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ABSTRACT

Biennial bearing has been investigated longer and more extensively in apple than in any
other fruit tree; however, it remains a serious problem in commercial apple production all over the
world. Trees that have become biennial flower profusely and carry a heavy crop in the “on” year,
and flower sparsely or not at all and carry little or no crop the following year, the “off” year. Fruit
in the “on” year tend to be small, poorly colored, and of low quality, while the few fruit in the
“off” year are usually too large, become susceptible to physiological disorders, and also are of
poor quality. Without inter vention, the crops in both the “on” and “off” years are undesirable and
uneconomical. The most common method used by commercial apple growers to try to prevent
biennial bearing is chemical fruit thinning, which is an “on* year method of removing a part of the
crop before it matures on the tree. In general, growers don’t do anything in the “off” year to
prevent biennial bearing with the exceptions of fertilizing and pruning lightly. In this study, several

experiments were conducted with the cultivars ‘Braeburn’, ‘Golden Delicious’, ‘Ramey York’,



and ‘Fuji’ in the “off” year to try and suppress FBI and thus prevent a biennial bearing situation in
the following year. The first set of experiments studied the effect of whole-tree and partial-tree
defoliation on suppressing spur and lateral flowering and fruit set. Flowering and fruit set were
suppressed with defoliation in most cases. Defoliation in early July caused the least amount of
flowering the following year and in some cases it was zero. As the defoliation timing and severity
was delayed, there was less suppression of flowering and fruit set. Ammonium thiosulfate and
Endothal increased flowering but decreased fruit set compared to a control. Gramoxone
suppressed flowering and fruit set. In another set of experiments, gibberellic acid (GA) treatments
were evaluated to suppress FBI in “off” or light crop years. The GA,,, treatments suppressed
return bloom of both spur and lateral flowers more than the GA, treatments. The effectiveness of

GA declined with delayed application. Both GA treatments reduced lateral flowering the most on

the basal 1/3 ofthe shoot. In a four year study, apple trees were thinned to one fruit per flowering

cluster every year from 1997 to 2000. Other trees were thinned to zero fruit or two fruit per
flowering cluster in alternate years from 1997 to 2000. Trees thinned to one fruit per flowering
cluster had moderate flowering and fruit set the following year. Trees thinned to two fruit per
flowering cluster had very little to no flowering the following year. Trees thinned to zero fruit per
flowering cluster had a “snowball” bloom the following year. Trees that were alternately thinned

to two or zero fruit per flowering cluster were in a biennial bearing situation.
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INTRODUCTION

The purpose of thiswork was to devel op cultural practices that will either prevent or
disrupt biennial bearing in apple. Biennia bearing or alter nate year cropping haslong been a
serious problem of apple production. Fruit spurs of many gpple cultivarstend to be biennial.
When flowering is heavy, during the“on” year, trees generaly set too much fruit resulting in
smdll, poorly colored, low quality fruit. The following year, the “off” year, flowering islight
resulting in too few fruit which typically grow too large and become susceptilde to physiol ogical
disorders such as bitter pit or cork spot. Both situations are undesirable and uneconomical. The
alternation of too much and too little crop may persig with great regularity.

Virginatypically ranks sixth in the United States for apple production, with an average
yield of 10 million bushels from over 20,000 acres. Virginia is susceptible to spring frosts, which
are one of the leading causes of biennid bearing. Frosts can kill or injure devel oping flower
clusters, which causes too few or no fruit to set, which resultsin an “off” year. Another leading
cause of biennid bearing is when, in the “on” year, the trees are not thinned to a crop load that
will ensure flowering and fruit set the following year. Inadequate thinning resultsin the trees being
inthe “off” year the following year. In a heavy flowering and fruit set year, only 5 t010% of the
fruit that set need to remain on the tree to have afull crop of good sized fruit.

Condderaderesearch applying cultural practices such as chemical thinners, growth
regulators, foliar nutrients, pruning, girding and defoliation have proven somewhat effective for
disrupting the biennid bearing cycle of apple. However, such practices have not been sufficiently

researched to ensure adequate return bloom year after year. Also, much of this work has been



done on atypical cultivars and rootstocks or done in areas of the world that are unlike Virginia's
climate. The most common cultural practice for preventing biennial bearing is thinning the fruit
from trees, whichisan“on” year strategy. In gereral, growers don’t do anything in the “off” year
to prevent hiemid bearing with the exceptionsof fertilizing and pruning lightly.

The objectives of this dissertation were to examine some culturad practicesfor possbly
disrupting biennd bearing in the “ off” year. The approaches usedinthe fird set of experiments
wereto 1) defoliate treesin the “off” year or trees thinned to a crop load of four or less fruit/cn?
trunk cross sectiona area (TCSA), 2) apply various timings and severities of defoliation and
determine fruit drop, and 3) measure the suppression of return doom and fruit set of both spurs
and lateralsthe following year. The objective of the second set of expeimentswasto evduate
various gibberellic acid treatments applied in the “off” year to suppress flowering and reduce fruit
st inthe subsequent “on” year. The ratesand timings of the applications were designed to result
in moderat e flowering and fruiting the following year instead of a*“snowball” bloom and a heavy
frut set which typically occurs after the “ off year”. The objective of the third experiment was to
determine how crop load affects shoot length, the increase in TCSA, and flowering and fruit set

the following year.



CHAPTER ONE

LITERATURE REVIEW

The literature covering biemial bearing is extensive. Several review papers have been written
inthe lagt fifty years. Theseinclude: Singh, 1948a,b; Davis, 1957; Singh, 1971; Williams and
Edgerton, 1974; Jonkers, 1979; Monselise and Goldschmidt, 1982. Although biennial bearing has
been investigated longer and mor e extensively in apple than in any ot her fruit tree (Monsdlise and
Goldschmidt, 1982), it remains a serious problem in commercia apple production al over the
world. Trees tha have becomebiennial carry a heavy crop in oneyear, the “on’ year, and little or
no crop thefollowing year, the “off” year (Singh, 19483). Fruit inthe “on” year tend to be smal,
poorly colored, and of low quality, while the few fruit in the “off” year are usually too large,
become susceptible to physiologica disorders, and also are of poor quality (Monselise and
Goldschmidt, 1982). Without intervention, the cropsin both the “on” and “off’ yearsare
undesirable and uneconomicad.

The alternation of cropsthat are too large or too small may persig with great regularity. It
may be brought about by or interrupted by climatic factors such as spring frosts (Singh, 19483).
All cultivars may become biennia in bearing habit under certain conditions, and once t he habit
becomes estallished it has usually been extremely difficult to correct (Harley et al., 1942).
Controlling flower bud initiationisnecessary for successful fruit growing (Buban and Faug,
1982). When apple growersare able to manipulatetreesto flower and set fruit consstently, fruit

sizeand yields will also become nore consistent.



The annual vegetative growth of an apple tree is distributed in a definite pattern between
leaves, shoots and roots (Maggs, 1963). There are three kinds of apple shoots: termirel, lateral
and bourse (Avery, 1969; Barlow, 1964; Forshey, 1982). Terminal shoots develop from apical
buds, laterd shootsdevelop from axillary buds on the previous season s shoots and bourse shoots
develop from axillary buds at the base of aflower cluster (Forshey, 1985). Whena crop is borne,
there becomes an additional sirk for growth materials (Maggs 1963).

Flower formation results from an activation of floral genesin ameristem by deblocking
through floral hormone(s) and external factors (Wellensiek, 1977). The beginning of the process
is often referred to asinduction and is followed by differentiation of growing point and, later, by
differentiation of flower primordia. In essence, induction isthe ceasing of repression of genes
responsible for flower bud development. After induction, the differentiation of the flower bud
begins This process includes changes inthe apex resulting in the development of the flower
primordia and later the diginguishable parts of the complete flower (Buban and Faust, 1982).

In tenperate zones, flowe bud devel opment in apple treesoccurson termnal buds on
short shoots (urs) and in axillary budsof elongated shoots. Flower bud development on
elongated shoots does not occur with al cultivars, nor doesit occur every year. |n most apple
growing areas, the lateral flowers on the one-year-old shoots only become important when the
earlier-opening spur flowers suffer frost damage. The most valuable flowers of the appletree
develop in the terminal buds of the spurs(Bubanand Faust, 1982). The value of the spurs differs
with age and location within the tree canopy. Spurs that are young and receive ample sunlight
tendto develop better fruit-bearing flowers than older spurs and spursgrowing in low sunlight.

Typcally five to 9x flowersare produced pe bud. A “king” flower is produced along withfour to



five sde flowers. The “king” flower is more advanced in development than the side flowers and
typically produces the largest fruit.

Flower bud initiation (FBI) on spursis generally considered to occur approximately three
to 9x weeks after bloom (Singh, 1948a; Jonkers, 1979; Childerset al., 1995). FBI on spursis
generdly finished by the time extension shoots cease growth (Goff, 1899; Tromp, 1973).
Depending on cultivar, avariation of severd weeks may occur in the timing of FBI on spurs
(Tufts and Morrow, 1925). FBI in buds on current season shoots occurs four to six weeks later
than flower buds on spurs (Childers et d., 1995). Luckwill (1970) stated that FBI on one-year-old
shoots did not begin until the termination of shoot growth.

Biennid bearing in applesisinfluenced by many factors such as cultivar, crop load, the
ratio between carbohydrates and nitrogen, pruning, and hormonal activity. Considerable research
applying cultural practices such as chemical thimers, growth regulators, foliar nutrients, pruning,
girdling, and defoliation have proven somew hat effective for disrupting the biennid bearing habit
of apple. However, such practices have not been sufficiently researched to ensure adequate return
bloomyear dter year.

The theory for the failure of FBI in trees carrying a heavy crop of fruit has changed
through the years. Kraus and Krayhill (1918) proposed the C:N hypothesisfor fruitfulnessin
tomato and subsequently other fruit crops. The C:N ratio plays an important role, despite the fact
that it is not a primary cause (Hennerty and Forshey, 1971). Carbohydrates, which serve as an
energy source, areessential for flower bud formation. Thus any factor which reduces the carbon
exchange rate may contribute to reducing flower bud formaion (Childers et al., 1995). Auchter

and Schrader (1932) found little effect of nitrogen application in offsetting biennid bearing. When



large amounts of nitrogen are applied, it can actudly increase the biennial bearing phenomenon
(McCormick, 1933; Titus, 1960). The fertilization program should be developed asfallows: little
nitrogen inthe ring time of an “off” year and large quartities in the auturm of the ssmeyear or
in the spring of the following “on’ year (Jonkers 1979).

The most common method used by commercial growers to try to ensure annual bearing is
fruit thinning whichisan “on “ year method of redudng the arop load. Thinning is theremoval of
apart of the crop before it matures on the tree. Chemica fruit thinning to reduce the drain of a
heavy fruit et early in the season has done more than any other factor to correct “on-off” yearsof
bearing (Childers & al., 1995). Hand thinning will also lead to an increase in FBI if completed
early enough. Hand thinning of fruits, however, is one of the most expensive practicesin the
orchard and would rardy be advisabl e merely for a slight increase in FBI for the succeeding crop
(Chandler, 1957). As early as the 1930s, it was known that fruit thinning led to an increase in FBI
in gpple (Aldrich and FHetcher, 1932; Harley et d., 1942; Magness et al., 1933). The earlier the
thinning, the greater will be the response in increasing FBI (Aldrich and Fletcher, 1932; Preston,
1954; Williams and Edgerton, 1974; Greene, 2000). Thinning just &ter bloom instead of up to
eight weeks later increased FBI the most (McCormick, 1933; Meland and Gjerde, 1993). Often
two or three chemica thinning sprays are needed to adequately thin the treesto an acceptable
crop load. Fruit set from less than 5% of the blossomson a “snowball” bloom treeis enough for a
full crop (Williams and Edgerton, 1981). However, a*“snowball” bloom is an indication that the
trees may become biennid and should be avoided. Heavy flowering ‘Y ork’ and ‘ Golden
Delicious' trees thinned at bloomdid not have adequate return bloomthe following year (Byers

and Cabaugh, 2002).



Some researchers refer to thinning as adjusting the leaf:fruit ratio. Davis (1957) reported
that a certain number of leaveswas necessary for adequate FBI. Small apple trees require 10 to 20
leaves/fruit for adequate FBI, while large trees require 30 to 40 leaves/fruit for FBI (Williams and
Edgerton, 1974; Jonkers, 1979). Total leaf areainan “off’ year can be two to three timesgreater
than in an “on” year (Buban and Faust, 1982).

Pruning is another cultura practice used to promote annual bearing. Pruning reducesthe
amount of spurs onthe tree that might otherwise flower and produce fruit. Severe pruning to
reduce flowering points before the expected heavy-blossom year is practiced to bring a tree back
into annual bearing (Childerset al., 1995). Sucha pradice presumably reduces the competition
between the remaining flowers for carbohydrates, water and nutrients. Under Wisconsin
conditions, Roberts (1951) devised a system wher eby he pruned all multiple spurs and small
branches in haf. This had a dramatic effed on fruit size but also resulted insufficient formétion of
blossom buds for agood “off” year crop. It isgeneraly accepted that pruning should be severein
the spring of the “on” year and light inthe spring of the “off” year (Jonkers 1979).

Defaliation has been used successfully in the “off” year to suppress flowering in the
following year in gpple (Harley et al., 1942; Fulford, 1960). It seems reasonable to supposethat if
the leaf area of an apple treeis reduced beyond a certain point, the carbohydrate supply may be
restricted to a level at which flower bud differentiation will be prevented (Singh, 1948b). The
defoliation can be done by hand (Raven, 1968) or chemically (Fulford, 1970) and can be partial or
complete Hand defoliation can remove only spur leaves, only extension, or only bourse shoot
leaves, or combinationsof all three. Singh (1948b) removed two out of every three fully expanded

leaves by hand on spurs which reduced the amount of shoot growth but did not reduce flower bud



formation. On the other hand, compl ete defoliation of young trees prevented flower bud
differentiation. The earlier the leaves are removed, the greater the suppression of flowering the
following year (Davis, 1957; L lewelyn, 1968). T he more severe the defoliation, the greater will be
the suppression of flowering the following year (Harley et al., 1942; Tustin et al., 1997). Thus
both the degree and the timing appear to be inportant factors in determining the success of
defoliation as a control measure against biennial bearing (Fulford, 1960). Defoliation can also
cause fruit abscission. Defoliation of individual fruit spurs jug after full bloomresulted in severe
fruit drop, whereas defoliation 30 daysafter full bloom resulted in no more drop than the control
(Llewelyn, 1968; Schumacher and Stadler, 1993).

Self-pollinated cultivarstend to be more biennia than self-sterile cultivars (Williams and
Edgerton, 1974). In the northwestern United States, self-pollinated cultivars such as‘ Golden
Delicious and ‘Y ellow Newtown’ often set more than 100 fruit per 100 blossoming clusters,
whereas the cross-pollinated or self-sterile cultivar ‘ Starking Red Delicious' seldom setsmore
than 60 fruit per 100 blossoming clusters.

Thefalure of apple trees to flower is now widely recognized to be duein part to
hormonal causes. Both auxins and gibberellic acid (GA) are involved in control of flower bud
development (Buban and Faust,1982). These hormones can be exported from the fruit as well as
fromthe shoot tips (Prang et d., 1997). There are more than 80 known gibberellins (Fosket,
1994). GA isonly patidly responsible for inhibiting FBI (Looney et al., 1978). A highlevel of
starch and alow level of GAsappear to be most favorable for FBI (Singh, 1971).

The discovery of GA in apple seeds and its inhibiting effect on FBI wasfirst observed by

Tumanou and Gareeu (1951, cited by Luckwill 1977). However, it hasbecome widdy knownon



the bass of research published by Chan and Cain (1967). They showed astrong relaionship
between the seed content of the fruitsin one year and the proportion of flowering spurs the next
year. T hey found that when the spurs bore seedless fruit, 90% of the spurs flowered the following
year. When seeded fruit were present, only 13% of spurs devel oped flowers the following year.
Seeds produce relatively large amounts of GA that stimulate growth and reduce FBI (Guttridge,
1962; M arcelle and Sironval, 1963; Jonkers, 1979). GA has been reported to decrease FBI and
increase shoot growth in several other fruit crops such asamond, cherry, pear, plum, orange, and
srawberry (Hull and L ewis, 1959; Taiz and Zeiger, 1998). However, GA promotes flowering in
long day rosette type plants such as cabbage, lettuce, and radish (L uckwill, 1977). The
development of seedsisthought to be agreater factor in the cause of biennia bearing than the
competition of fruits for nutrients (Fulford, 1965). Another theory isthat GA prolongsthe
plastochron, whichis the time interval between initiation of appendages inthe developing buds
(Luckwill, 1974). If the plastochron becomestoo long, devel oping buds will be vegetative.
GAsform in large quantities in young developing appleseeds (Sinskaet a., 1973). GA,
and GA, predominate in apple (Demis and Nitsch, 1966; Hoad, 1978). However, at least eleven
other GAs are found in apple seeds (Dennis and Nitsch, 1966). GA activity in young developing
appleseeds is 3,000 times greater (per unit fresh weight) thanin the fruit flesh (Demis 1976).
GA levelsin apple fruit peak at approximately 4 to 6 weeks after full bloom (Luckwill, 1974;
Prang et a., 1997). GAs are exported from the fruit to spurs, and the length of the pedicel may
affect the biennid bearing habit of a particular cultivar (Hoad, 1978). Marino and Greene (1981)
reported that fruiting spurs had higher levels of GAsthan did vegetative spurs. GA leves in gpple

leavesof “on” and “off " year trees in May were equd, but in June, GA activity wasfound only in



leavesof “on” year trees (Lacey et al., 1976). More GA-like substances occur in thefruit of
biennia cultivarsthan in annua cultivars afew weeks after full bloom (Hoad, 1978; Marino and
Greene, 1981).

After the discovery of GA in apple seedsand its effect on FBI, researchers began applying
GAs exogenoudly at various rates and timings with inconsistent results. Of the known GAs, GA,,
GA,, GA,,, and GA, are most often used to suppress flowering. It appears that, in thisgroup,
GA, isleast inhibitory, GA, is most inhikitory, and GA,; and GA,., are intermediate in their ability
to inhilit flowering (Tromp, 1982; McArtney and Li, 1998). GA, isnot found in apple but will
trigger responses such as parthenocarpic fruit (Luckwill, 1977; Dennis and Nitsch, 1966) and
reduction of FBI (Tromp, 1982; McArtney; 1994; Prang et al., 1997). GA; inhibits FBI in other
crops such as peach (Byers et a., 1990). Grochowska (1973) reported that GA, increased garch
levels in apple spursin the “off” year. Marino and Greene (1981) discovered that GA; and GA,.,
decreased FBI on 1-year-old wood as well as spurs, with GA,,,, being nore effective. Though
endogenous to apple, GA, did not decrease FBI and occasionally increased FBI (Looney & al.,
1985). GA, reduced flowering more than GA; but both were only efective on 1-year-old wood
(McArtney and Li, 1998). A comhination of GA,,, isavalable commercially andisknown to
reduce FBI (McLaughlin and Greene, 1984; Meador and Taylor (1987). Demis and Edgerton
(1966) found GA,,, to be more effective at reducing FBI than GA,. A rate of 300 mg L™ GA,,,
reduced FBI on fruit spurs and lateral flowers but was mor e effective on spurs (Marino and
Greene, 1981). Meador and Taylor (1987) found that very low rates of GA,,, will reduce FBI on
aople. Applying GAs exogenoudy can cause negative Sde effects such asincreased fruit set, fruit

thinning, reduced seed number, and reduced postharvest life (Greene, 2000). High rates of some
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gibberellins may reault in production of “blind wood” (Greene, 1989).

There are other advantagesto applying GA on apple other than for reduction of FBI. GA
reduced russeting on some cultivars when applied shortly &ter bloom (Taylor, 1975; Edgerton
and Veinbrandts, 1979; Eccher and Boffelli, 1981; Meador and Taylor, 1987). Apple fruit can be
elongated by GA,,, (McLaughlin and Greene, 1984; Looney et al., 1992; McArtney, 1994). GA
combined with benzyladenineis used by tree fruit nurseriesto increase “feathering” of young trees
(Czarnecki and Mitrut, 1993; Jacyna, 1996). Unrath and Whitworth (1991) successfully defruited
young appletrees with GA,,,

Since exogenous applications of GA can inhibit FBI, it has been used as a tool for
inhibiting excessve return bloom in the “off “ year. Spraying GA to inhibit flowering is
complicated. The results will depend on the type of GA used, the rate, the timing and whether
multiple applications are made.

The key to the correction of biennia bearing is the presence of many resting or non-
bearing short shoots on the tree (Jonkers, 1979; Williams and Edgerton, 1974). To prevent
biennia bearing, the balance bet ween flower bud formation, fruit set, and shoot growth must be
controlled (Tromp and Wertheim, 1980). Early recognition that individual trees or a block of trees
will be going biennid isimportant to the implementation of any cultural practice that may be used

to offsat biemid bearing ineithe the “on’ or “off’ year (Byaset al., 1990).
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CHAPTER TWO

INHIBITING FLOWER BUD FORMATION IN APPLE BY PARTIAL AND WHOLE-

TREE DEFOLIATION

Abstract

In 1997 and 1998, the effects of defoliation of apple (Malus xdomestica Borkh.) trees
were determined on return bloom and fruit set following a light cropping year. ‘ Bragburn’/M.26
trees were hand-thimed to a crop density (CD) of three fruit/cn? trunk cross sectional area
(TCSA) on 25 May 1997. Trees wer e either completely defoliated or haf of the tree defoliated by
hand, every four weeks, on one of five dates between June and September. Compared to anon-
defoliated control, whole-tree defoliation reduced yidd efficiency (kg/cn? TCSA). Both whole
and hdf-tree defoliation affected fruit weight, firmness, sarch, and soluble solids concentration in
1997. In 1998, return bloom and fruit set were reduced by most 1997 defoliation treatments.
Compar ed to other dates, defoliation on 3 July caused the greatest reduction in return bloom in
both whole and helf-defoliated trees. In another study, ‘ Braeburn’/M.26 trees were hand-thinned
to aCD of 4 on 22 May 1998. Compl ete defoliation by handon 1, 15 or 29 Juy reduced return
bloom and fruit set in 1999; the 1 July defoliation resulted in zero return bloom. * Golden
Delicious/M.9 and‘Ramey Y ork’/M.9 trees with a CD of less than 2 were hand-defoliated on 21
July or 12 August, 1998 by removing every other leaf or removing three of every four leavesover
the entire tree In 1999, return bloom and spur and lateral fruit set werereduced by dl defoliation

treatments. ‘ Ramey Y ork’ /Mark trees were sprayed with one of three chemical defoliants on 15
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July or 5 Augug, 1998. Gramoxone suppressed spur flowering and fruit set the following year.
Ammonium thiosulfate and endothall increased spur flowering but suppressed fruit set the
following year. Chemica names used: 1, 1'-dimethyl-4,4'-bipyridinium dichloride (gramoxone);
(H;N),H,0,S, (ammonium thiosulfate); Mono N,N-dimet hylakylamine salt of endothall;

(endothall).

Introduction

Removal of |eaves or defoliation by insects diseases, or caustic Srayscan reduce flower-
bud formation, especially if it occurs prior to the period of flower-bud differentiation (Childers et
a., 1995). Roberts (1923) found that removal of leaves from non-bearing spurs prevented the
development of flower partsinthe bud. Defoliation has been used successfully in* off” years to
suppress flowering in the following “on” yearsin apple (Harley et al., 1942; Fulford, 1960). T he
extent of suppression depends on the cultivar (Davies 1959), the vigor of the trees (Sahulka,
1967), and the timing (Schumacher and Stadler, 1993). It seemsreasonable to hypotheszethat, if
the leaf area of an apple treeisreduced beyond a certain point, the carbohydr ate supply may be
restricted to alevel at whichflower bud differentiation will be reduced (Singh, 1948).

Defaliation can be done by hand (Raven, 1968) or chemically (Fulford, 1970) and can be
partial or complete. Hand-defoliation can renove only spur leaves only extendgon shoot |eaves,
only bourse shoot leaves, or any comhinationsof these three. Harley et al. (1942) reported that
removal of all but one leaf per spur on ‘Y ellow Newtown’, 33 days after full bloom, reduced

return bloom the following year. In another experiment with the same cultivar, Harley et 4.
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(1942) removed all but one, two, three, or four leaves per spur 33 days after full bloom. In
response to increasing numbers of |eaves left, more blossoms formed the following year. Singh
(1948) reported that hand removd of two out of every three fully expanded leaves on ‘Early
Vidorid spus baween early May and mid June reduced the amount of shoot growth but did not
reduce flower bud formation. In addition, he found that complete defoliation of young trees
prevented flower bud differentiation. Chemical defoliants have included materials such as copper
sulfate (Fulford, 1960), sodium chlorate, tar oil, and lime sulphur (Singh, 1948).

Asthetime of leaf removal is delayed after bloom, the suppression of flowering in the
following year is decreased (Davis, 1957; Llewelyn, 1968). The more severe the defoliation, the
greater will be the suppresson of flowering the following year (Harley et al., 1942; Tudin et al.,
1997). The degree and timing of defoliation appear to be important factorsin determining the
success of defoliation as a control measure against biennial bearing (Fulford, 1960).

Defoliation can al 9 cause fruit absdssion. Schumacher and Stadler (1993) removed zero,
one-third, one-half, or all leaves onspurs at 0, 10, 20, or 30 days after full doom (DAFB). With
increasingly severe defoliation, & 0 DAFB, natural fruit drop inareased. When the spurs were
defoliated & 10, 20, or 30 DAFB, fruit drop increased only with complete removal of leaves. In
another experiment, defoliation of individual fruit spurs jug after full bloomresulted in severe
fruit drop, whereas defoliation 30 daysafter full bloom resulted in no nore drop than the control
(Llewelyn, 1968).

In New Zealand where the growing season is long, natural leaf drop can occur up to 12
weeks after harvest (Tustinet al., 1997). Bud break and flowering of ‘ Royal Gala’'/M.9 have been

delayed by 4 to 6 days by defoliating trees just after harvest Also apple nursery stock has
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successfully been defoliated with Duport WK surfactant, ethephon, or combinations of both
(Abugewil and Larsen, 1981).

The objectives of these experiments were to determine 1) how defoliation timing and
sveity would affect refoliation, fruit drop, and fruit quality during the growing season; and 2)
how defoliation timing and severity would affect flowering and fruiting on both spursand laterals

the following year.

Materials and Methods

All experiments were conducted on the Virginia Tech College of Agriculture and Life Sciences
Kentland farm near Blacksburg, Virginia. The orchard is located at an elevation of 2,050 feet
above sealevel and the generd soil type isa Shottower Cobbly loam.

Whole-tree and half-tree defoliation by hand, 1997. Sx-year-old ‘ Bragburn'/M.26
trees spaced 3 x 6.5m and trained as central leaders were infull bloom on 22 April and were
hand-thinned on 25 May to three fruit/cm? trunk cross sectional area (TCSA). The trees carried a
moder ate crop the previous year. The experiment was a completely randomized design 2 x 5
factorial with three replications. The trees used for the half-tree defoliation were divided in half so
that there were equal numbers of scaffold branches on both sides of the tree. All leaveswere
removed by cutting the leaf petiole either from one half of the tree or from the entire tree on one
of five dates in1997. The defoliation dates were approximately four weeks apart. The first
defoliation date was 6 June and the last was 26 September. The fruit were harvested on 19

October and yidd efficiency (kg fruit/cm? TCSA) was determired. The fruit were tested for
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weight, firmness using a peretrometer, starch using Corndl University’ s gdarch-iodineindex chart
where 1=100% sta ned for starch and 8=0% stained for garch, and soluble solidsconcentration
using arefractometer. TCSA was measured on 6 June and again the following Marchto
determine the increase in TCSA. 1n 1998, spur and lateral fruit set/100 flowering clugers were
measured.

Whole-tree defoliation by hand, 1998. Seven-year-old ‘ Braehburn’/M.26 trees spaced 3 x
6.5 m and trained as central leaders were in full doom on 18 April and were hand-thinned on 22
May to 4 fruit/cn? TCSA. Thetreescarried a moderae crop theprevious year. The experiment
was a completely randomized design 2 x 3 factorial with three replications. Either no or all leaves
were removed by cutting the petiole on 1, 15, or 29 July 1998. The fruit were harvested on 16
October and yield efficiency was determined. T he increasein TCSA was measured the following
spring. In 1999, spur and lateral flowering and fruit set/100 flowering clusters were measured.

Partial defoliation by hand, 1998. Seven-yea-old ‘ Golden Delicious /M.9 and ‘ Ramey
York’/M.9 trees spaced 1.5 x 5 m with less than 2 fruit/cm? TCSA were selected. The trees
carried a heavy crop the previous year. The experiment was a completely randomized design 2 x 2
x 3 factorial with three replications. Zero, 50 or 75 percent of the leaves were removed on either
21 July or 12 August, 1998. The increase in TCSA was determined the following spring. In 1999,
two branches per tree were tagged and spur and lateral flowering and fruit set/cny branch cross
sectional area (BCSA) were measured. BCSA averaged 3.1 cn¥.

Partial defoliation by chemical, 1998. Twelve-yea-old ‘ Ramey Y ork’ /Mark spaced 3.5
X 6.5 m with less than 1 fruit/cn? TCSA were sdlected. Thetrees carried aheavy crop the

previous year. The experiment was a completely randomized design 2 x 3 factorial with three
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replications. The treeswere dvidad inhalf so that there were approximatdy equa numbers of
scafold branches on both sides of the tree Thetreeswere sprayed with ammonium thiowulfate
(ATS), endothall, or gramoxone on either 15 July or 5 Augud, 1998. Half of the tree was sprayed
and the other half was left unsprayed. Several weeks before the experiment, various rates of each
chemical were tested to determine thelowest ratethat woud provide the desired levd of
defoliaion. The selected rateswere: ATS @ 40 mL-L™, endothall @ 12 mL-L™* and gramoxone @
1 mL-L™. In 1999, two branches on both halves of the tree were tagged and spur flowering and
fruit set/cn? BCSA were measured. BCSA averaged 3.8 cn. The chemical formulations used

were: ATS, 12% N, 26% S; endothall, 15.9% ecid; and gramoxone, 37%.

Results and Discussion

Whole-tree and half-tree defoliation by hand, 1997. Trees that were completdy
defoliated on 6 June, 3 July, and 1 August refoliated from the terminal end of the shoot. Blind
wood remained where the leaf petioles were cut and the petioles eventually abscised. Trees that
were completely defoliated on 29 August and 26 September did not refoliate from the termirel
end of the shoot. Severe sunburn of the fruit occurred following the 29 August defoliation.

Whole-trees defoliated on 6 June and 26 September had the lowest yield efficiency among
the defoliated trees (Table 2.1). These two dates were also the only dates that had a significant
reduction in yield efficiency compared to the control trees. These results are consstent with the
findings of Llewelyn (1968) and Schumacher and Stadler (1993) who reported that the earlier the

defoliation, the nore severethe fruit abscission but defoliations as late as26 September has not
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been previoudly reported.

Therewas an interaction between date and trestment for fruit weight, starch and soluble
solids concentration (Tables 2.2 to 2.4). Mean fruit weight on the defoliated trees was less than
the control treeson dl but the last defoliation date (T able 2.2). Defaliation thislate was probably
too late to affect fruit size, since harvest followed 23 days later. Firmness of fruit was not affected
from defoliation (data omitted). Fruit starch levelswere lower (higher rating) for trees defoliated
a the firg four datesthan for the control (Table 2.3) and fruit soluble solids concentration levels
were lower for the firg four defoliation dates(Table 24). Thisisprobably due to defoliations on
the first four dates causing a reduction in carbohydrate production, which resulted in a higher
starch rating and lower soluble solids. The fruit from trees defoliated on the last date had starch
ratingsand soluble solids similar to the control fruit.

Therewas no interaction between defoliation and timing on theincreasein TCSA (Table
2.5). Whole tree defoliation resulted in 36% less of anincrease in TCSA. Tustin et al. (1997)
reported that trees which were completely defoliated early had a reduced rate of increase in TCSA
compar ed to trees that were partidly defoliated. The timing of defoliation had no effect on the
increase in TCSA.

Compared to the control trees, the trees defoliated on the first four dates had less spur
fruit set in 1998 (Table 2.6). Defoliation on 3 July, resulted in zero spur fruit set in 1998.
Defoliation on 1 August, 29 August, and 26 Septembe resulted in approximately one half as
much spur fruit set as the control. Lateral fruit set on the trees defoliated on the 6 June and 26
September was the same as the control trees (Table 2.7). Trees defoliated on 3 July and 1 August

had zero fruit set in 1998.
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There was no difference in mean fruit weight between the defoliated half and the foliated
half of the tree (Talde 2.8), but there wasa man effect of date on mean fruit weight. Defoliation
on 6 June caused the lowest fruit weight. In the whole-tree defoliation experiment, mean fr uit
weight on defoliated trees was lower for the firg four defoliation dates compared to the cortrol
(Table 2.2). The average weights were greater for fruit from the half defoliated trees (171 Q)
compared to fruit from the whole defoliated trees (160 g) (Tables2.2 and 2.8). The average fruit
weight for the control half of thetrees (175 g) was 9 g lessthan the average fruit weight for the
control trees (184 g) inthewhole tree defoliation experiment. Firmness of fruit from the half
defoliated trees was inconsistent (data omitted). Fruit starch was not affected by treatment, but
was affected by an interaction of date and treatment (Table 2.9). The defoliated half trees had
lower starch levels (higher ratings) than the control half-trees on two of the five defoliation dates.
This was similar to the whole-tree defoliated trees. However, the defoliated half trees averaged a
0.5 lower starch rating than the whole-tree defoliated trees (T ables 2.3 and 2.9). The differencein
star ch rating between the contr ol and the whole-tree defoliated trees was (0.6) (Table 2.3). The
difference in starch rating between the control half of the tree and the defoliated half of the tree
was (0.1) (Table 2.9). As wasthe case with fruit weight, only a main effect of date was significant
for fruit soluble solids(Table 210). Therewas no difference among the two treamerts for
soluble solids at any date of defoliation.

Trestment was not sgnificant on the half-tree defoliation for any of the fruit qualities. This
suggests that the foliated half of the tree contributed some carbohydrates to fruit on the defoliaed
half of thetrees. Additional support for thissuggestion isthat fruit from the defoliated half of the

tree tended to be heavier, have more starch and more solubl e solids than fruit on trees that were
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completely defoliated (Tables 2.2 to 2.4, 2.8 to 2.10).

Ingenerd, theincreasein TCSA was greater as the defoliations were delayed (T able
2.11). On average, the hdf defoliated trees had anincrease in TCSA intermediate between thenon
defoliated trees and the completely defoliated trees (Tables 2.5 and 2.11).

Fruit set/100 flowering spurs and laterals was deter mined on bot h the defoliated half of the
tree and the foliated half of the tree in 1998. Spur fruit set on the defoliated half was subtracted
from the foliated half. Spur fruit set was greater on the defoliated half of the tree on the 6 June, 29
August, and 26 September defoliation dates (Table 2.12). Spur fruit set was greater on the
foliated half of the tree on the 3 July and 1 August defoliation dates. Lateral fruit set was greater
on the foliated half of the tree on the first three defoliation dates (Table 2.12). The greatest
difference infruit set was on the 3 July defoliation date for both spur and lateral fruit set which
was the same date that resulted in zero fruit set on the whole-tree defoliated trees (Tables 2.6,

2.7, and 2.12). Though spur and laterd flowering wasnot measured, very few, if any, spurs
flowered in 1998 following the 3 July defoliation and very few, if any, laterals flowered following
the 3 July and 1 August defoliations. Obvioudly, if spurs and laterals don’t flower fruit set won't
occur. Defaliations a these timeswould not be recommended. However, since lateral fruit is
often small and misshgpen, (Volz et d., 1994) it may be desrable to defoliae on 1 August.
According to these results, this defoliation date would result in approximately half asmany spur
fruit as the controls and zero laeral fruit. This would encourage the production of spur fruit only.

Whole-tree defoliation by hand, 1998. In 1999, flowering spur clusters on the defoliated
trees was zero withthe 1 July defoliation dae and tended to increase as the defoliation dates were

delayed (T able 2.13). T he mean for flowering spur clusters aso tended to increase asthe
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defoliation dates were delayed. The control trees averaged 3 timesas many flowering spur
clusters/cn? BCSA asthe defoliated trees Spur fruit set was zero onthe 1 July defoliation date
due to no flowering occurring. Spur fruit set increased as the defoliation dates were
delayed.(Table 2.13). The control trees averaged approximately 4 more spur fruit/cn? BCSA than
the defoliated trees.

L ateral flowering and subsequent fruit set were smilar to spur flowering and fruit set.
Defoliation on 1 July caused zero laterd flowering (Table2.14). L ateral flowering tended to
increase as the defoliation dates were delayed. The control trees averaged 3 times more flowering
lateral clusters than the defoliated trees Lateral frut set was zero from the 1 July defoliation dae
since no flowering occurred. Fruit set tended to increase as the defoliation dates were delayed.
For the control, spur fruit set was dmost three times greater than lateral fruit set (Tables 2.13 and
2.14).

In the previous whole-tree defoliation experiment, 1997, July gppeared to be acriticd time
for defoliationto get return bloom on spursthe following year. Defoliaion on 3 July resulted in
zerofruit set while defoliation on 1 August resulted in 67 fruit/100 flowering spur clusters (Table
2.6). Inthiswhole-tree defoliation experiment, 1998, whole trees were defoliated in early, mid
and late July to determine which timings would result in an ideal return bloom and fruit set/cn?
BCSA which would be nore than 0 and less than 67 fruit/100 flowering spur clusters.

Defoliation on 1 July resulted in zero flowering in 1998 which would be very undesirable.
Perhapsit would be reasonable to defoliate at a particular time to get areturn bloom the following
year of approximately 50% which would leave approximately 50% of the spurs reging. Fulford

(1960), applied a chemica defoliant that resulted in 62% of the spurs flowering the following
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year. In the year after that, 49% of the spurs flowered. On the 15 July defoliation date, 1.4 spur
clusters/cn? BCSA flowered which is goproximately 25% of the mean for the control (Table
2.13). On the 29 July defoliation date, 4.1 spur clusters/cn? BCSA flowered which is
approximaely 67% of the meanfor the control. For thisexperiment, getting 50% of the goursto
flower would fall somewherebetweenthe 15 July and the 29 Juy timings (Table 2.13).

The suppression of flowering may not reduce fruit set proportionally. Spur fruit set was
affected by treatment but not by date. The meanfor the 15 and 29 July defoliation dates resulted
in approximately four times fewer spur fruit set/cm? BCSA than the control (Table 2.13). All the
crop loads resulting from these defoliation dates, aretoo low. The number of flowering spurs
clusters the following year would likely be very high with crop loads this low.

Lateral flowering and fruit set was very smilar to sour flowering and fruit set (Table
2.14). Since lateral fruit isless desrable than spur fruit, I would choose atiming that givesthe
bed reaults for spur flowering and fruit set.

Partial defoliation by hand, 1998. Only the man effect of treatment was significant for
spur flowering and fruit set and lateral flowering and fruit set in 1999 (Tables 2.15 to 2.18). Spur
flowering was greater for the control trees compared to the defoliated trees for both cultivars and
both defoliation dates (Table 2.15). Spur fruit set was dso greatest for the control treesin dl
cases (Tade 216). Therewere no differences in spur floweing or spur frut st between the two
defoliation severities or dates of defoliation.

Lateral flowering wasgreatest for the control treesregardless of cultivar or defoliation
date (Table 2.17). Lateral fruit set was al0 greatest for the control treesinall cases (Table 2.18).

For the most part, there were no significant differences in lateral flowering and fruit set between
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the two defoliation severities or dates, but there was a consistent trend towar ds lower flowering
and fruit set with the more severe defoliation. Spur fruit set in this experiment was similar to spur
fruit set inthe preceding whole-tree defoliation experiment (Tables 2.13 and 2.16).

Though spur flowering and fruit set were not significartly different between the two
defoliation severities they tended to be lower when 34 of the leaves were removed. When 34 of
the leaves were removed, spur flowering was always less than 1 flowering spur cluger/cm? BCSA
(Table 2.15). Thisresulted in Sour fruit sets of lessthan 1 fruit/cm? BCSA in three of the four dae
and cultivar conmbinations. When fruit set is this low, the cropisprobably not valuable enough to
take care of and a snowba | bloom will likely occur the following year. In generd, removing %2 of
the leaves on dther date reduced spur flowering and fruit set which resulted ina crop load that
should result in adequate flowering the following year. Since lateral fruit is not as important as
spur fruit, I would not recommend laterd fruit set as a measure of when and how severe to
defoliate.

Partial defoliation by chemical, 1998. ATS resulted inamost 4 more flowering spur
clusters/cn? BCSA than the control while gramoxone resulted in approximately 3 less flowering
spur clusters/cn? BCSA than the control in 1999 (Table 2.19). The endothall treatment was
similar to the control and not statisticaly different. Date had no effect on increasing or decreasing
spur flowering. Spur fruit set was decreased by all 3 chemical defoliants (Table 2.20). However,
the defoliants were not different from one another. Date had no effect on spur fruit set, and there
was not a trestment x date interaction.

Of the three chemica defoliants used, leaf scorching was observed within two days on the

gramoxone treated trees and within five days on the ATS and endothall treated trees. Singh
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(1948) observed scorching after two days using sodium chlorate and tar oil. Fulford (1960)
observed scorching and largenearotic areas onleaves after five days following treatmentswith
copper aulfate. After two weeks, leaf drop was agpproximately 20% for AT S, 60% for endothall
and 80% for the gramoxone treated half of the trees. ATS is afertilizer and most of the treated
leaves turned chlorotic and necrotic but remained on the tree. Gramoxone, which isanon-
sdective herbicide, caused more defoliation than the other two chemicas and aso caused some
shoot tips to die. Endothall is a desiccant which caused nore defoliation than the ATS treatments.

Even though ATS and endothall increased spur flowering, they greatly decreased fruit set
compared to the control. The average number of spur fruit set/cn? BCSA for the control half of
the trees, for both dates, was 13.8. All three chemicals resulted in approximately one half asmuch
fruit set/cn? BCSA as the control haf of the tree. Fruit set for the defoliated half of the trees was
approximately 6/cn? BCSA.

Defoliating appletrees at a particular timeto get a spur fruit set of approximately 50-60
fruit/100 flowering spur clugers or 4-6 spur fruit/cm? BCSA isprobably arealigic goal for
assuring retun bloom the following year. Williamsand Edgerton (1974) concluded that a crop
load of 50-60 fruit/100 flowering spur clusters would result in a moderate bloom the following
year. It has been deermined that spur-type ‘Golden Delicious’ trees in Washington state can
adequately size about 60 fruits/100 growing points (E. Stahley and M. Williams, unpublished
data). However, to maintain annua cropping, a crop of 40 fruit100 growing pointsis about the
practical limit. It would appear that the practical aimwith * Golden Delidous' isto crop individual
spursbiennially. Williams and Edgerton (1974) recommended removing all the fruit from 50% of

the goursinstead of thinning 100% of the goursto just one fruit.
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Defoliating trees by hand would be cost prohibitive. Theidea chemicd defoliant would
cause enough leaves to abscise to adequately suppress flowering and fruit set the following year
without causing permanent damage to the tree. In 1997, completely defoliating trees on 1 and 29
August resultedin 67 and 54 spur fruit/100 flowering spur clusters thefollowing year (Table 2.6).
In 1998, completely defoliating trees on 29 July resulted in approximeately 2 spur fruit/cn? BCSA
the following year (Table 2.13). Also in 1998, removing ¥z or 3/4 of the leavesresulted in
approximately 1-2 spur fruit/cm? BCSA the following year (Table 2.16). This is probably too low
afruit set for agood crop and may cause a snowball bloom the following year. Perhaps removing
fewer leaves would result in more fruit set but as mentioned earlier, defoliating by hand is cost
prohibitive. The chemical defoliants resulted inspur fruit set between 4 and 9.2 fruit/cn? BCSA
the following year (Table 2.20). Since these defoliants were sprayed on hdf trees, more work
should be done using whole-trees and adjusting the rates and timing. Chemical sprays can cause
damage to apple trees from being too caustic or being used at rates that are too high. Singh
(1960), injured trees with sodium chlorate and miscible tar oil winter wash resulting in zero fruit
buds flowering the following year. The companiestha manufacture these chemicalswould
probably not support alabd for their useas a defoliant because of the risk of defruiting treesor
causng injury to thetrees. Also, there would have to be enough usageto justify pursuing a labd.
Gibbere lic acid may be a better approach to suppressng return bloom with chemica sprays
(Chapter 3). They are naturdly present inappleand don't cause injury to the treeseven at very
high rates.

It would be easier to choose rates and timings of defoliation or gibberellic acid if one knew

how much return bloom was ideal. | haven’'t found anything in the literature where someone has

31



suggested an ideal percent of return bloom or an ideal flower number/cn? BCSA or TCSA.
However, in two experiments, Fulford (1960) and McArtney (1994), it isinteresting that
whatever return bloom resulted from a particular treament, the following year the percent return
bloom added to the previousyearspercent return bloom added up to approximately 100-115. In
Fulford’ s experiment, when a particular treat ment resulted in areturn bloom of 90%, the
following year it would be around 25%. In another treatment, the result was a return bloom of
62%, the following year it was 49%. | n McArtney’s experiment, in three consecutive years, the
control went from 93% to 10.5% to 92.3%. If the percent of any two successive arops adds up to

approximately 100-115, than the ideal percent return bloomwould be between 50% and 57.5%.
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Table 2.1. Effect of whole-tree defoliation in 1997 on yield dficiency (kg/cm? TCSA) on
‘Braeburn’/M.26 apple trees in October 1997 .

Defoliation DAFB Y Yield éficiency (kg fruit/cm? TCSA)*
date - 1997 Control Defoliation
June 6 44 0.4aAY 01bB
Jduly 3 172 0.5aA 0.3aA
Augl 100 0.5aA 04aA
Aug 29 128 0.5aA 04aA
Sept 26 156 0.5aA 02bB
Significance

Date 0.001

Treatment <0.001

Date x treatment 0.01

“Vaues are means for three replications.

" Days after full bloom.

X Fruit harvested on 19 October 1997.

W Mean separation within columns (lowercase letters) and rows (uppercase letters) by Tukey's
test P < 0.05.
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Table2.2. Effect of whole-tree defoliation in 1997 on mean fruit weight on ‘ Braeburn’/M .26
appletreesin 1997.

Defoliation ~ DAFB Y Mean fruit weight (g)*
Date - 1997

Control Defoliation
June 6 44 189 a A" 148b B
Jduly 3 72 191aA 170aB
Augl 100 190 aA 166 aB
Aug 29 128 177b A 145bB
Sept 26 156 174b A 170 aA
Mean 184 160
Significance
Date < 0.001
Treatment <0.001
Date x treatment <0.001

2 Values are means for 20 fruit from each of three trees.

" Days after full bloom.

* Fruit harvested on 19 October, 1997 and weighed on 26 October 1997.

W Mean separation within columns (lowercase letters) and rows (uppercase letters) by Tukey’s
test P < 0.05.



Table 2.3. Effect of whole-tree defoliation in 1997 on fruit starch rating on ‘ Braeburn'/M.26
appletreesin 1997.

Defoliation ~ DAFB Y Starch rating * W
Date - 1997

Control Defoliation
June 6 44 55bBY 6.1bc A
July 3 72 55bB 6.0CcA
Aug 1l 100 57bB 6.4bA
Aug 29 128 6.1aB 6.8aA
Sept 26 156 5.9aA 6.0CcA
Mean 5.7 6.3
Significance
Date <0.001
Treatment <0.001
Date x treatment <0.001

“ Values are means for 20 fruit from each of three trees.

" Days dfter full bloom.

* Cornell Uriversity’s starch-iodine index chart where 1=100% stained for starch and 8=0%
stained for starch.

W Fruit harvested on 19 October 1997 and tested on 28 October 1997.

V' Mean separation within columns (lowercase letters) and rows (uppercase letters) by Tukey's
test P < 0.05.
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Table 2.4. Effect of whole-treedefoliationin 1997 onfruit solubde lids concentration on
‘Braehburn’/M.26 apple trees in 1997. *

Defoliation ~ DAFBY Soluble solids concentration *
Date - 1997

Control Defoliation
June 6 44 157 ab A" 132bB
Jduly 3 72 16.7aA 13.7bB
Aug 1l 100 150bA 111cB
Aug 29 128 145bA 131 bB
Sept 26 156 16.3aA 15.6aA
Mean 15.6 13.3
Significance
Date <0.001
Treatment < 0.001
Date x treatment < 0.001

“ Vaues are means for three replications.

¥ Days after full bloom.

X Fruit harvested on 19 October 1997 and tested on 28 October 1997.

W Mean separation within columns (lowercase letters) and rows (uppercase letters) by Tukey’s
test P < 0.05.
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Table 2.5. Effect of whole-tree defoliation in 1997 on the increase intrunk cross sectional area
(TCSA) on ‘Braegburn’ /M .26 apple trees in 1997.%

Defoliation ~ DAFB Y Increase in TCSA (cn?)*
date - 1997
Control Defoliation
June 6 44 8.5 4.6
Jduly 3 72 7.0 4.5
Aug 1l 100 9.3 5.6
Aug 29 128 7.7 5.8
Sept 26 156 7.7 4.9
Mean 8.0AY 5.1B
Significance
Date 0.524
Treatment 0.012
Date x treatment 0.961

“ Vaues are means for 20 fruit from each of three trees.

" Days after full bloom.

* Increase in TCSA measured 30 cmabove the orchard floor between 25 May 1997 and 28
March 1998.

W Mean separation between treatments (upper case letters) by Tukey’stest P < 0.05.
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Table 2.6. Effect of whole-tree defoliationin 1997 onfruit st/100 flowering ur clusters on
‘Braeburn’ /M .26 apple trees in 1998.

Defoliation DAFB" Fruit set/100 flowering spur dusters
date - 1997

Control Defoliation
June 6 44 115ab A* 21abB
Jduly 3 72 109 ab A ObB
Augl 100 103b A 67 aB
Aug 29 128 135aA 54abB
Sept 26 156 108 ab A 79aB
Significance
Date 0.029
Treatment <0.001
Date x treatment 0.007

“ Vaues are means for three replications.

" Days dter full bloom.

* Mean separation within columns (lowercase letters) and rows (uppercase letters) by Tukey's
test P < 0.05.
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Table 2.7. Effect of whole-tree defoliationin 1997 onfruit st/100 flowering lateral clusterson

‘Braeburn’ /M .26 apple trees in 1998.

Defoliation DAFBY

Fruit set/100 flowering lateral dusters

date - 1997

Control Defoliation
June 6 44 24 b A* 42 aA
dul 3 172 30bA ObB
Aug 1 100 23bA 0bB
Aug 29 128 44 aA 4bB
Sept 26 156 24b A 18ab A
Significance
Date 0.176
Treatment 0.015
Date x treatment 0.009

“ Vaues are means for 3 replications.

" Days dter full bloom.

X Mean separation within columns (lowercase letters) and rows (uppercase letters) by Tukey's

test P < 0.05.
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Table 2.8. Effect of half-tree defoliationin 1997 on fruit weight (g) on * Bragburn'/M 26 apple

treesin 19977

Defoliation ~ DAFB Y Mean fruit weight (g)*
date - 1997

Foliated-half Defolisted-hdf Mean
June 6 44 167 154 161 ¢V
Jduly 3 72 176 163 170b
Augl 100 176 174 175b
Aug 29 128 193 194 194 a
Sept 26 156 166 175 171 b
Mean 175A 171 A
Significance
Date <0.001
Treatment 0.158
Date x treatment 0.075

~ Vaues are means for 20 fruit from each side of three trees.

¥ Days after full bloom.

X Fruit harvested on 16 October 1998 and weighed on 17 October 1998.

W Mean separation within columns (lowercase letters) and rows (uppercase letters) by Tukey’s
test P < 0.05.
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Table 2.9. Effect of half-tree defoliation in 1997 on fruit sarch on ‘Bragburn’/M.26 gppletreesin

Starch rating *

1997.7
Defoliation DAFB
date - 1997
June 6 44
Jduly 3 72
Aug 1 100
Aug 29 128
Sept 26 156
Mean
Significance
Date
Treatment

Date x treatment

Foliated-half Defoliated-haf
58bBY 6.1abA
54cB 58DbcA
6.3aA 5.6cdB
6.0ab A 6.2aA
58bA 55dA
5.9 5.8
< 0.001

0.853
<0.001

Z \Vaues are means for 20 fruit from each side of three trees.
" Days after full bloom

* Fruit harvested on 16 October 1998 and tested on 20 October 1998.
W Cornell University’s starch-iodine index chart where 1=100% stained for starch and 8=0%

stained for starch.

V' Mean separation within columns (lowercase letters) and rows (uppercase letters) by Tukey’'s

test P < 0.05.
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Table 2.10. Effect of half-tree defoliationin 1997 on soluble solidsconcentraion on
‘Braeburn’ /M .26 apple trees in 1997 .

Defoliation ~ DAFB Y Sol uble solids concentration’
date - 1997

Foliated-half Defolisted-hdf
June 6 44 16.0aA" 16.6 aA
Jduly 3 72 142 bA 155abA
Aug 1 100 140bA 12.7cA
Aug 29 128 144bA 135CcA
Sept 26 156 16.1aA 152bA
Mean 14.9 14.7
Significance
Date <0.001
Treatment 0.347
Date x treatment 0.034

2 VVaues are means for 20 fruit from each side of three trees.

" Days after full bloom.

* Fruit harvested on 16 October 1998 and tested on 20 October 1998.

W Mean separation within columns (lowercase letters) and rows (uppercase letters) by Tukey's
test P < 0.05.
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Table 2.11. Effect of half-tree defoliation in 1997 on the increase intrunk cross sectional area
(TCSA) on ‘Braeburn’/M.26 in 1997 *

Defoliation date - 1997 TCSA (cnv) ”
June 6 58c”

Jduly 3 58¢c

Aug 1 7.1b

Aug 29 6.8 b

Sent 26 8la
Significance

Date 0.03

Z Values are means for 3 replications.
Y TCSA measured 30 cm above the orchard floor on 28 March, 1998.
X Mean separation within columns (lowercase letters) by Tukey’stest P < 0.05.
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Table 2.12. Effect of half-tree defoliation on fruit set/100 flowering spur and lateral clusterson
‘Braeburn’ /M .26 apple trees in 1998.

Fruit set/100 flowering clusters

Date of Spur Lateral
defoliation
1997
Foliated Defoliated Difference Foliated Defoliated Difference
haf haf haf haf
June 6 36 79 -43d* 53 8 45b
Jduly 3 123 0 123 a 63 0 63 a
Aug 1 52 25 27b 37 0 37b
Aug 29 28 45 -17c¢ 12 39 -27¢
Sept 26 29 47 -18c 7 28 -21c
Significanc
e
Date < 0.001 0.018

“ Vaues are means for three replications.
¥ The control half of the tree mirus the defoliated half of the tree.
X Mean separation within colunns by Tukey'stest P < 0.05.



Table 2.13. Effect of whole-tree defoliation in 1998 on flowering gour clusters and fruit set/cn?
BCSA on ‘Braeburn' /M .26 apple treesin 1999.

Treament - DAFB " Control Defoliated Mean
1998

Flowering spur clusters/cm’ BCSA

1 duly 74 5.2 0.0 2.6 b*
15 July 88 6.7 14 53a
29 July 102 6.3 4.1 4.1 ab
Mean 6.1A 19B

Significance

Date < 0.001

Treatment 0.032

Date x treatment 0.134

Treatment - 1998 Fruit set/cm’ BCSA

1 duly 47 - -

15 July 5.7 0.7 32a
29 July 55 19 3.7a
Mean 53A 13B

Significance

Date 0.348

Treatment < 0.001

Date x treatment 0.740

Z Values are means for three replications.

" Days after full bloom.

* Mean separation within colurms (lowercase | etters) and rows (uppercase |etters) by Tukey’stest
P < 0.05.
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Table 2.14. Effect of whole-tree defoliation in 1998 on lateral flowering clugers and fruit set/cn?
BCSA on ‘Braeburn' /M .26 apple treesin 1999.

Treament - DAFB " Control Defoliated Mean
1998

Lateral flowering clusters/cn’ BCSA

1 duly 74 5.3 0.0 2.6a*
15 July 88 5.8 04 3la
29 July 102 4.4 4.7 45a
Mean 5.1A 178B

Significance

Date 0.255

Treatment 0.002

Date x treatment 0.076

Treatment - 1998 Fruit set/cm’ BCSA

1 duly 2.1 - -

15 July 16 04 10a
29 July 18 11 l4a
Mean 18A 0.8B

Significance

Date 0.338

Treatment <0.001

Date x treatment 0.086

Z Values are means for three replications.

" Days after full bloom.

X Mean separation within colunms (lowercase | etters) and rows (uppercase letters) by Tukey's test
P < 0.05.
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Table 2.15. Effect of partial-tree defoliation in 1998 on flowering sour clusters/cn? BCSA on
‘Golden Delicious' /M.9 and ‘Y ork’ /M.9 apple trees in 1999.”

Defoliation dae

Treatment - 1998 July 21 August 12

Golden D€. Y ork Golden Dd. Y ork

Flowering spur clusters/cm’ BCSA

Control 6.2a" 4.4 a 40a 52a
1/2 leavesremoved 0.8Db 13Db 12Db 10b
3/4leavesremoved 0.6b 02b 09b 05b
Significance

Treatment <0.001

Date 0.799

Cultiver 0.975

Treagment x date 0.716

Treatment x cultivar 0.214
Date x cultivar 0.819
Trt x date x cultivar 0.307

“Values are means for three replications.
¥ Mean separation within colunmns by Tukey’stest P < 0.05.
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Table 2.16. Effect of partial-tree defoliation in 1998 on our fruit set/c? BCSA on ‘ Golden
Delidous /M.9 and ‘ Y ork’/M.9 apple trees in 1999.

Defoliation date

Treatment - 1998 July 21 August 12

Golden D€. Y ork Golden D€. Y ork

Spur fruit set/cm’ BCSA

Control 76a 48a 57a 74a
1/2leavesremoved 1.0b 18Db 18Db 08b
3/4leavesremoved  0.9Db 02b 15b 02b
Significance

Treatment < 0.001

Date 0.996

Cultiver 0.481

Treament x date 0.726

Treatment x cultivar 0.517
Date x cultivar 0.852
Trt x date x cultivar 0.093

“ Values are means for three replications.
¥ Mean separation within colunns by Tukey'stest P < 0.05.
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Table 2.17. Effect of partial-tree defoliation in 1998 on flowering lateral clusters/cn? BCSA on
‘Golden Delicious' /M.9 and ‘Y ork’ /M.9 apple trees in 1999.

Defoliation date

Treatment - 1998 July 21 August 12

Golden D€. Y ork Golden D€. Y ork

Flowering lateral clusters/cm’ BCSA

Control 15a” 24a 33a 2.8a
1/2leavesremoved 0.7Db 13b 17b 02b
3/4leavesrenoved 04b 0.2c 15b 02b
Significance

Treatment 0.008

Date 0.304

Cultiver 0.463

Treament x date 0.383

Treatment X cultivar 0.449
Date x cultivar 0.093
Trt x date x cultivar 0.965

“ Values are means for three replications.
¥ Mean separation within colunns by Tukey'stest P < 0.05.
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Table 2.18. Effect of partial-tree defoliation in 1998 on lateral fruit set/cm? BCSA on ‘ Golden
Delidous /M.9 and ‘ Y ork’/M.9 apple trees in 1999

Defoliation dae

Treatment - 1998 July 21 August 12

Golden D€. Y ork Golden Dd. Y ork

Lateral fruit set/cm’ BCSA

Control 22a" 29a 29a 27a
1/2leavesremoved 05b 13b 13b 03b
3/4leavesremoved  0.2b 02c 12b 02b
Significance

Treatment <0.001

Date 0.727

Cultiver 0.697

Treament x date 0.948

Treatment X cultivar 0.528
Date x cultivar 0.109
Trt x date x cultivar 0.759

ZVadues are means for three replications
¥ Mean separation within colunmns by Tukey’stest P < 0.05.
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Table 2.19. The effect of three chemical defoliants in 1998 on the number of flowering sour
clusters/cn? BCSA on ‘ Commander Y ork’ /Mark apple treesin 1999.”

Flowering spur clusters/cn? BCSA

Treament - Defoliation date
1998
July 15 August 5
Control Def. Difference Control Def. Difference Mean
half half half half
ATS 8.7 126 -397 11.1 148 - 3.7 -3.8a”
Endothal 9.0 103 -13 13.2 134 - 0.2 -0.7ab
Gramoxone 12.4 8.5 3.9 11.0 8.8 2.2 31b
Mean 04 A 05A
Significance
Treatment 0.009
Date 0.949
Treament x date 0.764
ATS vs. control 0.010
Endothal vs. 0.603
control
Gramoxone vs. 0.044
control

“Vaues are means for three replications

¥ The control half of the tree mirus the defoliated half of the tree.

X Mean separation within colunns (lowercase |etters) and rows (uppercase letters) by Tukey’s test
P < 0.05.
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Table 2.20. The effect of three chemical defoliants in 1998 on spur fruit set/cn? BCSA on
‘Commander York’ /Mark apple treesin 1999

Spur fruit set/cn? BCSA
Treament - Defoliation date
1998
July 15 August 5

Control Def. Difference Control Def. Difference Mean

hdf hdf half hdf
ATS 174 5.9 115Y 11.7 9.2 25 7.0a*
Endothal 11.0 4.3 6.7 14.0 6.8 7.2 6.5ab
Gramoxone 16.9 4.0 12.9 11.8 4.6 7.2 93b
Mean 104 A 56 A
Significance
Treatment 0.528
Date 0.087
Treament x date 0.167
ATS vs. cortrol 0.001
Endothal vs. 0.003
control
Gramoxone vs. < 0.001
control

“Vdues are means for three replications

" The control half of the tree minus the defoliated half of the tree.

X Mean separation within colunns (lowercase |etters) and rows (uppercase letters) by Tukey’s test
P < 0.05.
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CHAPTER THREE

INHIBITING FLOWER BUD INITIATION IN APPLE WITH GIBBERELLIC ACID

Abstract

Gibberdlic ecid treatmentswere evaluated to suppressflower bud formaionin*off” or
light crop years and thereby reduce biemial bearing in apple (Malus xdomestica Borkh.). In 1999,
8-year-old ‘Braeburn’/M.26 trees were rated as having a very light or heavy fruit load. The heavy
fruit load trees were hand thinned on 9 June to four fruit/cn? trunk crosssectional area (TCSA).
The light fruit load trees had a crop load of 0 tol fruit/cm? TCSA. Thetreesweresprayed with
one gpplication of 400 mg-L™* GA, or four gpplications of 100 mg-L™* GA,. GA, did not suppress
flowering in 2000 of the very light crop load trees, and the heavy crop load trees had no return
bloom, regardliess of treatment. Also in 1999, 3-year-old ‘Ramey Y ork’/M.9 trees were defruited
and sprayed with 100 mg-L™* GA,,100 mg-L™* GA,,, or left unsprayed as a control. The surfactant
Regulaid was applied at 1.3 mL-L™ in all treatments. Treatments were applied at 4, 6 and 8 weeks
after full bloom (WAFB); 6, 8 and 10 WAFB; or 8, 10 and 12 WARB. The GA,,, treatments
suppressed return bloom of both spur and lateral flowers more than the GA,; treatments. The
effectiveness of GA declined with delayed application. Both GA treatments reduced lateral
flowering the most on the basal 1/3 of the shoot. In 2000, the 1999 GA experiment on ‘ Ramey
York’ was repeated. The rates and timing of GA sprays were the same with the exception that
Tween 20 replaced Reguaid as the surfadtant. GA,,, effectively suppressed flowering more than

did GA,. However, spur fruit set was not affected by either GA treatment or timing. In another
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experiment, 8-year-old ‘Ramey Y ork’/M.9 trees were defruited or thinned to approximately three
fruit/cn? TCSA. Four branches per tree were girdled and sprayed with 100 mg:-L™ GA,,, (every 2
weeks), 100 mg-L™* GA,,, + 50 g-L™* D-Sorbitol (twice aweek), 50 g-L™* D-Sorbitol (twice a
week) or left unsprayed as acontrol. Tween 20 @ 1.3 mL-L™* wasused in all treatments Both
GA,.; and GA,,, + sorhitol reduced spur flowering compared to sorbitol alone and the control on
trees with both crop loads. Both GA,,, treatmentsincreased fruit set conmpared to the control for
the defruited trees, but fruit set on the thinned trees was similar for all treatmerts. Both GA
treatmentsreduced the percent of |laterals flowering over sorhitol alore and the control on
defruited trees but not thinned trees. Lateral fruit set was greater for the two GA treatments than
the sorbitol only or control treatments onthe deruitedtrees but treatments did not differ on
thinned trees. In another experiment, 8-year-old ‘ Braeburn'/M.26 treeswerethinned by handto
three fruit/cn? TCSA and were sprayed every two weeks between 24 May and 21 Jure with 250
mg-L™* GA, + 40 mg-L™* Tween 20, 100 mg-L™* GA,,, + 40 mg-L™* Tween 20, 40 mg-L™* Tween 20
only or left ungprayed as acontrol. The percent flowering laterals and lateral fruit set were greatly
reduced by both GA treatments on the proxima and middle thirds of the shoots. Latera flowering

was almost identical for both GA treat ments.

Introduction

There are morethan 80 known gibberellins (Fosket, 1994). GA stimulates sem d ongation
in mary plants, causes bolting in rosette plants, reduces the juvenility time in some conifers,

replaces the cold period needed for seed germination, breaks apical bud dormancy, and can cause
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sexual differertiation in some monoecious plants (Taiz and Zeiger, 1998). GA aso promotes
flower bud initiation (FBI) and flowering in long-day plants even when kept in non inductive
conditions (Taiz and Zeiger, 1998; Kamuro et a., 2001). Appletreesdo not appear to be
photoperiodic and some GAs inhibit flowering in gpple (Dennis and Edgerton, 1966; Tromp,1973;
Tromp, 1982, Meador and Taylor, 1987).

After the discovery of gibberdlic add (GA) in gople seeds ard its effect on FBI,
researchers began applying GAs exogenously at different rates and timings with various results. Of
the known GAs, GA;, GA,, GA; and GA,,, are most often used in attempts to suppress flowering.
It appears that, in this group, GA, is least inhibitory, GA, is most inhikitory, and GA; and GA,,-
are intermediate in their ability to inhibit flowering (Tromp, 1982; McArtney ard Li, 1998). GA, is
not naturally present in apple but will trigger responses such as reduction of FBI (Tromp, 1982;
McArtney, 1994; Prang et d., 1997) and induction of parthenocarpic fruit (Luckwill, 1959; Dennis
and Nitsch, 1966). GA, inhibits FBI in other fruit crops such as peach (Byerset d., 1990) and
apricot (Southwick and Y eager, 1991). Marino and Greene (1981) discovered that GA; and GA,,,
decreased FBI on 1-year-old wood as well as spurs of apple. GA,, though endogenous to apple,
did not decrease FBI and occasionally increased FBI (Looney et al., 1985; Greene, 1993). GA,
reduced FBI more than did GA,; (McArtney and Li, 1998). A comhination of GA,,, isavailable
commercialy and has been shown to reduce FBI (McLaughlin and Greene, 1984; Meador and
Taylor, 1987). Dennis and Edgerton (1966) and Tromp (1973) found GA,.,, to be more effective
than GA; at suppressing FBI on ‘Baldwin’, ‘Mcintosh’ and ‘Weslthy’.

Thetiming of GA application is very important for suppressing FBI. In generd, one

application made during the first 2 weeks after bloom is as effective as multiple applications made
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severa weeks after bloom on return bloom on spurs (Greene, 1989; Marino and Greene, 1981;
Tromp, 1982). On 1-year-old wood, GA applied just after full bloom had no effect on reducing
FBI (McArtney, 1994). However, when GA was gpplied between 6 and 12 weeks after full bloom,
it did suppress FBI on 1-year-old wood (McArtney and Li, 1998).

Also, the effect of GA,,, on FBI isinversely related to concertration (Meador and Taylor,
1987). GA,., a 300 mg: L™ applied 10 days after full bloom reduced FBI on fruit spurs and lateral
flowers but was more effective on spurs (Marino and Greeng, 1981). GA,,, a& 250 mg-L™* or
500mg-L* applied once a morth begiming 1 month dter petal fall eliminated 95% or 99% of
return bloom, respectively on young trees (Unrath and Whitworth, 1991). Meador and Taylor
(1987) found that raesaslow as20 mg-L™* of GA,,, reduced FBI on appleif the applications
began shortly after full bloom.

Since exogenous applications of GA inhibit FBI, they can be used asatool for inhibiting
excessive FBI in the “off “ year (Buban and Faust, 1982). The results from applying GA to inhibit
flowering in the “off” year will depend on the crop load, the type of GA used, the rate, the timing,
and whether or not multiple gpplications are made.

The objective of the following experiments was to evaluate various GA treatments applied
in the “off” year to suppress flowering and reduce fruit set in the subsequert “on” year. The rates
and timings of the applications were designed to result in moderate flowering and fruiting the

following year ingtead of a snowball bloom and a heavy fruit set which typically occurs after the

“off year”.
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Materials and Methods

All experiments were conducted on the Virginia Tech College of Agriculture and Life Sciences
Kentland farm near Blacksburg, Virginia. The orchard is located at an elevation of 2,050 feet
above sealevel and the generd il type isa Shottower Cobbly loam.
‘Braebum’, 1999. Eight-year-old ‘Braeburn’ /M .26 trees spaced 3 x 6.5 mand trained to a central
leader sydem were rated in early May as having avery light or heavy crop load. The heavy crop
load trees were hand-thinned on 9 June to four fruit/cm? trunk cross sectiond area (TCSA). The
very light crop load trees carried less than one fruit/cm? TCSA and were not thinned. Full bloom
occurred on 27 April. The experiment was a randomized complete block design 2 x 2 x 2 factorid.
Three trees from each of the two crop loads were assigned to each chemical treatment for atotal
of six trees per treatment. The trees were sprayed with one gpplication of 400 mg-L™* GA,
(Release® LC; Abbott Labs,, North Chicago, I11.) + 1.3 mL-L™* Regulaid; (Kalo, Overland Park,
Kans.), one application of 1.3 mL-L™* Regulaid only, four gpplications of 100 mg- L™ GA, + 1.3
mL-L™* Regulaid, or four applications of 1.3 mL-L™* Regulaid only. The treesthat received one
spray application were sprayed on 19 July. Thetrees that received four Sray goplications were
sprayed approximat ey every 2 weeks from 28 June t010 August. The treeswere sprayed to runoff
with a57 L Solar sprayer. Ten actively growing shoots per tree were tagged on 13 July and
terminal bud set was determined on 11 August. In the spring of 2000, lateral flowering and fruit set
were determined.

‘York’, 1999. Three-year-old ‘Ramey Y ork’/M.9 trees paced 1.5 x 5.0 mand trainedto a

vertical axis system wer e used. Full bloom occurred on 29 April, and the trees were defruited by
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hand on 22 May. Thiswasthefirst year the trees flowered. T he trees were sprayed with 100 mg-L°
1 GA,., (Provid€e®; Abbott Labs., North Chicago, I1l.)+ 1.3 mL-L™* Regulad, 100 mg-L™* GA, + 1.3
mL-L* Regulaid, or just 1.3 mL-L™* Regulaid.

The trees were sprayed at approximetely 4,6, and 8 weeksafter full bloom (WAFB), 6,8,
and 10 WARB, or 8,10, and 12 WAFB. The trees were sprayed to runoff with a6.0 L compressed
air spraye. The experiment was a compleely randomized design 3 x 3 factorial plus an unsprayed
control. Therewere ninereplicaions per trestment. Ten shoots per treewere tagged on 2 M ay,
and their length was measured approximately every two weeksfrom 2 May until 4 August. Nearly
all terminal buds had set by 21 July. In the spring of 2000, flowering and non-flowering spurs weae
counted on awholetree bags. The percentage of spurs flowering and fruit set/100 flowering spurs
were determined. Howering and non-flowering lateral buds were counted on ten shoots per tree.
The shootswere divided into equd thirds. T he percentage of lateral buds flowering and fruit
set/100 flowering lateral dusterswere determined.

______“York’, 2000. This expeimen repeated the ‘ Y ork’ 1999 experiment using the same trees
(now 4 years old) which were re-randomized for this experiment. Full bloom occurred on 24 April,
and all trees were defruited by hand on 15 and 16 May. The treeswere sprayed with 100 mg-L™*
GA,,, +1.3mL-L* Tween 20 (polyoxyethylene sorbitan monolaurate), 100 mg-L™* GA, + 1.3
mL-L* Tween 20, or just 1.3 mL-L™ Tween 20. The trees were sprayed at approximately 4,6, and
8 WARB, 6,8, and 10 WAFB or 8,10, ad 12 WAFB. Thetrees were rayed to runoff with a6-L
compressed-air sprayer. The experiment was a completely randomized design 3 x 3 factorial plus
an unsprayed control. There were nine replications per treament. Eight shoots per tree were

tagged, and their length was measured approximately every two weeks from 23 Mayto18 July .
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The only differencesfrom the *York’ 1999 experiment wer e that Tween 20 was used asthe
surfactant indead of Regulaid, percentage spur flowering and fruit set were determined using three
scaffold branches per tree instead of using the whole tree, and percent latera flowering and fruit
set were determined using eight branches per treeinstead of ten.

‘York’ girdling, 2000. Eight-year-old ‘Ramey York’/M.9 trees spaced 1.5 x 5.0 m and
trained to a central leader sygem were in full bloom on 24 April. Treeswere dather defruited or
hand thimed to approximately three fruit/cn? TCSA on 19 May, when average fruit diameter was
20 mm. Four branches averaging 1.8 cm in diameter were sdected per tree and girdied on 23 May.
Each girdle was approximately 2.5 cmin width and was left uncovered. At harvest, callus tissue
had not closed the girdle. The four brancheswere sprayed with 100 mg-L™ GA,,, + 1.3mL-L™*
Tween 20 (every 2 weeks), 100 mg-L™* GA,,, + 50 g-L™* D-Sorhitol + 1.3 ml-L™* Tween 20 (twice a
week), 50 g-L™* D-Sorhitol + 1.3 mL-L™* Tween 20 (twice aweek), or left ungprayed as acontrol.
The treatments began on 24 May and ended on 21 June. The trees were sprayed to runoff with a 6-
L compressed-air sprayer. The experiment was a 2 x 4 factorial, randomized complete block design
with ten replications. The branches were supported to prevent them from breaking at the girdle.
The percent of spur and lateral flowering and the percentage of spur and lateral fruit set was
determined for each branch in 2001.

‘Braeburn’, 2000. On the basis of equalizing costs, GA; was used & 2.5 x the rae of
GA,., to determine if they had the same effect on suppressng laterd flowering and fruit set. Eight-
year-old ‘ Braeburrn /M. 26 trees spaced 3.0 x 6.5 mand trained to a certral leader system were
used for this study. Full Hoom occurred on 22 April. The trees were thinned by hand to three

fruit/cn? TCSA on 22 May. Average fruit diameter was 27 mm at the time of thinning. The trees
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wer e prayed every 2 weeks between 24 May and 21 June with 250 mg-L™* GA, + 1.3 ml-I'* Tween
20, 100 mg-L* GA,,, + 1.3 mL-L™* Tween 20, 1.3 mL-L™* Tween 20 only or left unsprayed as a
control. The trees were sprayed to runoff with a57 L Solar sprayer. The percert of latera

flowering and fruit set was determined in 2001.

Results

________‘Braeburn’ 1999. Lateral flowering in2000 was affected only by the man effect of crop
load in 1999 (Table 3.1). The varioustreatments had little to no effect on the percent of laterals
flowering in 2000. The heavy crop load trees had zero lateral flowering the following year. All of
the light crop load trees had some lateral flowering, but none of the treat ments was significantly
differert from the others (Tale 3.1).

Only the main effect of treatment was ggnificart in the setting of termind buds (Table 3.2).
Both GA,; treatments delayed termind bud set compared to the control treatments.

‘York’ 1999. Sincethere was nointeraction between timing and chemical treatment a
(0.05 leve) for percent flowering spurs, main effects are presented in Table 3. 3. Both timing and
treatment were highly significant (Table 3.3). Treatments applied & the earliest timing, 4, 6, and 8
WAFB, suppressed spur flowering more than ather of the later timings Both GA treatmentsled to
significartly lower flowering percentages than did the control treatment. GA ,,, suppressed spur
flowering more than GA,.

Fruit set/100 flowering spurs in 2000 tended to be higher in trees treated at the earliest

timing in 1999 (Table 3.3). These trees had the lowest percentage of spurs flowering. Both GA’s
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suppressed spur flowering but fruit set was similar to the control treatment (Table 3.3).

The interaction for only two of six response variables involved with latera flowering and
fruit set were significant (0.05 level) so main dfects are presented (Table 3.4). On the proximal
third of the shoot (PTS), the effect of GA treatments in suppressing flowering declined asthe
treatmerts were delayed. Both GA treaments suppressed flowering percentages nore on the PTS
than did control; GA,,, was more effective than GA,. On the PTS, fruit set was lowest with the
earliest timing and both GA treatments suppressed fruit set compared to the control treatment.

On the middle third of the shoot (MTS) the earliest and second timng suppressed
flowering more than the latest timing (Table 3.4). Both GA treatments suppressed flowering
percentages on the MTS compared to control trees. Again, GA,,, suppressed latera flowering
more than did GA;. Fruit set was similar for all three timings on the MTS; however, both GA
treat ments suppressed fruit set compared to the control.

On the digtal third of the shoot (DTS), thetreestreated at the earliest timing had the
higheg percentage of |aterals flowering, though all three timings were high (Table 3.4). GA .,
suppressed |ateral flowering more than did GA; which did not differ from the control. Fruit set
was lowest for the latest timing. GA,,, treated branches had higher fruit set on the DTS than the
Regulaid treated branches and those treated with GA,. In generdl, the PTS had the least flowering
and thelead fruit set while the DTS had the most flowering and the highest fruit set (Table 3.4).

Shoot growth between 2 May and 4 August was increased by both GA treatments but
timing and thetreatment x timing interaction were not significant (Takle 3.5).

‘York’ 2000. The interaction between timing and treat ment was significant for percent

flowering spurs and not sgnificant for spur fruit set; only the main effects are presented in Table
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3.6. Only the treatmerts applied at the earliest timing, 4, 6, and 8 WAFB, suppressed spur
flowering (Table 3.6). Only GA,,, suppressed flowering. Fruit set/100 flowering spurs was similar
for al timngs and treatments.

For laterd flowering and fruit set, five out of 9x interactions were significant (Tales 3.7to
3.9. Lateral flowering on the proximal third of the shoot (PTS) was suppressed by both GA,,, and
GA; at the earliest timing (Table 3.7). Only GA,., suppressed flowering a the middle timing, and
neither GA treatment suppressed flowering at the latest timing. Lateral flowering on the middle
third of the shoot (MTS) was also suppressed by both GA,,, and GA; a the earlie timing (Table
3.8). There was no significart flower suppression at the middle and latest timings. On the distal
third of the shoots (DTS), lateral flowering was suppressed by the GA,.-, treatment on the earliest
and latest timing. Both GA,,, and GA, suppressed flowering at the middle timing (Table 3.9). On
the DTS, GA-treated trees at the latest timing all had the least flowering, which was not the case
for the PTS and MTS. Lateral flowering on the control only shootswas lowest onthe PT S and
greatest on the DTS (Tables 3.7 to 3.9).

Lateral fruit set was also affected by the interaction of treatment and timing. GA,,, @ the
earlies and middle timing resulted in the least fruit set on the PTS (Table 3.7.). GA ; treated limbs
also had less fruit set than the surfactant only (Table 3.7). Asthe timing of the treatments was
delayed, the GA,., treated limbs had increased fruit set, but the GA, treated limbs were less
consistent. On the MTS, GA,,,, -treated limbs had less fruit set than the other treatmentsfor the
early and middle timings (Table 3.8). GA, was not significantly different than the control for any of
the timings (Table 3.8). GA,,, but not GA; treatments resulted inincreased fruit set onthe MTS

as the timing was delayed. GA,,,, had the least fruit set on the DTS only on the earliest timing
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(Table3.9). Fruit set was amilar for al treatments on the second and third timings. Overdl, fruit
set was generally lowest & the first timing and higher on the third timing.

The main effect of treatment was significant for the increase in shoot length during the
2000 growing season (Table 3.10). Both GA treatments significartly increased shoot length over
the control trees.

_ “York’ girdling 2000. The interaction between treatment and crop load was significant for
the percent of spurs flowering (Table 3.11). Both GA,,; and GA,,, + sorbitol reduced spur
flowering compared to sorbitol alone and the control on trees with both crop loads. The defruited
trees had significantly more spur flowering than the thinned trees among al treatments (T able
3.11). GA,,; withor without sorbitol resulted in significantly morefruit set than the control for
the defruited trees, but fruit set on the thinned trees was similar for all treatmerts. All the thinned
treeshad very low fruit set.

Both GA treatment s reduced the percent of laterals flowering compared to sorbitol alone
and the control on defruited trees but not thinned trees (Table 3.12). The defruited trees had much
more flowering than the thinned trees. Like the gour flowering results, lateral fruit set was greater
for the two GA treatments than the sorbitol only or control treatments on the defruited trees but
treatmentsdid not differ on thimedtrees(Tale3.12). All the thinned trees had very low fruit set.

‘Braeburn’ 2000. Percent flowering laterdswasgrealy reduced by both GA treatments
on the proximal and middle thirds of the shoots (Table 3.13). Both GA treatments increased
flowering on the distal third of the shoots. Lateral flowering was almost identical for both GA
treatments. There was a gradual increase inflowering, going fromthe proximal third to the distal

third, on the control. (Table 3.13). Lateral fruit set wasgreatly reduced by both GA treamerts on
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the proximal and middle thirds of the shoots. On the distal third of the shoots, fruit set on the GA
treated trees was Smilar to the control. Fruit set was smilar for all sections of the shoots for the

control.

Discussion

_____ ‘Braeburn’ 1999. Ascrop load increases, less GA should be required to inhikit FBI, since
seeds are produdng GA, which should inhibit FBI. Or, ascrop load increasesand the samerates of
GA are goplied, one would expedt the lesst FBI on the trees with the heaviest crop load.

These results show tha a heavy crop load will entirely diminatereturn bloomwith or without a
GA, treatment on Braeburn (Table 3.1). Thisis consistent with Guttridge (1962) and Greene
(2000) who reported that GA was nmost effedtive insuppressng FBI on trees with the highest crop
load. McArtney (1998), found that 55% of the nodes on 1-year-old wood flowered compared to
only 19% in this experiment when using similar rates and timings of GA;. McArtney explained that
New Zealand' s growing season is long and perhaps more applications are needed to reduce lateral
flowering.

Of the two control-only treatments, an average of 17% of the 1-year-old wood flowered.
Perhaps all the trees were thinned too late or 5 fruit/cn? TCSA may havebeen too muchfruit to
leave on the trees. In my observation, Braeburn is inconsistent in flowering on one-year-old wood.

‘York’ 1999. Both GA; and GA,,,, treat ments suppressed flowering on spursand lateralsin
the following year (Table 3.3). These results are congstent with the findings of Dennis and

Edgerton (1966) Marino and Greene (1981), Tromp (1982) and McArtney (1994). Howeve,
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Fulford (1973) concluded that GA only reduced FBI on some cultivars. GA,,, was mor e effective
than GA,; a suppressing spur and latera flowering. Dennis and Edgerton (1966) and M arino and
Greene (1981) found GA,., to be more effective at reducing FBI than GA,. Jonkers (1979)
reported that GA ; was inconsistent in reducing FBI.

Although spur flowering was suppressed by both GA treatments, fruit set was not (Table
3.3). The earliest application of the GAs suppressed spur flowering the most. Thisis consistent
with work by Marino and Greene (1981), Tromp (1982) and Greene (1989). GA ismost effective
at suppressing FBI on spurs when it is applied shortly after full bloom. However, suppressing spur
flowering doesn't necessarily reduce fruit set. When afrost kills most of the flowers on a tree, the
fruit set from the surviving flowers is often high on a percentage basis. Willianms (1979), reported
that generdly lower bloom densities result in alarger percent of flowersthat will set fruit. It seems
that the fewer spurs that flower, the more fruit that sets per flowering gour. In thisexperiment,
spur fruit set was not affected by type of GA or when the GAs were applied.

The earliest timing caused the greatest suppresson of laterd flowering inthe PTS (Table
3.4). However, it led to the highest percentage of flowering in the DTS. This isprobably because
the earlied treatments began about the time the PTS growth ended. The high percentage of
flowering inthe DT Sis probably dueto the earliest and middle treatments ending around the time
the DTS beganto grow. Thisisconggent with McArtney (1994) who reported that suppression
of FBI by GA; and GA,,, was restricted to tissueswhich exised at the time of trestment. Similarly,
the latest timing wasn't as effective at suppressing flowering on the PTS and M TS because these
sections of the shoot had grown before the latest timing of GA was applied.

GA,.; suppressed flowering more than GA; in al three shoot sections. Thisis consistent
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with the findingsof Tromp (1982). McArtney (1998) found GA, to be more effective than GA; at
suppressing flowering on 1-year-old shoots. Both GA treatments suppressed flowering compared
to the control in the PTSandthe M TS; but only GA,,, was dgnificantly different from the control
inthe DTS.

Lateral fruit set appears to behave differently than spur fruit set. With spurs, heavy sets
often occur even when flowering is greatly reduced (Table 3.3). With laterals, the set appearsto be
more proportional to theflowering (Table 3.4).

Though spur fruit set was not sgnificantly different than the control-only treatment (Table
3.3), having more spurs remainng vegetative may be beneficial for flowering the following year.
The rate and timing of GA,,, used in this experiment (Table 3.4) resulted in very little lateral
flowering and fruit set on the PTS and the MTS. The rate and timing of GA,,,, resulted inmore
lateral fruit set on the DTS than the GA, or control treat ments. Since latera fruit is often small and
misshapen (Volz et a., 1994), it may be desirable to apply GAs later than 12 WAFB to suppress
lateral flowering and fruit set even nore. Applying GAs earlier would most likely suppress spur
flowering more. Applying GAs later would most likely suppress latera flowering more on the
DTS

Both GA treatmentsincreased shoot length (Table 3.5). This was corsistent with results
from (Hull and Lewis, 1959), who showed that gibberellin increased shoot length by lengthening
internodes inapple peach, and cherry.

‘York’ 2000. This expeiment was deliberately designed to be similar to the “York’ 71999
experimert. The only differencewas that the surfactant Tween 20 was used instead of Regulad.

Only the earliest timing of the GA treatments suppressed spur flowering (Table 3.6). Thisis
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consistent with the reaults from the *Y ork”’ 1999 experiment. However, the percentage of spurs
flowering was greater overall than in the 1999 experiment. Spur fruit set was similar for all timings
and waslessoverall thanin the 1999 experiment. In 1999, fruit set per 100 flowering spurs
averaged 133, while inthe 2000 experiment it only averaged 82 fruit per 100 flowering spurs.

The GA,.,- treatment suppressed sour flowering dgnificantly more than the othe treatments
(Table 3.6) which is congstent with the 1999 experimert (Table 3.3). However, suppression was
greater in the 1999 experiment. The GA; treatment suppressed spur flowering compared to the
control treatment in 1999 but not in 2000. Spur fruit set was similar for al treatmentsin both the
1999 and 2000 experiments. However, again there was higher fruit set in the 1999 experiment
(Table 3.3) thanin 2000 (Table 3.6). The main difference between these two experimentsisthat in
1999 spur flowering was suppressed more than in 2000, but spur fruit set was greater in 1999 than
in 2000.

For lateral flowering, the earliest timing had the greatest suppression in the PTS (Table 3.7)
and the MTS (Table 3.8) with the highest per centage of flowering inthe DTS (Table 3.9). The
same results occurred in the 1999 experiment. Thisis consistent with the results of McArtney
(1994). GA,,, generally suppressed lateral flowering more than the GA, treatmentsregardl ess of
timing or branch location (Tables 3.7 to 3.9). Lateral fruit set was consistently lower for the GA,,,
treated trees than the other treatments for the earliest and middle timing. Overal, latera flowering
and fruit set was similar to the 1999 experiment.

Both GA treatments increased shoot length (Table 3.10). Thiswas consistent with the
resutsfromthe 1999 experiment.

‘York’ girdling 2000. This experiment was designed to determine if applying sorhitol
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would offset theeffect of applying GA. Sorbitol is the primary sugar imported by apple fruit,
although some sucrose and other sugars may also be translocated (Archibold, 1999). Though there
were differences among treatments, crop load appears to have played agreater role in suppressing
flowering and fruit set than did the treatments(Tables 3.11 and 3.12). Thisisconggent with
Guittridge (1962) and Greene (2000) who determined that apple trees sprayed with GA developed
the leag FBI where the cropload wasgreaest. Thethinned trees may have been thinnedtoo lae
or perhaps 3 fruit/cn? TCSA was too many fruit for a good return bloom on these ‘Y ork’ trees.
The percent of spursflowering was always less wherethe trees had been thinned instead of
defruited. This may have been due to GA being produced by the seeds and contributing to flower
suppression. The sorbitol-only treatment and the control wer e significantly different from the
GA,., treatmentson spur flowering, suggesting that the applied GA had a dight effedt on
flowering but not as much ascrop load. As shownin the ‘Y ork’ 1999 experiment (Table 3.3),
when GA suppresses flowering on spurs it often resultsin increased fruit set compared to the
control. Both GA treatments resulted in about onehalf of the spurs flowering the following year.
This is probably an ideal situation where half the gours flower and the other half remain vegetative.
The percent of |aterals flowering was always greater when the trees had been defruited.
This is consistent with Greene (2000), who found that flowering isdifficult to inhibit with GA
when applied to vegetative trees in the “off” year. It is also consistent with previous work
reporting that seeds produce rdatively large anourts of GA tha reduce flower initiation
(Guttridge 1962; Jonkers, 1979). Since laeral fruit is often of irferior quality (Volz et al. 1994),
the low flowering and fruiting percentages for the thimed trees may be advantageous However,

spur fruit set was very low whichwas not advantageous Sorbitol-only treatmerts were vary
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amilar to the control in all cases, suggesting thet the rate wastoo low, it wasn't gpplied frequently
enough, or it wax’t taken up by the plant.

‘Braeburn’ 2000. In thisexpeaiment GA , was used at 2.5 times the rate of GA,,, since
GA,.; is approximetely 2 % times more expendve than GA ; The results were very similar in that
both GAs significantly reduced lateral flowering and fruit set. The treatments were terminated 9
weeks after full bloom and had they been applied farther into the growing season, perhaps
flowering and fruit set would have been further reduced on the distal third of the shoots. McArtney
(1994) applied GAs at full bloom on Braeburn and none of the treat ments affected latera flowering
the following year. McArtney and Li (1998) applied GAs up to12 WAFB on Bragburn and got the
most suppression of lateral flowering on the latest treatment. However, in both experiments,
McArtney measured |aeral flowering onthe whole shoot not onthirds of the shoot.

GAs applied exogenoudly can inhibit FBI on apple trees. However, suppressed flowering
does not always result in proportionally decreased fruit set. Many factors play arolein determining
whether or not GAs will be effective at suppressing flowering for the following year such as: type
of GA used and its concentration, the timing of the gpplication(s) and whether or not multiple
applications are made. Other factors include cultivar, cop load, treevigor and climatic conditions.

The key to getting GAsto suppress FBI congstently when applied in the “off’ year may be
to apply them & the concentration and the time when budsare & a particular stage of
development. This may require weekly applications over several weeks particularly to inhikit FBI
in lateral buds which are formed over an extended period of time. Problems with this approach are
that in the “off” year, growersdon't typicaly spray thetrees often, and the cost of multiple

applications may be prohibitive. Recommendations for a GA application for suppressing flowering
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in the “off” year may eventually be developed, but to date have been very elusive.
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Table 3.1. Effect of GA ; appliedin 1999 to ‘Braeburn /M .26 appletreeswithlight or heavy crop
loads on the percentage of laterals flowering in 2000.

Treatment in 1999 Y Number of Percent laterals flowering in 2000
applications _
Light crop load Heavy crop load
(< 1 fruit/cn? TCSA) (4 fruit/cn? TCSA)
GA , @400 mgL* 1 23 0.0
GA , @100 mgL* 4w 14 0.0
Control 1 15 0.0
Control 4 20 0.0
Mean 18A VY 0.0B
Significance
Crop load <0.001
Chemical 0.444
Crop load x chemical 0.287

“ Values are means for three trees with ten branches per tree.

" Regulaid gpplied at 1.3 mL-L™" in al treatments.

X Applied on 19 duly.

W Applied on 28 June, 12 July, 26 July, and 10 Aug.

V' Mean separaionwithin lines (uppercase letters by Tukey’s tes P< 0.05.
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Table 3.2. Effect of GA , applied in 1999 on percent terminal bud st by 11 August 1999 for two
crop loads of ‘ Bragburn’/M.26 apple trees.”

Treatment in 1999 * Number of Percent terminal bud set at following crop loads:
applications
Light crop load Heavy crop load Mean
(< 1fruit/cn? TCSA) (4 fruit/cn? TCSA)
GA , @400 mg-L™* 1% 0 0 Ob
GA , @100 mg-L™ 4w 10 30 20b
Control (surfactart) 1 70 90 80a
Control (surfactart) 4 60 60 60 a
Mean 3AY 45 A
Significance
Crop load 0.141
Chemical <0.001

Crop load x chemical 0.453

Z Values are means for three trees with 10 branches per tree.

" Regulad gpplied at 1.3 mL-L™" in all treatments.

X Applied on 19 duly.

W Applied on 28 June, 12 July, 26 July, and 10 Aug.

V' Mean separation within colunns (lowercase letters) and lines (uppercase letters) by Tukey's test
P<0.05.
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Table 3.3. Percent of spurs flowering and fruit set on ‘Ramey Y ork’/M.9 apple trees in 2000 as
affected by timing and type of GA treatment in 1999.*

Treatment % of spurs flowering Fruit set/100 flowering spurs
Timing (WARB) ¥
4,6,8 63.1b* 1433 a
6, 8, 10 76.0 a 1299 a
8,10, 12 83.0a 126.6 a
Chemicd
GA ,,, @100mg-L* 557c 1309 a
GA , @100 mg-L™ 76.4Db 1308 a
Control v 90.0a 138.2a
Significance
Timing 0.001 0.390
Treatment < 0.001 0.804
Timing X treatment 0.060 0.799

“ Values are means for nine replications.

¥ Weeks after full bloom in 1999.

* Mean sgparaionwithin columns (lowercase letters) by Tukey’s test p< 0.05.

Y Regulaid applied at 1.3 mL-L™ in all treatments.

v The mean for the Regulaid only treat ment was not significantly different from the control at the
P<0.05 so it was not included.
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Table 3.4. Percent of laterals flowering (% fl lat) and fruit set per 100 lateral clusters(fruit st) on
‘Ramey York'/M.9 gppletreesin 2000 as affected by timing and type of GA treatment in

1999.%
Treatment % fllaa  Fruit set % fl Fruit set % fllat  Fruit set
|at
Proximal 1/3 of shoot Middle 1/3 of shoot Didal 1/3 of shoot

Timing
(WAFB)"

46,8 23.8 c* 81b 54.1b 345a 95.6a 50.6ab

6, 8, 10 348Db 16.1a 558b 348a 884b 584a

8, 10, 12 423 a 17.1a 749a 34.7a 852b 46.6Db
Treament
GA ,,; @ 100 134c 85b 394c 298b 804b 645a
mg-L™
GA ;@ 100 26.2b 11.2b 590.3b 30.3b 91.0a 451b
mg-L™
Control v 614 a 216a 86.1a 438a 947a 460D
Significance
Timing <0.001 0.007 < 0.001 0.998 0.003 0.008
Treatment <0.001 0.006 < 0.001 0.005 <0.001 0.001
Timing x <0.001 0.324 < 0.001 0.494 0.410 0.879
treatment

“ Values are means for nine trees with ten branches per tree.

¥ Weeksafter full bloomin 1999.

X Mean separaionwithin columns by Tukey' s test p< 0.05.

YW Regulaid applied at 1.3 mL L™ in all treatments.

v The mean for the Regulaid only treat ment was not significantly different from the control at the
P<0.05 so it was not included.
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Table 3.5. Increase in shoot length (am) from 2 May to 4 August 1999 on ‘Ramey Y ork’/M.9
apple trees asaffected by type and timing of GA treatment. ”

Treament ” Shoot length (cm)
GA ,,, @100mg-L? 48 a*
GA , @100 mg-L™* 47 a
Control ¥ 39b
Significance
Timing 0.729
Treatment 0.009
Timing X treatment 0.923

“ Values are means for nine trees with ten branches per tree.

" Regulad applied at 1.3 mL-L™" in all treatments.

* Mean separaion by Tukey’s tes p< 0.05.

VY The mean for the Regulaid only treatment was not significantly different from the control at the
P<0.05 so it was not included.
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Table 3.6. Percent of spurs flowering and fruit set on ‘Ramey Y ork’/M.9 apple trees in 2001 as
affected by timing and type of GA treatment in 2000.*

Treatment % spur s flowering Fruit set/100 flowering spurs
Timing (WAFB)”
4,6,8 86.9 b* 79.6 a
6, 8, 10 93.6 a 83.7 a
8, 10, 12 94.3 a 83.5a
Treament V
GA ,,9100 mgL* 84.0b 839a
GA ;100 mg-L™ 94.5a 8l4a
Control” 96.2 a 8l.3a
Significance
Timing <0.001 0.415
Treatment < 0.001 0.391
Timing X treatment <0.001 0.472

Z Values are means for nine trees with three branches per tree.

" Weeks after full bloom in2000.

* Mean sgparaionwithin columns by Tukey' s test p< 0.05.

YW Tween 20 goplied at 1.3 mL-L™" in all treatments.

v The mean for the Tween 20 only trestment was not significantly different from the control at the
P<0.05 so it was not included.
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Table 3.7. Effect of GA ,,,, GA ; onthe percent of laterals flowering and fruit set on the proximal
third of branches in 2001 following treatments in 2000 of ‘ Ramey Y ork’/M.9 apple trees.”

Treatment - 2000 ¥ Weeks after full bloom
4, 6,8 6, 8, 10 8, 10, 12

Percent laterals flowering

GA ,.7 100 mgL™* 4cB”* 23bA 27 aA
GA ,@100mgL* 13bB 31abA 26 aA
Control 41aA 39aAB 30aB
Significance

Timing < 0.001

Treatment < 0.001

Timing X treatment <0.001

Fruit set per 100 flowering lateral clusters

GA 47100 mg-L™* 3cC 36bB 52ab A
GA ;g 100 mg-L™* 30bB 51ab A 42b AB
Control 71aA 70aA 67 aA
Significance

Timing 0.001

Treatment <0.001

Timing X treatment 0.003

“ Values are means for nine trees with eight branches per tree

¥ Tween 20 applied at 1.3 mL-L* in all treatments.

* Mean separation within colurms (lowercase letters) and lines (uppercase letters) by Tukey’s test
p<0.05.

Y The mean for the Tween 20 only treatment was not significantly different from the control at the
P<0.05 so it was not included.
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Table 3.8. Effect of GA ,,,, GA ; on the percent of lateralsflowering and fruit set on the middle
third of branches in 2001 following treatments in 2000 of ‘ Ramey Y ork’/M.9 apple trees.”

Treatment-2000 ¥ Weeks after full bloom

4,6,8 6, 8, 10 8, 10, 12

Percent laterals flowering

GA 47100 mg-L™* 37cB* 67 aA 65aA
GA ; @100 mg-L™* 51bB 76 aA 71aA
Control ¥ 82aA 77 aAB 70aB
Significance

Timing <0.001

Treatment <0.001

Timing X treatment <0.001

Fruit set per 100 flowering clusters

GA ,,;o100mgL? 27bC 46bB 77 aA
GA ;100 mg-L™* 99aA 67 aA 6laA
Control 69 aA 64 aA 64 aA
Significance

Timing 0.001

Treatment <0.001

Timing X treatment <0.001

“Values are means for nine trees with eight branches per tree.

¥ Tween 20 applied at 1.3 mL-L™ in all treatments.

X Mean separation within colurms (lowercase letters) and lines (uppercase letters) by Tukey’s test
p<0.05.

Y The mean for the Tween 20 only treatment was not significantly different from the control at the
P<0.05 so it was not included.
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Table 3.9. Effect of GA ,,,, GA ; onthe percent of laterals flowering and fruit set on the distal
third of branches in 2001 following treatments in 2000 of ‘Ramey Y ork’ /M.9 apple trees.”

Treatment - 2000 ¥ Weseks after full bloom

4,6,8 6, 8, 10 8, 10, 12

Percent laterals flowering

GA 7100 mgL™ TAbAX 69b A 51bB
GA , @100 mg-L™ 80ab A 67bB 66 aB
Control 84aA 83aA 72aB
Significance

Timing < 0.001

Treatment < 0.001

Timing X treatment 0.029

Fruit set per 100 flowering lateral clusters

GA ,,; 100 mg-L* 46cB 72aA 74 aA
GA , 100 mg-L™ 76bA 75aA 68aA
Control 62aB 64aB 75aA
Significance

Timing <0.001

Treatment <0.001

Timing X treatment <0.043

“ Values are means for nine trees with eight branches per tree.

¥ Tween 20 applied at 1.3 mL-L™ in all treatments.

X Mean separation within colunns (lowercase |etters) and lines (uppercase letters) by Tukey's test
p<0.05.

Y The mean for the Tween 20 only treatment was not significantly different from the control a the
P<0.05 so it was not included.
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Table 3.10. Inaease in shoot length (am) from 23 May to 18 July 2000 on ‘Ramey Y ork’/M.9
apple trees asaffected by type of GA treatment.”

Treament ” Shoot lengthin (cm)
GA 4., 100 mgL™ 21.3a%
GA ;100 mgL™ 19.8a

Control W 14.7b

Significance

Timing 0.494

Treatment 0.015

Timing x treatment 0.426

“ Values are means for nine trees with eight shoots per tree.

Y Tween 20 gpplied at 1.3 mL-L™ in all treatments.

X Mean sgparaionwithin columns by Tukey s test p< 0.05.

" The mean for the Tween 20 only treatment was not significantly different from the control at the
P<0.05 so it was not included.
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Table 3.11. Percent of spurs flowering and fruit set/100 flowering spur clusters on girdied limbs of
‘York’/M.9 apple treesin 2001 as affected by crop load adjustment on 19 May, GA ,., and
sorbitol treatments in 2000.%

Treatment - 2000 ¥ Defruited Thinned to 3 fruit/cn? BCSA

Percent spurs flowering

GA .,V 51bA X 1bB
GA ., + sorhitol 43bA 1bB
Sorbitol ¥ 9laA 25aB
Control 9l1aA 23aB
Significance

Crop load <0.001

Treatment < 0.001

Crop load x treatment 0.031

Fruit set per 100 flowering spur clusters

GA ., 145 ab A 3aB
GA ,., + sorhitol 169 aA laB
Sorbitol 96 bc A 2aB
Control 75CA 16aB
Significance

Crop load <0.001

Treatment 0.003

Crop load x treatment <0.001

2 Values are means for 10 replications.

" Tween 20 gpplied at 1.3 mL-L™* inall treatments

X Mean separation within colunns (lowercase |etters) and lines (uppercase letters) by Tukey’s test
P<0.05.

W GA,,; @ 100 mg-L™* applied every 2 weeks between 24 May and 21 June.

V'"GA,,; @ 100 mg-L™* + Sorbitol @ 50 gL applied twice aweek between 24 May and 21 Jure.
Y Sorbitol @ 50 gL applied twice aweek between 24 May and 21 Jure.
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Table 3.12. Percent of laterals flowering and fruit set/100 flowering lateral clusters on girdled
limbsof *York’/M.9 apple trees in 2001 as affected by cropload adjugment on 19 May,
GA ,,, and sorbitol treatments in 2000.

Treament ¥ Defruited Thinned to 3 fruit/cn? BCSA

Percent laterals flowering

GA ,.," 13 b AX 1aB
GA ,,, + sorhitol v 10bA laB
Sorbitol 39aA 2aB
Control 46 aA 15aB
Significance

Crop load <0.001

Treatment <0.001

Crop load x treatment 0.002

Fruit set per 100 flowering lateral clusters

GA ,., 104 ab A 3aB
GA ., + sorbitol 162 a A OaB
Sorhitol 58bA OaB
Control 71bA 12aB
Significance

Crop load <0.001

Treatment 0.022

Crop load x treatment 0.021

“Vaues are means for 10 replications.

¥ Tween 20 applied at 1.3 mL-L™ inall treatments

X Mean separation within columns (lowercase letters) and groups (uppercase letters) by Tukey's
test P<0.05.

W GA,,; @ 100 mg-L* applied every 2 weeks between 24 May and 21 June.

V'GA,,; @ 100 mg-L™* + Sorbitol @ 50 gL applied twice aweek between 24 May and 21 Jure.
Y Sorbitol @ 50 gL applied twice aweek between 24 May and 21 Jure.



Table 3.13. Effect of G ,,; and GA ; on the percent of laterals flowering and fruit set on the
proximal, middle and distal thirds of shoots on ‘ Braeburn’/M.26 apple treesin 2001.”

Treatment - 2000 ¥ Shoot section

Proximal Middle Distd

Percent laterals flowering

GA ,,, 100 mg-L™ 6cB*W 6cB 88 aA
GA ;250 mg-L* 6cB 8bB 88aA
Control 44hB 63aA 70bA
Significance

Treatment <0.001

Branch position <0.001

Treatment X branch < 0.001

position

Fruit set per 100 flowering lateral clusters

GA 4., 100 mgL? 8bB 16b B 72abA
GA ;5250 mgL™ 15bB 21bB 73aA
Control 65aA 66 aA 67 ab A
Significance

Treatment <0.001

Branch position <0.001

Treatment x branch <0.001

position

2 Values are means for nine trees with eight branches per tree.

" Tween 20 gpplied at 1.3 mL-L™* inall treatments

* Mean separation within columns (lowercase letters) and groups (uppercase letters) by Tukey's

test P<0.05.

W Applied on 24 May, 7 June, and 21 June.

85



Literature Cited

Archibold, D. D. 1999. Carbohydrate availability modifies sorbitol dehydr ogenase activity of gpple
fruit. Physiol. Plant. 105:391-395.

Buban, T. and M. Faust. 1982. Flower bud induction in apple trees: Internal control and
differentiation. Hort. Rev. 4:174-203.

Byers, R. E., D. H. Carbaugh and C. N. Presley. 1990. The influence of bloom thinning and GA,
sprays on flower bud numbers and distribution in peach trees. J. Hort. Sci. 65:143-150.

Dennis, F.G., J. and L.J. Edgerton. 1966. Effects of gibberélinsand ringing upon apple fruit
development and flower bud formation. Proc. Amer. Soc. Hort. Sci. 88:14-24.

Dennis, F.G. and J.P. Nitsch. 1966. |dentification of gibberellins A, anA, in immature apple seeds.
Nature 211:781-782.

Fosket, D. E. 1994. Plant Growth and Development. Academic Press. 525 B St., Suite 1900, San
Diego, CA.

Fulford, R. 1973. Flower initiation effect of gibberellin sprays. Rpt.of the East Malling Res. Sta.
for 1972. 93.

Greene, D. W. 1989. Gibberellins A, influence fruit set, fruit quality, and return bloom of apples.
J. Amer. Soc. Hort. Sci. 114:619-625.

Greene, D. W. 1993. Effects of GA, and GA, on flower bud formation and russet developmert on
apple. J. Hort. Sci. 68:171-176.

Greene, D. W. 2000. Reducing flord initiation and return bloom in pome fruit trees-applications
and inmplicaions. HortTechnol. 10(4):740-743.

Guttridge, C. G. 1962. Inhilition of fruit bud formation in apple with gibberellic acid. Nature
196:1008.

Hull, J. Jr. and L. N.. Lewis 1959. Response of one-year-old cherry and mature bearing cherry,
peach and apple trees to gibberellin. Proc. Amer. Soc. Hort. Sci. 74:93-100.

Jonkers, H. 1979. Biennial bearing in apple and pear: A literature survey. Sci. Hort. 11:303-317.
Kamuro, Y., S. Onwona-Agyeman and S. Matsui. 2001. The promotive effect of applying mixtures

of (§-(+)-abscisic add and gibberellic acd on flowering in long-day plants Plant Growth
Regulation 33:189-194.

86



Loonrey, N. E., R. P. Phaisand M. Noma. 1985. Promotion of flowering in apple trees with
gibberellins A, and C-3 epi-gibberdlin A,. Planta 165:292-294.

Luckwill, L.C. 1959. The effect of gibberellic acid on fruit set in apples and pears. Ann. Rep. L ong
Ashton Agric. and Hort. Sta. 59-64.

Marino, F. and D.W. Greene. 1981. | nvolvement of gibberdlins in the biennid bearing of 'Early
Mclntosh' apples J. Amer. Soc. Hort. Sci. 106:593-596.

McArtney, S.J. 1994. Exogenous gibberellin affects biennial bearing and the fruit shgpe of
‘Braeburn’ gpple. J. of Crop and Hort. Sci. 22:343-346.

McArtney, SJ. and S Li. 1998. Sdective inhikition of flowering on'Braeburn’ apple trees with
gibberellins. HortScience 33:699-700.

McLaughlin, JM. and D.W. Greene 1984. Effect of BA, GA,,,, and daminozide on fruit set, fruit
quality, vegetative growth, flower initiation, and flower quality of ‘Golden Delicious apple. J.
Amer. Soc. Hort. Sci. 109:34-39.

Meador, D.B. and B.H. Taylor. 1987. Effect of early season foliar sprays of GA ,,, on russeting
and return bloom of ‘Golden Delicious apple. HortScience 22:412-415.

Prang, L.. M. Stephan, G. Schneider, and F. Bangerth. 1997. Gibberellin signdsoriginating from
apple fruit and their possibe involvement in flower induction. Acta Hort. 463:235-241.

Southwick, S. M. and J T. Yeager. 1991. Effects of postharved gilbberdlic acid applicaionon
return bloom of 'Patterson’ apricot. Acta Hort. 293:459-466.

Taiz, L.and E. Zeiger. 1998. Plant Physiology. The Benjamir/ Cummings Publishing Company,
Inc., 390 Bridge Parkway, Redwood City, CA.

Tromp, J. 1973. Theinteraction of growth regulators and tree orientation on fruit-bud formation.
ActaHort. 34:185-188.

Tromp, J. 1982. Flower-bud formation in appleas affected by various gibberdlins J. Hort. Sci.,
57:277-282.

Unrath, C.R. and J. Whitworth. 1991. Suppression of apple bloom with gibberelin sprays J. Hort.
Sci. 66: 155-157.

Volz, RK., |.B. Ferguson, E.W. Hewett, and D.J. Wooley. 1994. Wood age and |eaf area
influence fruit size and mineral composition of apple fruit. J. Hort. Sci. 69:385-395.

87



Williams, M. W. 1979. Chemical thiming of apples. Hort. Rev. 1:270-300.

88



CHAPTER FOUR

THE EFFECTS OF CROP LOAD ON SHOOT GROWTH, FLOWERING AND FRUIT
SET OF ‘FUJI’ APPLE TREES

Abstract

Six-year-old ‘ Fuji’/M.9 apple trees were thinned to one fruit per flowering cluder every

year from 1997 to 2000. Other trees werethinned to zero fruit or two fruit per flowering cluster in
dternate yearsfrom 1997 to 2000. T reesthinned to two fruit per flowering cluster had very little
to no flowering the following year. Trees thinned to zero fruit per flowering cluster had a snowball
bloom the following year. Trees thinned to ore fruit per flowering duster produced amoderate
return bloom each year and the best fruit quality of all the thinning treatments. There was no effect
of crop load on fruit set per 100 flowering cluders. Flowering on one-year-old wood was similar
for all thinning treatments. From 1998 through 2000, the greatest shoot growth occurred on trees
that carried the heaviest crop load (two fruit per flowering cluster). I n contrast to shoot growth,
TCSA increased more on trees thinned to zero fruit, the “ off” year, than trees carrying one or two

fruit per flowering cluger.

Introduction
The annual vegetative growth of an apple tree is distributed in a definite pattern between
leaves, shoots and roots (Maggs, 1963). T here are three kinds of apple shoots: termind, lateral and
bourse (Avery, 1969; Barlow, 1964; Forshey, 1982). Ter minal shoots develop from apical buds,

|ateral shoots develop from axillary buds on the previous season' s shoots and bourse shoots
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develop fromaxillary buds at the base of aflower cluster (Forshey, 1985). Whena crop is borne,
there becomes an additional sirk for growth meterials (Maggs 1963).

The reduction in vegetative growth resulting from cropping in apple has been noted many
times (Singh, 1948). It is generally accepted that heavy fruiting reduces vegetative growth,
whereas a sparse crop leadsto increased vegetativevigor (Maggs, 1963). Maggs reported that
deblossomed or defruited ‘Worcester Pearmain’ trees on M.7 rootstock produced about twice as
much vegetative dry matter asdid fruiting trees.

However, severd investigators have found that there is a significant negative corrdation
between yield and the following year’s shoot growth (Avery, 1969; Barlow, 1964; Curry and
Looney; 1986; Forshey, 1982; Jackson, 1984). In a 25 year study, Rogers and Booth (1964)
discovered a negative correlation between yield and the following year’ sshoot growth for treeson
five different rootstocks. In another long-term experiment, Barlow (1964) found very light crops
to have no effedt on shoot growth, but at higher levels of cropping there was a negative linear
relationship between yield and shoot growth. Several resear chers have suggested that this negative
corr elation between yield and shoot growth the following year is aresult of less reserves being
stored in roots or branches in years with a heawy crop (Jackson, 1984; Looney et al., 1978;
Proebsting, 1925; Roberts, 1923). Linear growth of the terminal ismade largely & the expense of
stored foods, and may therefore be affected by the growth and fruiting conditions of the previous
year (Wilcox, 1937). Finch (1927) reported that there is a greater production of xylemtissue and a
greater storage of car bohydrat es during the “ off” year than during the “on” year. The negative
correlation between yield and shoot growth the following year is greater as the rootstocks become

more dwarfing (Avery, 1969; Rogersand Booth, 1964). When the treeis growing very vigoroudly,
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asin the caze of M.XVI, the crop has a smaller influence (Rogers and Booth, 1964). High tree
vigor might mask the effect of the previous year on shoot growth (Forshey, 1982).

Singh (1948) evaluated shoot developmert in both “on” year and “ off’ year stuations. He
reported that shoot growth began about April 28". In the first 3 weeks, there was not much
difference but the “on” year trees grew slightly faster. During the next 6 weeks, late May through
the middle of July, shoots on the “on” year trees grew nearly twice as fad as those on “off’ year
trees. In the third stage, from mid July to mid August, the shoots on “off” year trees grew faster
than shoots onthe “on” year trees In the final stage, from mid Augus onward, the rateof growth
slowed down and finally ceased, with the shootson “off” year trees being longer than those on
“on” year trees a the end of the season. Thecritical period for flower bud initiation (FBI) is
generally accepted to be in May and Jure. During thisperiod, shoot growth on the “on” year trees
israpid, whereas tha of “of f* year trees is relatively slow (Singh, 1948). Perhaps rapid shoot
growth of “on” year trees puts a heavy demand on the food supply of the tree throughout the
critical period of fruit bud initiation resulting in few or no flower buds being formed. Crop load
adso hasan effect ontheincreasein trunk cross sectiona area (TCSA). Trees bearing biennidly
increase in TCSA more in the “off’ year than in the “on” year (Barlow 1964; Maggs 1963;
Partridge 1919; Singh 1948; Wilcox 1937).

Adjusting the crop load, or fruit thinning, has been practiced for centuries and serves a
number of theoretical purposes including: reducing the number of seeds producing gibberellins,
redud ng competition for photosynthates and nutrients and inmproving growth and ultimete size of
the remaining fruit (Williams and Edgerton, 1974). However, the mog important reason for

adjuging the crop load isto ensureflower bud initiation. A saisfactory thinning program will
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remove enough fruit to assure an adequat e return bloom the following season (Williams and
Edgerton, 1981). Fruit set from less than 5% of the blossomson a snowball bloom tree is enough
for afull crop (Williams and Edgerton, 1981). Howeing putsa heavy demand on thetree for
photosynthate and stored reserves (Greene, 2000). Heavy flowering *York’ and ‘ Golden
Delidous' trees thinmed at bloom did not produce an adequate return bloom the following year
(Byes and Carbaugh, 2002 ). Treesmore moderate inflowering (evenif not thimed) were more
likely to give an adequate return bloom than if trees had nearly 100% of the spurs flowering.

The objective of this experiment was to determine how crop load affects shoot length, the

inaease in TCSA, and flowering and fruit set the following year.

Materials and Methods
This expeaiment was conducted on the Virginia Tech College of Agriculture and Life Sciences
Kentland farm near Blacksburg, Virginia. The orchard is located at an elevation of 2,050 feet

above sealevel and the generd soil type isa Shottower Cobbly loam.

Six-year-old ‘Fuji’/M.9 trees spaced 3 x 6.5 m and trained as centra leaderswerein full
bloom on 22 April 1997. Thetrees carried amoderate crop the previous year. T he trees wer e hand
thinned on 25 May to zero, one or two fruit per flower cluster over the entiretree. Three scaffold
branches per tree weretagged at the base of the 1995 shoot segment. Treesthinned to one fruit
per flower cluster were again thinned to a maximum of one fruit per flower cluster in each
succeeding year through 2000. Treesthinned to O fruit per flower cluster in 1997 were thimedto a

maximum of 2 fruit per flower cluster in 1998, thinned to O fruit per flower cluster in 1999 and
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thinned to a maximum of 2 fruit per flower cluster in 2000. Treesthinned to amaximum of 2 fruit
per flower cluster in 1997 were thimed to O fruit per flower cluster in 1998, thinned to a maximum
of 2 fruit per flower cluster in 1999, and thinned to O fruit per flower cluster in 2000. In 1998, full
bloom occurred on 18 April and the trees were thinned on 24 May. In 1999, full bloom occurred
on 30 April and the trees were thinned on 30 May. 1 n 2000, full bloom occurred on 26 April and
the trees were thinned on 27 May. Fruit set was determined during the last 10 days of May each
year, followed by thiming to the assigned crop load. Shoot length on the three branches was
measured at the end of each growing season. Shoot length was aso determined for 1995 and 1996
on the three branches The trees were pruned each winter except for the three tagged branches per
tree. The experimental design was completely randomized with ten replications. Percentage of
flowering and fruit set per 100 flowering clusters was determined each season. Theincreasein

trunk crosssectional area (TCSA) was determined each ring.

Results and Discussion

The original intent of this experiment was to adjust the crop load so that certain trees
would carry 0, 1 or 2 fruit per flowering cluster for several years. The trees that had been thinned
to 2 fruit per flowering cluster in 1997 had very little to no return bloom in 1998. The trees that
had been thinned to O fruit had asnowbal bloomin 1998. Both of these sets of trees had in
essence become biemial in flowering. The trees thinned to 1 fruit per flowering cluger had a
moderate bloomin 1998. Because of this, it was decided to dtermatethe crop load from 0to 2
fruit per flowering cluster for two treatments. T he trees thinned to1 fruit were suitable to be

thinned tol fruit each year.
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Crop load adjugments beganinMay of 1997. However, shoot growth was determined for
wood that grew in 1995 and 1996. There was no differencein shoot growth in 1995 and 1997 and
adight differencein 1996 (Figure 4.1). There was no differencein 1997 in response to the thinning
treatments. In 1998 through 2000, there wer e significant differences in shoot growth among the
treatments (Figure 4.1). From 1998 through 2000, the greatest shoot growth occurred on trees
that carried the heaviest crop load which wastwo fruit per flowering cluster. These trees averaged
approximately twice as much shoot growth as trees in the “off” year.

This is consistent with the findings of Curry and Looney (1986); Forshey (1982) and
Rogers and Booth (1964). Curry and Looney (1986) reported that “on” year tree shoots were
approximately one and a half times longer than “off” year tree shoots, and Forshey (1982) reported
that “on” year tree shoots grew dightly less than one and a half times the * off” year tree shoots.
Rogers and Booth (1964) discovered that “on” year tree shoots on M.9 rootstock grew 53%
longer than “off” year tree shoots but only 9% longer than “off” year tree shoots on the vigorous
M.16 rootstock. Their experimentsincluded severd cultivarsand pruning regimes. Thisis
inconsistent with the findings of Maggs (1963), who artificialy created “ off” year trees by
deblossoming or defruiting trees in the spring. He reported that deblossomed ‘ Worcester
Pearmain’ trees on M.7 rootst ock produced about twice as much vegetaive dry metter asdid
cropping trees. Root growth was reduced the most, to about a quarter, by the presence of a crop.
These *Worcester Pearmain’ trees probably didn’t have a heavy enough crop load the previous
year to deplete the tree’ sreserves. The general conclusion from these researchersisthat, when a
tree carries a heavy crop load, there are less reserves being stored in the roots, trunk and branches.

Thislack of reservesresultsin less shoot growth in the following “off” year. Thelack of a
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difference in shoot growth in 1997 is probably due to the trees having equal carbohydrate reserves
fromthe previous year.

In contrast to shoot growth, TCSA increased more on trees in the “off’ year than trees
carrying one or two fruit per flowering cluster (Figure 4.2). Treatments 2 and 3 dternated having
the greatest increase in TCSA, depending on which carried two fruit per flowering cluster. The
difference inthe increase in TCSA was more than two-fold between the trees carrying two fruit per
flowering cluster and those trees carrying zero fruit per flowering cluster except for 1997. The
increasein TCSA for treatment one was unusually smdl in1999 compared to the other years. This
lack of increase in TCSA may have been caused by adrought in 1999. Theseresults are consstent
with reports by Barlow (1964), Maggs (1963), Partridge (1919), and Wilcox (1937) who reported
a negative correlation between crop load and the increase in trurk girth. Inasix year sudy on
biennal bearing, Wilcox, (1937) reported that treesin the “off” year increased in circumference an
average of 3.6 cm while “on” year trees increased an average of 1.5 cm per year. Maggs (1963)
found that “off” year trees of severd cultivarson M.9 rootsock increased in TCSA gpproximately
three times morethan “on” year treesand “off” year tree cultivarson M.16 rootstock increased in
TCSA approximately two times more than “on” year trees.

Table 4.1 shows the percentage of spurs and lateral buds flowering on wood grown
between 1995 and 2000. Table 4.1 also indudes the number of spurs or lateral buds that devel oped
on each section of wood. The interaction between thinning trestment and year of wood was highly
significart inall years as well asthe maineffects (Table 4.1). The percentage of flowering for
treatment one fluctuated some with years and aso with the year that the wood grew. The percent

flowering on Treatments 2 and 3 only fluctuated with year, not counting 1-year-old wood, but the
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fluctuations were much greater compared to Treatment 1. Treatments 2 and 3 had greater
fluctuations in shoot growth compared to Treatment 1 (Figure 4.1). The percent flowering was
recorded on the sections of wood beween 1997 and 2001. There was a significant interaction
between treatment and the year in which the wood grew in all years. Much of the irteraction may
be due to the low percentages of 1-year-old wood flowering for all treatments Treament 1
flowered the most consistently. The percentage of 1-year-old wood that flowered was
approximately 20% and was consistent from 1997 to 2001. Two-year-old and older wood
flowered between 73% and 30% in all years (Table 4.1). Treatment 1 flowered moderately, and
thus annually, every year. The percentage of flowering for Treatment 1 fluctuated some between
year of wood and the year it flowered exdud ng 1-year-old wood. For example, in 2001 the wood
that grew in odd years had a flowering percentage inthe range of 60 to 69% whereas wood that
grew in even yearshad a flowering percentage in therange of 34 to 37%. Thusin 2001, the wood
that grew in odd years would have had approximately one-third of the spurs resting while the
wood tha grew in even yearswould have had approximatdy two-thirds of the sours resting. Wood
that grew in odd years had a higher flowering percentage in odd years. For example, the
percentage of spurs flowering on 1995 wood was greater in 1997, 1999 and 2001. The percertage
of spursflowering on1996 wood was greater in 1998 and 2000.

The percentage of spurs and 1-year-old wood flowering for Treatments 2 and 3 was very
similar. When one treatment was in the “on” year, the other was in the “off” year. When either
treatment wasin the “on” year, the flowering percentage was in the range of 78 to 91% excluding
the 1-year-old wood (Table 4.1). Whenthese two treatments were in the “ off* year, the percentage

of flowering averaged less than 10%, excluding the 1-year-old wood. The percentage of flowering
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for Treatments2 and 3 did not fluctuate much between year of wood as was the case with
Treatment 1. For example, when either Treatment 2 or 3 wasinthe “on” year, dl the sections of
wood had similar flowering percentages The mean number of spursand 1-year-old wood
flowering islisted in Table 4.2.

Fruit set was determined for each section of wood each year expressed as fruit set per 100
flowering dugers (Table 4.3). Only in 2001 wasthe interaction between treatment and year of
wood significant. The main effect of year of wood was significant in al the yearsthat flowering
was measured and was probably due to the lower fruit set on the 1-year-old wood. Fruit set per
100 flowering clugers was smilar for all treatments, with most se being above 200 (Table 4.3).
Fruit set per 100 flowering spur clusters can be mideading when there are big differencesin the
percentages of purs or 1-year-old wood flowering. Therefore, actual fruit numbers per section of
wood are included in Table 4.3. The most spur fruit that set on any section of wood from either
Trestment 2 or 3 after being thinned to two fruit per spur the previousyear was 6 (Table4.3). This
Is due to very few spurs flowering following an*“on” year. Fruit set on 1-year-old wood was
similar for al threetreatments and was never greater than 5. Shortly after the fruit datawere
collected, the trees were thinned to the assigned crop load.

The fruit from Treatments 2 and 3 in the “off' year tended to be very large and metured
earlier thanfruit from Treatment 1 or fruit from Treatments2 and 3 in the“on” year (data not
shown). Fruit from Treatments 2 and 3 inthe “on” year tended to be very small, poorly colored
and delayed in meturity. Fruit from Treatment 1 was typical in Sze, color and maturity for “Fuji”.

Thinning the treesto one apple per flowering cluster (Trestment 1) resulted in consistent

annual flowering and fruit set. This isconsistent with the reaults of Forshey (1982) who, in afour-
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year study, found that thinning to one fruit per spur resulted in the greatest overdl yield. Leaving
two fruit per flowering cluster resultedin biennial flowering and fruit set with thefruit being of
poor quality (datanot shown). Williams and Edgerton (1974) recommended removing dl the fruit
from hdf of the ours so they would rest and flower the following year. However, in this study,
thinning to one fruit per spur resulted in adequate return bloom the following year. Never did more
than 73% of the sours flower, 0 there were some reging gurs on each section of wood each year.
Also some flowering sours do not set any fruit; thusthey would be resting and potentialy could

flower again the following year.
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Figure4.1. Termina shoot growth on “Fuji”/M.9 apple trees as affected by fruit thinning
treatments. Treatment 1 was thinned to 1 fruit per flowering cluster each year beginning in 1997.
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beginning in 1997. Treatment 3 was thimed to 2 fruit in odd years and O fruit per flowering duster
ineven yearsbeg ming in 1997. Mean separation within yearsby Tukey’s tes p<0.05.
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Table 4.1. Percentage of spurs and one-year-old nodes flowering on various sections of wood over
five years on ‘ Fuji’/M.9 apple trees as affected by thinning treatments.”

Percent nodes flowering

Y ear of Spurs or Treatment 1
wood” nodes”
1997 (1) 1998 (1) 1999 (1) 2000 (1) 2001 (1)
1995 224 61 37 64 38 61
1996 24.0 20Y 70 32 66 37
1997 23.0 - 19 73 30 67
1998 23.2 - - 20 69 34
1999 24.6 - - - 23 69
2000 235 - - - - 21
Treatment 2
1997 (0) 1998 (2) 1999 (0) 2000 (2) 2001 (0)
1995 18.1 75 80 1 81 1
1996 20.1 23 80 3 80 2
1997 16.0 - 21 8 83 1
1998 25.7 - - 12 78 7
1999 17.5 - - - 21 8
2000 255 - - - - 13
Treatment 3
1997 (2) 1998 (0) 1999 (2) 2000 (0) 2001 (2)
1995 234 62 3 86 1 86
1996 24.3 19 9 87 2 83
1997 27.2 - 11 86 3 86
1998 15.1 - - 12 14 91
1999 30.9 - - - 8 82
2000 18.7 - - - - 11
Significance
Treatment < 0.0071" < 0.001 < 0.001 < 0.001 < 0.001
Year of wood < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Trt* year of wood 0.022 < 0.001 < 0.001 < 0.001 < 0.001

Z Values are Ismeansfor 10 trees with three branches per tree.

" The year in which a particular section of wood grew.

X The mean number of spurs or nodes on a particular section of wood.

W'(') number of fruit per sour or node to which the trees were thinnedin aparticuar year.
v The bottom number in each colunm for each treatment represents 1-year-old wood.

Y Mean separ ation within columns by PDIFF P < 0.05
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Table 4.2. The number of spursand one-year-old nodes flowering on various sections of wood
over five years on ‘Fuji'/M.9 apple trees as affected by thinning treatments.”

Number of spurs or nodes flowering

Y ear of Spurs or Treatment 1
wood” nodes” 1997 (1) 1998 (1) 1999 (1) 2000 (1) 2001 (1)
1995 224 13.4Y 8.1 14.1 8.4 13.4
1996 24.0 48" 16.8 7.7 15.8 8.9
1997 23.0 - 4.4 16.8 6.9 154
1998 23.2 - - 4.6 15.9 7.8
1999 24.6 - - - 5.8 17.3
2000 235 - - - - 5.0
Treatment 2

1997 (0) 1998 (2) 1999 (0) 2000 (2) 2001 (0)
1995 18.1 13.5 14.4 0.2 14.6 0.2
1996 20.1 4.6 16 0.6 16 0.4
1997 16.0 - 3 13 13.3 0.2
1998 257 - - 3.1 20.3 1.8
1999 175 - - - 3.8 14
2000 255 - - - - 3.4

Treatment 3

1997 (2) 1998 (0) 1999 (2) 2000 (0) 2001 (2)
1995 23.4 14.3 0.7 19.8 0.2 19.8
1996 24.3 4.6 2.2 20.9 0.5 19.9
1997 27.2 - 3.0 23.2 0.8 23.2
1998 151 - - 18 21 13.7
1999 30.9 - - - 25 254
2000 18.7 - - - - 21
Significance
Treatment < 0.001" < 0.001 < 0.001 < 0.001 < 0.001
Y ear of wood <0.001 <0.001 <0.001 <0.001 <0.001
Trt* year of wood 0.022 <0.001 <0.001 <0.001 <0.001

ZValues are Ismeans for 10 trees with three branches per tree.

¥ The year in which a particular section of wood grew.

X The mean number of spurs or nodes on a particular section of waod.

W () numker of fruit per our or nodeto which thetrees were thinned in a paticuar year.
vV The mean number of spurs and one-year-old nodes flowering.

Y The bottom number in each column for each treatment represents one-year-old wood.

T Mean separati on within columns by PDIFF P < 0.05
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Table 4.3. Fruit set per 100 flower clusters on various sections of wood over five years on ‘Fuji’/M.9 apple
trees as affected by thinning treatments”

Fruit set/100 flowe clusters

Year of Spurs or
wood ¥ nodes X Treatment 1

1997 (1)V 1998 (1) 1999 (1) 2000 (1) 2001 (1)
1995 22.4 196" [27]Y 219 [18] 202 [28] 210 [18] 188 [25]
1996 24.0 757 (4] 197 [33] 221 [17] 200 [3] 213 [19]
1997 23.0 - 57 [3] 186 [31] 233 [16] 202 [31]
1998 23.2 - - 77 (4 202 [32] 225 [18]
1999 24.6 - - - 73 [4 195 [34]
2000 235 - - - - 93 [5]

Treatment 2

1997 (0) 1998 (2) 1999 (0) 2000 (2) 2001 (0)
1995 18.1 210 [28] 210 [30] 202 [1] 211 [31] 246 [1]
1996 20.1 71 (3] 211 [4] 238 [1] 213 [4] 273 [1]
1997 16 - 76 [2] 199 [3] 213 [28] 134 [1]
1998 25.7 - - 77 (2] 203 [41] 196  [4]
1999 175 - - - 56 [2] 234 [
2000 25.5 - - - - 91 [3]

Treatment 3

1997 (2) 1998 (0) 1999 (2) 2000 (0) 2001 (2)
1995 234 192 [27] 219 [2] 185 [37] 189  [4] 193 [38]
1996 24.3 82 [4] 251 [6] 200 [42] 223 [1] 195 [39]
1997 27.2 - 106 [3] 198 [46] 272 [2] 194 [45]
1998 15.1 - - 74 [1] 253  [5] 213 [29]
1999 30.9 - - - 119  [3] 178 [45]
2000 18.7 - - - - 56 [1]
Signifi cance
Treatment 0.897° 0.432 0.008 0.016 0.191
Year of wood <0.001 <0.001 <0.001 <0.001 <0.001
Trt* year of wood 0.337 0.213 0.496 0.330 < 0.001

ZValues are Ismeans for 10 trees with three branches per tree.

Y The year in which a particular section of wood grew.

* The mean number of spurs or nodes o a particular section of woad.

W () number o fruit per spur or node towhich the trees werethinned in aparticular year.
v Fruit set per 100 flowering clusters.

Y [ 1The mean number of fruit per year of waood.

T The bottam number in each column and treatment represents one-year-old wood.

S Mean separation within columns by PDIFF P <0.05.
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SUMMARY

The purpose of thisdissertaionwas to evaluate some aultural practices to prevent or
disrupt biemial bearing in the “off’ year and to hand thin trees in the “on” year to determine a
what crop load would the trees become annud bearers.

Whole-tree and partial-tree defoliation were evaluated as ways to suppress flower bud
initiation (FBI) and fruit set on both spurs and laterals. Whole-tree defoliation resulted in less
flowering and fruit set the following year than did partial-tree defoliation. Compared to other
timings, defoliation in early to mid July suppressed flowering the following year the most. Whole-
tree defoliation in early August resulted in approximately one half asmany fruit/100 flowering spur
clusters and little to no fruit/100 flowering latera clusters compared to a control. With increasing
severity of defoliation, flowering and fruit set declined the following year regardless of timing.
Partial defoliation with ammonium thiosulfate and endothal increased flowering but decreased spur
fruit set while Gramoxone suppressed both spur flowering and fruit set compared to a control.
Whole-tree or severe patid-tree defoliation in August was the best treat ment with goproximatey
one half as much spur fruit set as the control and very little to no lateral fruit set the following year.

Gibberellic add (GA) treaments were evaluated to suppress FBI and fruit set on both
spurs and laterals. GA; did not suppress flowering on‘Braeburn’/M.26in 2000 onvery light crop
load trees, and heavy crop load trees had no return bloom, regardless of treatment. GA,,,
treatments suppressed return bloom of spurs and laterals more than the GA, treatments on ‘ Ramey
York’/M.9. However, spur fruit set was no different than the control. The effectiveness of GA
declined with delayed application. Both GA,,; and GA, treatment s suppressed latera flowering

and fruit set on the proximal and middle third of 1-year-old shoots.
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In another experiment, both GA,,, and GA,,, + sorbitol reduced spur flowering compared
to sorbitol aone and the control on trees with no crop or alight crop. On the basis of equalizing
costs, GA; was used at 2.5 x the rate of GA,,,. The GA treatments equally suppressed lateral
flowering and fruit set.

GA treatmentswill suppress spur and lateral flowering depending on the timing and
concentration. However, GA treatments do not always result in decreased fruit set. When only one
half of the spurs flower, fruit set pe spur tends to be greater than if near 100 % of the spurs
flower.

“Fuji'/M.9 trees were hand thimed to one of three crop loads from 1997 to 2000. Trees
thinned to one fruit per flowering duster, produced in a moderate return bloom each year. Trees
thinned to two fruit per flowering cluster did not produce many flowers the following year and
were thinned to zero fruit per flowering duster. Trees thinned to zero fruit per flowering cluster
produced a‘snowball’ bloom the following year and wer e thinned to two fruit per flowering
cluster. Thetreesthat aternated between two and zero fruit per flowering cluster werein a
biennial bearing situation. Two fruit per flowering cluster was too heavy a crop load for an
adeguate return bloom the following year. The greatest shoot growth occurred on trees that
carried the heaviest crop load (two fruit per flowering cluster). In contrast to shoot growth, TCSA
increased more on trees thinned to zero fruit, the “off” year, than trees carrying one or two fruit
per flowering cluger.

In 1997, L. C. Luckwill suggested three techniques for decreasing flower induction in the
“off” year. These included: reducing led area applying GA, and applying other flower inhibitors

such as meta-tolylphthalamic acid and xanthine Twenty five years later, there are not any new
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strategies for decreasing flower induction in appleinthe “off” year. In this study, both defoliation
and GA applications suppressed spur and lateral flowering the following year. Defoliation by hand
was effective but very time consumng. It would be cost prohibitive for commercid apple growers
to defoliate by hand. There are no chemicals registered for defoliating apple trees in the “ off” year
with the intent of suppressng flowering the following year. Chemica companies would probably
not support a label for their use as a defoliant because of the risk of defruiting trees or causing
injury to the trees. Also, there would likely be insufficient usage to justify pursuing alabel.
Gibberellic acid may be a better approach to suppressing flowering with chemical sprays.
GAs are naturally present in apple and don’t cause injury to the trees even at very high rates. Since
alot of theliterature about the effect of GAson floweringison atypical cultivars, morework is
needed ontoday’ s cultivars Also more work needs to be done on the timng, the concentraion
and making multiple applications. Perhaps in the future there will be recommendations for using

either defoliation or GA spraysto suppress flowering on apple trees that are in the “off” year.
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