -1.1° C stored could not further
sustain ethylene, and it fell to 0.4 ul/l by day 5 (Fig.VI.7.).

Pears held 70 days at 20° C, followed by -1.1° C storage
showed some interesting patterns. Despite the fact that -1.1° C
fruits held for 20, 30, 40, and 50 days all had internal ethylene
above 1 ul/l on day 1 of ripening, only the fruits stored for 40
or 50 days at -1.1° C had sustainable ethylene (Fig.VI.8.).

'Anjou' fruits held 85 days at 20° C, and then stored for 10
or 20 days at -1.1° C had more than 1 ul/l internal ethylene from
the very first day of ripening and levels rapidly climbed to 100

ul/1l by day 11 of ripening‘(Fig.VI.9.).
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B. SENSITIVITY TO PROPYLENE

Fruit internal ethylene at harvest in response to 500 ul/l
exogenous propylene at 20° ¢ treatment, increased gradually from
0.08 ul/l to 15 ul/l in 14 days. The fruit internal ethylene had
risen to 1 ul/l after the 8th day (Fig.VI.l2, VI.13.).

-1.1° C storage. Fruits stored for 25, 40, 55, 70, and 85
days at -1.1° C required 6.3, 5.1, 4.3, 2.4, and 0 days in order
to produce 1 ul/l in the presence of 500 ul/l propylene at 20° C
(Figs.VI,12, VI.,l4,). All pears responded to propylene by
generating ethylene and by softening rapidly.

20° C storage. Fruits stored at 20° ¢ for 25, 40, 55, 70,
and 85 days and then subjected to a 500 ul/l propylene
environment at 20° C , required 9, 9, 8, 4, and 2 days in order to

exceed 1 ul/l internal ethylene (Fig.VI.1ll, VI.l4.).

DISCUSSION

For winter pears, the two parameters of ripening, loss of
firmness and sustained ethylene synthesis (climacteric ethylene),
show different responses to storage temperatures, Pears held at
high (20° C) storage temperatures (Fig.VI.3 and Chapter III,
Fig.III.5., III.10.) show a progressive loss in firmness without
much increase in ethylene for up to 80 days. At low (-1.1° C)
temperatures, although both softening and ethylene production are
slowed, once chilling is satisfied upon ripening, ethylene
production and softening develop concurrently. (Chapter III,

Fig.I11.5., III1.10.). Then the dramatic effect of low temperature
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is to retard softening as ethylene synthesis capability continues
to develop.

As 'Anjou' pears are held progressively longer in -1.1° ¢
storage, it is observed that when the pears are placed at 20° C to
ripen, the time needed to produce climacteric ethylene becomes
shorter and shorter (Fig.VI.l0 and VI.1ll). Interestingly, when
one adds the time at -1.1° C plus the time in 20° C ripening, one
arrives at almost a constant number of days (about 90) in order to
achieve climacteric ethylene, While this applies up to the time
that chilling is satisfied, obviously it doesn't apply for storage
beyond 90 days. Although this seems to hold for cold followed by
warm ripening temperature, it doesn't hold as well for high
temperature storage, followed by cold storage, and ripening.

The amount of time required by 'Anjou' pears subjected to
-1.1° C storage in order to produce 1 ul/l sustainable internal
ethylene at the ripening temperature (20° C) appears to decrease
in a linear sense with increasing time in -1,1° C storage
(Fig.Vi.1ll, VI.13.,). Alternatively, the sum of the amount of time
that the fruit requifes in low storage temperature (-1.1° C) and
in ripening temperature (20° C) is about the same (Fig.VI.l0.).
However, this was not the case for fruits stored at 20° C and then
chilled at -1,1° ¢ (Fig.VI.13,.,). Although those fruits lose
firmness during 20° é storage along with other changes, such as
chlorophyll loss described in chapter V, this is not as strong a
factor to cause a decrease in the amount of chilling needed to

produce more than 1 ul/l internal ethylene upon ripening. The
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chilling requirement of fruit held at 20° C dramatically decreases
when firmness falls into the range of 25 to 15 N. As a result,
the added times in warm storage temperature (20° C ), and
chilling temperature (-1.1° C), does not produce a constant figure
(sum of days at 20° C plus days at -1.1° C) as for fruits stored
at -1.1° ¢ (Fig.VI.12.). This additive figure appears to increase
with the loss in firmness and decline only when firmmness is about
25 to 15 N (Fig.VI.12.).

Treatments of fruits treated with 500 ul/l1 propylene at
harvest, resulted in internal ethylene above 1 ul/l after 8,3
days. 'Anjou' pears treated at harvest with 500 ul/l propylene in
another study required about 9 days to produce internal ethylene
of 1 ul/1 (86).

The sensitivity of the pears to propylene increased the
longer they were held in -1.1° C storage. After the 85th day of
-1.1° C storage, the pears did not further respond to propylene,
because the fruit were already able to produce 1 ul/l ethyléne or
more even without the stimulatory effect of propylene (Fig.VI.l0,
VI.2.). This maximization of the sensitivity of the fruit to
propylene after the chilling requirement has been satisfied was
previously reported (1,86)

Pears that have been stored at 20° C behave differently,
About the same time (8.3 days) in 500 ul/l propylene environment
is required for fruits stored at 20° C for 0, 25, 40 and 55 days
to produce 1 ul/1l internal ethylene. Only after 55 days

(internal ethylene 0.18 ul/l, firmness 30 N), did the fruits
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respond earlier than 8 days to propylene the longer they were held
in 20° C storage (Fig.VI.l4.).

A -1.1° C (or similar low temperature) storage the chilling
environment appears to stimulate, probably through stress, the
ripening mechanism, as expressed by the appearance of the
climacteric over time and the development of ethylene
autocatalysis, uniformly‘and proportionate to time in storage. The
20° C storage, however, alters the time sequence of the different
components of the ripening mechanism. The loss in firmness (and
chlorophyll) preceeds the rise in ethylene. The development of
autocatalysis may indicate that ethylene production is part of the

senescence process and not necessarily the initiating factor.,
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CHAPTER VII

CONCLUSIONS

Mature 'Anjou' pear fruits in these experiments, required 55
to 70 days of -1.1° C storage in order to be able to produce
sustalinable intermnal ethylene greater than 1 ul/l, when
transferred 20° C. This agrees with several previous studies
during -1.1° C storage the pears did not lose firmness or
chlorophyll and only slight increases in soluble polyuronides or
total proteins were observed., However, after 55 or 70 days in -
1.1° ¢ storage, internal ethylene rose to 1.8 ul/l, ACC to 0.9
nmoles/g and titratable acidity decreased by 20%. Along with
those changes at -1.1° C when the pears were warmed to 20° C, EFE
activity peaked to 71 nl CZHQ/g/h, the sensitivity of the fruit to
exogenous propylene maximized, and linoleic acid had doubled., At
this stage the fruits ripen very fast at 20° C, with losses in
firmness synchronous with the rise in climacteric ethylene. The
changes of the parameters of ethylene synthesis and other
biochemical constituents associated with ripening may be typical
of other ripening climacteric fruits after storage: depletion of
the ACC pool, decreasing but enough EFE activity to sustain
climacteric ethylene production, losses in amino acids and gains
in protein and water soluble polyuronides.

It's somewhat surprising to observe EFE activity maximizing

well in advance of both ACC concentration and internal ethylene.
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Since ACC accummulates, clearly ACC synthase is not rate limiting,
and it would seem that neither is EFE activity. Thus we are left
with at least one rationalization in the concept that ACC may be
sequestered or wunavailable to EFE for convertion to ethylene.
Whether this implies membrane barrier separation is an intriguing
idea, especially in light of the changes in membrane lipid fatty
acid unsaturation synchronous with chilling satisfaction, The
lack of change in fatty acid unsaturation at 20° C storage casts a
bit of shadow an that hypothesis, however.

Mature 'Anjou' pears held at 20° C after harvest, with no cold
treatment are eventually capable of most of the ripening
phenomena., They are unique in showing a much earlier loss in
flesh firmness, 6 to 7 weeks ahead of the climacteric rise in
ethylene. Climacteric ethylene production occured on the 70th to
90th week of 20° C storage, well after the fruit became eating
ripe and soft to thumb pressure (about 20 N). Chlorophyll loss
accompanied the loss in firmness and titratable acidity became
half that at harvest., Free amino acid decreased and total protein
decreased by about 20% when the climacteric ethylene initiated,
along with the rise in ACC. EFE activity peaked about 25 days
earlier. The sensitivity of the fruit to exogenous propylene
increased and maximized and the requirements for chilling of
fruit stored at 20° C decreased and minimized only after flesh
firmness decreased to about 25 N, This pattern of ripening has
not yet been observed in any other climacteric fruit and it may be

a promising tool in order to investigate the role of softening in
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the ripening process,

Fruits with partially satisfied chilling requirement ripened
similarly to fruits that received no chilling. In all cases
firmness decreased to about 25 N and preceded the climacteric rise
in eth&lene or increase in ACC levels, EFE activity reached a
maximum well before ethylene, in all cases of partially chill-
satisfied pears. The longer the duration in -1,1° C, the earlier
was the onset of the parameters associated with ethylene
synthesis. The changes were also more rapid for the other
biochemical constituents associated with ripening,

Storage at 5° or 10° C resulted in a decrease of chilling
requiremeﬁts to 40 days for both storage temperatures, Linoleic
acid increased about 50% on the 40th day of both 5° and 10° C
storage, The pattern of 'Anjou' pear ripening after chilling at
5 or 10° C was intermediate between -1.1° and 20° c.
Approximately 30% and 50% loss in firmness was observed during
ripening at 20° C after 25 days of chilling at 5% and 10° c,
respectively. Meanwhile internal ethylene only ranged up to 0,1l
ul/l, Fifty percent loss in firmness is even observed in 'Anjou'
pears stored at 10° C for 40 days. When followed by ripening at
20° ¢, this fruit readily produces ethylene and loses most of its
remaining firmness., Storage at 10 © C appears to stimulate
ripening faster than all the other temperatures examined, probably
because of the combined temperature effects warm enough for
fruit softening and cool enough for the earlier ethylene

synthesis,
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Fruit sprayed with calcium during fruit development and then
cold stored showed delayed softening, and required more time in
storage (15 days) in all temperature treatments except in 10° C
storage in order to produce 1 ul/l ethylenme during ripening at 20°
C compared to the wate£ spayed controls, Calcium treatments had
no effect on fatty acid profiles.

The practical implications from these studies are that by
extending the chilling requirement such as under high calcium, one
might expect substantially longer storability, yet have reasonably
good ripening quality with strong capability to produce ethylene
while fruits are still fairly firm quite late in storage. A
further aspect is that delays in cooling such that ‘'Anjou' pears
much turn right after harvest at temperatures in the 5° to 10° ¢
range will have drastic effects both on fruit softening and
shortening the time to initiate ethylenme., Finally the 20° C data
implies that 'Anjou' might be held up to 5 weeks without
refrigeration with risk of some softening and certain chlorophyll
loss, but without risk of producing ethylene. The added negative
side of this 1s the problems of fungal pathogen growth and
devastation at those warmer temperatures, and this was a
difficulty in holding fruits experimentally at those higher
temperatures. While one might expect the other varieties of
winter pears to more or less behave as 'Anjou' it will remain to
be demonstrated the extent to which these experimental parameters
will follow the same patterns in apples, or other climacteric

fruits, The separation of synchrony for softening and ethylene
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pathways may provide some new tools to study reactions in fruit
physiology without the interference or complication of ome or the

other factor,



l.

2.

10.

122

CHAPTER VIII

BIBLIOGRAPHY

Abeles, F. B, 1973, Ethylene in Plant Biology. Academic
Press, New York.

Abeles, A.L. and F.B8. Abeles, 1972, Biochemical path of
stress induced ethylene, Plant Physiol. 50: 496 (abstr,)

Abeles F.B, and J. Lonski, 1969, Stimulation of lettuce
seed germination by ethylene., Plant Physiol., 44:277-280.

Adams, D.0O. and S.F. Yang. 1977. Methionine metabolism
in apple tissue: Implication of S—adenosylmethionine
as an intermediate in the conversion of methionine to
ethylene. Plant Physiol. 60:892-896.

Adams, D.,0., and S.F. Yang. 1979. Ethylene biosynthesis:
Identification of l-aminocyclopropane-l-carboxylic acid as

an intermediate in the conversion of methionine to
ethylene, Proc. Natl, Acad., Sci.:(U.S.A.) 76:170-174,

Addicott, F, T, 1982, Abscission. Univ. of California
Press, Berkeley. pp. 135.

Aharoni, N., J.D. Anderson and M. Lieberman. 1979.
Feed-back relationship between the biosynthesis and
action of ethylene in senescing leaf discs. Plant
Physiol. 63:92 (Abstr.)

Ahmed, E.A., and J.M, Labavitch, 1980. Cell wall
metabolism in ripening fruit., I, Cell wall changes
in ripening 'Bartlett' pears, Plant Physiol. 65: 1009-
1013.

Amrhein, N., F. Breuning, J. Eberle, H. Skorupka, and S.
Tophof. 1982. The metabolism of l-aminocyclopropane-l-
carboxylic acid. In: Plant Growth Substances, 1982,
PP.249-258, Wareing, P.F.,ed. Academic Press London New
York.

Anderson, J.D., M. Lieberman and R.N. Stewart. 1979.
Ethylene production by apple protoplasts, Plant Physiol.
63:931-935,



11.

12,

13.

14,

15.

l6.

17.

18.

19.

20.

21.

123

Anderson, J.,D. A,K. Matoo, and M. Lieberman., 1982,
Induction of ethylene biosynthesis in tobacco leaf discs by
cell wall digesting enzymes, Biochem. Biophys. Res,
Commun. 107:586-596.

Apelbaum, A.,, A.C, Burgoon, J.D. Anderson, T. Solomos and
M. Lieberman. 198l. Some characteristics of the system
converting l-aminocyclopropane-l-carboxylic acid to
ethylene., Plant Physiol. 67:80-84.

Apelbaum, A., S.Y. Wang, A.C. Burgoon, J.E. Baker and M.
Liebermann. 1981. Inhibition of the conversion of 1-
aminocyclopropane~l-carboxylic acid to ethylene by
stuctural analogs, inhibitors of electron transfer,
uncouplers of oxidative phosphorylation and free radi-
cal scavengers., Plant Physiol. 6:74-79,

Appelqvist, L., 1971. Lipids in Cruciferae IX. The effect
of growth temperature and storage on development on the
fatty acid composition of leaves, siliques and seeds of
'Zero-erucic-acid' Breeding lines of Brassica napus.,
Physiol Plant. 25:493-502.

Arteca, R.N. 1982, Influence of IAA, NAA and 2,4 D on
ethylene production by potato discs. (Solanum tuberosum L.
cv.Red Pontiac). Amer. Pot., J. 59:267-274.

Backlund, J., P.S. Backlund, and R.A, Smith, 1981.
Methionine synthesis from 5-methylthioadenosine in rat
liver. J. Biol, Chem. 256:1533-1535.

Baker, J.E., M. Lieberman and J.D. Anderson. 1978.
Inhibition of ethylene production in fruit slices by a
rhizobitoxine analog and free radical scavengers. Plant
Physiol, 61:886-888,

Baker, J.A., M. Lieberman and A. Kunishi, 1976.
Inhibition of ethylene production in tomato and avocado
fruit slices by a rhizobitoxine analog and free radical
scavengers. Plant Physiol. 57:97 (abstr,)

Baldwin, A.E., and R. Pressey. 1987. Tomato polygalacturo-
nase elicits ethylene production in tomato fruit, J.
Amer. Soc. Hort. Sci. 113(1):92-95.

Bangerth, F, 1973, Investigation wupon calcium-related
physiologocal disorders. Phytopathology 17:97-22

Bangerth, F. 1974, Antagonism between calcium and other
elements in apple fruit. Acta Horticulturae 45:49-52,



22,

23.

24,

25.

26.

27.

28,

29.

30.

31.

32,

33.

124

Bangerth, F. 1978. The effect of substituted amino acids
on ethylene biosynthesis, respiration, ripening, and
preharvest drop of apple fruits. J. Amer. Soc. Hort, Sci.
103:401-404,

Bangerth, F., D.R. Dilley, and D.H. Dewey., 1972, Effect
of postharvest calcium treatments on internal breakdown

‘and respiration of apple fruits. J. Amer. Soc. Hort. Sci.

97(5): 679-682,

Bartley, J.M. and M. Knee. 1982, The chemistry of
textural changes in fruit during storage. Food Chemistry
9:47-58,

Baur, A.H. and S5.F. Yang. 1969. Precursors of ethylene.
Plant Physiol. 44:1347-1349,

Ben-Arie, R., S. Lurie, and A.K. Matoo. 1982, Temperature-
dependent inhibitory effects of calcium and spermine on
ethylene biosynthesis in apple discs correlate with changes
in microsomal membrane microviscosity. Plant Sci.
Letters 24:239-247,

Beyer, E.M., Jr. 1979, Effect of silver ion, carbon
dioxide, and oxygen on ethylene action and metabolism,
Plant Physiol. 63:169-173.

Beyer, E.,M., 1976. A potent inhibitor of ethylene action
in plants., Plant Physiol. 58:268-271.

Biale, J.B. and R. E. Young. 1981, Respiration and
ripening in fruits-retrospect and prospect, pp. 1-39. 1In:
J.Friend and M. J. C. Rhodes(eds.). Recent Advances in the
Biochemistry of Fruits and Vegetables. Academic Press,
London.

Billington, D.C., B.T. Gulding, and S.B. Primrose. 1979.
Biosynthesis of ethylene from methionine, Biochem., J,
182:827-836.

Blankenship, S.M. and D.G. Richardson. 1985. Development
of ethylene induced ripening in D'Anjou pears during the

cold requirement for ripening. J. Amer. Soc. Hort,
Sci. 110(4):520-523.

Blumenkrantz, N, and G. Asboe-Hansen. 1973. New method
for quantitative determination of uronic acids, Anal.
Biochem. 54:484-489.

Boller, T., R.C, Herner,and H, Kende., 1979, Assay for and
enzymatic formation of an ethylene precursor, l-aminocyclo-
propane-l-carboxylic acid. Planta 145:293-303.



34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

125

Bradford, K.J., and S.F. Yang. 1980, Xylem transport of 1-
amino-cyclopropane-l-carboxylic acid, an ethylene
precursor, in waterlogged plants, Plant Physiol. 65:322~
326,

Bradford, M.M. 1976, A rapid sensitive method for the
quantification of microgram quantities of protein utilizing
the principle of protein dye binding. Anal. Biochem,
72:248-254,

Brady, C.J., G. MacAlpine, W.B., McGlasson and Y. Ueda.
1982, Polygalacturonase in tomato fruits and the induction
of ripening. Austr, J, Plant. Physiol. 9:171-178.

Brady, C.J., J.K. Palmer, P.B.H. O0'Connel, and R.M,
Smillie. 1970. An increase in protein synthesis during
ripening of the banana fruit. Phytochemistry 9:1037-1047.

Bramlage, W.J., D.W, Greene, W.R., Autio and J.M.
McLaughlin. 1980, Effects of aminoethoxyvinylglycine on
internal ethylene concentrations and storage of apples,
J. Amer, Soc. Hort. Sci. 105:847-851,

Brecht, J.K. and A.A. Kader., 1982. Ripening and reduced
ethylene production by nectarine fruits following exposure
to ethylene., HortScience 17(2):224-225,

Brecht, J. K. and A.A. Kader. 1984, Ethylene production
by 'Flamekist' nectarines as influenced by exposure to

ethylene and propylene. J. Amer, Soc, Hort. Sci.
109(3): 302-305.

Brennan, T. and C. Frenkel. 1977, Involvement of hydrogen
peroxide in the regulation of senescence in pear. Plant
Physiol. 59:411-4160

Bufler, G. and F, Bangerth, 198l1. Enzyme activities and
ripening of differently stored apple fruits,
Gartenbauwissenschaft. 46:30-36,

Burg, S.P. 1964, Studies on the formation and function of
ethylene gas in plant tissues. In: Centre National de la
Research Scientifique, et, Regulateurs Naturels de la
Croissance Vegetale p.719-728 Gifs/Yvette, Paris.,

Burg, S.P. 1973, Ethylene in plant growth. Proc. Natl.
Acad. Sci. (U.S.A.) 70:591-597.

Burg, S. P. and E. A. Burg. 1962, Postharvest ripening of
avocado., Nature 194:389-399,



46,

47.

48,

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

126

Burg, S.P. and E,A, Burg. 1962, Role of ethylene in fruit
ripening. Plant Physiol. 57:179-89,

Burg, S.P. and E.A. Burg. 1965, Ethylene action and
ripening of fruit. Science 148:1190-1196.

Burg, S.P. and E. A. Burg. 1965. Gas exchange in fruit
ripening. Physiol. Plant. 18:870-874,

Burg, S.P. and E.A, Burg. 1967. Molecular requirements for
the biological activity of ethylene. Plant Physiol.
42:144-152

Burg, S. P. and E. A. Burg. 1968, Ethylene formation in
pea seedlings: Its relation to the inhibition of bud
growth caused by IAA, Plant Physiol., 43:1069-1074,

Burg, S.P., and C,0, Clagett, 1967. Conversion of
methionine to ethylene in vegetative tissue and fruits.
Biochem., Biophys. Res. Comm. 27:135-130.

Burg, S.P. and K.V. Thimann. 1960. Studies on the ethylene
production of apple tissue, Plant Physiol. 35:24-35,

Burstrom, H.G. 1968, Calcium and plant growth. Biol. Rev.
43:287-316.

Cameron, A.C., C.A.L. Fenton, Y.B. Yu, D.O. Adams and S.F.
Yang. 1979. Increased ethylene production by plant tissues
treated with l-aminocyclopropane-l-carboxylic acid.
HortScience 14:178-180.

Chadwick, A.V. and S.P., Burg. 1970. Regulation of root
growth by auxin ethylene interaction. Plant Physiol. 45:
192-200.

Chen, P.M., and W.M, Mellenthin. 1981. Effects of harvest
date on ripening capacity and postharvest life of 'D'Anjou'
pears. J. Amer. Soc, Hort. Sci. 106:38-42,

Chen, P.M. and W,M. Mellenthin. 1982, Maturity, chilling
requirements, and dessert quality of 'D'Anjou' and 'Bosc'
pears. The 3rd International symposium for pear growing.
Acta Hort,. 124:203-210,

Chen, P.M., W.M, Melenthin and S.B. Kelly., 1983. Fruit
qualities of 'Bosc' pears stored in low oxygen or air as
influenced by maturity. Scienta Hort. 21:45-52,



59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

127

Chen, P.M., D.G. Richardson and W.M. Mellenthin. 1982,
Differences 1in biochemichal composition between 'Beurre
d'Anjou' and 'Bosc' pears during fruit development
and storage. J. Amer, Soc, Hort. Sci. 107:807-812.

Chen, P,M., R.E. Spotts and W.M, Mellenthin. 1981, Stem-
end decay and quality of low oxygen stored 'D'Anjou'
pears. J. Amer. Soc, Hort. Sci. 106:695-698.

Cheung, W.Y. 1980, Calmodulin plays a pivotal role in
cellular regulation. Science 207:19-27.

Clarkson, D. T. and J. B, Hanson. 1980, The mineral
nutrition of higher plants. Ann. Rev, Plant Physiol,31:339-
298.

Cochran, W.G. and G.M. Cox. 1957. Experimental Designs,
2nd ed., Wiley, New York.

Corden, M,E. 1965. Influence of calcium nutrition on
fusarium wilt of tomato and polygalacturonase activity.
Phytopathology 55:222-224,

Craker L. E, 1971. Postharvest color promotion in
cranberry with ethylene. HortScience 6:137-139,

Craker, L,E.,, L.A. Standley, M,J. Starbuck. 1971.
Ethylene control of anthocyanin synthesis in sorghum.
Plant Physiol. 48:349-352,

Crocker, W., A.,E, Hitchcock, and P.W. Zimmerman, 1935,
Similarities in the effects of ethylene and the plant
auxins. Contrib. Boyce Thomson Inst. 7:231-248.

DelLaat, A,M,M., A.C.C. Brandenburg, and L.C. van Loon,
1981, The modulation of the conversion of l-aminocyclo-
propane-l-carboxylic acid to ethylene by light, Planta
153:193-200.

De la Roche, I.A., C.J. Andrews and M. Kates. 1973.
Changes 1in phosholipid composition of winter wheat
cultivars during germination at 2 C and 24 C. Plant
Physiol, 51:468-473,

Dickinson, D.B. 1967. Permeability and respiratory
properties of germinating pollen., Physiol, Plant. 20:118-
127.

Dilley, D.R. 1962, Malic enzyme activity in apple fruit.
Nature. 196:387-388.



72,

13.

74,

75.

76.

77.

78.

79.

80.

8l.

82.

83.

84,

128

Dilley, D. R. 1977. Hypobaric storage of perishable
commodities - fruits, vegetables, flowers and seedlings.
Acta Hort, 62:61-70

Eaks, I.L. 1985. Effect of calcium on ripening,
respiratory rate, ethylene production and quality of
avocado fruit, J. Amer., Soc, Hort, Sci. 110(2):145-148,

Erez, A, 1977. The effect of different portions of the
sunlight spectrum on ethylene evolution in peach apices.
Physiol, Plant., 39:285-289,

Faust, M. and C.B. Shear. 1972, The effect of calcium on
respiration of apples, J. Amer. Soc. Hort. Sci. 97(4):437-
439,

Faust, M. and J.D. Klein. 1974. Levels and sites of
metabolically active calcium in apple fruit. J. Amer. Soc.
Hort, Sci., 99:93-94,

Fidler, J.C., B.G, Wilkinson, K.L. Edney, and R.O.
Sharples. 1973, The biology of apple and pear storage.
Commonwealth Agr. Bureaus, lst edition, pp 235.

Folch, J., M. Lees, and G.H. Sloane-Stanley., 1957, A
simple method for the isolation and purification of total
lipids from animal tissues. J. Biol, Chem. 226:497-509,

Frenkel, C., and R. Dyck. 1973. Auxin inhibition of
ripening in Bartlett pears., Plant Physiol, 51:6-9,

Frenkel, C,,I. Klein and D.R. Dilley. 1968. Protein
synthesis in relation to ripening of pome fruits, Plant
Physiol. 43:1146-1153,

Fuchs, Y. and M. Lieberman. 1968, Effects of kinetin,
IAA, and gibberellin on ethylene production. Plant
Physiol. 43:2029-2036.

Fuchs, Y. and J.D. Anderson. 1987. Purification and
characterization of ethylene inducing proteins from
cellulysin. Plant Physiol., 84:732-736,

Fukomoto, M, and K. Nagai. 1983, Possible roles of calcium
and ammonium in the development of bitter pit in apple.
Physiol, Plant, 59:171-176.

Galliard, T. 1968. Aspects of lipid metabolism in higher
plants-I1I., Phytochemistry. 7:1915-1922,



85.

86,

87.

88.

89,

90.

91.

92,

93,

9%,

95.

96.

97.

129

Gerloff, E.D., T. Richardson and M.A. Stahmann. 1966.
Changes in fatty acids of alfalfa roots during cold
hardening., Plant Physiol. 41:1280-1284.

Gerasopoulos, D, 1986, Chilling requirements of 'Anjou'
pears, Effects of maturity, calcium and propylene on
ripening responses. MS thesis, Oregon State University,

Goodwin, T.W. 1976. Chemistry and biochemistry of plant
pigments, Vol, 1, Academic Press, London, pp 870.

Grierson, D. and G.A, Tucker, 1983, Timing of ethylene
and polygalacturonase synthesis in relation to the control
of tomato fruit ripening. Planta 157:174-179,

Gross, K.C. 1985, Promotion of ethylene evolution and
ripening of tomato fruit by galactose, Plant Physiol.
79:306-307,

Gross, K. C., and C.Y. Wang. 1984, Compositional changes
in cell wall polysaccharides from chilled and non-chilled
cucumber fruit. Phytochemistry 23(8):1575-1578,

Gross, K.C. and S.J. Wallner. 1979, Degradation of cell
wall polysaccharides during tomato fruit ripening, Plant
Physiol., 63:117-120.

Hackett, P.J., A.C. Hulme, M.J.C. Rhodes and L.S.C.
Wooltorton., 1971. The threshhold value for physiological
action of ethylene on apple fruits. J. Food. Technol.
6:39-45,

Hansen, E. 1966, Postharvest physiology of fruits. An,
Rev, Plant Physiol. 459-480.

Hanson, A.D. and H. Kende, 1976, Methionine metabolism
and ethylene biosynthesis in senescent flower tissue of
morning glory. Plant Physiol, 57:528:537.

Hammett, L.K. H.J. Kirk, H.G. Todd and S.A. Hole., 1977.
Association between soluble solids/acid content and days
from bloom of 'Golden Delicius' apple fruits, J, Amer, Soc.
Hort, Sci. 102(4):422-431.

Hoffman, N.A. and S.F. Yang. 1980. Changes of l-aminocyclo-
propane-l-carboxylic acid content in ripening fruits in
relation to their ethylene production rates. J. Amer., Soc.
Hort. Sci. 105:492-495,

Hoffman, N.A. and S.F. Yang. 1982, Enhancement of wound
ethylene synthesis by ethylene in preclimacteric
cantaloupe. Plant Physiol. 69:317-322.



98.

99.

100.

101.

102.

103.

104,

105.

106.

107.

108.

109.

130

Hof fman, N.A., and S.F. Yang. 1982, 1Identification of I-
(malonylamino) cyclopropane-l-carboxylic acid as a major
conjugate of l-aminocyclopropane-l-carboxylic acid, an
ethylene precursor in higher plants. Biochem, Biophys. Res.
Commun., 104:765-770,

Hoffman, N.A,, J. Fu, and S.F, Yang. 1983, Identification
and metabolism ‘of Il-(malonylamino)cyclopropane-l-car-
boxylate in germinating peanut seeds. Plant Physiol.
71:197-199.

Hoffman, N.A., S.F. Yang. 1983. Relationship between the
malonylation of l-aminocyclopropane-i-carboxylic acid and
d-amino acids in mung bean hypocotyls. Planta 158:437-44l.

Hulme, A.C., M.J.C. Rhodes, and L.S.C. Wooltorton. 1962,
Separation of the enzymes in the mitochondria fraction from
apple peel, Nature 196:388-389,

Hulme, A.C., M.J.C. Rhodes, and L.S.C. Wooltorton, 1971.
The relationship between ethylene and the synthesis of RNA
and protein in ripening apples. Phytochemistry
10:749:756.

Imaseki, H.,, K. Honda, and A, Watanabe. 1975. Mechanism
of cytokinin action on auxin induced ethylene production,
Plant Cell, Physiol, 16:777-787.

Janes, H.W. and C. Frenkel. 1978, Inhibition of ripening
process in pears by inhibitors of cyanide resistant
respiration and by silver. J. Amer., Soc. Hort, Sci,
103:394-397.

Jen, J.J., and A.E. Watada., 1977, Red light advances
respiration and ethylene evolution in ripening tomatoes,
HortScience 12:459-460.

Jermyn, M.A., and F,A, Isherwood. 1956. Changes in the
cell walls of pear during ripening. Biochem. J. 64:123-
132,

Jones, R.G. and O,R. Lunt., 1970, The function of calcium
in plants. Bot. Rev, 34:407-426.

Kim, J., K.C. Gross and T. Solomos. 1987. Characteriza-
tion of the stimulation of ethylene production by gala-
ctose in tomato (Lycopersicum esculentum Mill,) fruit.,
Plant Physiol. 85:804-807.

Klein, I, and D.R. Dilley, 1973. Malic enzyme isozymes in
pome fruits, FEBS Letters 29:305-308.



110,

111,

112,

113.

114,

115.

116.

117.

118,

119,

120.

121,

122,

123.

131

Knee, M. 1973, Effects of storage treatments upon the
ripening of Conference pears. J. Sci. Food Agric. 24:1137-

1145,

Knee, M. 1973, ©Polysaccharide changes in cell walls of
ripening apples., Phytochemistry 12:1543-1546.

Knee, M, 1976, Influence of ethylene on the ripening of
stored apples, J. Sci. Fd. Agric. 27:383-391,

Knee, M, 1987, Development of ethylene biosynthesis in
pear fruits at -1 C. J. Exp. Bot. 38:1724-1733,

Kollas, D.A, 1964, Preliminary investigations of the
influence of controlled atmosphere storage on the organic
acids of apples, Nature 204:758-759.

Konno, H., T. Yomaga, Y. Yamasaki and H. Matsumoto. 1984,
Pectic polysaccharide breakdown of cell walls in cucumber
roots grown with calcium starvation. Plant Physiol,
76:633-637.

Kosiyachinda, S. and R.E. Young. 1975. Ethylene
production in relation to the initiation of the respirarory
climacteric in fruit, Plant and Cell Physiol. 16:595-602,

Kozlowski, T. T.(ed.). 1973. Shedding of plant parts,
Academic Press, New York,

Kuiper, P,J.C. 1970. Lipids in alfalfa leaves in
relation to cold hardiness, Plant Physiol, 45:684-686.

Kuraishi, S. 1968, The effect of kinetin on protein level
of Brassica leaf discs. Physiol., Plant, 21:78-83.

Kushad, M., D.G. Richardson, and A.J. Ferro, 1982, 5-
methylthioribose kinase activity in plants. Biochem,
Biophys. Res. Comm, 108: 167-173.

Kushad, M, M., D.G.Richardson, and A.J. Ferro. 1983,
Intermediates in the recycling of 5-methylthioribose to
methionine in plants., Plant Physiol, 73:257-261.

Lau, O.,L., M., Meheriuk and K.L. Olsen. 1983, Effects of
rapid CA, high CO, and CaCl, treatments on storage behavior
of 'Golden Delicious' apples. J. Amer. Soc. Hort.
Sci. 108(2):230-233,

Lau, 0. L., and S. F, Yang. 1973. Mechanisms of a syn-
ergistic effect of kinetin in auxin induced ethylene
production. Suppression of auxin conjugation. Plant
Physiol, 51:1011-1014,



124,

125,

126.

127.

128,

129.

130.

131.

132,

133,

134,

135,

136,

132

Lau, O. and S.F. Yang. 1976. Inhibiton of ethylene
production by cobaltous ion. Plant Physiol. 58:114-117.

Lau, O,L. and S.F. Yang. 1975, Interaction of kimetin
and calcium in relation to their effect on stimulation of
ethylene production. Plant Physiol, 55:738-740.

Leblond, C. 1975, Influence de diverse traitements
thermiques sur 1l'evolution de 1' intesate respiratoire, de
la synthese ethylenique et des quelques caracters organo-
leptiques de la poire Passe Crassane. Physiol, Veg.
13:651-665.

Legge, R.L., J.E. Thompson, J.E. Baker and M. Lieberman.
1982, The effect of calcium on the fluidity and phase
properties of microsomal membranes isolated from post-
climacteric 'Golden Delicious' apples.

Plant Cell Physiol., 23:101-169.

Lehninger, A.L. 1982, Principles of Biochemistry. Worth
Publishers , Inc., New York, pp.734-735, 747,752,

Li, P.,H, and E. Hansen, 1964, Effects of modified
atmosphere storage on organic acid and protein metabolism
of pears. Proc. Amer. Soc, Hort, Sci. 85:100-111,

Lieberman, M. and A., T. Kunishi. 1971. Abscissic acid
and ethylene production. Plant Physiol. Suppl.47:222,

Lieberman, M, and L.W. Mapson., 1964, Genesis and bio-
genesis of ethylene. Nature 204:343-345,

Lieberman, M. and S.Y. Wang. 1982. Influence of calcium
and magnesium on ethylene production by apple tissue
slices. Plant Physiol, 69:1150-1155.

Lieberman, M. J. E, Baker,and M, Slogger. 1977. Influence
of plant hormones on ethylene production in apple, tomato
and avocado slices during maturation and senescence,
Plant Physiol, 60:214-217,.

Lieberman, M., A.T. Kunishi, L.W, Mapson, and D.A. Wardale.
1966. Stimulation of ethylene production in apple tissue
slices by methionine., Plant Physiol, 41:376-382,

Lizada, M.C.C. and S.F. Yang. 1979. A simple sensitive
assay for l-aminocyclopropane-l-carboxylic acid. Anal,
Biochem., 100:140-145.

Lurie, S. and R, Ben-Arie, 1983, Microsomal membrane
changes during the ripening of apple fruit., Plant Physiol,
73:636-638,



137,

138.

139.

140.

141.

142.

143,

144,

145,

l46.

147.

148.

133

Lyons, J.M. and H.K. Pratt. 1964, Effect of stage of
maturity and ethylene treatment on respiration of tomato
fruits. Proc. Amer, Hort. Sci. 84:491-500.

Looney, N.E. 1972. Interaction of harvest maturity, cold
storage and two growth regulators on ripening Bartlett
pears. J. Amer., Soc. Hort. Sci. 97:81-83.

MacKinley, G. 194l. Absorption of light by chlorophyll
solutions, Biol, Chem. 140:315-322.

Mapson, L.W. and D.A. Wardale, 1968, Biosynthesis of
ethylene: enzymes involved in its formation from
methional., Biochem. J. 107:433-442,

Marchner, H. 1978. Nutritional and yield physiological
aspects of plant anutrition. Angew., Botanik., 52:71-87.

Marinos, N.G. 1962. Studies on submicroscopic aspects
of mineral deficiencies, l.Calcium deficiency in the shoot
apex of barley. Amer. J. Bot. 49:834-841,

Mason, J. L. 1976, Calcium concentration and firmness of
stored 'McIntosh' apples increased by calcium cloride
solution plus thickener. HortScience 11:504-505,

Mason, J.L. J.J. Jasmin and R,L. Granger. 1975. Softening
of 'McIntosh apples reduced by postharvest dip in calcium
chloride solution plus thickener., HortScience 19(5):524~-
525.

Mason, J. L. and M. F. Welsh. 1970. Cork spot (pit) of
'Anjou' pears related to calcium concentration in fruit.
HortScience 5:447,

Matoo, A.K., J.D. Anderson, E. Chalutz and M. Lieberman.
1977. Influence of enol ether amino acids, inhibitors of
ethylene biosynthesis, on aminoacyl transfer RNA syn-
thetases and protein synthesis. Plant Physiol, 64:289-
292,

Matoo, A.K., D.O. Adams, G.,W. Patterson and M. Lieberman.
1982. Inhibition of l-aminocyclopropane-l-carboxylic acid
synthase by phenothiazines, Plant Sci. Letters 28:173-179.

Mattoo, A.K., E. Chalutz, J.D. Anderson, and M., Lieberman.
1979, Characterization of the phosphate mediated control
of ethylene production by Penicillium digitatum.
Plant Physiol. 64:55-60,




149.

150,

151.

152,

153,

154,

155.

156.

157.

158.

159.

160.

134

Mayak, S. and A.H., Halevy. 1980. Flower senescence, IN:
Senescence of Plants, Edited by K.V. Thimann. pp.131-156,
CRS Press, Inc., Florida.

Means, A.R. 1984. Regulatory role of calmodulin in cell
proliferation, Proc. Ann. Meet, Tissue, Cult, Assoc., June.

-Melford, A.S. and M.D. Prakash., 1980. Postharvest changes

in fruit cell wall., Adv. Food Res, 30:139-193,

Millaway, R.N. and L, Wiersholm. 1979. Calcium and
metabolic disorders. Commun., Soil Sci, Plant Anal., 10: 1-
28,

Michener, D. H, 1938. The action of ethylene on plant
growth, Amer. J. Bot. 25:711-720.

McGlasson, W.B.,H.C. Dostal and E.C. Tigchelaar. 1975.
Comparison of propylene-induced responses of immature fruit
of normal and rin tomatoes. Plant Physiol. 55:218-222,

McGlasson, W.B., N.L. Wade and I. Adato. 1978, Phyto-
hormones and fruit ripening, vol. 2, pp.447-493,
In:D.S. Letham,P.B., Goodwin and T.J.V. Higgins (eds).
Phytohormones and Related Compounds : a Comprehensive
Treatise, Elsevier, Amsterdam.

McKeon, T.A., N.A, Hoffman, and S.F. Yang. 1982. The
effect of plant hormone pretreatments on ethylene
production and synthesis of l-aminocyclopropane-l-car-
boxylic acid in water stressed wheat leaves.

Planta 155:437-443.

McMurchie, E.J.,W.B., McGlasson, and I.L. Eaks., 1972,
Treatment of fruit with propylene gives information about
the biogenesis of ethylene. Nature (London) 237:235-236.

Meigh, D.F., J.D, Jones and A.C. Hulme, 1969. The
respiration climacteric in apple production of ethylene and
fatty acids in fruit attached to and detached from the
tree. Phytochemistry 6:1507-1515.

Mellenthin, W.M. 1966, Effects of climatic factors on
fruit maturity and quality of pears. Proc. Wash. State,
Hort. Assoc.62:67-69.

Mellenthin, W.M. and C,Y. Wang. 1976, Preharvest tempera-
tures in relation to postharvest quality of 'D'Anjou'
pears. J. Amer, Soc. Hort. Sci. 101:302-305.



161,

162,

163.

164,

165.

166,

167.

168.

169,

170.

171,

135

Mengel, K. and K, Helal. 1967, The effect of exchangeable
calcium ions of young barley roots on the flux of potassium
ions and phosphate, an interpretation of the Viets effect,
Z. Pflanzenphysiol.57:223-234,

Mengel, K. and E.A. Kirkby. 1982, Principles of Plant
Nutrition. International Potash Inst,, Switzerland, pp:437-
454, "

Miller, A, N,, Krizek, A.B. and C.S. Walsh. 1988. Whole-
fruit ethylene evolution and ACC content of peach pericarp
and seeds during development., J. Amer. Soc. Hort. Sci.
113(1):119-124,

Moore, S. and W.H. Stein. 1948, Photometric ninhydrin
method for use in the chromatography of amino acids. J,
Biol., Chem. 176:367-370.

Morgan, P.W. and W. C.Hall., 1962, Effects of 2,4-D on the
production of ethylene by cotton and grain sorghum.
PhyS iolo Planto 15:420-4270

Murr, D.P. and S.F. Yang. 1974, Inhibition of im vivo
conversion of methionine to ethylene by canaline and
2,4-dinitrophenol, Plant Physiol. 55:79-82,

Murr, D.P, and S.F. Yang. 1975. Conversion of 5'methyl-
thioadenosine to methionine by apple tissue., Phyto-
chemistry 14:1291-1292,

Neal, G.E.and A.C. Hulme. 1958, The organic acid
metabolism of Bramley's seedling apple peel, J. Expt.
Bot. 9:142-157.

Ness, P, J.and R, J. Romani. 1980, Effects of
aminoethoxyvinylglycine and countereffects of ethylene on
ripening in 'Bartlett' pear fruit., Plant Physiol. 65:372-
276.

Paulin, A., M.J. Droillard and J.M. Bareau. 1986. Effect
of a free radical scavenger 3,4,5-trichlorophenol on
ethylene production and on changes in lipids and membrane
integrity during senescence of petals of cut carnations
(Dianthus caryophyllus). Physiol. Plant., 67:465-471.

Perring, M.A. 1968, Mineral composition of apples, VII,
Further investigations into the relationship between
composition and disorders of the fruit. J. Sci. Food Agr.
19: 640-645



172,

173.

174,

175.

176.

177.

178.

179.

180.

181,

182,

183,

184,

136

Pilnik, W. and A.G.J. Voragen. 1970. Pectic substances
and other uronides. In A.C. Hulme, ed. The Biochemistry of
Fruits and their Products. Vol, 1, Chap. 3. Academic
Press, London, pp. 53-87.

Philosoph-Hadas, S., S. Meir and N. Aharoni. 1985.
Carbohydrates stimulate ethylene production in tobacco
leaves. Plant Physiol. 78:139-143,

Philosoph-Hadas, S., S. Meir and N, Aharoni, 1985,
Carbohydrates stimulate ethylene production in tobacco
leaves. Plant Physiol. 78:131-138.

Poovaiah. B.W. 1979, Role of calcium in ripening and
senesence. Commun. Soil, Sci., Plant. Anal, 10:83-88,

Poovaiah, B,W. 1985. Role of calcium and calmodulin in
plant growth and development. HortSience 20(3):347-352,

Poovaiah, B.,W. and A.C. Leopold. 1973. Deferral of
senescence and ripening with calcium. Plant Physiol.
52:236-239,

Poovaiah, B. W. and A.C Leopold. 1973, Inhibititon of
abscission by calcium. Plant Physiol. 51:848-851.

Poovaiah, B.W. and V.C. Shekhar. 1978, Effects of calcium
infiltration of 'Golden Delicious' apples on fruit
firmness and senescence., HortScience 13(3):357.(abstr.)

Porritt, S.W. 1964, The effect of temperature on post-
harvest physiology and storage life of pears. Can., J.
Plant. Sci. 44:568-579.

Pratt, H.K., M., Workman, F.W, Martin and J.M. Lyons.
1960, Simple method for continous treatment of plant
material with metered traces of ethylene and other
gasses., Plant Physiol., 53:609-611,

Pratt, H. K. and J. D. Goeschl. 1969. Physiological roles
of ethylene in plants. Ann. Rev, Plant. Physiol. 20:54l-
584,

Pressey, R. 1977. Enzymes involved in fruit softening. In:
R.L. Ory, A,J. St. Angello, eds, Enzymes in Foods and
Beverage Processing, ACS Symp Series 47, Am. Chem. Soc.
Washington D.C., ppl72-191.

Rattanapanone, N., D. Grierson, and M. Stein. 1977,
Ribonucleic acid metabolism during the development and
ripening of tomato fruits. Phytochemistry 16:629-633.



185.

186.

187.

188.

189.

190.

191.

192.

193,

194.

195,

196.

137

Reid, M. S., M.J.C. Rhodes and A.C, Hulme. 1973, Changes
in ethylene and C02 during the ripening of apples. J. Sci.
Fdo AgriC. 24: 971-975.

Richardson, D.G. 1973. The role of membrane lipids in low
temperature adaptation of plants. Ph.D. thesis, U of Min.

Richardson, D.G., and A.M., Al-Ani. 1982. Calcium and
nitrogen effects on 'D' Anjou' pear fruit respiration and
ethylene evolution, Acta Hort. 124: 195-201.

Richardson, D.G. and P, B. Lombard., 1979, Cork spot of
'Anjou’ pear: Control by calcium sprays. Commun. Soil
Science and Plant Analysis 10(1&2): 383-389.

Riley, R.G. and P.E. Kolattukudy. 1976. Effect of
treatment with calcium ion-containing formulations on the
firmness of ' Golden Delicius' apples HortScience.
11(3):249-251.

Rhodes, M. J. C. 1980. The maturation and ripening of
fruits, IN: Senescence of Plants. Edited by K.V. Thimann.
pp. 157-205. CRC Press, Inc., Florida.

Rhodes, M.J.C. and L.S.C. Wooltorton, 1968, A new
flourimetric method for the determination of pyridine
nucleotides in plant material and its use in following
changes in the pyrimidine nucleotides during the
respiration climacteric in apples., Phytochemistry 7:337-
353.

Riov, J., S.P. Monselise, and R.S. Kahan. 1969. Ethylene
controlled induction of phenylalanine ammonia~lyase in
citrus fruit peel. Plant Physiol. 44:631-635.

Riov, J. and S.F., Yang. 1982, Autoinhibition of ethylene
production 1in.citrus peel discs:Suppression of l-amino-
cyclopropane-l-carboxylic acid synthesis, Plant Physiol.
69:687-690.

Riov, J. and S.F, Yang. 1982, Effects of exogenous
ethylene on ethylene production in citrus leaf tissue.
Plant Physiol. 70 :136-14l.

Rolant, J.C. and M. Bessoles, 1968, Detection of calcium
in the cells of collenchyma., C. R. Acad. Sci.Ser,.D,
267:589-592,

Romani, R.J., R.W. Breidenbach and J.C. van Kooy. 1965,
Isolation, yield, and fatty acid composition of
intracellular particles from ripening fruits, Plant
Physiol 561-566,



197.

198.

199.

200,

201,

202,

203,

204,

205,

206,

207.

208.

138

Romani, R. R, Puschmann, J. Finch and J., Beutel, 1982,
Effects of preharvest applications of AVG on ripening
'Bartlett' pears with and without cold storage.
HortScience 17:214-215.

Sacher, J.A., 1973. Senescence and postharvest physiology.
Ann, Rev, Plant Physiol, 24:197-224,

Sams, C.,E, and W.S. Conway. 1984, Effect of calcium on
ethylene production, respiration rate, soluble polyuronide
content, and quality of Golden Delicious apple fruit. J.
Amer. Soc. Hort. Sci. 109(1):53-57.

Saltviet, M., E. 1982, Procedures for extracting and
analyzing internal gas samples from plant tissues by gas
chromatography. HortScience 17:878-881.

Saltviet, M.E., and D.R. Dilley. 1978. Rapidly induced
wound ethylene from excised segments of etiolated Pisum
sativum L., cv. Alaska, I1I.0xygen and temperature

dependency, Plant Physiol. 61:675-679.

Satoh, S, and Y. Esashi, 1980. Stimulation of ethylene
production by hydroxamic acid, in particular, by benzo-
hydroxamic acid., Plant and Cell Physiol, 21:1175-1185,

Schilling, N, and H. Kende. 1979, Methionine metabolism
and ethylene formation in etiolated pea stem sections.
Plant Physiol. 63:639-642.

Scott, K.J. and R.B.H. Wills, 1977, Vacuum infiltration
of calcium chloride: a method for reducing bitter pit and
senescence of apples during storage at ambient temperatu-
res. HortScience 12(1):71-72.

Scott, P, C., and A, C., Leopold. 1967. Opposite effects
of gibberellin and ethylene., Plant Physiol. 42:1021-1022,

Seamon, J.F., W.E, Moore and M.A. Millet, 1963. Methods
in Carbohydrate Chemistry 3:54-69, ed by Whistler, R.L.,
J.W. Green and J.N. Bemiller, Academic Press.

Sfakiotakis, E.M. and D.R. Dilley. 1973, Induction of
autocatalytic ethylene production in apple fruits by
propylene in relation to maturity and oxygen. J. Amer,
Soc, Hort. Sci. 98:504-508.

Sfakiotakis, E.,M. and D.R. Dilley. 1974, Induction of
ethylene production in 'Bosc' pears by preharvest cold
stress, HortScience 9:336-338,



209.

210.

211.

212,

213.

214,

215.

216.

217.

218.

219,

220.

139

Shapiro, S.K. and A, Barrett, 1981, 5-methylthioribose as
a precursor of the carbon chain of methionine., Biochem.
Biophys. Res. Comm. 102:302-207.

Skoog, A.D., and D.M, West. 1963, Fundamentals of
Analytical Chemistry. Holt, Rinehart, Winston, pp. 341-350,.

Spencer, M.S. 1956, Ethylene metabolism in tomato fruit
I. Relationship of ethylene evolution to fruit respiration
and ripening. Can. J. Biochem, Physiol. 34:1261-1270.

Stewart, R. N., M. Lieberman, and A. T. Kuniski., 1974,
Effects of ethylene and gibberillic acid on cellular growth
and development in apical and subapical regions of
etiolated pea seedlings. Plant Physiol, 54:1-5,

Tingwa, P.O. and R.E. Young. 1974. The effects of calcium
on the ripening of avocado (Persea americana Mill) fruit,
J. Amer. Soc. Hort. Sci. 99(6):540-542,

Tissut, M,, D. Chavallier, and R. Douce. 1980. Effet de
diferents polyphenols sur les mitochondries et les chloro-
plastes isoles, Phytochem. 19:495-500.

Tong, C.B. J.M. Labavitch and S.F. Yang. 1986. The
induction of ethylene production from pear cell culture by
cell wall fragments. Plant Physiol. 81:929-930.

Toumadje A. 1984, Polyamine and ethylene biosynthesis in
pears during storage and ripening. Ph.D. thesis 0SU.

Trewavas, A.J. 1982. Growth substance sensitivity: the
limiting factor in plant development. Physiol., Plant,

Ulrich, R. 1970. Organic acids, In: Biochemistry of Fruits
and their Products, A.,C. Hulme (ed), Academic Press,
London, pp 89-115.

Van Steveninck, R.F.M. 1965. The significance of calcium
on the apparent permeability of cell membranes and the
effects of substitution with other divalent 1ions.
Physiol. Plant. 18:54-69.

Vaughan, M.A.,, T.J. Mulkey and C.W. Goff, 1984, Effects
of calmodulin antagonists and calcium entry blockers on
ATP-dependent Ca uptake in maize root microsomes., Plant
Physiol. 75(1):2.



221,

222,

223.

224,

225,

226.

227.

228,

229,

230.

231.

140

Vakkari, M.L. 1980, The effect of methionine on the
growth, ethylene production, and phenolic compounds of
Atropa belladonna L. callus culture. Ann. Bot. Fennici.

17:406-409,

Vaz, R.L. 1984, Preharvest fruit analysis as a predictor
of 'D'Anjou' pear and 'Yellow Newtown' apple physio-
logical disorders, storage quality and ripening behavior.
Ph.,D. Thesis Oregon State University.

Veen, H. and S.C. Van de Geijn. 1978. Mobility and ionic
form of silver as related to longevity of cut carnations.
Planta 140:93-96.

Vendrel, M., and W.B. McGlasson. 1971. Inhibition of
ethylene production in banana fruit tissue by ethylene
treatment. Austr., J. Biol. Sci. 24:885-895,

Von Abrams, G, J.and H, K. Pratt, 1967, Effect of ethy-
lene on the permeability of excised cantaloupe tissue.
Plant Physiol. 42:299-301,

Wade, L.N. and D.G. Bishop. 1978. Changes in the 1lipid
composition of ripening banana fruits and evidence for an
associated increase in cell wall membrane permeability,
Biochim, Biophys. Acta. 529:454-464,

Wade L.N. and Brady C.J. 1971. Effects of kinetin on
respiration, ethylene production and ripening of banana
slices, Aust, J. Biol. Sci., 24:165-167.

Wallner, S.J. and H.C, Bloom. 1977. Characteristics of
tomato cell wall degradation in vitro., Implication for the
study of the fruit softening enzymes. Plant, Physiol,
60:207-210.

Wang, C.Y., C.E. Sams, and K.C. Gross. 1985. Ethylene,
ACC, soluble polyuronide, and cell wall noncellulosic
neutral sugar content in 'Eldorado' pears during cold
storage and ripening. J. Amer. Soc. Hort. Sci.
110(5):687-691.

Wang, C.Y. and D.O. Adams. 1980. Ethylene production by
chilled cucumbers (Cucumis sativa L.). Plant Physiol.
66:841-843,

Wang, C.Y. and D.O0. Adams. 1982, Chilling induced ethy-
lene production in cucumbers (Cucumis sativa L.). Plant
Physiol, 69:424-427,




232,

233,

234,

235,

236,

237.

238,

239,

240,

241,

242,

243,

141

Wang, C.Y. and W.M. Mellenthin. 1972, Internal ethylene
levels during ripening and climacteric of 'Anjou'
pears, 50:311-312.

Wang, C.Y. and E. Hansen. 1970, Differential respounse to
ethylene in respiration of immature 'Anjou' pears. J. Amer
Soc. Hort,., Sci. 95(3):314-316.

Wang, C.Y. and W.M., Mellenthin. 1973. Chlorogenic acid
levels, ethylene production and respiration of 'd'Anjou'
pears affected with cork spot. HortScience 8:180-181.

Wang, C.Y. and W.M. Mellenthin. 1977. Effect of amino-
ethoxyrhizobitoxine analog on ripening pears. Plant
Physiol. 59:546-549,

Wang, C.Y., W.M, Mellenthin, and E., Hansen. 1971. Effect
of temperature on the development of premature ripening of
'Bartlett' pears., J. Amer. Soc. Hort, Sci. 96:12-126.

Wang, C.Y., W.M. Mellenthin and E.Hansen, 1972,
Maturation of 'D'Anjou' pears in relation to chemical com-
position and reaction to ethylene. J. Amer., Soc. Hort. Sci.
97:9-12,

Wills, R.B.H., T.H. Lee, D.Graham, W.B. McGlasson and

E.G. Hall. 1982, Postharvest - An Introduction to the
Physiology and Handling of Fruit and Vegetables. AVI.
Publishing Co., Westport, Coun,

Wills, R.B.H. and S.I.H. Tirmazi. 1979. Effect of calcium

"and other minerals on ripening of tomatoes. Aust. J,.

Plant Physiol. 6 :221-227,

Wright, S.T.C. 198l. The effect of light and dark periods
on the production of ethylene from water stressed wheat
leaves., Planta 153:172-180.

Wulster, G., J. Sacalis and H.W. Janes. 1982. Senescence
in isolated carnation petals: Effects of indoleacetic acid
and inhibitors of protein synthesis., Plant Physiol.
70:1039-1043.

Yemm, E.W. and E.C. Cocking. 1955. The determination of
amino-acids with ninhydrin. Analyst 80:209-213,

Yoshii, H. and H. Imaseki. 1981, Biosynthesis of auxin
induced ethylene., Effects of indole-3-acetic acid,
benzyl-adenine and abscisic acid on endogenous levels of
ACC and ACC synthase. Plant and Cell Physiol. 22:369-379,



244,

245,

246,

247,

248,

249,

250,

251,

252,

142

Yoshii, H., A, Watanabe and H.Imaseki. 1980. Biosynthesis
of auxin induced ethylene in mung bean hypocotyls. Plant
and Cell Physiol. 21:279-291.

Yang, S.F. 1974. The biochemistry of ethylene: Bio-
genesis and metabolism, Recent Adv., Phytochem. 7:131-134,

Yang, S.F. 1980, Regulation of ethylene biosynthesis,
HortScience 15:238-243,

Yang, S.F. 1985. Biosynthesis and action of ethylene.
HortScience 20(1): 41-45,

Yu, Y.B. and S.F.Yang. 1979. Auxin induced ethylene
production and its inhibition by aminoethoxyvinylglycine
and cobalt ion, Plant Physiol., 65:1074~1077.

Yu, Y.B., D.0O., Adams, and S.F. Yang. 1979. l-aminocyclo-
propane carboxylate synthase, a key enzyme in ethylene bio-
synthesis, Arch., Biochem. Biophys. 198:280-286.

Yung, K.H. and S.F. Yang. 1982, Methionine synthesis from
5-methylthioribose in apple tissue, Biochem. Biophys. Res,
Commun. 104:771-777.

Zauberman, G. and Y., Fuchs. 1973. Ripening processes
in avocados stored in ethylene atmosphere and cold
storage. J. Amer. Soc., Hort. Sci. 98(5):477-480.

Zeroni, M,, J. Galil and S. Ben-Yehoshua, 1976. Auto-
inhibition of ethylene formation in non-ripening stages
of the fruit of Sycamore fig (Ficus Sycomorus L.). Plant
Physiol. 57:647-650, -




APPENDICES



143

Two~-dimensional electroforesis procedures.

Two dimensional gel electrophoresis first indroduced by
O'Farrell (6) has become very popular and is widely used for the
analysis of complex protein patterns, The turnover, synthesis or
modification of proteins during development or in response to
environmental factors of embryonic nonchlorophyllous (6) and
chlorophyllous (1) plants or cell cultures (3), results in changes
in protein patterns that can be analyzed and compared by this
technique.

Our intention was to investigate the changes in protein
patterns during storage of 'Anjou' pears at -1,1°, and at 20° C.
Different problems, however, such as perfection of the technique
itself and the extraction procedures due to low protein content,
interferences by phenolic compounds, and different tissue texture
at different storage/ripening stages, affected the comparability
of proteins and decreased the sensitivity of the method.
Nevertheless the procedure for two dimensional gel electrophoresis
is interesting enough to warrant consideration for future analysis
of protein patterns of 'Anjou' pears or of fruits in general and
it is hoped that the experience gained here, despite some
disappointments, may be useful to others who follow,

Materials and methods. 'Anjou' pears sampled from the -1.1° or
the 20° C storage temperature treatments were peeled, cored,
quartered and frozen with liquid nitrogen. The frozen tissue was
stored at -80° C until it was used. The frozen quarters then were

ground under liquid nitrogen in a stainless steel Waring Blendor
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until a fine white powder resulted. Twelve g of pear powder were
combined with 20 ml of extraction buffer ( 0.2 M acetate/acetic
acid, pH 5.6, containing 0.5% Triton X-100, and 5mM
phenylmethylsulfonyl fluoride a protease inhibitor), 24 g
insoluble PVPP, and 24 g XAD-4, PVPP and XAD-4 were prepared
according to Loomis, et al (4,5) and equilibrated with the
extraction buffer before use. The solution was stirred at 4° ¢
for 60 min and filtered through glass wool, The insoluble material
was then washed with additional 20 ml of buffer. The two filtrates
were combined and centrifuged at 28,000xg for 20 min in a Sorvall
RC-2B refrigerated centrifuge. Then the supernatant was made 15%
TCA and the protein pellet was recovered by centrifugation at
10,000xg, washed five times with 0.1 M NH, HCO4 in methanol and
dried under vacuum at 4° C,

The pellet was then solubilized (2) in SDS buffer: 4% (w/v)
SDS, 2% (v/v) 2-mercaptoethanol, 10% (w/v) glycerol inm 300 ul 0,5
M Tris, pH 8.5. The solution was heated for three min at 80° C
and the insoluble material removed by centrifugation at 15,000xg
for 20 min in an Eppendorf microfuge. Four volumes of cold (-20°
C) 80% acetone were added and the solution was incubated
overnight at =20° C. The pellet was then washed twice with 80%
acetone and the pellet dried under nitrogen stream,

The pellet was then solubilized in buffer (9 M urea, 4% (v/v)
NP-40, 2% (v/v) 2-mercaptoethanol, and 2% ampholytes pH 5-7, and
3-10) and the insoluble material was removed by centrifugation at

15,000xg for 20 win.
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Two dimensional electrophoresis. The method described by
O0'Farrell (6) as modified by Hurkman and Tanaka (2) was used,
Approximately 200 ug of protein were loaded at the acidic end of
the focusing gels and overlaid with 10ul of 5 M urea. The upper
(anode) buffer was 0.2% (v/v) H,50, and the lower (cathode)
buffer was 0,5% (v/v) ethanolamine. The isoelectric focussing
was conducted for 17 h at 250 V plus 1 h at 800 V, Following
focussing the pH gradient was measured: The gels were cut into
0.5 cm pieces which were placed in test tubes containing 1 ml of
freshly boiled 0.0l N NaCl and incubated overnight. The resulting
solution was then measured with an Orion Research 901 pH meter.

The other gels were equilibrated for 45 min in an
equilibration buffer (2.3% (w/v) SDS, 5% (v/v) 2-mercaptoethanol,
104 (w/v) glycerol in 62,5 mM Tris-HCl, pH 6.,8), frozen in 5 ml
of the same buffer with dry ice/ethanol and stored at -80° ¢
until used. The gels were warmed up and equilibrated once more in
the same buffer for additional 45 min and used for the second
dimension.

The second dimension SDS gels were 1.5 mm thick and consisted -
of a 14,8 cm 12% acrylamide separation gel overlaid with 1.2 cm
stacking gel of 4% acrylamide. The focussing gel was sealed to
the SDS gel with 5% agarose 1in equilibration buffer. Additional
pieces of 5% agarose containing 0.1% bromophenol blue or molecular
weight standards (rabbit muscle phosphorylase b; 97,400 KD,
bovine serum albumin; 66,200 KD, hen egg white ovalbumin; 42,699

KD, bovine carbonic anhydrase; 31,000 KD, soybean trypsin
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inhibitor; 21,500 KD, hen egg white lysozyme; 14,400 KD, Biorad).

The running buffer was 25mM Tris, 195mM glycine, and 0.1% (w/v)

SDS. The electrophoresis was run at 20 mamp/gel constant current

at 12° C. The gels were stained with 0.0l% Coomassie blue dye in

1:5:5 acetic acid: methanol:water,

Protein was determined by the method of Ramagli and

Rodriguez (7).

One of the gels is shown in Plate.A.l.
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Plate.A.l. Two dimensional electroforesis protein pattern of
'Anjou' pears.
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Fig.A.l. Fatty acid composition of calcium-treated 'Anjou' pears
stored at -1.1'C.
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Fatty acid composition of 'Anjou' pears stored at 5°C.
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Fig.A.4. GLC chromatogram of typical 'Anjou' pear fruit total
lipid fatty acid methyl esters, Column conditions: 3% SP-2310/
2% SP=-2300 on 100/200 mesh Cromosorb WAW (Supelco), 2 m x 4 mm
0.D., column temperature 190° C, injector temperature 235° C, FID
temperature 255° G, and N, carrier gas 30 ml/min.



