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Chemical Blossom Thinners Vary in Their 
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SUMMARY. The commercial adoption of the relatively new rootstock ‘Gisela 5’ 
(Prunus cerasus L. x P. canescens L.) has been limited in the United States sweet 
cherry (P. avium L.) industry despite its ability to induce precocity and pro-
ductivity and reduce scion vigor compared to the standard Mazzard (P. avium). 
This is due in large part to inadequate crop load management that has led to 
high yields of small fruit. This paper reports on sweet cherry chemical blossom 
thinning trials conducted in 2002 and 2003. Two percent ammonium thiosul-
phate (ATS), 3% to 4% vegetable oil emulsion (VOE), and tank mixes of 2% 
fi sh oil + 2.5% lime sulphur (FOLS) were applied to entire 8- and 9-year-old 
‘Bing’/‘Gisela 5’ sweet cherry canopies at about 10% full bloom (FB) and again 
at about 90% FB. In both years, ATS and FOLS reduced fruit set by 66% to 
33% compared to the control (C). VOE reduced fruit set by 50% compared to C 
in 2002 but had no effect in 2003. In 2002, fruit yield was 30% to 60% lower 
from thinned trees. In 2003, fruit yield was unaffected by thinning treatment. 
In 2002, ATS and FOLS improved fruit soluble solids but had no effect in 
2003. VOE did not affect fruit soluble solids in 2002 and reduced fruit soluble 
solids by 12%, compared to C, in 2003. In 2002, each thinning treatment nearly 
eliminated the yield of the small fruit (≤21.5-mm diameter) and increased yield 
of large fruit (≥26.5 mm) by more than 400%, compared to C. In 2003, ATS and 
FOLS did not affect yield of small fruit but increased the yield of large fruit by 
60%. In 2003, VOE-treated trees yielded 4.3 kg of small fruit per tree compared 
to about 0.15 kg from C, suggesting a phytotoxic response to VOE beyond that 
which may effect thinning. Compared to C, ATS and FOLS consistently reduced 
fruit set and improved fruit quality. We conclude that commercially acceptable 
yields of excellent quality ‘Bing’ sweet cherries can be grown on size-controlling 
and precocious rootstocks. 
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Most modern high-density tree 
fruit production systems rely 
upon intensive crop load 

management strategies to produce high 
yields of quality fruit. For example, 
apple (Malus ×domestica Borkh.) 
fruit number per tree (i.e., cluster) is 
monitored often and modifi ed several 
times throughout a growing season 
and crop load management strate-
gies are usually several-tiered. These 
may include a multiplicity of chemi-
cal blossom and postbloom thinners 
(Byers and Carbaugh, 1991; Dennis, 
2000; Westwood, 1993), and hand 
thinning in the current season, as well 
as gibberellic acid to reduce (Bradley 

and Crane, 1959; Tromp, 1982), or 
ethephon or naphthaleneacetic acid 
(NAA) to increase, bloom density in the 
subsequent season (Byers, 1993; Stover 
et al., 2002). In contrast, crop load of 
many stone fruit species (Prunus L.) 
is reduced primarily by hand thinning, 
although research has shown potential 
for chemical thinning, especially for 
peach [P. persica (L.) Batsch.] (Byers 
and Lyons, 1985; Southwick et. al., 
1996). However, hand thinning is 
expensive and, due to the high fruit 
number per tree compared to other 
stone fruit species, likely not practi-
cal for dark sweet cherry (P. avium) 
cultivars such as ‘Bing’. 

In the U.S. Pacifi c Northwest 
(PNW), sweet cherry cultivars have 
been grafted predominantly on 
seedling or vegetatively propagated 
Mazzard (P. avium), a vigorous, non-
precocious rootstock characterized 
by low spur/canopy fruit-to-leaf area 
ratio (F:LA) (Maguylo et al., 2004; 
Webster and Schmidt, 1996; Whiting 
et al., 2005). A close negative rela-
tionship exists between canopy F:LA 
and fruit quality (Whiting and Lang, 
2004), but spur F:LA appears to be 
the most important intra-canopy fac-
tor affecting fruit quality (Whiting and 
Ophardt, 2005). Therefore, crop load 
management has not been a critical is-
sue in traditional sweet cherry orchard 
systems. Indeed, crop load in Maz-
zard-rooted trees is usually managed 
suffi ciently by dormant and summer 
pruning designed primarily to reduce 
vigor and improve light distribution. 
However, we have observed that such 
pruning techniques are insuffi cient 
for managing crop load for 1) new 
scion cultivars that are substantially 
more productive/precocious (and 
often, but not necessarily, self-fertile) 
than the dominant traditional PNW 
cultivar Bing, and especially, 2) new 
clonal rootstocks, such as the Gisela 
(Gisela Inc., Giessen, Germany) series, 
that induce precocity and reduce scion 
vigor compared to Mazzard (Whiting 
et al., 2005). Therefore, the develop-
ment of alternative crop load manage-
ment techniques will be critical as the 
PNW sweet cherry industry evolves 
to higher-effi ciency orchard systems 
based on new cultivars and rootstocks 
and planted at high densities.

In the PNW, ‘Gisela 5’ and the 
more vigorous but equally precocious 
‘Gisela 6’ are 2- to 6-fold more pro-
ductive on a tree basis and dwarfi ng, 
compared to the standard, Mazzard 
(Whiting et al., 2005). Moreover, trees 
on these Gisela rootstocks achieve full 
production several years before those 
on Mazzard. Whiting and Ophardt 
(2005) compared potential sweet 
cherry crop load management tech-
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niques and reported great potential 
for blossom thinning to reduce fruit 
number per tree and improve fruit 
quality and crop value. They reported 
an 11-fold increase in the yield of pre-
mium size fruit (>26.5-mm diameter) 
in response to manual blossom thin-
ning of ‘Bing’/‘Gisela 5’ trees. Manual 
blossom thinning is not a practical 
crop load management practice for 
commercial cherry growers, however, 
and very little research has examined 
potential chemical blossom thinning 
agents to date. 

The sweet cherry physiology 
program at Washington State Univer-
sity in Prosser has been fi eld-testing 
practical strategies for balancing fruit 
number with canopy area in high-
density orchard systems trials. These 
include modifi ed pruning, spur thin-
ning, inhibiting fl ower bud initiation, 
and chemical blossom thinning. The 
potential benefi ts of chemical blossom 
thinning have been modeled previously 
(Whiting and Lang, 2004; Whiting and 
Ophardt, 2005), but no literature has 
yet reported on practical strategies for 
achieving balanced cropping targets. 
The objective of this research was to 
study the effi cacy of several chemical 
thinning agents on yield and quality 
of ‘Bing’ sweet cherry grown on the 
precocious, productive, and dwarfi ng 
rootstock ‘Gisela 5’.

Materials and methods 
PLANT MATERIAL AND EXPERIMEN-

TAL DESIGN. ‘Bing’ sweet cherry trees, 
planted in Spring 1994 on ‘Gisela 5’ 
rootstock and spaced 2.5 × 5.0 m in 
north–south rows, were trained to a 
Y-trellised, multiple-leader architec-
ture at Washington State University’s 
Roza research orchard in Prosser (lat. 
46.2°N, long. 119.7°W). The soil was a 
silty loam limited by basalt at a depth of 
about 1.5 to 2 m. Trees were irrigated 
with under-tree microsprinklers weekly 
from mid-April to late October. Stan-
dard orchard management practices 
(irrigation, fertilization, pest control, 
and dormant pruning) were followed 
every year. 

The experimental orchard was 
about 1 ha and planted with two 
rows of ‘Bing’ alternating with one 
row of ‘Rainier’ so that pollinizer 
density was high (33%). Twenty-four 
‘Bing’/‘Gisela 5’ trees were selected on 
the basis of uniform vigor and potential 
cropping density, and were assigned to a 
completely randomized design with six 

single-tree replications per treatment. 
Each experimental tree was within 500 
ft of a beehive. Analyses of variance 
were conducted using the general linear 
models (GLM) procedure in SAS (SAS 
Institute, Cary, N.C.) and means were 
compared by Fisher’s least signifi cant 
difference (LSD) at 0.05. 

THINNING TREATMENTS. In 2002 
and 2003, water (C), 2% ammonium 
thiosulphate (ATS), a tank-mix of 2% 
fi sh oil + 2.5% lime sulphur (FOLS), 
and 3% vegetable oil emulsion (VOE) 
were each applied by air-blast sprayer 
at 200 gal/acre to heavily cropped 8- 
and 9-year-old ‘Bing’/‘Gisela 5’ sweet 
cherry canopies. Test trees were isolated 
by at least one untreated guard tree to 
the north and south. Applications were 
made at about 10% full bloom (FB) and 
again at about 90% FB. Trees received 
the same treatment in both years. 

FRUIT SET AND QUALITY. Thinner 
effi cacy was evaluated by determining 
fruit set on one east-facing and one 
west-facing limb per tree. Flowers on 
entire sections of 2-year-old wood 
(minimum of 100 fl owers, mean = 
158) were counted just prior to the 
unfolding of the perianth (i.e., “pop-
corn” stage). Within days of harvest, 
fruit on these limbs were counted 
and compared to the fl ower counts to 
determine percent fruit set.

At harvest, tree yield was deter-

mined in the fi eld. From each tree, 
randomly selected subsamples of a 
minimum of 100 fruit were collected 
and evaluated in the laboratory at room 
temperature for row-size (an industry 
size designation related to fruit equa-
torial diameter), mass, fi rmness (Fir-
mtech, BioWorks, Stillwater, Okla.), 
and soluble solids by refractometer. 
Crop value per tree was calculated 
from fruit yield and size relationships. 
Values are based upon average returns 
for fresh market quality ‘Bing’ sweet 
cherries from 2002 and 2003 (G. Allan, 
personal communication) and include 
packaging and marketing fees.

Results and discussion
FRUIT SET EFFECTS. Differences 

in thinning effi cacy existed between 
years and among thinners. In both 
years, fruit set of untreated C trees was 
close to 30% of available fl owers (Fig. 
1). Interestingly, despite the relatively 
high pollinizer density (33%), this is 
similar to the reported range of fruit 
set under optimum conditions for 
many cultivars in Italy (Roversi and 
Ughini, 1996). In both years, weather 
conditions were similar and favorable 
for pollinizer activity and fruit set (i.e., 
no precipitation, windspeed <5 mph, 
mean daily air temperature 55 °F). 

ATS and FOLS consistently 
reduced fruit set, whereas VOE did 

Fig. 1. Effect of chemical blossom thinner on fruit set (percent available fl owers) 
of 8- and 9-year-old ‘Bing’/‘Gisela 5’ sweet cherry trees. Bars with different let-
ters are statistically different within year by Fisher’s least signifi cant difference (P 
< 0.05, n = 8). ATS = ammonium thiosulphate, FOLS = fi sh oil + lime sulphur, 
VOE = vegetable oil emulsion.
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not. In 2002, each thinning treat-
ment reduced signifi cantly fruit set; 
compared to C, ATS caused an 80% 
reduction and FOLS and VOE caused 
about 60% reduction in fruit set (Fig. 
1). In 2003, ATS and FOLS reduced 
fruit set by about 33% compared to C, 
and VOE was ineffective. Reasons for 
these inconsistencies and differences 
among thinners are not understood 
fully, but likely related to differences in 
thinner mode of action, and possibly, 
tree/fl ower ontogeny, tree carbon 
balance, abiotic variables, and spray 
coverage. Unfortunately, few reports 
exist evaluating the infl uence of the 
pre- and postspray environment (e.g., 
windspeed, light, vapor pressure defi cit, 
and temperature) and abiotic factors on 
thinner uptake and effi cacy. In apple, 
thinning effi cacy was highest during 
periods of defi cit carbon supplies to 
fruitlets (Robinson and Lakso, 2004). 
This response is likely related to photo-
synthetic inhibition and an increase in 
dark respiration from certain thinners 
(Untiedt and Blanke, 2001; Yuan and 
Greene, 2000). 

The specifi c modes of action of 
the thinners evaluated herein are not 
fully understood. Reductions in fruit 
set likely stem from a combination of 
reduced net carbon balance (via pho-
tosynthetic inhibition and/or increase 
in dark respiration) and interference 
with pollination/fertilization from 
thinner causticity damaging key fl ower 
parts (e.g., stigmatic surface) involved 
in fruit set. We could fi nd no printed 
report on the effects of chemical blos-
som thinners on sweet cherry fl oral 
morphology/biology, but research 
in almond has verifi ed that fungicide 
sprays have direct detrimental effects on 
stigma morphology (Yi et. al., 2003). 
VOE may also function by sealing 
closed the unopened petals, thus dis-
allowing bee visitation and inhibiting 
pollination (Ju et al., 2001). 

The potential to affect sweet 
cherry fruit set via reductions in net 
carbon balance may be less important 
than the physical injury to the fl oral 
tissues. In sweet cherry, leaves expand 
rapidly, their development often con-
comitant, or within days before or 
after bloom. Young expanding leaves 
are carbon sinks, not net distributors 
of photoassimilates. Therefore, as-
similates for initial fruit growth are 
provided via reserves stored in the 
perennial woody tissue and not from 
the leaves developing during applica-

tion. It is therefore less likely that an 
inhibition of net CO2 exchange from 
chemical thinner application would 
affect fruit set. Currently, our lab is 
investigating thinner mode of action 
to better understand the relative roles 
of carbon balance and causticity. More-
over, we are investigating the potential 
for postbloom thinning of fruitlets by 
chemical means.

FRUIT YIELD AND QUALITY EF-
FECTS. In 2002, all thinning treat-
ments signifi cantly reduced yield and 
improved fruit quality compared to 
unthinned trees (Figs. 2–5). This is 
due to lower fruit set within thinned 
trees and, therefore, fewer fruit per 
tree and reduced competition among 
fruit for photoassimilates. This general 
response agrees with earlier reports 

Fig. 2. The effect of blossom thinning treatment on tree yield from 8- and 
9-year-old ‘Bing’/‘Gisela 5’ sweet cherry trees. Bars with different letters are 
statistically different within year by Fisher’s least signifi cant difference (P < 0.05, 
n = 8). ATS = ammonium thiosulphate, FOLS = fi sh oil + lime sulphur, VOE = 
vegetable oil emulsion, 1 kg = 2.2046 lb.

Fig. 3. Effect of chemical blossom thinner on fruit weight from 8- and 9-year-
old ‘Bing’/‘Gisela 5’ sweet cherry trees. Bars with different letters are statistical-
ly different within year (P < 0.05, n = 8). ATS = ammonium thiosulphate, FOLS 
= fi sh oil + lime sulphur, VOE = vegetable oil emulsion, 1 g = 0.0353 oz.
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on the negative relation between fruit 
quality and fruit yield per tree (Roper 
and Loescher, 1987; Whiting and 
Lang, 2004). However, reductions in 
fruit yield were lower, proportionally, 
than fruit set reductions because of an 
increase in the weight of remaining, 
unthinned fruit (Fig. 3). 

In 2002, yield was reduced by 
60%, 50%, and 30% for ATS, FOLS, 
and VOE, respectively. This is because 
mean fruit weight was improved only 
by 41%, 33%, and 30% for ATS, FOLS, 
and VOE, respectively—not enough to 
compensate for signifi cant reductions in 
fruit set (i.e., fewer fruit per tree). How-
ever, in 2003, fruit yield was unaffected 
by thinning treatment (Fig. 2), despite 
signifi cant reductions in fruit set with 
ATS and FOLS (Fig. 1). This suggests 
that, in 2003, about a 33% reduction 
in fruit set produced a well-balanced 
crop load because improvements in 
fruit weight/size compensated fully 
for there being fewer fruit per tree. By 
extrapolation, ATS- and FOLS-treated 
trees bore about 1222 fruit (11 kg of 
9-g fruit). A previous balanced crop-
ping model for ‘Bing’/‘Gisela 5’ trees 
suggested 2000 fruit as the optimum 
fruit number per tree (Whiting and 
Lang, 2004). This suggests that in 
2003 ATS- and FOLS-treated trees 
were slightly under-cropped, although 
they had ostensibly less canopy leaf 
area compared to trees from the previ-
ous report and hence, lower carrying 
capacity. To be sure, this target crop 
load will vary, depending on tree age, 
cultivar, rootstock, leaf area, and canopy 
architecture, among other factors. 

In 2002, each thinning treatment 
nearly eliminated the yield of the small-
est fruit (≤21.5 mm) and increased yield 
of large fruit (≥26.5 mm) by more than 
400%, compared to the unthinned C 
(Fig. 5). Yield of ≤21.5-mm-diameter 
fruit was 4.9, 0.1, 0.4, and 1.0 kg for 
C, ATS, FOLS, VOE, respectively. 
However, FOLS and VOE still yielded 
only 37% and 31% ≥26.5-mm-diameter 
fruit, respectively. Only ATS-treated 
trees yielded a majority of fruit (51%) in 
the premium size category. In contrast, 
C trees yielded only 5% in the premium 
category, and 29% were smaller than 
21.5-mm diameter. 

In 2003, we observed a different 

Fig. 4. Effect of chemical blossom thinner on fruit soluble solids from 8- and 
9-year-old ‘Bing’/‘Gisela 5’ sweet cherry trees. Bars with different letters are 
statistically different within year by Fisher’s least signifi cant difference (P < 0.05, 
n = 8). ATS = ammonium thiosulphate, FOLS = fi sh oil + lime sulphur, VOE = 
vegetable oil emulsion.

Fig. 5. Effect of chemical blossom thinner on yield distribution from 8- and 9-year-old ‘Bing’/‘Gisela 5’ sweet cherry trees. 
Bars with different letters are statistically different within year and size category by Fisher’s least signifi cant difference (P 
< 0.05, n = 8). ATS = ammonium thiosulphate, FOLS = fi sh oil + lime sulphur, VOE = vegetable oil emulsion, 1 mm = 
0.0394 inch, 1 kg = 2.2046 lb.
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response (Fig. 5). Unthinned trees 
were 32% lower yielding and produced 
better-quality fruit compared to the 
previous year. In fact, there were al-
most no fruit smaller than 21.5 mm 
(about 2%) and most were 26.5 mm 
and larger (51%). These data suggest 
that there were fewer fl owers on trees 
in 2003 because fruit set was no differ-
ent between years. ATS and FOLS did 
not reduce the yield of small fruit but 
did increase the yield of large fruit by 
60%, compared to C. In addition, the 
ATS and FOLS treatments produced 
about 82% fruit ≥26.5 mm. 

In contrast, VOE was largely 
ineffective as a thinner in 2003; fruit 
set was unaffected and trees produced 
lower-quality fruit than C. For example, 
VOE-treated trees yielded signifi cantly 
more small fruit per tree (4.3 vs. 0.15 
kg) and less premium quality fruit (3.4 
vs. 5.8 kg) compared to the unthinned 
C (Fig. 5). In addition, fruit soluble 
solids from VOE-treated trees were 
~10% lower than fruit from C trees 
(Fig. 4). This yield and fruit quality 
response is a concern and suggests 
that VOE exerted a phytotoxic effect 
beyond that which may cause thin-
ning. We have documented signifi cant 
reductions in net photosynthesis from 
VOE application (Lenahan and Whit-
ing, unpublished).

Profi tability of any orchard sys-
tem depends upon fruit yield, quality, 
price, and expenses involved in plant-
ing, maintaining, and harvesting the 
orchard. In a preliminary analysis, 
gross crop value was estimated from 
detailed yield and size data collected 
in both years (Table 1). The perfectly 
balanced crop would optimize yield, 
and maximize crop value per tree or 
acre. In 2002, estimated gross crop 
value (dollars/tree) was highest for 
unthinned C due to excessive thinning 
and low yields from treated trees. This 
analysis highlights a potential pitfall of 
any chemical thinning program: too 
great a yield reduction despite improve-
ments in fruit quality and crop value on 
a weight basis (i.e., dollars/kg, Table 1) 
achieved with thinning. In 2003, crop 
value per tree and per kilogram from 
C, ATS, and FOLS was higher than 
the previous year, refl ecting again the 
overall improvements in fruit quality 
compared to 2002. The highest crop 
values were achieved with ATS and 
FOLS on both a tree (~$34/tree) and 
weight (~$3.1/kg) basis. These per 
tree values would translate into gross 

returns of ~$13,260/acre at 390 trees/
acre (i.e., 8 × 14 ft). Crop value was 
the lowest in 2003 from VOE-treated 
trees, refl ecting poor fruit quality.

In conclusion, compared to un-
thinned trees, ATS and FOLS consis-
tently reduced fruit set and improved 
fruit quality compared to C, while 
VOE was inconsistent. However, 
these results should be interpreted 
with caution; they are preliminary data 
from one location and scion/rootstock 
combination over 2 years. The long-
term effects of these blossom thinners 
on different cultivars, locations, and 
crop value must be studied before ef-
fective recommendations can be made. 
However, commercially acceptable 
yields of excellent quality sweet cher-
ries can be grown on size-controlling 
and precocious rootstocks. 
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Table 1. Estimated effect of chemical 
thinning program on gross value of 
‘Bing’ sweet cherries.
 Crop value
Year Treatmentz ($/tree)y ($/kg)y

2002 Control 26.0 1.50
  ATS 17.5 2.62
  FOLS 20.3 2.36
  VOE 24.7 2.21
2003 Control 29.6 2.63
  ATS 35.6 3.07
  FOLS 33.5 3.14
  VOE 23.9 1.78
zATS = ammonium thiosulphate, FOLS = fi sh oil + lime 
sulphur, VOE = vegetable oil emulsion.
y$1.00/kg = $0.4536/lb.
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