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ABSTRACT

Fruit size of peaches is an important quality factor that can be optimized by adjusting the number of fruit on the tree by
hand thinning 40 - 60 days after full bloom (dafb). Hand thinning is labor intensive and therefore the development of
other strategies to reduce production cost is warranted. Since ethylene plays a key role in peach fruitlet abscission, it is
hypothesized that foliar applications of ethephon will induce fruit abscission and increase fruit size. Ethephon (0 to 400
mg-L™") was applied to “Redhaven” peach trees 45 - 50 days after full bloom in 2005 and 2007 to determine the effi-
cacy and concentration required to induce fruit abscission. Abscission was linearly related to ethephon concentration
and as a result reduced fruit set by 70% to 100%. These data indicate that ethephon in the range of 100 - 200 mg-L ' can
be used to induce adequate levels of fruit abscission of “Redhaven” peaches without inducing trunk or limb gummosis.
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1. Introduction

Canada’s peach and nectarine production is valued at $37
million and annually 29.5 MT of marketable fruit are
produced from 2624 ha grown largely in southern Ont-
ario (85%) and the central interior of British Columbia
(15%) [1]. Fruit quality and consumer acceptance of
fresh market peaches is largely defined by fruit size, flav-
our, melting texture, and surface and flesh color [2,3].
For producers, fruit size is the primary factor affecting
yield and crop value. While there is a strong genetic (cul-
tivar) influence on fruit size [4], it has long been estab-
lished that fruit size can be increased by adjusting the
crop load early in the growing season [2,3].

Peach trees invariably produce more fruits than are
needed for an acceptable commercial crop. Removing fi-
uitlets by hand thinning is typically performed at stage I1
of fruit development (pit hardening), 40 - 60 days after
full bloom (DAFB) [2,3,5]. In Canada, hand thinning can
require between 100 - 150 h-ha™' depending on tree vig-
our, age, size, and fruit set, resulting in a estimated cost
of ~$1235 ha' per year[6] based on current wages and
benefits. Finding an alternative thinning method to offset
this relatively high labor cost is of interest to peach or-
chardists in Canada and other producing regions.

A practice widely adopted in apple production [7], use
of chemicals to induce fruitlet abscission is worthy of
consideration for reducing the crop load of peaches. Sev-
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eral studies have been conducted on peaches in the past
[8], yet no commercially acceptable approach today exi-
sts for peach producers. Three timings, with respect to
fruit growth and development, exist when chemical thin-
ning can be accomplished: pre-bloom, bloom, and post-
bloom.

Pre-bloom chemical “thinning” is accomplished more
by regulating flower development through the use of gib-
berellic acid (GAj3), rather than removal of existing flow-
ers or fruitlets. Coneva and Cline [9] and Stern and Ben-
Arie [10] found that application of GAj; during flower
induction and initiation the year prior to the desired res-
ponse, reduces the number of flowers, and consequently
fruit set and the amount of hand thinning required in
“Redhaven” peach. Gonzalez-Rossia et al. [11] were able
to demonstrate a similar response for “Springlady” peach
and “Zincal 5” nectarine. Reighard et al. [12,13] found
applications of 2-chloroethyl-phosphonic acid (ethephon)
plus emulsified soybean oil adjuvant applied to peach
trees in the dormant stage (January) reduced flowering at
bloom, but the results were cultivar dependent affected
by temperature at application, rate of oil, and chill hour
accumulation. One of the disadvantages of inhibiting
flower bud formation or thinning at bloom is the poten-
tial risk of frost damage after thinning to the flowers or
young fruits which would alter optimum fruit load.

Chemical blossom or fruitlet thinning has the distinct
advantage over hand thinning in that it can be done early
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during fruit ontogeny, well before the period of natural
fruit abscission (“June drop”). Several different “blos-
som” chemicals including endothal, ammonium thiosul-
fate (ATS), ammonium nitrate, decyl alcohol, armothin,
surfactants and lime sulphur have been reported to be
effective as flower thinners during the spring season
[9,14,15].

The third and most common approach to adjusting the
crop load of peaches is between bloom and natural drop
using fruitlet abscission inducing chemicals. Fruitlet thin-
ning has the advantage in that it is conducted 14 - 21 d
after bloom, when the risk of spring frost has diminished
and also after fruit set is more apparent. Many com-
pounds including 2-chloroethane-phosphonic acid (CEPA)
[16,17], ethephon [9], napthaleneacetic acid [18-20], and
3-chlorophenoxy-a-propionamide (3-CPA) [21,22] have
been used on peaches in the past. Ethephon is one of the
more promising compounds [23-26], however, there are
concerns over the formation of gummosis or leaf defolia-
tion when used at higher concentrations. Furthermore,
the results can be inconsistent because of cultivar respo-
nse, environmental conditions, geographical location, tree
age and cultivar [8].

Thinning peaches with ethephon in Canada has neither
been reported previously nor practiced commercially, in
part because it is not labelled for this purpose. Given the
previous mentioned concerns about air temperatures du-
ring the fruit set period can be extremely variable in sou-
thern Ontario, which experiences predominantly a humid
continental climate. The Ontario peach and nectarine
industry is on the northern frontier for commercial pro-
duction. The Niagara tender fruit belt climate is charac-
terized by harsh winters (extreme minimum -26°C),
short growing secasons (182 frost free days), and cool
summers (30-yr normal average temperature for June,
July, and August is 18.1°C, 21.7°C, 20.7°C) [27]. Under
these conditions, tree growth and vigour are limited. The
purpose of this study was to determine the effectiveness
of ethephon in inducing fruitlet abscission of peaches in a
northern peach producing region that has growing condi-
tions and cultivars, that are distinctly different from the
more arid and warmer regions of the United States and
Europe.

2. Materials and Methods

This experiment was conducted in 2005 and repeated in
2007 on five- and six-year old, respectively “Redhaven”
peach trees (Prunus persica L.) on Bailey rootstock.
Trees were spaced at 4 x 4 m (625 trees ha ') and trained
using an open centre orchard system.

In 2005, trees were located in a commercial orchard in
Beamsville, Ontario (43°11' 32.92"N latitude, 79°28'
59.30"W longitude) containing a Toledo series (Aquaic
Hapludalf) soil, which consisted of 15 - 40 cm loamy
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textures over lacustrine silty clay with imperfect drainage
(Kingston and Presant, 1989). In 2007, trees were located
in a nearby orchard (43°10' 57.74"N latitude and
79°24'11.47"W longitude) were used containing a Tavis-
tock series soil which consisted of 40 - 100 cm reddish-
hued loamy texture over clay loam till [28].

In 2005, six treatments were applied in a randomized
complete block design with four replications with two
trees per experimental unit. The trees were sprayed with
a radial airblast sprayer (GB Irrorazione Diserbo, Model
Laser P7, Italy) at a volume of ~2 L-tree . Treatments
were as follows: 100, 200, 400 mg-L ™" ethephon (2-chlo-
roethyl-phosphonic acid, Bayer CropScience Inc, Calgary,
AB) and 500 mg-L"' aminoethoxyvinyl-glycine (AVG)
(Valent BioSciences Corp, Walnut Creek, CA). A hand
thinned and water only spray treatments served as cont-
rols. In 2007, an additional 50 mg-L ™' ethephon treatment
was added to the experiment and treatments were replic-
ated six times. All spray treatments, including the water
alone, included 0.10% (v/v) Regulaid surfactant (Kalo
Inc, KS, USA). The purpose of the AVG treatment was
to study the association between ethylene and fruit absc-
ission, as AVG has been previously demonstrate to be a
ethylene biosynthesis inhibitor [29,30].

Trees were sprayed 10 June, 2005 and 13 June, 2007
when fruits were about 15 mm - 20 mm in diameter (30
DAFB). In order to minimize spray drift, experimental
units were separated at least with one guard tree. Hand
thinning was carried out 45 - 55 DAFB (6 July, 2005 and
27 June, 2007; 30 - 40 mm in diameter) by spacing fruits
~15 cm apart.

Fruits were harvested weekly over a three week period
based on fruit background (change from green to yellow)
and the appearance of red surface blush color. Fruit set,
total yield, mean fruit weight, fruit size, fruit firmness
and total soluble solids were measured per experimental
unit and crop density per tree was calculated. Fruit set
was determined by marking four primary scaffold limbs
on each tree and counting the number of fruits before
treatment imposition and after fruit abscission (three
weeks later). Twenty randomly selected fruits free of
blemishes, were selected per tree for fruit quality deter-
mination. Fruit flesh firmness was measured twice per
fruit from two opposite locations on the equatorial region
of the fruit after the skin was removed, using a penetro-
meter (Fruit Texture Analyser, model GS-14; GUSS,
South Africa) equipped with a 7.9 mm probe. Total solu-
ble solids was measured using a digital refractometer
(Abbe Model 10450; American Optical Corporation,
Buffalo, NY) from the juice extracted after fruit firmness
measurements. Fruit size distribution for each treatment
was determined using a subsample of ~5 kg of fruit per
tree based on the following fruit size categories: <57, 57 -
64, 64 - 70, 70 - 83, and >83 mm in fruit diameter. Trunk
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circumference was measured 30 cm above the ground in
the spring of each year. The incidence of gummosis on
tree trunk and branches was rated using a 5 point scale (1
=no gummosis, 3 = moderate, 5 = severe gummosis).

Statistical analyses were carried out using Fisher’s
protected analysis of variance (PROC GLM) in SAS
software (Ver 9.02, SAS Institute, Cary, NC). The norm-
ality of the data was evaluated using PROC UNIVARIATE
on data residuals. Percent and rating data were transformed
using the square root function. Mean comparisons were
performed using Least Significant Difference.

3. Results

Treatment with ethephon in both 2005 and 2007 signifi-
cantly reduced fruit set compared to the control and AVG
treatments. Increasing concentrations of ethephon was
linearly associated with reduced fruit set (Figure 1), with
an 18% - 20% reduction in set between 0 and 300 mg/L
ethephon. Final fruit set on trees treated with AVG was
not statistically different from the water-sprayed control
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Figure 1. Effect of ethephon and AVG on crop density of
“Redhaven” peach in 2005 (a) and 2007 (b). Circle and
square symbols at 0 mg-L™" are the crop densities for AVG
and hand-thinned treatments, respectively. The error bars
are the standard error of the means for each treatment.
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treatments. As a result, higher rates of ethephon resulted
in significant reductions in yield. Treatment with AVG
resulted in yields similar to the water-spray control trea-
tment in both years. Mean fruit weight increased in a linear
fashion with higher concentrations of ethephon. Again,
there was no significant difference in mean fruit weight
between the AVG and water-spray control treatment.
Crop density, expressed as the number of fruit per cross-
sectional area, was significantly reduced with increasing
ethephon concentration (Figure 1). In contrast, AVG
treated trees numerically had the highest crop density in
both years, but this effect was not statistically different
from the water control treatment (Table 1).

The effect of ethephon and AVG on fruit size distribu-
tion was measured in 2007 (Table 2). Higher rates of
ethephon led to an increase in the percentage of lar-
ger-sized fruits compared to the AVG and water-sprayed
control treatments; where the later had the greatest per-
cent of unmarketable fruits (less than 57 cm diameter).
Increasing rates of ethephon, from 100 to 400 mg-L ™" led
to an increase in the percentage of fruit in the 57 - 63, 64 -
69, 70 - 83, and >83 mm size categories.

Fruit quality, as determined by firmness and soluble
solids, was significantly influenced by the ethephon but
not the AVG treatments (Table 3) when measured on the
same harvest date. Increasing rates of ethephon resulted
in a softer fruit with higher soluble solids. These same
treatments resulted in advance ripening 10 to 16 d earlier
than the hand-thinned controls (data not shown). Because
of the direct effect of ethrel on crop load and subsequently
fruit size, determination of firmness and soluble solids
from similar sized fruit from the same stage of physio-
logical maturity was not possible in order to adequate
measure the direct treatment effect on these quality pa-
rameters. Gummosis, a known adverse response to ethe-
phon applications [31,32], was measured on tree branches
and tree trunks at harvest time in 2007. The highest con-
centration of ethephon (400 mg-L™") resulted in a sig-
nificant increase (P < 0.0001) in the amount of tree trunk
and branch gummosis (Figure 2). Leaf abscission, an-
other potential side effect of foliar ethephon sprays, was
also observed and with increasing severity at higher
concentrations of ethephon (data not shown). Trees were
however able to recover approximately three weeks after
ethephon application.

4. Discussion

Fruit abscission was linearly and positively related to
ethephon concentrations up to 400 mg-L™". Concentra-
tions between 100 to 200 mg-L™" would be considered
commercially acceptable without sacrificing excessive
marketable yield, as was observed at the higher rates.
With each incremental increase of 1 mg/L ethephon (be-
tween 0 and 400 mg/L), there was a 18% - 20% reduction
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Table 1. Total yield per tree and mean fruit weight of “Redhaven” peaches as affected by different ethephon and AVG treat-
ments in 2005 and 2007~

Yield (kg/tree) Mean fruit weight (g)
Treatment Concentration (mg-L ™)
2005 2007 2005 2007

Water spray control 0 35 59 100 126
Ethephon 50 - 51 - 138
Ethephon 100 32 53 106 137
Ethephon 200 17 35 140 164
Ethephon 400 13 15 148 184
Hand thinned control - 22 56 116 144
AVG 500 43 64 83 125
Statistical significance” * ok ok HAE
P value 0.0400 <0.0001 0.0001 0.0002

Regression of ethephon rate” Lx** L*** L#** L#**

Slope (m) and interception (b)

: : m=-0.06,b =35 m=-0.11,b=59 M=0.13,b=100 M=0.15,b=128
of linear quadratic

“ns, *, ** **+* indicates not significant, and significant differences at P = 0.05, P = 0.10, and P = 0.01 respectively.

Table 2. Effect of ethephon and AVG on fruit size distribution of “Redhaven” peaches at harvests in 2007.

Percent of fruits with diameter (mm)

Treatment Concentration (mg-L™)

<57 57-63 64 - 69 70 - 83 >8.3
Ethephon 0 9 15 ab 24 b 45 cd 8 be
Ethephon 50 9 9 be 19 b 54 bc 9 be
Ethephon 100 1 7 be 16 be 70 ab 5 be
Ethephon 200 0 2 c 7 cd 76 a 15 b
Ethephon 400 1 4 c 3 d 48 cd 44 a
Hand-thinned 0 3 20 a 41 a 35 d 1 c
AVG 500 8 21 a 34 a 35 d 2 c
Significance” Ns kK HxE HEE HHE
P value 0.3315 0.0023 <0.0001 0.0002 <0.0001
LSD (P =0.05) 11.5 10.1 10.6 17.1 10.3

Table 3. Effect of ethephon and AVG on fruit firmness and soluble solids of “Redhaven” peaches. 16 August, 2005.

Concentration (mg-L™") Fruit firmness (N) Soluble solids (Brix)
Water spray 0 53.5 8.8
Ethephon 100 32.0 9.6
Ethephon 200 7.4 11.5
Ethephon 400 7.5 11.7
Control (hand-thinned) 0 29.7 11.1
AVG 500 51.9 8.6
Significance” HoAk **
P value <0.0001 <0.003
LSD (P =0.05) 9.4 1.1

“Mean separation within columns by LSD at P = 0.05. NS, *, **_*¥* indicate non-significant or significant differences at P < 0.05, 0.01, or 0.001, respectively.
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Figure 2. Ethephon and AVG effect on trunk and branch
gummosis in 2007 (1 = no gummosis, 3 = medium, 5 = high
severity). The error bars are the standard error of the
means for each treatment.

in fruit set, a 13% - 15% increase in fruit size, and a 6% -
11% reduction in yield over the two years of the study.
Clearly, the practicality of selecting ethephon rates would
need to be selected based on four factors commercially:
cultivar abscission response to ethephon, the target fruit
size desired (determined largely by the market), the in-
cremental returns realized for larger sized fruit, and the
associated decline in yield with reduced fruit set.

With respect to the effect of ethephon on fruit abscis-
sion, in Australia, ethephon applied 39 - 53 DAFB at
concentrations of 40 - 100 mg-L ™" resulted in successful
thinning of the peach cultivars “Golden Queen”, “Wight”
and “Keimos” [33]. In India, applications to “July El-
berta” peaches at 250 mg-L ' resulted in 75% fruit thin-
ning and an increase in fruit weight [25] while applica-
tions of 200 - 300 mg-L™" to “Redhaven” were effica-
cious for fruit thinning and produced fruit with compara-
ble size of those from trees that were hand-thinned [26].

At higher concentrations of ethephon, fruit maturity
was advanced by about 14 d weeks. Similar results were
observed on “Redskin” and “Redhaven” peaches that
were treated with ethephon 50 d before harvest [8].
Ethephon applications in this study were made about two
months before fruit maturity, and considering the half life
of ethephon at pH = 7 is 48 hr [34], the observed results
on fruit maturity are more likely a reduced crop load ef-
fect than a direct effect of ethephon on fruit firmness and
soluble solids. In order to separate out the crop load ef-
fect from ethephon effects on fruit maturity, additional
studies should be conducted to compare ethephon treat-
ments to hand-thinned controls that have a similar crop
load. Measurements of ethephon evolution from treated
fruits and from hand thinned control fruits, as well as the
investigation of genes involved in the ethylene biosyn-
thesis pathway could also reveal if the ethephon-induced
advancement in maturity was a direct effect of ethephon
or a result of lower yields in trees treated with 200 - 400
mg-L™" ethephon.
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There are concerns over the use of ethephon in a num-
ber of tree fruit crop species including peaches. One of
the primary concerns is ethephon’s inconsistency when
used as a thinning agent [2,3]. Ethephon degradation and
subsequent release of ethylene gas is highly temperature
dependent [35,36], at least outside the window of 21°C -
32°C [37]. Another concern, a direct consequence of thin-
ning either by hand or with ethephon, is the decrease in
total yield per tree. This however can be partially offset
with concomitant increases in fruit size, fruit weight, and
a higher percentage of fruits in larger size categories—all
contributing to potentially higher marketable and eco-
nomic yields (unless the trees are “over-thinned”).

Gummosis is another concern when using ethephon on
Prunus species, particularly at higher concentrations [31,
32]. In the present study, ethephon application at 400
mg-L ' resulted in significant gummosis of the trunk and
primary scaffold limbs. Since 400 mg-L™' most likely
exceeds the optimum concentration for thinning, because
its marked negative effect on yield, ethephon at commer-
cial rates of 100 - 150 mg-L™" should be inconsequential
when used on “Redhaven”. However, other peach cultiv-
ars may respond differently, and therefore caution should
be exercised for ethephon use on new cultivars. Pre-ma-
ture leaf yellowing and abscission as a result of ethephon
treatment in peach has been reported previously [3] and
was also observed in this experiment. However, trees
developed a full canopy of new leaves approximately
three weeks after application with no apparent long-term
effects on the health of the trees, but long-term effects
should be considered in future studies.

In both years of this experiment, AVG had no effect
on the fruit abscission in comparison with the water only
control treatment. It was hypothesized, based on the
mechanism that AVG inhibits ethylene production at the
biosynthesis level [29,30,38], that trees treated with
AVG would have increased fruit set (less natural fruit
abscission) in comparison with those left untreated. How-
ever, the data indicate that foliar sprays of 500 mg-L"'
AVG had no effect on fruit set when applied approxi-
mately 30 DAFB (~15 mm fruit size). At this phe-
nological stage, perhaps elevated concentrations of eth-
ylene-mediated synthesis of polygalacturonase enzymes
had already been initiated in the fruit abscission zone
[39]. Further research to block ethylene perception at the
receptor level using 1-methylcyclopropene would be of
interest to further test the association of ethylene with
fruit abscission.

In conclusion, these results indicate that ethephon can
be used at 100 - 200 mg-L™"' to induce fruit abscission
with no negative effect on tree gummosis. Using ethe-
phon as a thinning agent can reduce hand-thinning labor
cost. Collectively, the literature suggests that the thinning
response of peaches with ethephon may vary by both
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cultivar and environmental conditions during and following
application. Further studies are necessary to evaluate the
cultivar response to ethephon in various growing regions.
It also should be mentioned that these results are only for
“Redhaven” peaches and the optimum range should be
evaluated for other cultivars.
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