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In the Northwest, two tree fruit production problems may be 

related to the role of ethylene on plant growth and development: 

flowers and developing fruits are subject to low temperature injury 

during early spring, and to the low fruit set of 'Cornice'.  Ethylene 

may be involved in influencing dormancy and flower and ovule 

senescence.  Thus, manipulation of the ethylene levels during various 

stages of development may alleviate these problems. 

The role of ethylene on floral bud break was studied by the appli- 

cations of ethylene inhibitors and ethephon, an ethylene generator, 

during various stages of floral bud development.  Lower concentrations 

of a fall ethephon spray at the onset of dormancy delayed subsequent 

anthesis by 8 and 13 days on peach and prune fruit trees without exces- 

sive damage.  This ethephon spray was associated with high levels of 

internal bud ethylene and ABA.  The slower in the rate of flower 

differentiation and development was related to the high levels of 

internal ethylene during dormancy and this could account for the bloom 

delay the following spring. 



The study indicated two preferred methods to delay floral bud 

development with a fall application of ethephon without reduced yield 

performance on Prunus:  1) fall ethephon applied between 10-100% 

natural leaf drop stage; or 2) fall ethephon on partially defoliated 

trees 6 days after defoliants were applied. 

The ethylene level of 'Cornice' pear flowers was manipulated by an 

ethylene inhibitor (aminoethoxyvinylglycine, AVG) to enhance fruit set 

and yield.  A polyamine, putrescine, was selected by a lab test among 

different ethylene inhibitors for improving fruit set of 'Cornice' in 

the field.  The applied polyamine at 10 M in full bloom stage 

increased yield by 220% and 45%, respectively, during 1985 and 1986. 

Putrescine had no effect.on fruit maturity or return bloom during the 

four years of application.  Using an aniline blue technique for testing 

ovule viability, flowers treated with putrescine had a longer 

effective pollination period (EPP) and ovule longevity, by 2 days in 

1985 and by 5 days in 1986.  However, the extended ovule longevity and 

the increased fruit set from the putrescine application were not 

related to lowered ethylene levels in the flower during anthesis.  In 

fact, the level of internal ethylene was higher on putrescine treated 

flowers than those untreated in the field.  Also, the evolved ethylene 

of the putrescine treated flowers in vitro was higher than untreated 

'Cornice' flowers.   Flowers treated with putrescine had greater dry 

weight concentratation of N and B during post bloom stage. 
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THE EFFECT OF ETHYLENE MANIPULATION 
ON FLOWER BUD DEVELOPMENT OF 

PRUNUS DOMESTICA AND PRUNUS PERSICA AND 
ON PYRUS COMMUNIS OVULE SENESCENCE 

Chapter 1 

INTRODUCTION 

Ethylene is a plant hormone which initiates fruit ripening 

and regulates many aspects of plant growth and development (1). 

As part of the normal cycle of a plant, ethylene production is 

higher during certain stages of growth and development such as: 

seed germination, shoot growth, fruit ripening, and leaf and 

flower senescence (24).  Also, the production of this unsaturated 

hydrocarbon gas is induced by many external factors, including 

auxin application, physical wounding, and several plant stresses 

(62, 63).  Most of the information about ethylene has been on the 

role of ethylene on fruit ripening and storage.  Therefore, many 

horticultural practices are based on the ethylene role of fruit 

maturity and ripening.  Recently, some reseach has looked at the 

role of ethylene on dormancy, flower senescence, and leaf and 

flower abscision (60).  However, more information is needed to 

manipulate bloom time and senescence of flower and ovule, and to 

generate a thinning and mechanical harvest methods. 

In the Northwest two production problems are related to the 

role of ethylene on plant growth and development.  Deciduous fruit 

trees are commonly grown in areas where flowers and developing 



fruits are subject to low temperature injury during early spring. 

In Oregon, the pear industry lost a large portion of the crop in 

1954, 1968, 1970, and 1972 from spring freeze which reduced the 

pear crop by about 50% (65) .  This is not only an Oregon problem, 

but many fruit regions of the world have freezes.  In the 

Seminola, New Mexico area, the peach crop was totally or partially 

damaged four out of five years during 1971-1976 due to freezing in 

early spring (97).  The Utah fruit tree growers have experienced 

serious fruit losses due to spring freezing in 9 of the past 15 

years.  In 1972, Utah's crop was almost completely destroyed by 

freezing temperatures during March 24-31 (31). 

Any treatment to reduce frost injury is of interest to horti- 

culturists because of potential economic benefit to the fruit 

industry.  Nevertheless, one solution is to plant fruit trees in 

areas with low probabilities of freezes, but presently most temp- 

erate zones require immediate remedy against frost.  Heaters, wind 

machines, and sprinklers are used to protect the suceptible 

flowers, but these methods are expensive and limited sensitivity 

of tissue to frost damage increases as spring advances.  Pear 

flowers, for example, are damaged at -8 to -50C when they are in 

cluster separation but before bloom.  During anthesis they are 

damaged at -1.80C.  After petal fall, very small fruit are damaged 

at -10C. 

Fortunately, the likelihood of frost decreases as spring 

advances.  Therefore, delaying flower and vegetative bud develop- 

ment to avoid freeze hazard rather than protecting suceptible 

flowers would be a prefered option.   A minimum period of 12 days 



delay is necessary to avoid the most hazardous freeze in most 

fruit tree growing areas (65) , although in some areas a longer 

period is needed.  Delayed bloom is also an advantage in marine 

climatic areas with a cool spring where low set is caused by lack 

of cross-pollination or slow pollen tube growth. 

Ethylene has a role in the dormancy process (54), therefore, 

it could be involved in the control of anthesis of fruit trees. 

Ethephon stimulated the breaking of dormancy in seed, tubers, 

corms, bulbs, and vegetative buds of grape (58) sugggesting that 

ethylene may be involved in the regulation of the rest period. 

Aminoethoxyvinylglycine (AVG, an ethylene inhibitor) sprayed 

before bud opening delayed bloom in peach and blueberry (34). 

Trees defoliated by ethephon application in the fall 

developed late bloom the following spring and bloom delay was 

thought to be an indirect effect of the early defoliation from the 

ethephon application than a direct effect (35) . 

Peach was chosen as a system to study the role of ethephon on 

bloom time because of less flowering variation among shoots, the 

extensive information available on its phenology and temperature 

requirement for anthesis, and the previous work on fall ethephon 

and bloom delay. 

Another fruit production problem occurs from the low set and 

yield in 'Cornice' pear in spite of a dense bloom.  'Cornice' pear 

is considered the finest winter pear and is widely planted in 

Oregon. 

The lack of sufficient set may be due to a short effective 



pollination period (EPP) (30).  EPP is the period of ovule longe- 

vity minus the period for pollen tube growth to reach the egg. 

Longer EPP enhances the chance of successful fertilization and 

fruit set.  EPP can be extended by increasing pollen tube growth 

rate or by extending the ovule longevity.  Many papers suggest 

that ethylene has a role in fruit set in several species with the 

general idea that high ethylene levels in the flower decrease 

fruit set because of induced early flower senescence.  Improvement 

in fruit set has been reported by the use of AVG (66).  These 

studies suggest that the increase of fruit set is related to low 

levels of ethylene during bloom. 

Stimulation and/or inhibition of plant ethylene levels by the 

use of ethephon or ethylene inhibitors (AVG, AOA, and polyamines) 

are available options to manipulate and control various process in 

horticulture systems (80). 

The purpose of this research was to investigate the role of 

ethylene on the development of the flower bud rest, quiescence, 

and during fruit set with the idea to manipulate bloom time and 

increase fruit set on fruit trees. 

The first manuscript (Chapter 3) describes the effect of 

different ethylene inhibitors on 'Cornice' pear ovule longevity. 

The second manuscript (Chapter 4) describes the effect of 

different putrescine concentration sprays on 'Cornice' yield 

components and its effect on ovule senescence and fertilization 

time, as a possible role in fruit set. 

The third manuscript (Chapter 5) discusses the effect of fall 

ethephon on bloom delay and yield components of prune and peach 



fruit trees as related to timing and rates.  During this study 

two safe methods to delay bloom without yield reduction on prune 

and peach were developed 

The fifth manuscript (Chapter 7) describes the effect of fall 

ethephon on bud and stem hardiness through the dormancy season. 



Chapter 2 

REVIEW OF LITERATURE 

Introduction 

Role of Ethylene in Higher Plants 

Ethylene, a natural product of plants, is the simplest 

organic compound that is biologically active in trace amounts (1) 

and its effects are spectacular and commercially important. 

Although it had been known for a long time that the presence of 

gaseous materials in the air could modify the growth of plants, 

the identity of ethylene as an active agent was not established 

until the turn of the century by Nelijubow (75). 

The first suggestion that biological material releases a gas 

that affects the growth of nearby plant material was reported by 

Cousins (1), who observed that gases from oranges caused premature 

ripening of banana.  Direct proof that ethylene was indeed 

produced by ripe apples was provided by Burg (22,24).  Since then 

it has been shown that ethylene is produced from nearly all parts 

of higher plants, including leaves, stems, roots, flowers, fruits, 

tubers, and seedlings, and that ethylene production plays an 

important role in regulating many plant processes, ranging from 

germination to senescence (1,22). 

It is now understood that ethylene is produced by healthy, as 

well as senescent and diseased, tissues.  It exerts regulatory 

control or influences over all plant growth and development, 



generally throughout ontogeny.  Its interaction with other kinds 

of hormones are numerous and complex.  Among the most diverse 

physiological effects which have been reported are:  stimulation 

of ripening of fleshy fruits, leaf abscission, adventitious root 

formation, and flowering in pineapple; inhibition of leaf and 

terminal bud expansion, root growth, and lateral bud development; 

increase in membrane permeability; and causing various types of 

flowers to fade (1,14,23,33,63,101). 

Commercial Importance 

The problems associated with use of ethylene gas to regulate 

plant responses or commercial and practical value were largely 

overcome with the discovery of the ethylene-releasing properties 

of 2-chloroethyl-phosphonic acid and its subsequent commerciali- 

zation under the trade name Ethrel which is 1.5 M and 21.6% 

active ingredient (1,60).  This "liquid-ethylene", referred to 

generically as ethephon, is the most important and versatile 

ethylene-release agent sold and is registered for more than 20 

crops (80) .  Ethrel is used for improving the quality or promoting 

ripening of fruits such as tomatoes, apples, coffee berries, and 

grapes; facilitating harvesting of cherries, walnuts, and cotton 

by accelerating abscission or fruit dehiscence; increasing rubber 

production by prolonging latex flow in rubber trees (1); 

increasing sugar production in sugarcane (104); synchronizing 

flowering in pineapple (80); and accelerating senescence of 

tobacco leaves (1).  It is often desirable to delay plant 

responses mediated by ethylene; therefore, ventilation, absorp- 

tion, or destruction of ethylene during the storage or transit of 



fruits, vegetables, and flowers have all been attempted.  Today, 

depending on the commodity, a wide variety of specific preserva- 

tion techniques are used in commerce to prevent ethylene effects 

(63).  Examples include the use of controlled atmospheric or hypo- 

baric storage and the treatment of cut carnations with Ag  formu- 

lations to extend shelf-life (18).  Future work may lead to a 

commercially-useful ethylene-synthesis inhibitor, thus increasing 

the flexibility to delay ethylene effects especially in edible 

food. 

Ethephon is freely soluble in water and stable in aqueous 

solution below pH 4.5, with decomposition being reported to 

increase linealy as pH increases (81).  The effect of temperature 

on duration of ethylene release is illustrated by Biddle, et al. 

(20) which indicated the vitro life of ethephon at pH 6.1 to be 

5.6 days at 20oC and only 1.1 days at 30oC. 

Maynard and Swan (68) first reported the elimination reaction 

which is presumed to be necessary for the release of ethylene from 

compounds such as ethephon.  They concluded that the phosphote 

group must ionize douley (to the dianionic species) before frag- 

mentation can occur, yielding Cl4, C2H2_ and PQ
4
 on a 1:1:1 molar 

basis.  Yang (109) in 1969 described the reaction as nucleophilic 

on the electrophilic P.  The Cl acts as an electron withdrawing 

group, and water or OH as the nucleophile, attacking the phos- 

phonate.  Thus, ethephon yield HCL + C2H4 + orthophosphate. 

Biddle, et al. (20) found pK values of 2.24 and 6.97 (at 250C), 

suggesting that ethephon is a dibasic acid which is stable in the 

acid and monobasic form.  At pH 6, 10% was in the reactive 



dianionic form at a given temperature, and the pH of the ethephon 

solution did not change during decomposition. 

Ethvlene Biosynthesis 

Ethylene is synthesized from methionine via S-adenosyl- 

methionine as an intermediate, according to the pathway proposed 

recently from investigations with apple tissue (110).  Methionine 

is activated by ATP to give S-adenosylmetionine, which then is 

fragmented to give ethylene (from carbon atoms 3 and 4), formate 

(from carbon atom 2), carbon dioxide (from carbon atom 1), 

ammonium ion, and 5'-S-methyl-5'-thioadenosine (3).  Subsequent 

work has shown that, in fact, S-adenosylmethionine first fragments 

to form 5'-S-methyl-5'-thioadenosine and a cyclic amino acid, 1- 

aminocyclopropane-1-carboxylic acid.  The latter intermediate is 

then converted to ethylene, formate, CO2, and ammonium ion (2). 

To complete the cycle, the nucleoside can donate its methylthio 

group to a 4-carbon acceptor (homoserine) to reform methionine 

(63,110,111). 

Regulation of Ethylene Biosynthesis 

Rates of ethylene production during the development of higher 

plants may vary from organ to organ and time of development. 

Factors that regulate ethylene production may be external or 

internal (Fig. 1) (111). 

External Factors 

1.  Temperature.  The optimum temperature for ethylene 

production by apples is 30oC (63).  As the temperature was raised, 

rate of production fell until ethylene production ceased at 40 C. 
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This inhibition at 40oC was reversible.  A similar effect had been 

reported for pears (1). 

2. Carbon dioxide.  Depending on the tissue, CO2 can 

inhibit, promote, or have no effect on ethylene production (1, 

111).  CO2 concentration of 10% and 80% inhibited ethylene produc- 

tion in apple fruits.  Ethylene production by intact sunflowers 

was increased by exposure to 0.5% CO2 under light (17). 

3. Oxygen.  Low concentration of oxygen delays fruit ripen- 

ing (110).  The effect is due to an inhibition of ethylene produc- 

tion.  Apple tissues stopped making ethylene soon after they were 

placed in nitrogen (22,24,63). 

4. Light. Ethylene production can be regulated by light 

(111). Depending on the tissue involved, light can promote or 

inhibit ethylene production (1). 

5. Stress or wound.  In some tissues, a large amount of 

ethylene is produced following stress caused by chemicals, temper- 

ature extremes, waterlogging, drought, radiation, insect damage, 

disease, mechanical wounding, or handling (4,62,111).  Ethylene 

produced by plants under this condition is referred to as "wound 

ethylene" or "stress ethylene". 

Internal Factors 

Regulation by other plant hormones.  McKeon, et__al. (69) 

studied the effect of IAA, ABA, and benzyladenine on stress- 

induced ethylene production by wheat leaves.  Pretreatment of 

wheat leaves with ABA dramatically reduced the production of 

stress ethylene and ACC.  However, BA or IAA stimulated ethylene 

production and ACC content (111).  Yu, et al. (114) and Yoshii, et 
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al. (112) demonstrated that the effect of these plant hormones on 

ethylene production by mung bean hypocotyls was on ACC synthase, a 

key enzyme that produces ACC from SAM. 

Mechanism of Ethylene Action 

The mechanism of ethylene action is, at present, virtually 

unknown.  Some of the effects of ethylene, such as promoting leaf 

abscission, involve de novo synthesis of particular enzymes (e.g., 

cellulase).  Apelbaum and Burg (10) have shown that ethylene 

inhibits cell division and DNA synthesis in the plumular hook of 

pea.  However, it remains unknown as to how, whether directly or 

indirectly, ethylene stimulates enzyme synthesis (5).  Moreover, 

the effects on membranes are incompletely resolved.  Considerable 

evidence indicates that the hormone binds to a metal (perhaps 

copper) in whatever action it undergoes, but the details and meta- 

bolic consequences of such binding have yet to be elucidated 

(1,61,63). 

Inhibitors of Ethylene Production and Action 

The effect of ethylene in the plant system can be affected by 

inhibitors of ethylene or by several compounds which interfere with 

the ethylene action.  The first are acting by reducing the ethylene 

synthesis.  Other compounds inhibit ethylene effect without 

affecting the ethylene synthesis.  In this case ethylene gas is 

produced but the inhibition occurs at the action site (1,63). 

8-Hydroxyquinoline Citrate and Sulfate 

The citrate and sulfate esters of 8-hydroxyquinoline (8-HQ) 

have found a wide application in the floriculture industry as 

components of flower preservative solutions (1).  Use of these 



13 

salts has helped extend the vase life of cut flowers, particularly 

roses, by eliminating or decreasing the physiological blockage of 

xylem vessels.  8-HQ eliminates or decreases xylem blockage by 

means of a bacterio-fungistatic action and suppression of ethylene 

production by the microorganims (85). 

Silver Salts 

Silver nitrate and silver thiosulfate inhibit ethylene action 

rather than its biosynthesis (Burg and Burg, 1967).  Beyer (19) 

reported that a foliar spray of AgNC^ on pea seedlings effectively 

prevented the ability of exogenous ethylene to induce the classi- 

cal "triple response" (growth retardation, stem swelling, and 

horizontal growth).  Treatment with silver nitrate also blocks 

leaf abscission in cotton (18) and delays senescence as well as 

counteracting the effect of ethephon in excised carnation flowers 

(52).  However, in sweet potato and apple, silver nitrate applica- 

tion induced higher ethylene production (46,99).  This may be 

explained by a phytotoxic effect due to high concentration.  AgNoo 

is a potent inhibitor of ethylene action and it is used commer- 

cially to extend the vase life of cut flowers (18).  Unfortu- 

nately, it can not be used on edible food due to its toxicity (1). 

Polyamines 

Polyamines are a low molecular weight oliphatic protein 

(Table 1) (96).  Polyamines have been described as growth 

promoters (cell division and cell elongation) in higher plants 

(11,12,13,28,30,45,74).  Also, it has been suggested that poly- 

amines might act as secondary messengers in the stimulation and 

regulation of nucleic acid and protein synthesis (8,9).  Polya- 
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Table 1    Free di- ard polyamines found ir higher plants*. 

Ami re Structure Source 

Diamiro- 
propane 

Putrescine 

Cadaverine 

Spermidine 

Homo- 
speraidine 

Spennine 

Aminopropyl- 
pyrroline 

N-Carbamyl- 
putrescine 

Agmatine 

Homo- 
agmatine 

Arcaine 

Tetramethyl- 
putrescine 

Tetramethyl- 
homo- 
spermidine 

NH2(CH2)3NH2 

NH2(CH2)4NH2 

NH2(CH2)5NH2 

NH2(CH2)3NH(CH2)4NH2 

NH2(CH2)4NH(CH2)4NH2 

NH2(CH2)3NH(CH2)4NH(CH2)3NH2 

NH2(CH2)3N/^] 

NH-(CH-),NHCNH- 
2  2 4  j, 2 

0 

2  2 4  „ 2 

NH 

NH,(CH,),NHCNH9 
1  3  II l 

NH 

NH2CNH(CH2)4NHCNH 

NH 
II 
NH 

(CH3)2N(CH2)4N(CH3)2 

[(CH3)2N(CH2)4]2NH 

Gramireae 

ubiquitous 

Leguminosae 

ubiquitious 

Sartalum 

ubiquitous 

Gramineae 

Sesamum 

ubiquitous 

Lathyrus 

Lathyrus 

RueIlia 

Solanaceae 

♦(Source:  Reference #96) 
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mines appear to prevent development of senescence, as do cyto- 

kinins.  Altman (8) found an increase in polyamine levels after 

cytokinin applications.  This suggests the possibility that poly- 

amines might act as secondary messengers following cytokinin 

applications.  Polyamines and ethylene are derived from the same 

precursor (SAM) so their formation can be competitive.  This 

competition has been shown to occur in ripening fruits and leaves 

(45). 

Chemical Inhibitors 

Uncouplers of oxidative phosphorilation, such as 2,4-dinitro- 

phenol (DNP), carboryl cyanide m-chlorophenylhydrazone (CCCP) and 

CO 2+, drastically reduced ATP and C2H5 production, presumably by 

inhibiting the step from methionine to SAM (22) .  Several analogs 

of enol ether amino acids inhibit ethylene production.  Owen and 

Wright (82) extracted l-2-amino-4-(2-amino-3-hydroxypropoxy)- 

trans-3-butanoic acid (rhizobiotoine) from pure cultures of 

certain strains of soybean root nodule bacterium, Rhizobium 

japonicum.  Owen, et al. (83) reported that this compound inhib- 

ited ethylene production about 75% in both intact sorghum seed- 

lings and in senescent apple fruit tissue slices. 

Although addition of methionine failed to overcome the inhi- 

bition completely in either system, it reduced the level of inhi- 

bition from 75 to 60%.  They concluded that rhizobitoxine may 

block a) the synthesis of methionine, b) the conversion of meth- 

ionine to ethylene, or c) both.  Scannel, et al. (91) isolated 

methoxyvinylglycine from fermentation broth of Pseudomonas 

aerueinosa AT cc 7700.  Pruess, et al. (87) isolated a third inhi- 
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bitor, l-2-amino-4(2-aminoethoxy)-trans-3-butanoic acid or amino- 

ethoxyvinylglycine (AVG), from a fermentation broth of a an 

unidentified species of Streptomvces sp. x-11-085.  AVG differs 

from rhizobitoxine only by the loss of the terminal methoxyl 

group. 

Aminoethoxyvinylglycine (AVG) 

L-2-amino-4-(2-amino-ethoxy)-trans-3-butenoic acid (amino- 

ethoxy-vinylglycine (AVG) a member of a family enol-ether amino 

acid was discovered in the laboratories of Hoffman La-Roche in 

1973 from a fermentation broth of a Streptomvces mold (87).  It 

is the most potent inhibitor of ethylene production known to 

date.  AVG inhibited ethylene production in etiolated mung bean 

hypocotyls by 50% at a concentration of 2 M (7).  Lieberman (63) 

also tested the efficacy of AVG at inhibiting ethylene biosyn- 

thesis on apple tissue when infiltrated under partial vacuum. 

The action of AVG in decreasing ethylene production is by the 

inhibition of 1-aminocyclopropane-mecarboxylate synthase, a key 

enzyme in ethylene biosynthesis (111).  This enzyme regulates the 

conversion of S-adenosynmethionine (SAM) to 1-amino-l-cyclo- 

propane- 1-carboxylic acid (ACC).  Recently, foliar spray applica- 

tion of AVG delayed and decreased the pre-harvest drop of apples 

and retention of fruit firmness (15,38,39,107,).  Other plant 

processes such as lateral bud development and vegetative extension 

are also influenced by AVG (33,108).  The mechanism of action in 

plant growth and development processes appears to be through its 

influence on ethylene biosynthesis.  However, AVG may exert other 
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physiological effects on plant growth by altering endogenous IAA, 

protein synthesis and probably other processes (16,33,38,47,115). 

(Aminooxy)acetic Acid (AOA) 

AOA, also a member of a enol-ethers amino acid family, is an 

effective inhibitor of IAA-dependent ethylene production in mung 

bean hypocotyls (7).  This inhibitory property is suggested by the 

similarity in the chemical structure of AOA, IAA, and the phenoxy 

herbicides.  AOA blocks the conversion of S-adenosylmethiomine to 

1-aminocyclopropanol-l carboxylic acid and inhibits pyridoxal 

phosphate-mediated enzymes and other enzymes involved in ethylene 

biosynthesis (1,7). 

Research has shown that AOA, in the right concentration, is 

an effective compound for increasing the vase life of carnations. 

However, its 1^ is very low - 40 mg/gr tissue (7).  Several 

members of an enol-ether amino acid family have been tested for 

ethylene inhibition but AVG and AOA have been the most effective. 

Amrhein and Wenker (7) using a etiolated mung bean hypocotyls 

reported a 50% ethylene production inhibition after 2Mm of AVG and 

6Mm of AOA.  This indicated that higher levels of AOA need to be 

used for ethylene inhibition, and in some cases may be toxic for 

the plant tissue. 

Ethylene in dormancy and Time of Anthesis 

The role of ethylene in bud development and growth in fruit 

trees is not clear (1).  In red-osier dogwood (42,43,44) the 

ethylene level in buds decreased at the onset of rest and remained 

low until the chilling requirement had been satisfied (94). 

During quiescence and prior to spring bud break, the ethylene 



levels increase (31,43,44).  Germination of dormant seeds have 

been stimulated by ethylene (1,6,41,54,57,59,95).  Also, ethylene 

applications have stimulated the breaking of dormancy in tubers 

(98), corms (57) , bulbs (27), and vegetative apple and grape buds 

(58,84).  In 1986, Nee (76) found that sublethal stress induces 

ethylene production and was related to the breaking of rest. 

This recent information suggests that ethylene controls the 

dormancy process after main rest.  Also AVG, an ethylene inhibi- 

tor, strongly inhibited vegetative growth of tea crabapple seed- 

ling in the greenhouse (115).  It is hypothesized that the inhibi- 

tion of ethylene levels during quiescence should delay the time of 

bloom on fruit trees and avoid damage by frost in early spring. 

For this reason, in blueberries and peaches (34) approximately 10 

days delay in bloom time was obtained at high concentrations of 

AVG applied at .031 and .062 M after the completion of dormancy. 

Several chemicals have been tested for reducing frost damage 

during spring (29,31,35,48,49,86).  In an experiment with the 

purpose of increasing bud and flower hardiness of woody plants by 

the use of PGR application, they reported delayed bloom as a side 

effect (55,70).  Ethephon has been used on almond to delay bloom 

of 'Nompareil' and to improve overlap with pollinizer cultivars 

and to avoid the spring frost period.  Ethephon fall application 

on almond was effective in delaying opening of the blossoms 4 days 

and in reducing flower size, but without a reduction of pollen 

germination and stigma receptivity (90).  However, the average nut 

and kernel weights were reduced (90). 
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Dennis (35) carried out a complete evaluation of several 

PGR's applied in the fall on delayed bloom and their side effects, 

conducted in Michigan.  He found that fall ethephon spray treat- 

ment was the most effective on delayed bloom on several stone 

fruits.  However, the beneficial effect was offset by deleterious 

side effects, such as gummosis, bud abscission, reduced fruit set, 

and in the case of peach trees, death (35).  Similar periods of 

bloom delay on different species have been obtained in Europe 

(50,72,102), Washington (86), and Oregon (65). 

In summary, none of the ethephon sprays applied in the fall 

delayed bloom late enough to avoid frost the following spring or 

produced considerable damage. 

The mechanism for the delayed bloom induced by ethephon is 

not clear (1,35).  Ethephon may act either directly on the bud 

physiology by affecting flower bud development through the dormant 

season or indirectly by inducing early leaf abscission (56). 

Couvillon and Lloyd II (32) induced bloom delay on peach by post- 

harvest hand-defoliation the previous fall.  Similar results on 

delayed bloom was reported on Cornus sericea L. after hand defoli- 

ation at the onset of rest (42). 

Several hypotheses have been suggested about fall ethephon 

sprays' mode of action on bloom delay:  1) Dennis (35) claims that 

fall ethephon delays bloom by reducing carbohydrate reserves due 

to early leaf abscission, stimulation of respiration, reduction of 

photosynthesis, and carbohydrate and/or nitrogen remobilization on 

the fall.  Therefore, this condition could produce a bloom delay 

from a carbohydrate deficit at the time of bloom.  2) Fuchigami, 
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et al. (43) suggest that ethylene may be directly involved in the 

regulation of growth since actively growing plants are known to 

produce high ethylene levels and dormancy has been broken in some 

systems by ethephon application.  3) Coston, et al. (29) suggested 

that fall ethephon may delay bloom by altering the hormonal 

balance in peach buds.  Also, he suggests that ethylene has a 

direct effect in altering membrane permeability which allows for 

leaks and contact of enzymes and substract.  This situation could 

change the dormancy bud status and chilling and warm bud require- 

ment may be modified. 

Abscisic Acid (ABA) has been implicated in the regulation of 

dormancy in peach buds and seeds (71).  ABA is presumed to be a 

major factor in controlling rest (71,104).  In peach flower buds 

an ABA-like inhibitor increased during fall until leaf fall, and 

then decreased throughout the winter until termination of rest 

(21).  In 3 peach cultivars, ABA concentration was positively 

correlated with chilling requirements ofthe flower buds.  Also, 

seed of a high chilling requirement peach cultivar contained more 

ABA-like inhibitor than did those of a low chilling cultivar (21). 

ABA activity decreased with stratification of seeds of both peach 

(21,104). 

A possible relationship between ABA and ethylene was reported 

earlier by Martin and Nishijma (67).  They observed increased 

levels of ABA in peach fruit following ethephon sprays.  Also, 

several researchers have reported that various stresses have 

induced elevated ABA levels in different organs (61,62,71). Thus, 

fall ethephon spray also may extend the chilling and/or heat 
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requirement by altering the ABA level in peach buds (113). 

Apelbaum and Burg (10) have shown that ethylene inhibits cell 

division in the plumular hook of pea.  This inhibition suggests 

that high levels of ethylene released in the tissues could inhibit 

cell division during later phases of flower differentiation and 

development in the fall.  In fruit trees the flowers are initiated 

and developed the previous year (104).  In peach, all the flower 

parts are distinctly formed by the time the tree goes into rest. 

A very slow development takes places during winter, followed by a 

rapid development in the spring, leading up to the opening of 

flowers and shedding of pollen (anthesis).  Under Corvallis condi- 

tions, 'Redhaven' flower differentiation started 4 weeks after 

harvest and finished as a completed flower primordia 12 weeks 

after harvest.  After this, flower primordia continued increasing 

fresh weight during the rest period (Crisosto and Lombard, unpub- 

lished data, 1987).  Thus, delayed differentiation and development 

of flower primordia could result in a delay in flower development 

the following spring. 

Ethylene in Leaf. Flower and Fruit Abscission 

Ethylene is implicated as a natural regulator of fruit and 

leaf abscission and senescence (1).  Flower and young fruit dehis- 

cence is a separation of tissues, an abscission-like process. 

Thus, it appears that ethylene is a natural regulator of flower 

and young fruit abscission (60,77,101).  The process of abscission 

or non-abscission of flowers, fruits, and leaves influences yields 

and the efficiency of harvesting operations.  Both ethylene's 
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mechanism of action and hormonal role in leaf abscission have been 

studied extensively (22,61,71). 

Since auxin counteracts the promotive action of ethylene in 

abscission, the initial act of ethylene might be to lower the 

auxin supply from the leaf to the abscission zone (60,71). 

Ethylene acts by:  1) inhibition of auxin synthesis, 2) promotion 

of auxin destruction, 3) promotion of auxin conjugation, 4) inhi- 

bition of auxin transport, or 5) promotion of auxin binding (71). 

IAA levels in leaves of ethylene-treated plants are reduced; thus, 

ethylene does reduce the auxin supply.  The exact in vivo mechan- 

ism, however, has not been identified (25,26). 

The ethylene-mediated events in the abscission zone occur as 

a dissolution of the middle lamella, hydrolysis of the cell walls, 

and a localized cell enlargement which facilitates separation by 

providing shearing action (1,60).  Ethylene has been shown to 

promote the de novo synthesis of cellulase as well as the secre- 

tion of this enzyme into the cell wall (5).  The promotion of both 

cell enlargement and cellulase synthesis by ethylene in the 

abscission zone is unique to that isolated zone of the cells. 

Ethylene production rates and internal levels increased with age 

in the leafy cotyledons of cotton plants, especially as they 

become visibly senescent.  The rise in ethylene production was 

inversely correlated with a decline in auxin transport.  Similar 

levels of ethylene applied to non-senescent cotyledons inhibited 

auxin transport and promoted abscission.  Ethylene levels were 

about 6-fold higher in cotton petioles than in leaf blades (64). 
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The findings with beans (92) and cotton (64) have been confirmed 

in other species (14,61,78). 

Another approach to show ethylene involvement in leaf abscis- 

sion is using ethylene inhibitors such as:  elevated COy,   silver 

salts, hypobaric treatments, and AVG, which all delay or prevent 

leaf abscission.  Similar evidence indicates that ethylene is 

involved in flower bud, flower, and young fruit abscission as well 

as fruit dehiscence (40,53,73,100). 

Effect of Ethylene on Pollination and fertilization 

Blanpied (14) found that ethylene content of 'Golden 

Delicious' apple flowers increased as flowers developed.  The 

level of ethylene increased from pink stage to petal fall, then 

decreased as fruit development began.  However, ethylene content 

remained high in unpollinated flowers which abscised.  In 

'Mclntosh' flower buds ethylene content increased from green tip 

to tight cluster stage (14).  In sweet and tart cherry, ethylene 

was high at half green calyx stage and declined rapidly to green 

calyx.  After this, it declined slowly until petal fall.  Abscised 

flowers of both apple and cherry contained higher ethylene than 

adhering flowers (14).  Pollinated flowers of cotton (64) and 

carnation (78,79) produced more ethylene than unpollinated 

flowers.  Approximately 40-50% of the ethylene could be counted 

for by the styles and most of the remainder by the petals.  Since 

the style contributes less than 4% of fresh weight of the flowers, 

they are the most active center of evolved ethylene production 

(64). 
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Hall and Forsyth (53) measured ethylene production in flowers 

of strawberry and lowbush blueberry following pollination. 

Twenty-four hours after pollination, flowers produced greater 

amounts of ethylene than non-pollinated flowers of the same age in 

each of the two species.  Over 90% of the ethylene produced by 

blueberry flowers came from the style and the stigma (53). 

Burg and Dijkman (26) observed in orchid an increase in 

ethylene evolution within 8 to 10 hours after pollination and 

flower fading.  The response was duplicated by applying IAA (5mM). 

From this data they concluded that release of pollen auxin in the 

stigma, and its diffusion to the column and lip, induced ethylene 

formation in these tissues, leading to floral fading.  Whitehead, 

et al. (105) identified a 1-aminocyclopropane-l-carboxylic acid 

(ACC, an ethylene precursor) in carnation pollen.  Thus, pollina- 

tion stimulated a sequential increase in ethylene production of 

stigmas, ovaries, receptacles, and petals of the flowers (89). 

Weis and Polito (103) found that ethylene levels were correlated 

with embryo sac development in almond and the high ethylene levels 

used in their research yielded a high rate of embryo development. 

Nichols (78) observed that most of the ethylene was evolved 

from the style and petals in carnation.  Also, pollination of 

intact carnation flowers promoted endogenous ethylene production 

and accelerated petal fall.  He suggested that pollination accel- 

erates petal wilting, stimulates ethylene production in all 

flower tissues, and induces ovary growth.  In relation to this, 

Halevy, et al. (51) concluded that the the main effect of pollina- 

tion in inducing corolla abscission of cyclamen is by rendering 
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the tissue sensitive to ethylene production apart from the promo- 

tion of ethylene production. 

This would indicate that ethylene level is not only produced 

by the senescent flower parts.  Pollination and fertilization 

processes are also associated to ethylene levels, although an 

accurate method for ethylene determination needs to be developed 

to study in detail the ethylene and fertilization relationship. 

Effect of Ethephon and Ethylene Inhibitors on Fruit Set 

Many papers suggest the action of ethylene in fruit set on 

several species.  The general idea is that high internal ethylene 

levels can decrease fruit set (36,40,100).  This negative effect 

of ethylene on fruit set has been reported in some species.  Based 

on this, several inhibitors of ethylene synthesis and action have 

been used with the idea of improving fruit set.  Among the differ- 

ent chemicals tested, AVG has been the most effective in improving 

fruit set in fruit trees.  Fruit set has been improved in bean 

(92), muskmelon (73), apple (46,106), pear (66), and cherry (93) 

by AVG sprays applied during bloom time.  Further research has 

shown increased fruit set in apple with post bloom application of 

AVG (104,106).  This effect of increased fruit set by AVG has been 

associated with the reduction in biosynthesis of ethylene in the 

tissues treated with AVG.  This data supports the hypothesis of 

ethylene action on fruit set.  However, Greene (46) observed no 

increase in fruit set of apple flowers following treatment with 

AgNo^ in spite of the fact that ethylene action was reduced. 

Relative to this, Rahemi (88) tested this hypothesis by spraying 

apple flowers of either AVG (200 ppm) or ethephon (40 ppm) at 
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anthesis.  AVG reduced ethylene evolution by 20-50% of the control 

during the first 3 days after treatment and increased fruit set 

from 35 fruits per 100 clusters in the control to 63 fruit per 100 

clusters in the treated.  On the other hand, ethephon had no 

significant effect on fruit set, but nearly doubled ethylene 

evolution levels.  In a recent paper, Dennis (36,38) gave further 

evidence against the hypothesis of the relationship between 

ethylene/fruit set when he tested the effect of several ethylene 

inhibitor sprays in apple, sour cherry, and plum fruit set.  Thus, 

both works (36,88) concluded that enhancing of fruit set by AVG is 

not due to decreasing flower ethylene levels during anthesis, but 

they suggested that the relationship between ethylene levels 

during anthesis and fruit set need to be studied more in detail. 
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Chapter 3 

EFFECT OF ETHYLENE INHIBITORS ON FRUIT SET, OVULE LONGEVITY, 
AND POLYAMINE LEVELS IN 'COMICE' PEAR 

Abstract 

'Cornice' pear trees are known for low fruit set and crop in 

spite of a high bloom density.  Because of the previous success to 

increase fruit set and yield obtained with ethylene inhibitors on 

fruit set of apple and of pear, and polyamines on apple fruit set, 

aminooxyacetic acid (AOA) at 500 ppm, putrescine (PUT) at 10  M, 

spermine (SPM) at 10"  M, and spermidine (SPD) at 10  M were 

sprayed at anthesis on 'Cornice' flowers hand-pollinated with 

'Bartlett' pollen 6 days after anthesis. 

Senescence of ovule and visible flower parts was delayed by 

AOA and PUT treatments.  SPD delayed senescence of visible flower 

parts, but not ovule longevity period.  AOA and PUT treatments 

increased the endogenous putrescine levels in the ovary 12-16 days 

after anthesis.  The endogenous putrescine peak appeared to be 

related to the extended ovule longevity period. 

Eight days were necessary for 'Williams' pollen tubes to 

reach 'Cornice' ovules under an average ambient temperature of 80C. 

Effective pollination period (EPP) determined by percent fruit set 

of at least 10 days was observed for 'Cornice'.  The hypothetical 

EPP determined by the aniline blue test of 9 days confirmed the 

long EPP for 'Cornice'.  The lack of increase on fruit set for the 



AOA and PUT treatments, although they extended the ovule longe- 

vity, could be due to the long EPP of 11 days, instead 1 day 

previously reported. 
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Introduction 

'Cornice' pear trees produce a dense bloom but set few fruit 

due to heavy post bloom and preharvest drop (Bagni, et al.. 1983; 

Bini and Bellini, 1971; Jamien, 1968).  Lack of 'Cornice' set may 

be due to short effective pollination period (Williams, 1965). 

Therefore, any method for extending the ovule longevity could 

improve fruit set. 

Chemical methods have been used unsuccessfully for prolonging 

ovule longevity on fruit trees.  Stosser and Anvari (1982), using 

gibberellic acid, promoted senescence of sweet cherry ovules. 

Even benzyladenine and kinetin, which delay senescence of flower 

parts, accelerated the aging of cherry ovules. 

Increases in fruit set and yield have been obtained with 

amino ethoxyvinyl glycine and AOA, two ethylene inhibitor chemi- 

cals, on pear and apple (Edgerton, 1981; Lombard and Richardson, 

1982; Williams, 1980).  Also, polyamine sprays increased fruit set 

on a spur apple cultivar (Bagni, et al.. 1983; Costa and Bagni, 

1983) .  Polyamines are low molecular weight aliphatic proteins 

with widespread occurrence in the plant kingdom (Galston and Kaur- 

Sawhney, 1980).  Polyamines have been described as growth 

promoters (cell division and elongation) in higher plants (Altman 

and Bachrach, 1981).  Polyamines and ethylene are derived from the 

same precursor, S-adenosylmethionine, and substrate competition 

has been shown to occur in ripening fruits and leaves.  Also, it 

has been suggested that polyamines appear to prevent development 

of senescence, as do cytokinins.  Altman (1981) found an increase 

in polyamine levels after cytokinins application.  This raises the 
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possibility that polyamines might act as second messengers follow- 

ing cytokinin applications. 

Because of this success of increasing fruit set with polya- 

mines and ethylene inhibitors, it is appropriate to look at their 

effect on ovule longevity and the relationship of internal polya- 

mine levels during pollination and early fruit development. 
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Materials and Methods 

Limb treatments of AOA at 500 ppm, ethephon at 250 ppm, SPD 

at 10"4 M, SPM at 10"5 M, and PUT at 10"5 M were applied at 

anthesis on bagged and hand-pollinated 'Cornice' flowers with 

'Williams' pollen at 6 days after anthesis.  The treatment effects 

on fruit set of the hand-pollinated flowers were evaluated during 

1984 on 8 year old trees. 

Each of 8 trees served as a replicated block for the main 

treatment.  Fruit set was based on retained fruit per 100 flowers 

since flower number per cluster varied because partial flower 

removal was necessary to maintain the same floral stage.  Each 

treatment consisted of a minimum of 400 flowers. 

Additional limbs were sprayed to determine the treatment 

effects on ovule longevity and polyamine levels in the ovary of 

emasculated and bagged flowers.  Every 2 days samples of 20 

flowers for ovule longevity and 10 flowers for polyamines determi- 

nation were collected for an 18 day period following anthesis. 

Polyamine extraction, purification, and determination were done 

according to current methodology (Flores and Galston, 1982). 

The method for determining ovule longevity was based on the 

differential intensity of ovule fluorescence after staining with 

aniline blue (Stosser and Anvari, 1982).  Ovules showing very 

intensive fluorescence were considered non-viable or senescent. 

Effective pollination period (EPP) was determined by percent 

of fruit set (based on flower numbers) after successive hand- 

pollination with 'Williams' pollen on untreated additional limbs 
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every 2 days for 11 days after anthesis on 240 emasculated and 

bagged 'Cornice1 flowers (Williams, 1965). 

Pollen tube growth was determined after hand-pollination at 

anthesis on bagged and emasculated untreated flowers.  Samples of 

15 flowers were taken every other day and pollen tube growth was 

determined by the aniline blue technique (Dumas and Knox, 1983; 

Pimienta et_al., 1983). 
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Results and Discussion 

The fruit set from hand-pollinated 'Cornice' flowers was not 

influenced by growth regulator sprays (Table 2).  However, 

ethephon treatment at 250 ppm decreased fruit set. 

EPP of at least 10 days was observed for 'Cornice' pear in the 

cool spring of 1984 since there was no significant decrease of 

fruit set during this period (Fig. 2).  The similar high level of 

fruit set on day 0 and day 6 after anthesis confirmed an EPP of at 

least 10 days, since fruit set at days 8 and 10 was not statisti- 

cally different than fruit set at day 6. 

At least 8 days were necessary for 'Williams' pollen tubes to 

reach 'Cornice' ovules (Table 3).  Similar observations have been 

described for almond (Pimienta, et al.. 1983), avocado (Sedgley, 

1979), and pear (Lombard, et al.. 1972). 

Using the aniline blue technique for determining ovule longe- 

vity we found that untreated ovules became senescent after 12 days 

and lost their complete viability sometime between 14 and 17 days 

after anthesis (Table 4).  A hypothetical EPP calculated from the 

difference between ovule longevity period and the time necessary 

for the 'Williams' pollen tube to reach the 'Cornice' ovule sug- 

gested an EPP of 9 days.  Therefore, the EPP as determined by the 

aniline blue technique besides the fruit set method indicated a 

longer EPP for 'Cornice' pear than previously reported by Williams 

(1965).  Lombard, et al. (1972) working on 'Williams' and 

Vasilakakis, et al. (1984) on 'Tsakoniki' pear reported an EPP of 

13 days at 80C which was reduced to 5 days at 150C and 3 days at 

20oC.  Thus, the influence of weather, cultural practices, posi- 
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tion of the inflorescence on the tree, and age of the tree 

(Jaumien, 1968) has an influence on ovule longevity. 

A few treatments had a marked effect on the senescence of 

'Cornice' flower parts.  However, it appeared that only AOA and PUT 

treatments extended the ovule longevity several days longer than 

the untreated and other treatments (Table 3).  Also, we observed 

that the AOA and polyamine treatments delayed senescence of the 

visible flower parts.  However, the SPD and SPM did not affect the 

ovule longevity period as based on the fluorescence-aniline blue 

test.  Senescence of flower parts and ovules was promoted by the 

ethephon spray. 

The lack of significant increase of fruit set from the poly- 

amines and AOA treatments applied at anthesis could be due to the 

long EPP of 'Cornice' in the cool bloom period, although PUT and 

AOA extended ovule longevity (Table 4).  Total ovule senescence as 

determined by the fluorescence-aniline blue technique occurred 

from 14 to 17 days after anthesis for the untreated but occurred 

for a longer period for the PUT and AOA treatments.  Therefore, 

there was a sufficient period of 8 to 11 days for pollen tube 

entry into the 'Cornice' ovules for all treatments except for 

ethephon (Tables 2 and 4).  Also, the ambient air temperature 

(Table 5) was higher during the latter part of the blooming period 

than the earlier days which would have increased pollen tube 

growth (Lombard, et al.. 1972; Vasilakakis and Porlingis, 1984). 

Thus, this would explain the lack of treatment effect on fruit set 

in spite of extending ovule longevity. 
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AOA increased endogenous putrescine levels in the ovary 12-16 

days after anthesis (Fig. 3).  The increase in the putrescine 

levels was related to an extended ovule longevity, suggesting an 

important role of putrescine.  Endogenous levels of spermidine and 

spermine were affected less, particularly during the post-anthesis 

period by the AOA treatment than was putrescine (data not shown). 

Therefore, the success of PUT and AOA on extending the ovule 

longevity pointed out the possible effectiveness of PUT when used 

as an exogenous plant growth regulator under low EPP conditions to 

increase fruit set.  However, other factors besides EPP appear to 

play an important role in 'Cornice' fruit set. 



Table 2.  Effect of growth regulators on 'Cornice' fruit set 
at anthesis on hand-pollinated flowers 5 days 
after anthesis with 'Williams' pollen. 
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Treatment 
Fruit set at harvest 
(No fruit/100 flowers) 

Aminooxyacetic Acid 
Spermine (10"4 M) 
Spermidine (15  M) 
Putrescine (10"5 M) 
Ethephon (250 ppm) 
Untreated (water) 
LSD at 5% level 

(500 ppm) 3.8 
3.6 
2.5 
3.0 
0.0 
3.7 
NS 
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Table 3.  'Williams' pollen tube penetration in 'Cornice' styles 
pollinated at anthesis during a period with a mean 
ambient temperature of 8.60C. 

Average percent of the style penetrated 
Days after by the longest pollen tube 

hand-pollination   (examination of 20 styles at each date) 

2 18 
6 89 
8 100 
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Table 4.  Percent flowers with fluorescing non-viable ovules in 
bagged 'Cornice' flowers in 1984 as influenced by several 
growth regulators. 

Days after treatment 
and anthesis (6 flowers 
examined at each date) 

Treatment 
(cone.) 10 12 14 17 

Aminooxyacetic Acid (500 ppm) 
Spermine (10"4 M) 
Spermidine (10"5 M) 
Ethephon (250 ppm) 
Putrescine (10"5 M) 
Untreated (Buffer pH 7) 

0 0 33 0 0 
33 33 100 66 100 
33 100 66 100 100 

100 100 - - - 
0 33 0 0 0 
0 0 33 33 100 
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Table 5.  Daily temperatures during an 8 day period after anthesis 
and during the pollen tube growth period in 'Cornice', 
1984. 

Temperature C 

Day s after 
Date anthesis Max. Min. Avera 

4/6 0 12.5 0.8 6.7 
4/7 1 11.5 6.5 9.0 
4/8 2 9.7 4.6 7.2 
4/9 3 10.0 4.0 7.0 
4/10 4 11.7 5.0 8.4 
4/11 5 10.8 4.8 7.8 
4/12 6 12.0 6.5 9.3 
4/13 7 15.0 2.3 8.7 
4/14 

Average 
8 24.2 4.3 13.8 

8.3 
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Chapter 4 

EFFECT OF PUTRESCINE ON OVULE SENESCENCE AND FERTILIZATION TIME IN 
'COMICE' PEAR, AS A POSSIBLE ROLE IN FRUIT SET 

Abstract 

Putrescine at 10"5, 10"4, 10" , 10"2 M applied at anthesis 

increased fruit set of 'Cornice' pear in 1985 and 1986.  Ovule longevity 

and effective pollination period were extended 2 days in 1985 and 5 

days in 1986 by putrescine at 10  M.  Pollen tubes reached the 

micropyle 2 days earlier in the treated flowers than untreated flowers. 

High levels of evolved ethylene in flowers were related to pollination 

and fertilization and were unaffected by putrescine application. 

Increased ovule longevity and fruit set in treated flowers were assoc- 

iated with an increase N and B flower and leaf levels after 

fertilization. 
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Introduction 

'Cornice' pear trees produce sufficient number of flowers but, due 

to heavy post-bloom and preharvest drop, seldom produce an economic 

crop (5,17,19).  In Oregon, Stephen (25) reported a low level of self- 

fruitfulness in 'Cornice' with little parthenocarpic fruit set.  Poor 

fruit set in 'Cornice' may be due to a short effective pollination 

period (EPP) (29) or to lack of cross-pollination (6).  Lombard, et al. 

(19) found that the EPP of 'Cornice' flowers was 1-2 days at 9-10oC.  In 

1985, Crisosto, et al. (10) reported an EPP period of 5 days for 

'Cornice' pear in Corvallis, Oregon and suggested that extension of the 

EPP could improve fruit set. 

EPP can be extended by increasing the pollen tube growth rate 

(PTGR) and/or by prolonging the period of ovule longevity.  Polyamines 

have been described as growth promoters in higher plants (1,2,3,12). 

Polyamines and ethylene are derived from the same precursor, S- 

adenosyl-methionine, and substrate competition has been demonstrated in 

ripening fruits and leaves (1,2).  Polyamines may inhibit ethylene 

production (1,2,3,13) and appear to delay the onset of senescence 

(1,2).  Fruit set and yield increases of apple and pear have been 

obtained with aminoethoxyvinylglycine (AVG) (13,17) and polyamines (8). 

Post bloom polyamine sprays in apple (8) and olive (22) resulted in 

increased fruit size during the early period of fruit growth.   Because 

of the success in achieving increased fruit set with polyamines and 

ethylene inhibitors on apples, we felt that it was appropriate to look 

at their effects on 'Cornice' pear and its possible mode of action in 

increasing fruit set. 
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Materials and Methods 

3 
In the 1985 season, putrescine at 0 and 10  M was applied 2 days 

before anthesis on six replicate trees of 8-year-old 'Cornice' pear, 

planted 1 x 5 m at the Lewis Brown Horticulture Research Farm, OSU, 

Corvallis, Oregon.  The following year, putrescine at 0, 10"  M, 10 

-3 -2 M, 10  M, and 10  M was applied to each of ten 12-year-old 'Cornice' 

pear trees at the Southern Oregon Experiment Station in Medford.   Ten 

single tree replicates were used for each concentration.   Control (0 

putrescine) trees were sprayed until runoff with .01% Tween 80 and 

treated trees had a mixture of Tween 80 and putrescine in pH 6.7 

aqueous solution. 

Fruit Set and Yield.  Fruit set was measured on 4 branches of approxi- 

mately 300 flower cluster buds for each of the 5 replicate trees in 

1985 and of the 10 replicate trees in 1986.  Fruit set was based on the 

number of fruit retained until harvest per 100 fruit clusters.  Yield 

was expressed as yield efficiency (yield per trunk cross-sectional 

o 
area, kg/cm  ).  In both seasons fruit weight, fruit diameter, flesh 

firmness, and seed number were determined at harvest.  Return bloom was 

determined in all trees the year following treatment and measured as 

the number of flower clusters relative to the flower clusters of the 

previous year. 

Ovule Longevity and Pollen Tube Growth.  To determine ovule longevity, 

additional limbs were bagged and flowers not at anthesis were removed. 

Samples of 40 emasculated flowers from the bagged branches were 

collected and fixed in formaldehyderpropionic acid:95% ethanol in a 
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proportion of 5:5:90 (FAP) every 2 days for a 12-day period following 

anthesis in 1985 and 1986. 

Ovule longevity was based on the differential intensity 

of ovule fluorescence after staining with aniline blue (9) with 

ovules showing very intense fluorescence considered non-viable or 

senescent (Figs. 4A and 4B).  In 1986, bagged and emasculated 

'Cornice' flowers were hand-pollinated with 'Bartlett' pollen at 

anthesis.  Samples of 40 untreated and 10  M putrescine-treated 

flowers were taken every other day for a 12-day period.  Pollen 

tube growth based on a fertilization time was determined by 

pistil and ovule squashes using the aniline blue fluorescence 

technique (9,21).  Pistils and ovaries were removed from FAP, 

washed in distilled water for 30 minutes, soaked in 1% sodium 

carbonate for 1 hour, and rinsed 3 times in distilled water.  The 

pistil and ovary samples were softened by autoclaving in 1% 

sodium sulfite for 2 minutes.  The ovaries were rinsed in water, 

split longitudinally and the ovules were removed with a fine 

forceps.  Ovules and styles were then mounted on slides, squashed 

directly in 0.05% aniline blue in 0.15 M Ko PO, and observed in a 

Zeiss fluorescence microscope equipped for epi-illumination using 

near UV excitation. 

Ethylene Determination.  In 1985, evolved ethylene was determined on 

treated and untreated non-pollinated and hand-pollinated flowers. 

'Cornice' flower samples of about 5 g per replication were allowed to 

evolve for 20 minutes to release wound ethylene before being placed in 

25 ml vials and capped with a rubber stopper.  After 5 hours, a 1 ml 

gas sample was withdrawn and assayed for ethylene by gas chromatography 
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(Carle model 311) equipped with flame ionization detector and activated 

alumina column at 550C. 

Tissue Mineral Analysis.  In 1986, leaves from fruiting spurs and ovary 

samples from untreated and 10  M putrescine-treated trees were 

collected for nutritional analysis 12 days after anthesis.  Five repli- 

cated samples of 40 leaves each from 2 trees were randomly sampled from 

fruiting spurs on all trees 12 days after anthesis.  Ovary samples were 

taken every 2 days during bloom for N and B determinations.  The spray 

solution of surfactant plus putrescine and surfactant alone were 

analyzed for mineral content. 

The modified Kjeldahl method (23) was used for total N analysis 

and the ICP spectrometry (14) for other nutrients:  P, K, Ca, Mg, Mn, 

Cu, Fe, Zn, and B. 
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Results and Discussion 

Fruit Set and Yield.  Fruit set and yield efficiency were enhanced by 

the application of 10"  M putrescine at bloom in the two years of 

study. In 1985, fruit set and yield efficiency were increased by 140% 

and 220%, respectively, by 10  M putrescine (data not shown). 

In 1986, 'Cornice' yield components also showed a significant 

-3        - 2 response to putrescine at 10  M and 10  M (Table 6).  Fruit set, crop 

density, and yield efficiency were increased 44%, 46%, and 47%, 

_3 
respectively, by putrescine at 10  M.  In spite of the greater fruit 

. 3 
set and crop density, putrescine at 10  M did not decreased fruit 

weight and fruit diameter as compared to untreated (Table 6).  Seed 

content was increased at the various putrescine treatments (data not 

shown).   A relationship between high number of seed per fruit and and 

high fruit size was established by Callan and Lombard (6).  Thus, 

higher numbers of seed could explain the trend toward increased fruit 

size from putrescine application.  However, the variation in seed 

number accounted for 61% of the fruit size (diameter) variation in the 

regression equation (Y = 6.16 + 1.27 log (seed #), r = 61) indicating 

only partial effect from seed content.  Thus other factors such as 

environmental and endogenous conditions could stimulate fruit growth. 

Fruit firmness and % of fruit with russet measured two months after 

storage were not influenced by putrescine treatments during the two 

seasons of this study (data not shown).  No significant differences in 

relative number of returned flower clusters as compared to the previous 

year was found on the treated trees.  However, there was a trend toward 
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increased flower number, indicating visible increases in flower initia- 

tion and development.  Costa and Bagni (8) reported a similar effect 

after polyamine spray on the 'Delicious' strain 'Ruby Spur'. 

Ovule Longevity.  Senescence of 'Cornice' ovules, as determined by the 

aniline blue method, was delayed by putrescine sprays (Table 7).  At 

anthesis all ovules were viable and the senescence process normally 

commenced between 5 to 8 days after anthesis.  In the 1985 season, 

under a mean ambient temperature of 8.50C at Corvallis, untreated 

flowers had 28% viable ovules 6 days after anthesis while those treated 

with putrescine had 95% viable ovules (Table 6).  These observations 

are in agreement with those of Bini and Bellini (4) who failed to find 

evidence of early embryo sac degeneration in 'Cornice' flowers. 

In Medford during 1986, the mean temperature during bloom was 

11.70C.  Under these conditions only 10% of the ovules in untreated 

flowers remained viable at day 12 and none were viable at day 14.  In 

the putrescine-treated flowers, 72% of ovules were viable at day 12 

while none were viable 4 days later (Table 7). 

Similar 'Cornice' ovule senescence was reported by Jaumien (16). 

She observed 95% of embryos examined had degenerated 17 days after 

anthesis.  In our studies the untreated ovules lost their viability 

sometime after 14 days (Table 7).  We observed 'Cornice' ovule breakdown 

in the nucellus at the chalazal end several days after anthesis.  These 

observations are similar to those of Thompson and Liu (27) , working 

with 'Italian' prune and Stosser and Anvari with cherry (26).  They, 

concluded that there was ovule degeneration at the chalazal end of the 

nucellus rather than in the embryo sac which resulted in low fruit set. 
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Ethylene evolved from pollinated flowers was greater than that 

from non-pollinated flowers (Fig. 5).  After fertilization, ethylene 

evolution from hand-pollinated flowers increased rapidly. 

This observation suggests a possible role of ethylene in the 

fertilization process.  Nichols, et al. (20) found an increase of ACC, 

an ethylene precursor, on hand-pollinated styles of carnation flowers. 

Putrescine applied at anthesis did not reduce the levels of 

ethylene evolved from flowers during the bloom period although it 

extended ovule longevity and increased fruit set and yield.  These data 

suggest that the increase in fruit set and yield by putrescine is not 

due to ethylene inhibition during the bloom period.  However, because 

the measured ethylene may be evolving from various floral tissues that 

differ physiologically, it is difficult to determine the physiological 

role ethylene has in fertilization.  Therefore, a more accurate method 

of ethylene determination needs to be developed in order to clarify the 

possible relationships between polyamine application and ethylene in 

flower tissues. 

Pollen Tube Growth.  'Bartlett' pollen tube growth in the 'Cornice' 

styles was difficult to assess (9), especially in the lower two-thirds 

of the style.  Lombard, et al. (18) reported that rate of growth was 

less for pollen tubes growing from the base of the 'Cornice' style into 

the mycropyle (0.37 mm/day at 80C) than from the stigma to the style 

(0.95 mm/day).  Similar observations have been described for almond 

(21), sour cherry (26), avocado (24), and in pear for 'Conference' 

pollen tubes in 'Bartlett'.styles (18).  Because of this, the effect of 

putrescine on PTG was determined as the time when pollen tubes reach 

the micropyle.  Pollen tubes in the micropyle fluoresce brightly and 
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are easily identified (Figs. 4C and 4D) providing a more accurate 

determination of the pollen tube growth than when pollen tubes reach 

the base of the style in pear. 

In 1986, at a mean ambient temperature of 11.70C, 'Bartlett' 

pollen tubes reached some of the 'Cornice' micropyles at 8 days for 

untreated and 6 days for treated flowers and both treatments achieved 

the highest number of pollen tubes reaching the micropyles 10 days 

after hand-pollination (maximum fertilization).  At this time, all the 

putrescine treated ovules were viable while only 55% of the untreated 

were alive (Table 7).  Although putrescine effect on pollen tube growth 

was not statistically significant, treated flowers showed a trend 

toward a higher percentage of pollen tubes reaching the micropyles 

earlier and greater fresh weight after fertilization than the control 

treatment (Fig. 6).  The fresh weight differences may be due to a 

higher number of fertilized ovules and/or from a putrescine effect on 

cell division in the developing ovary and external tissues. 

EPP, calculated from the difference between ovule longevity period 

minus the time necessary for the 'Bartlett' pollen to reach the 

'Cornice' ovule, was at least 2 days longer for putrescine-treated 

flowers in 1985 and 5 days longer in 1986.  According to Williams (29), 

EPP is affected by the prevailing temperatures.  Vasilakakis and 

Porlingis (28) reported an EPP of 13 days at 80C, 5 days at 150C, and 1 

day at 20oC for 'Spada' pear.  In our study, the difference in EPP 

and ovule longevity of the two orchards cannot be explained by tempera- 

ture alone, but other factors are also important in determining EPP. 

Williams (29) in pear and Ewart and Kliewer (11) in grape indicated 

that N fertilization has a positive effect on extending ovule viability 
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and increasing fruit set.  Putrescine treatment resulted in significant 

increases in N and B concentrations in flower tissue 12 days after 

anthesis (Table 8), although spray solutions did not differ in N and B 

content (data not shown).  B was also higher on treated than untreated 

leaves (Table 8).  N and B measured during the bloom period and expres- 

sed as a mg per flower were also greater in hand-pollinated-treated 

flowers than in hand-pollinated-untreated flowers and these differences 

became more evident after fertilization occured (data not shown). 

Galston, et al. (12) reported that aliphatic polyamines are metaboli- 

cally related to basic amino acids synthesis such as arginine and 

ornithine, and arginine decarboxylase activity and nitrogen levels can 

increase after putrescine application (3).   Also, polyamine accumula- 

tion in tissues may cause alteration in the levels of inorganic ions as 

result of adjustment of the cellular ionic balance (7).  Thus, B and N 

which are known to increase fruit set in several fruit trees (15,29) 

could increase after putrescine application and be associated with the 

increase in fruit set from the extension of the ovule longevity. 

Further work is necessary to define the source of increased 

content of N and B in the putrescine-treated flowers. 
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Table 6.  Effect of putrescine applications at anthesis on 'Cornice' yield 
components, Medford, 1986. 

Crop density2   Yield efficiency^  Fruit size 
(no. fruit ' cm" )    (kg ' cm ) (g) 

Putrescine Fruit set 
(M) (%) 

0 32 

io-5 47 

ID"4 49 

IO"3 50 

IO'2 50 

3.9 

5.0 

5.4 

5.7 

6.1 

.170 

,200 

,210 

,250 

.240 

180 

200 

200 

210 

185 

Logarithmic     * 
Model  r2     .30 

* 
,27 

* 
38 

NS 

2No. fruit/trunk cross-sectional area. 
^Fruit weight/trunk cross-sectional area. 
xRegression model significance, *, p = .05, NS = non-significant. 
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Table 7.  Influence of putrescine application at anthesis on 'Cornice' ovule 
senescence in 1985 and 1986. 

Treatment 

Fluorescent Ovules2 

(%) 

Days after anthesis, 1985 

2       4       6       8      10 

Control 0a 0a 0a 72a 98a    100a 

Putrescine 10"  M 0a 0a 0a 5b 76b    100a 

Treatment 

Days after anthesis, 1986 

6    8   10x   12    14 16 

Control 0a   0a   5a  30a  45a   90a  100a  100a 

Putrescine 10"  M 0a   Oa   Oa   Oa   5b   28b   75b  100b 

zFluorescent ovules indicated senescence by aniline blue stain method, 200 
ovules examined at each period. 
^Means separation between treatments (same column) by analysis of variance 
(P = -01). 

xMaximum fertilization. 
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Table 8.  Effect of putrescine application on 'Cornice' pear flower and leaf 
mineral content after 12 days, 1986. 

Dry Wt. Dry Wt. 
(%) (ppm) 

Organ  Treatment N P K S Ca Mg Mn  Fe Cu B Zn Al 

Leaf   Control 2.56 .33 1.94 .13 1.0 .37 26 114 13 40 28 42 
Putrescine 2.57 .33 1.65 .14 .81 .31 31 104 13 56 24 41 

significance ns ns ns ns ns ns ns  ns ns * ns ns 

Flower  Control 2.72 .79 2.1 .39 1.0 .56 20  85 30 73 51 6 
Putrescine 3.29 .70 1.9 .38 .88 .48 22  67 25 114 43 5 

significance * ns ns ns ns ns ns  ns ns * ns ns 

ns, *, non-significant or significant at p = .05, respectively. 
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Fig. 4.  Fluorescent microphotographs of 'Cornice' pear ovules and pollen 
tube penetration using aniline-blue stain.  C = chalazal end, 
I =• integuments, M = micropylar end, N = nucellus, ES ■= embryo 
sac, PT = pollen tube.  4A = viable ovules x 63.  48= senescent 
ovules x 63 (fluorescent in the chalazal end indicates senescent 
tissue).  4C = Fluorescent microphotograph of 'Bartlett' tube at 
the micropyle end of the 'Cornice' pear ovule x 63.  4D = 'Barlett' 
pollen tube at the micropyle of 'Cornice' ovule x 160. 
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Chapter 5 

EFFECT OF FALL ETHEPHON CONCENTRATION AND TIMING ON BLOOM 
DELAY AND TREE PERFORMANCE OF PEACH AND PRUNE 

Abstract 

During 3 years of study, 2 methods for bloom delay without reduc- 

ing yield on peach and prune were developed.  First, relatively low 

ethephon concentrations were applied late in the fall.  Ethephon at 300 

ppm applied at 50% leaf drop stage delayed bloom by 7 days on 

'Suncrest' peach in 1987.  In 'Italian' prune, ethephon at 500 ppm 

applied at 10 and 50% leaf drop stage delayed bloom 16 and 7 days, 

respectively.  This amount of bloom delay was sufficient to avoid frost 

damage which increased yields in 1987.  Second, ethephon at 150 and 300 

ppm applied 'Veteran' peach on previously defoliated trees delayed 

bloom 5-10 days without a significant decrease in yield, while ethephon 

alone decreased yields.  In 'Italian' prune, ethephon (120 ppm) applied 

after chemical defoliation resulted in an 8 day delay in bloom with no 

negative effects in yield. 
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Introduction 

Prunus spp. bloom in early spring when conditions are often 

unfavorable for pollination and fruit set.  Delaying bloom by a few 

days can have a dramatic influence on fruit set (9,11).  Attempts to 

delay bloom in fruit trees have been either ineffective, expensive, 

and/or cause serious side effects (9).  Ethephon applications at 500 to 

4,000 ppm in the fall have delayed bloom of fruit trees by several days 

the following spring (5).  However, the benefits were offset by 

deleterious side effects such as gummosis, flower abscission or failure 

of floral bud opening, low fruit set, and yield reduction (5,10,11). 

Gianfagna, et al. (8), reported lower 'Cresthaven' peach bud survival 

than untreated after 200 ppm ethephon was applied in Oct.  Coston, et 

al. (2), using CGA-15281, an ethylene releasing chemical, delayed bloom 

of 'Redhaven' peach by 4 days without reducing flower number. 

Unfortunately, they did not report the effect on fruit set and yield. 

Dennis (5) has suggested that early defoliation of fruit trees 

resulted in a delay in bloom time the following spring.  However, 

Fuchigami, et al. (6), reported that the time of defoliation is very 

important.  If defoliation was too early, bud break was delayed but 

abnormal growth of buds resulted. 

The objective of this study was to delay bloom of peach and prune 

trees with applications of low concentrations of ethephon late in the 

fall with and without defoliation treatments without a concomitant 

decrease in yield. 
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Materials and Methods 

In 1984, the influence of ethephon application and hand-defolia- 

tion was studied.  Ethephon at 100 ppm and 0.01% Tween aqueous solu- 

tion, as a control treatment, were applied on Nov 1, 1984 on 'Redhaven' 

peach trees.  Ethephon sprays were applied to 5 previously defoliated 

(after the first leaf drop stage) and 5 trees left foliated. 

In the fall of the 1985 season, ethephon at 120 ppm and control 

treatments containing 0.01% Tween-80 were sprayed on individual hand- 

defoliated and foliated 'Redhaven' trees arranged in a complete random- 

ized design.  Hand-defoliation was done on 28 Sept 1985, 15 days before 

vegetative maturity and before any leaf drop started.  Vegetative 

maturity was determined. 

In 1985, ethephon at 0, 50, 100, and 200 ppm was applied to 5 

'Suncrest' peach trees in a complete randomized design at 10% leaf drop 

on 25 Oct and 7 days after complete leaf drop, 14 Nov.  Ethephon at 300 

and 600 ppm was also applied on the same dates to 10 'Italian' prune 

trees per treatment in a factorial design. 

In 1986, several ethephon and defoliation treatments were applied 

on 'Suncrest' and 'Veteran' peach and 'Italian' prune trees which were 

arranged in a complete randomized block design with 4 single tree 

replicates.  Ethephon (0, 100, 200, and 300 ppm) was applied at the 50% 

leaf drop stage (22 Oct) on 'Suncrest' peach trees.  'Veteran' peach 

trees were defoliated at the beginning of leaf drop (8 Oct) by several 

methods:  hand-defoliation, 0.5% CuEDTA, and 3% urea.  Ethephon at 150 

and 300 ppm was applied 4 days later on 5 replicated trees for each of 

the above treatments.  Ethephon (0, 250, and 500 ppm) was applied to 8 

individual 'Italian' prune trees at 10% and 50% leaf drop on 15 and 22 
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Oct, respectively.  When 10% leaf drop occurred (15 Oct) on control 

trees, 8 prune trees previously defoliated using 3.0% urea (7 Oct) were 

either treated with ethephon (120 ppm) or untreated. 

Flower Bud Development.  The stage of the flower bud was recorded daily 

in early spring according to 6 floral stages of peach and prune (1). 

Bloom delay was determined by subtracting the time of anthesis of the 

control from that of the treatments and was expressed as day delay. 

Tree Performance.  Performance of 'Redhaven' and 'Suncrest' trees was 

assessed by determining the number of leaves and flowers, fruit set, 

and yield.  Leaf and flower numbers, expressed on a per node basis, 

were monitored on the same branches used for fruit set and bloom delay 

observations. 

In the 1985 study, fruit set was monitored on each of the 5 

branches per treatment.  In 1986, fruit set was monitored on the 4 

branches in each of the 5 replicated trees per treatment.  Final fruit 

set was based on the number of retained fruit per 100 fruit clusters 

following 'June drop'. ' No fruit thinning was carried out.  Twenty-five 

fruits selected at random per replication were used to determine fruit 

size. 

Fruit Maturity.  Fruit weight and soluble solids were measured on 

'Suncrest', 'Redhaven', and 'Veteran' peach and 'Italian' prune.  Fruit 

firmness was measured with a pressure tester with an 8 mm tip. 

The data were subjected to an analysis of variance to determine 

significant differences among treatments.  The data were analyzed 

further using mean separation and/or regression analysis. 
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Results and Discussion 

Bloom Delay and Yield Components.  Fall applications of ethephon in 

1984 at 100 ppm on foliated and hand-defoliated 'Redhaven' peach trees 

delayed anthesis by 4.6 and 4.8 days, respectively (Table 9).  Hand- 

defoliation did not affect anthesis time but reduced the detrimental 

effect of ethephon on yield (Table 9).  This suggested that the 

presence of leaves at the time of application could be the cause of the 

negative ethephon effect on yield performance.  This negative result 

can be avoided by leaf removal before the ethephon spray. 

In 1986, a delay of 9.3 and 9.6 days was achieved from fall 

ethephon applications on foliated and hand-defoliated 'Redhaven' trees 

(Table 10).  Fall ethephon applied 15 days before the first leaf drop 

stage decreased 'Redhaven' tree performance (Table 10).  Flower number 

per node, fruit set, and yield were reduced in all ethephon and hand- 

defoliation treatments.  In contrast to the 1985 season, both ethephon 

and hand-defoliation as independent treatments affected 'Redhaven' tree 

yield components.  Since hand-defoliation (before vegetative maturity) 

alone reduced these parameters, this suggests that early leaf removal 

other than ethephon was the cause of flower and fruit number reduction. 

Fuchigami, et al. reported that the leaf removal effect on bloom time 

and tree performance depended on treatment time.  Early leaf removal 

before vegetative maturity can induce bud death on dogwood and peach 

(4). 

Ethephon applied at either 10% leaf drop or after complete leaf 

drop significantly delayed bloom in 'Suncrest' peach in 1986 (Table 11). 

The following equation expresses the effect of ethephon (ppm) applied 

at the 10% leaf drop stage on bloom delay of 'Suncrest' peach:  number 
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of days of bloom delay (NDD) = .28 + .14 (ppm) - 4.8 x 10'^ (ppm)2, r2 

= .94 (significant at .001).  This equation was significantly higher 

than the following regression on the effect of ethephon applied after 

complete leaf drop on bloom time:  NDD = .10 + .056 (ppm) - 1.8 x 10" 

2   2 (ppm) , r = .86 (significant at .001).  High ethephon concentration 

and earlier timing always induced a greater number of days delay than 

the late application time as indicated by the slope and intercept of 

the regression. 

In 'Suncrest', fruit set was not significantly affected by the 

ethephon treatment when applied either at 10% leaf drop or after 

complete leaf drop.  However, the number of flowers per node and yield 

was reduced significantly by ethephon treatments on both dates of 

application.  Regression equations for flowers per node and yield were 

significantly different for the 2 application times.  The reduction in 

flowers per node and yield was greater when ethephon was applied at the 

10% leaf drop stage. 

In 'Italian' prune, ethephon at 600 ppm applied at 10% and 

complete leaf drop stages delayed full bloom 9.5 and 3.6 days, respect- 

ively, in 1986.  Yield was reduced by the high ethephon concentration 

for the early date (Table 12).  In general, the beneficial effect of 

fall ethephon application on bloom delay was offset by the reduction in 

yield at this early stage of application for both species. 

The fact that late ethephon applications still have some effect on 

bloom delay without yield reduction suggests a possible window for 

application, e.g. between 10% and 100% leaf drop stage.  In 1987, fall 

application of 250 ppm and 500 ppm ethephon at 10% leaf drop stage on 

'Italian' prune delayed full bloom 13 and 16 days, respectively, and 5 
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and 7, respectively, when it was applied at 50% leaf drop stage (Table 

13).  Also, 'Suncrest' peach bloom was delayed 4, 5, and 6 days at 100, 

200, and 300 ppm ethephon at 50% leaf drop stage, respectively (Table 

14).  In 'Italian' prune, ethephon application at this stage of develop- 

ment had no deleterious effect on flower and fruit number.  Ethephon 

treatment yielded a higher fruit set percentage (Table 14).  This fruit 

set difference could be explained by a low temperature -20C effect (29 

Mar 87) during the full bloom stage on untreated trees.  Ethephon trees 

were in bloom 5 and 7 days later and, therefore, avoided this spring 

frost event. 

In 'Veteran' peach and 'Italian' prune the defoliation treatment 

did not delay the bloom while the combination with ethephon did (Tables 

15 and 16).  Ethephon on chemically defoliated 'Veteran' trees delayed 

bloom 5-10 days (Table 15).  Chemical defoliation with 0.5% CuEDTA 

induced faster leaf abscission than 5% urea on 'Veteran' peach trees. 

When Urea treated trees showed around 40% leaf drop, the 0.5% CuEDTA 

treated trees were completely defoliated.  Also, in 'Italian' prune, 

when ethephon (120 ppm) was applied on chemically defoliated trees, 

bloom was delayed to 8.2 days (Table 16). 

Fruit maturity of peach cultivars, determined by firmness and 

soluble solids, was delayed by the fall ethephon treatment (data not 

shown).  The 'Suncrest' and 'Redhaven' harvests were delayed by 5 and 4 

days in 1986, respectively.  Funt and Ferree (7) also reported a delay 

of maturity after fall ethephon sprays in peaches.  In the 'Italian' 

prune harvest in 1987, fruit size expressed as weight per fruit and 

soluble solids (%) were not significantly different than the control. 
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These results indicate that the 2 suggested methods to delay bloom 

in peach and prune can delay bloom without yield reduction.  Ethephon 

applied late in the fall will delay bloom at 300 and 500 ppm in peach 

and prune, respectively.  However, we believe the best approach would 

be to use the lowest possible levels of ethephon.  Defoliation after 

vegetative maturity allows for a reduction in ethephon concentration 

applied to trees in the fall.  The use of lower ethephon concentrations 

(120-300 ppm) would decrease the risk of residual ethephon effects for 

the following growing season. 
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Table 9.  Influence of hand-defoliation on bloom delay and yield of fall 
ethephon treated 'Redhaven' peach trees, 1985. 

Treatment 

Control 

Hand-defoliation2 

Ethephon^ 

Hand-defoliation + ethephon 

Bloom delay Yield 
(days) (kg/tree) 

0 33 

0 30 

4.6 21 

4.8 32 

Isd .05 1.8 

z0n Oct 29, 1984 trees were hand-defoliated. 
^100 ppm concentration was applied on Nov 1, 1984. 
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Table 10.  The effect of fall ethephon and hand-defoliation treatments 
before vegetative maturity in 1985 on bloom delay and tree 
performance of 'Redhaven' peach trees, 1986. 

Bl oom delay Flower Fruit Yield 
Treatment (days) number2 sety (kg/tree) 

Foliated 0 0.56 17.7 44 

Defoliatedx 2.1 0.27 10.1 16 

Foliated + ethephonw 9.2 0.36 6.2 11 

Defoliated + ethephon 9.5 0.17 0.5 2 

Isd .05 2.1 0.09 10.0 12 

zNumber of flowers per node. 
^Number of fruit per 100 flower clusters. 
xTrees defoliated on Sept 28, 1985. 
w120 ppm concentration was applied on Oct 1, 1985. 
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Table 11.  The effect of ethephon timing and rate on bloom delay and tree 
performance of 'Suncrest' peach, 1986. 

Application Ethephon Bloom Delay Flower2 Fruit Yield 
time (ppm) (days) number set (%) (kg/tree) 

10% leaf drop 0 0 1.2 21 48 
(25 Oct. 1985) 50 6.0 0.8 18 26 

100 8.3 0.5 17 21 
200 8.8 0.4 17 13 

r2 .94 .46 ns .72 
significance 

L *y * * 

Q * * * 

Complete leaf drop 0 0 1.2 21 48 
(14 Nov, 1985) 50 0.5 1.0 19 41 

100 2.2 0.9 22 38 
200 3.0 0.7 20 37 

r2 .86 .31 ns .56 
significance 

L * * * 

Q * * * 

zNumber of flowers per node. 
^Significant at the .05 level. 
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Table 12.  The effect of ethephon timing and rate on bloom delay and yield 
of 'Italian' prune, 1986. 

Bloom delay Yield 
(days) (kg/tree) 

Ethephon 5 Oct. 1985 14 Nov. 1985 5 Oct. 1985 14 Nov. 1985 
(ppm) 10% leaf complete 10% le af complete 

drop leaf drop drop leaf drop 

0 0 0 38 38 
300 6.7 2.4 31 36 
600 9.5 3.6 22 41 

r2 .87 .81 .49 .15 
significance 

L * * * ns 
Q * * * * 

'Significant at the .05 level. 
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Table 13.  Effect of 1986 fall ethephon applied after vegetative maturity 
on 'Italian' prune bloom delay and trees' performance, 1987. 

Bloom delay (days) Yield (kg/tree) 

Ethephon      10% leaf drop 50% leaf drop  10% leaf drop 50% leaf drop 
(ppm) stage stage stage stage 

0 17 17 

5.0 34 31 

7.0 32 32 

.69 .62 .56 

* * * 

0 0 

250 13.0 

500 16.0 

r2 .82 
signi fi cance 

L *z 

'Significant at the .05 level. 
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Table 14.  Effect of 1986 fall ethephon applied at 50% leaf drop stage on 
'Suncrest' peach tree performance and bloom delay, 1987. 

Ethephon Bloom delay Crop Fruit set Yield 
(ppm) (days) density2 (%) (kg/tree) 

0 0 4.7 29 50 

100 4 6.5 57 59 

200 5 7.6 60 57 

300 6 6.3 60 60 

r2 .81 .16 .56 .13 
significance 

L *y ns * ns 
Q * ns * ns 

'Number of fruit per branch cross-sectional area, fruit/cm . 
y* , ns - significant or non-significant at the .05 level, respectively. 
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Table 15.  Effect of 1986 fall defoliants and ethephon sprays after 
vegetative maturity on 'Veteran' peach tree performance, 1987. 

Treatment 

Control 

Hand-defoliation2 

Ethephon (150 ppm)y 

Hand-defoliation + ethephon (150 ppm)  5.4 

0.5% CuEDTA 

0.5% CuEDTA + ethephon (300 ppm) 

3.0% urea 

3.0% urea + ethephon (300 ppm) 

Ethephon (300 ppm) 

Isd .05 .90 17 

defoliation treatments were applied Oct 7, 1986 for hand-defoliation 
and Oct 8, 1986 for CuEDTA and urea treatments. 

Bloom delay Yield 
(days) (kg/tree) 

0 62 

0 57 

5.5 30 

i)  5.4 56 

0 59 

10.3 48 

0 55 

10.6 46 

10.5 25 

yEthephon applied Oct 17, 1986. 
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Table 16.  Effect of ethephon applied at 10% leaf drop stage on 'Italian' 
prune tree performance previously defoliated by urea, 1987. 

Treatment 

Control 

3.0% urea 

3.0% urea + ethephon2 

Isd .05 24 2.5 17 

Fruit set Bloom delay Yield 
(days) (days) (kg/tree) 

34 0 23 

35 0 25 

72 8.2 70 

:120 ppm concentration was applied on Oct. 15, 1986. 
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Chapter 6 

FALL ETHEPHON DELAYS BLOOM IN 'REDHAVEN' PEACH BY DELAYING FLOWER 
DIFFERENTIATION AND DEVELOPMENT DURING DORMANCY 

Abstract 

Ethephon at 120 ppm applied to hand-defoliated or foliated trees 

in late October, 1984 delayed 'Redhaven' (Prunus persica L.) (Batsch.) 

full bloom by about 5 days or 880 growing degree hours (GDH) in 1985. 

The same treatment applied on 1 Nov. 1985 delayed full bloom by 8 days 

or 816 GDH in 1986.  Hand-defoliation alone was ineffective in delaying 

bloom in either season.  Ethephon treatments increased abscisic acid 

(ABA) and ethylene levels in dormant buds collected throughout the 

1985-86 dormant season.  Starch, reducing sugar, and total chilling 

requirement was not affected by the ethephon and hand-defoliation 

treatments.   However, GDH were extended in all ethephon treatments 

during the 2 seasons.   Flower primordia during late fall, following a 

1986 spray of ethephon treatment, were delayed in differentiation and 

growth.  This study suggests that a reduction in flower development and 

growth is caused by increased levels of ethylene and ABA. 
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Introduction 

Delayed flowering in fruit trees has been achieved by fall 

ethephon sprays (5,6,10,) but the mechanism is not clear.  Ethephon may 

act either directly on the bud physiology or indirectly by inducing 

early leaf abscission.  Couvillon and Lloyd (3) reported bloom delay on 

peach induced by post harvest hand-defoliation.  Similar results on 

bloom delay were reported on Cornus sericea L. after early hand- 

defoliation at the onset of rest (7,8).  However, Crisosto, et al. (5) 

found that the effect of late fall ethephon application on bloom delay 

was independent of leaf abscission.  Reduced carbohydrate reserves from 

leaf abscission has been deduced as the mode of bloom delay from 

ethephon (7).  However, ethephon may affect flower bud development 

throughout the dormant period. 

ABA has been implicated in the regulation of dormancy in peach 

buds and seeds (1) and a possible relationship between ABA and ethylene 

was reported earlier by Martin and Nishijima (12).  They observed 

increased levels of ABA in peach fruit following ethephon sprays. 

Also, several researchers have reported that various stresses have 

induced elevated ABA (1,11).  Thus, fall ethephon application may 

extend the chilling and/or heat requirement by altering the ABA level 

in peach buds. 

These studies were designed to determine the effect of a fall 

ethephon application on the levels of internal ethylene, ABA, and 

carbohydrate and flower primordia development throughout the dormant 

period and to explain the mode of action of fall ethephon on delaying 

bloom on 'Redhaven' peach trees. 
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Materials and Methods 

The effect of fall ethephon spray and hand-defoliation treatments 

were studied in a factorial arrangement of 3 levels of ethephon (0, 60, 

and 120 ppm) and 2 levels of hand-defoliation (with and without hand- 

defoliation) at the Lewis-Brown Horticultural Farm at Corvallis, 

Oregon.  Ethephon treatments were sprayed until run-off on 5 complete 

hand-defoliated and foliated 12-year-old 'Redhaven' trees per treatment 

in a complete randomized design.  In 1984, trees were hand-defoliated 

on 28 Oct. and ethephon treatments were applied on 1 Nov. at 10% 

natural defoliation.  In 1985, hand-defoliation and ethephon treatments 

were applied before first natural defoliation on 24 Sept. and 28 Sept., 

respectively, about 2 weeks before initial leaf drop. 

In 1984, in a separate trial, ethephon at 300 ppm and AVG, an 

ethylene inhibitor, at 500 ppm,  were sprayed to run off in aqueous 

solution with 0.01 Tween 80 at pH 5 and 7, respectively.  These 

chemicals were applied after the chilling requirement was met (17 Dec. 

1984) on 5 replicates of 'Redhaven' peach trees in a complete random- 

ized design. 

Bloom Delay was expressed as the difference in the number of days and 

growing degree hours (GDH) at the same flower bud stage between the 

treatments and the control. 

Determination of Chilling and Heat Unit Requirements.  The physio- 

logical growth status and chilling unit accumulation was determined 

using the forcing test described previously by Fuchigami, et al (7,9). 

Four replications of 15 cuttings of 30 cm terminal shoots per treatment 

were collected at different dates throughout both dormant seasons. 
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The cuttings were placed in 500 ml beakers containing distilled 

water and placed in a growth chamber at 20oC under short photoperiod 

(10 hours) conditions. 

The end of the rest period was determined when 50% floral bud 

break occurred within 21 days.  The ambient air temperature in the 

field was recorded with a 7 day thermograph in a USA Weather Bureau 

Shelter.  The cumulative of heat units for both years were calculated 

from the end of main rest to full bloom by using GDH with a base of a 

4.50C (14). 

Flower Primordia Development.  In 1986, 'Redhaven' peach shoots from 

120 ppm ethephon treatment (28 Sept. 1986) and control trees were 

collected weekly beginning 1 Sept. 1986.  Ten flower buds each of 5 

replicated trees per treatment were dissected and the development of 

the various floral parts was determined under a stereomicroscope. 

After treated and untreated floral bud primordia were completely 

differentiated, fresh weight was determined at monthly intervals 

between Dec.-Feb. 

Chemical Analysis.  During both seasons, 2.5 cm stem samples containing 

a floral bud were collected biweekly from 1 Oct. to Mar. and analyzed 

for ethylene, ABA, reducing sugar, and starch.  The samples were 

weighed and stored in liquid nitrogen for later analysis. 

Ethylene Determination.  Eight replications of 10 g fresh weight 

samples each of stems and buds were used for ethylene analysis for the 

2 seasons of this study.  In the 1984-85 season, evolved ethylene was 

determined according to Siebel and Fuchigami (15). 

In 1985-86, internal ethylene was evaluated by placing buds under 

water in the bottom of a vacuum desiccator within 10 minutes after 
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excision.  An inverted funnel was placed over the tissue and the funnel 

stem was sealed with a rubber stopper.  The desicator was attached to a 

vacuum pump (approx. 1 atm) until the gas bubbles were no longer 

observed leaving the tissue. 

Gas extracted from the tissue was collected with a 1 ml plastic 

tuberculin syringe and assayed for ethylene by gas chromatography.  In 

both cases, ethylene was assayed on a Carle-Analytical Gas 

Chromatograph model 311 equipped with flame ionization detector and 

activated alumina column at 55 C. 

Carbohydrate Determination.  Four replications of 1 g (fresh weight) 

samples of fresh nodal stem and bud tissue per treatment were homogen- 

ized and extracted in 10 ml of 80% methanol with a Brickman polytron at 

10,000 rpm for two minutes.  Total reduced sugars and starch was deter- 

mined from the same sample using the colorimetric glucose oxidase 

enzymatic method described by Sigma (16). 

ABA Determination.  Four replications of 1 g (fresh weight) samples of 

peach floral bud per treatment were ground in 10 ml 80% distilled 

methanol, 100 mg diethyldithiocarbamic acid, and 10 mg/1 of butylated 

hydroxytoluene with a polytron homogenizer.  The homogenate was shaken 

in the dark for 60 minutes at 40C, centrifuged at 15,000 x g for 15 

minutes, and supernatant was adjusted to 70% by the addition of water. 

The extract was then passed over a pre-packed, reversed-phase mini 

column (SEPPAK).  One ml of the extract was diluted to 10 ml with 

distilled water and assayed by the Phytodetek immunoassay eliza test. 

The monoclonal antibody (+ ABA) was purchased from Idetek, and the 

Eliza test was performed as described by Weiler (17). 
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Results and Discussion 

Bloom Delay.  Extent of bloom delay in both hand-defoliated and non- 

defoliated plants increased with increasing ethephon concentration 

during the 2 seasons of this study (Table 17).  Ethephon at 120 ppm 

delayed full bloom of 'Redhaven' peach by 5 days in 1985 and 9.5 days 

in 1986.  Hand-defoliation on 28 Nov. 1984 and 24 Sept. 1985, did not 

significantly influence the time of bloom.  These data agree with that 

of Couvillon and Lloyd (3) who showed a small bloom delay by hand- 

defoliation in the late fall on 'Washington' peach.  Similar results 

were reported by Fuchigami, et al. (8,9) who found a delay in spring 

bud break due to a hand-defoliation treatment immediately after vegeta- 

tive maturity on red-osier dogwood plants. 

Chilling and Heat Unit Requirements for Bloom.  The chill unit require- 

ments of floral buds as calculated by the forcing test did not show any 

significant differences among the ethephon/hand-defoliation treatments 

during either season (data not shown).  Thus, all treatments required 

the same amount of chilling unit to overcome rest.  However, GDH of the 

quiescent buds were extended by fall ethephon treatments (Table 18). 

The difference observed in delayed floral bud break between both years 

in all the treatments was not significant when GDH data were analyzed 

from the end of rest to full bloom (Table 18).  The treatment difference 

in days of bloom delay between the two seasons was due to the differ- 

ences in cumulative heat units during late winter and early spring. 

Hand-defoliation applied on 24 Sept. 1985 required more GDH to overcome 

the quiescent phase than those defoliated on 28 Nov. 1984.  This 

difference may be due to the physiological conditions of the plant at 

the time of treatments. 
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Ethy1ene Leve1s.  During quiescence, after the chilling requirement was 

satisfied, the internal bud ethylene levels of the 300 ppm ethephon 

treatment was consistently higher than the control (Fig 7).  AVG 

reduced internal bud ethylene levels through the quiescence phase by 

about 40% of the controls (Fig 7).  However, the ethylene levels per se 

during quiescence did not appear to affect bloom time, fruit set, or 

yield (data not shown).  The general pattern of evolved and internal 

ethylene throughout the dormancy period for both years studied was 

similar (Fig. 8).  The ethylene level was relatively high in the fall 

during leaf fall, then decreased and remained low during main rest, and 

was followed by an increase during quiescence.  The levels of internal 

ethylene were greater during the rest and quiescent periods in ethephon 

treated trees. 

Carbohydrates.  No statistical differences in reducing sugars or starch 

levels of flower nodal buds were detected among the treatments through- 

out the dormant period (data not shown).  Total sugar levels decreased 

at the onset of rest and reached a minimum at the end of main rest for 

all treatments.  At the end of main rest, the total sugars peaked and 

then decreased just before bud break.  Priestley (13) pointed out the 

lack of a relationship between apple bud carbohydrate content and good 

relationship of root carbohydrate content with fall defoliation treat- 

ments . 

Abscisic Acid.  The pattern of flower bud ABA levels during the dormant 

season for all the treatments was similar (Fig 9).  ABA level was high 

at the onset of rest, decreased to a minimum during main rest, reached 

the highest level at the end of main rest, and again decreased during 

the quiescent phase. 
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The ABA levels were significantly higher in buds of the ethephon 

treatments during the onset and end of the rest period.  During 

quiescence all the treatments showed similar ABA levels. 

Flower Primordia Development.  Ethephon treatment applied during stamen 

differentiation (30 Sept. 1986) delayed the pistil differentiation by 

15 days (14 Nov 1986) .  The fresh weights of the differentiated floral 

bud primordia during main rest after complete flower differentiation of 

the treated trees were almost half those of the untreated controls 

(Table 19). 

In both years, high bud levels of ethylene during dormancy were 

related to bloom delay in 'Redhaven'.  But in an earlier study (4) 

manipulation of ethylene levels by ethephon and ethylene inhibitors in 

whole trees and cuttings at different levels of chilling accumulation 

did not affect the time of bloom on peach cultivars.  Since ethephon 

and ethylene inhibitors applied during quiescence increased or reduced 

the ethylene bud levels without altering bloom time in 'Redhaven' peach 

trees, it is evident that ethephon action on bloom delay occurred 

during the onset of dormancy. 

We have found that fall ethephon treatment stimulates the produc- 

tion of ABA and ethylene at the onset of rest and during the main rest 

when floral bud development and differentiation is occurring.  The 

reduction in 'Redhaven' floral primordia development and fresh weight 

following fall ethephon treatment was allied to increased bud levels of 

ethylene and ABA which affect primordia cell division.  Likewise, 

Apelbaum and Burg (2) reported an inhibition of deoxyribonucleic acid 

and cell division in the plumular hook of pea after ethephon applica- 

tion. 
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Apparently increased levels of internal bud ethylene and ABA 

decrease cell division in the floral bud primordia during rest and this 

must be the principal reason for the bloom delay in 'Redhaven' peach 

trees. 
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Table 17.  Effect of fall hand-defoliation and ethephon spray 
treatments on time of full bloom of 'Redhaven' peach. 

Relative delay in full boom 
(days) 

Treatments Hand-defoliation Undefoliated 

Date of application - 28 Oct 1984 

Control .4 0 

Ethephon 60 PPM 2.0 2.4 

Ethephon 120 PPM 5.2 4.6 

Quadratic z * * 
Model r2 .86 .72 

Date of application - 24 Sept 1985 

Control 2.0 0.0 

Ethephon 60 PPM 7.0 6.3 

Ethephon 120 PPM 9.5 9.0 

Quadratic • * * 
Model r2 .92 .87 

zRegression equation significance:  * = P = .05, 
ns = non-significant. 
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Table 18.  Effect of fall hand-defoliation and ethephon on cumulative 
heat requirements of 'Redhaven' peach bud during the quiescent 
period. 

(GDH) 
Cumulative growing degree hours using a base of of 4.50C 

from end of rest to full bloom. 

Hand-      Ethephon  Hand-defoliation   LSD 
Treatments  Control  Defoliation   120 ppm   ethephon 120 ppm   .05 

Season 

1985 4,509 4,509 5,346 5,431 165 

1986 4,594 4,686 5,407 5,566 140 

Significant 
at .05 level   NS NS NS NS 
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Table 19.  Effect of fall ethephon at 120 ppm (28 Sept. 1986) on 
floral bud differentiation and development in 'Redhaven' 
peach trees at Corvallis, Oregon. 

Date of Primordia Stages (80% of 50 live flower buds) 

Primordia 
Structural 
Stages Untreated Ethephon 

Flattened 
meristem 

Sepals 

Petals 

Stamens 

Pistil 

01 Sept. 1985 

01 Sept. 1985 

23 Sept. 1985 

01 Oct. 1985 

29 Oct. 1985 

01 Sept. 1985 

08 Sept. 1985 

23 Sept. 1985 

30 Sept. 1985 

14 Nov. 1985 

Sample Date 

Fresh Weight of Flower Buds 

(g) 
Untreated Ethephon 

Significance 
at 0.05 

20 Dec. 1985 

20 Jan. 1986 

20 Feb. 1986 

.016 

.021 

.032 

.009 

.012 

.018 
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Chapter 7 

EFFECT OF FALL ETHEPHON APPLICATION ON BUD AND STEM HARDINESS AND 
BLOOM DELAY OF 'REDHAVEN' PEACH TREES DURING THE DORMANCY PERIOD 

Abstract 

Fall application of ethephon (150 ppm) at the 10, 50, and 100% 

leaf drop stages delayed 'Redhaven' peach bloom by 8, 5, and 3 days, 

respectively, in 1987.  At the 10% leaf drop stage, ethephon reduced 

flower and fruit number by almost half the amount produced by trees 

treated with ethephon at the 50 and 100% leaf drop stage.   Fruit set 

was not affected by any of the ethephon treatments.  Hardiness measured 

as percentage of bud survival and electrical conductivity was greater 

following the 50% leaf drop treatment through the dormancy period. 
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Introduction 

Stone fruit species bloom early in the spring when conditions are 

often unfavorable for pollination and fruit set and while the probabil- 

ity of frost damage is high (8).  Delaying bloom would improve pollina- 

tion and fruit set and reduce the risk of frost damage.  Ethephon (250 

to 2,000 ppm) sprayed after harvest successfully delayed bloom in stone 

fruit trees but also reduced yield (2,5,6).  Proebsting and Mills (12) 

reported a 3 to 40F increase in hardiness of 'Elberta' peach survival 

buds after a fall application of 1,000-2,000 ppm ethephon.  However, 

this increase in hardiness was offset by phytotoxic effects including 

gumming, and reduced numbers of flowers. 

The objectives of this study were to determine the optimum date of 

ethephon application to "Redhaven' peach trees to delay bloom and 

increase frost hardiness without affecting tree performance. 

Our approach was to use a low concentration of ethephon applied 

late in the fall and evaluate the effect on bud and stem hardiness, 

bloom delay, and fruit set. 
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Material and Methods 

Twelve-year-old 'Redhaven' peach trees (Prunus persica L.) growing 

at the Lewis-Brown Horticulture Farm, Corvallis, Oregon, were sprayed 

with 150 ppm ethephon at 10% leaf drop (7 October, 1986), 50% leaf drop 

(22 October, 1986) and 100% leaf drop (1 November, 1986) stage in a 

randomized plot design.  Four limb units from each of five replicate 

trees were selected to determine bloom delay and yield components. 

Bloom delay was determined as the number of days to reach full bloom in 

relation to the control (1).   Flower and fruit number were determined 

as the number per branch on a cross-sectional area basis.  Fruit set 

was based on the number of retained fruit per 100 fruit clusters.  No 

fruit thinning was performed. 

Hardiness was determined on a 10 cm portion of the stem from the 

mid-sections of the previous year's growth.  Twenty stem sections 

containing about 5 floral buds each were collected on November 15, 

December 15, January 15, and February 15 for controlled freezing tests. 

The samples were wrapped with moistened cheesecloth and aluminum foil 

and placed into a programmable freezer.  Freezing was initiated at -40C 

by nucleating the cheesecloth with ice crystals.  These samples were 

held at -40C for 15 hours and then cooled at a rate of 50C/hr (12). 

Samples were then withdrawn from the freezer at -5, -10, -15, -20, -25, 

-30, -35, and -40oC, and thawed at 40C overnight.  Viability of the 

stem tissue was evaluated by the electrolyte leakage method (7) deter- 

mined 24 hours after thawing and visual browning (11) of bud and stem 

tissues 2 weeks after the freezing test. 

The value T JQ (temperature at which 50% of bud population is 

killed) was determined as suggested by Proesbting and Fogle (10).  Data 
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were subjected to an analysis of variance to determine significant 

differences among treatment means.  The data were further analyzed 

using mean separation (LSD).  Regression analysis was done on arcsine 

transformed percentage conductivity data and regression equations for 

each sampling date were calculated and compared. 
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Results and Discussion 

Treatment of 150 ppm ethephon applied at 10%, 50%, and 100% leaf 

drop stages delayed full bloom by 8, 5, and 3 days, respectively (Table 

20).  The early application (10% leaf drop stage) was more effective in 

delaying bloom than later application.  Crisosto et al. (3) reported 

reduction of 'Redhaven' flower differentiation and development during 

the onset and main rest phases following fall ethephon treatment. 

Ethephon applied at the 10% leaf drop stage reduced the number 

of flowers to half that of the control.  However, ethephon at the same 

concentration but applied at the later stages had no effect on flower 

number (Table 20).  The presence of leaves at the time of treatment 

resulted in a reduction in flower and fruit numbers.  Such damage can 

be avoided by removal of leaves prior to a ethephon spray (4).  Fruit 

set was not affected by any of the low concentration ethephon treat- 

ments.  This indicates that the reduction in yield caused by an 

ethephon spray (150 ppm) is mainly due to the reduced number of flowers 

and not decreased fruit set. 

The effect of ethephon at 150 ppm applied at 50% leaf drop stage 

on tissue hardiness is shown in Figs. 10 and 11.  Flower bud hardiness of 

the controls increased from -140C in November to a maximum of -250C in 

January and decreased to -150C by February (Table 21).  Maximum hardi- 

ness was achieved after the chilling requirement for 'Redhaven' was 

satisfied on January 12, 1987.  Proebsting, et al. (9,11) reported 

similar levels of frost hardening for 'Elberta' peach. 

Regression analysis for temperature and conductivity were signi- 

ficantly different at the same date of sampling (data not shown).  This 
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statistical difference confirms the positive action of ethephon on 

improving the hardiness on 'Redhaven' flower buds. 

The time of ethephon application is critical in increasing the 

hardiness levels and delaying bloom without affecting peach perfor- 

mance.  Proebsting and Mills (12) reported ethephon effect did not 

affect hardiness if applied in September on stone fruit buds.  Samples 

collected in February from trees sprayed at 10% leaf drop were similar 

in hardiness to the controls (Table 22).  This lack of ethephon on 

increasing hardiness may be explained by a high number of dead buds 

induced after the ethephon spray at the 10% leaf drop stage. 

Ethephon increased flower bud hardiness 3, 7, 7, and 90C for 

samples collected in November, December, January, and February sampling 

dates, respectively (Table 21).  An ethephon-induced increase in bud 

hardiness was reported earlier in peach, cherry, and sour cherry 

following 1000-2000 ppm of fall ethephon treatments (9).  However, this 

beneficial effect was offset by enhanced peach tree death and a reduc- 

tion in cherry fruit tree performances. 

This study demonstrated that ethephon at 150ppm applied at 50% 

leaf drop stage has a positive influence on the hardiness level 

throughout the fall and winter.  In addition, late fall ethephon treat- 

ment delayed bloom without reducing 'Redhaven' peach tree performance 

(4). 

It is still not known whether the enhancement in hardiness is a 

direct result of the action of ethephon on the bud and stem physiology 

or an indirect effect via the alteration of the dormancy status of the 

plant. 
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Table 20.  Effect of timing fall ethephon at 150 ppm on 'Redhaven' peach 
performance, Corvallis, Oregon, 1987. 

Treatment 
Ethephon 
(ppm) 

Stage of 
Development 

No. Flowers 
Flowers/ 

cm 

No. Fruits 
Fruits/ 

cm 

Fruit Set 
(fruit/100 
flowers) 

Bloom 
Delay 
(days) 

0   16.0 7.8 51 0 

150 10% Leaf Drop 7.2 3.8 52 8 

150 50% Leaf Drop 14.2 9.2 55 5 

150 100% Leaf Drop 15.5 8.1 47 3 

Isd .05 6 3 4.1 ns 2.5 
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Table 21.  Effect of 150 ppm ethephon on tissue hardiness of 'Redhaven' peach 
determined by visual browning test during the dormancy period, 
Corvallis, Oregon, 1986-1987. 

Temperature (C ) required to kill 
50% of the tissue (t50) 

Control 
Sampling 
Date Floral Bud Stei 

November -14 -15 

December -10 -18 

January -25 -24 

February -15 -22 

Ethephon 150 ppm applied 
at 50% leaf drop stage 

Floral Bud Stem 

•17 

■17 

■32 

■24 

■15 

-22 

-25 

-23 
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Table 22.  Effect of timing of 150 ppm ethephon spray on tissue hardiness 
of 'Redhaven' peach trees on February 15, 1987. 

Temperature (0C) required to kill 
50% of the tissue (T50) 

Treatment  
Bud Stem Stem  

Ethephon   Stage (Browning visual test)  (Conductivity) 

0        --- -15       -22 -18 

150   10% leaf drop -16       -20 -17 

150   50% leaf drop -24       -23 -25 
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Chapter 8 

CONCLUSIONS 

Internal ethylene levels were manipulated with an ethylene releas- 

ing product (ethephon) and ethylene inhibitors (AVG, AOA, and poly- 

amines) during the dormancy period on peach with the objective of 

studying the effect of ethylene levels on floral bud break.  Only 

ethephon sprays applied near to the onset of dormancy (early leaf drop 

stage) in the fall increased bud hardiness and delayed anthesis long 

enough to avoid frost without reducing yield. 

Fall ethephon delayed anthesis per se rather than its action of 

early defoliation.  Hand and ethephon defoliation treatments applied on 

non-defoliated trees before the start of the leaf drop stage always 

resulted in yield reduction and tree damage.  The phythotoxic effect of 

ethephon was related to the presence of leaves at the spray time. 

Ethephon spray may cause some chemical alteration of leaf components, 

maybe producing toxic compounds before back flow occurs.  Also during 

the leaf drop period high levels of ethylene are produced which added 

to the ethephon spray can reach phytotoxic levels at the spray time. 

Several aproaches can be taken to avoid this problem such as:  use of 

different ethylene releasing compounds, use of ethephon at different 

pH's and use of a split application with a lower ethephon concen- 

tration. 

The fall ethephon application during the onset of dormancy induced 

high levels of flower bud internal ethylene and ABA levels and slowed 
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down the flower development process.  This reduction in the rate of 

flower development was associated with the high internal ethylene and 

ABA bud levels.  This could be a possible mechanism of the effect of 

ethephon on bloom delay on Prunus spp. 

Our first season data suggested that ethephon needs to be applied 

at the beginning of the flower primordia differentiation and develop- 

ment process to delay bloom on Prunus spp.  However, the presence of 

leaves at the ethephon spray time will result in yield reduction and 

tree damage. 

Based on this information, two methods for delaying bloom were 

generated and tested succesfully on prunes and peaches during the last 

two years of these studies. 

1) Low ethephon rates applied between 10-100% leaf drop stage. 

2) Ethephon applied at 10% leaf drop stage on chemically 

defoliated (0.5 % CUEDTA or 3.0% Urea sprayed at first leaf 

drop stage) trees. 

To study the role of ethylene on ovule longevity and fruit set, 

ethylene levels were manipulated during bloom by the use of putrescine 

sprays during anthesis.  Ovule longevity was tested using the aniline 

blue technique.  This technique worked well as a simple lab test to 

screen for PGR's action on fruit set of low set 'Cornice' pear 

cultivar.  Putrescine was selected among several ethylene inhibitors to 

be tested in the field. 

During the two years of these studies ovule longevity, fruit set 

and yield were improved with a pre full bloom application of 

.3 
putrescine 10   M on 'Cornice' pear.  Ovule longevity and EPP was 

extended about 2 days in 1985 and 5 days in 1986 by putrescine treat- 
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ments.  Internal and evolved ethylene levels from putrescine treated 

flowers were not lower than untreated flowers during the bloom period. 

In fact flower internal ethylene levels were higher in treated than 

untreated 'Cornice' ovaries after fertilization. 

This increase of ovule longevity and fruit set in treated flowers 

was associated with high N and B levels after pollination and fertili- 

zation.  Thus, it appears that application of putrescine alters the 

metabolism and endogenous polyamines content creating a strong nitrogen 

sink on treated flowers.   This change in endogenous polyamines content 

could be related to nitrogen mobilization of storage compounds 

(Arginine) thus explaining the high level of nitrogen in treated 

flowers. 
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Appendix A 

Effect of 10 M putrescine spray at bloom on evolved flower 
ethylene levels during 'Cornice' bloom period (nl/g/hr). 
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Appendix B 

Effect of 10 M putrescine spray at bloom on evolved flower 
ethylene levels during 'Cornice' bloom period (nl/g/hr/flower) 
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Appendix C 

Effect of 10 M putrescine spray at bloom on internal flower 
ethylene levels during 'Cornice' bloom period (ppm). 
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Appendix D 

Effect of 10 M putrescine spray at bloom on internal flower 
ethylene levels during 'Cornice' bloom period (ppm/flower). 
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Appendix E 

Effect of 10 M putrescine spray at bloom on evolved ovary 
etliylene levels during bloom period of 'Cornice' ovary growing 
in vitro culture (nl/g/hr). 
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Appendix F 

Effect of 10 M putrescine spray at bloom on 'Cornice' ovary 
fresh weight during bloom period growing in vitro culture. 
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