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“Since 2015, we have set up several 
trials … to investigate new strategies 
or uses of PGRs that could potentially 
improve fruit production practices.  In 
this article, we present the most recent 
findings from the last three years on 
how PGRs and PGR-like compounds can 
manipulate two of the most common 
practices: fruit thinning and flower 
formation..”

The Use of Plant Growth Regulators for Crop Load 
Management in Apples – I.  Fruit Thinning and 
Flower Formation
Poliana Francescatto, Terence Robinson, Jaume Lordan and Peter Herzeelle
Horticulture	Section,	School	of	Integrative	Plant	Science,	Cornell	University,	NYSAES,	Geneva,	NY

Keywords:	Flower	initiation,	return	bloom,	fruit	thinning,	metamitron,	ACC

Plant growth regulators (PGRs) can be defined as 
naturally occurring or synthetic compounds that affect 
developmental or metabolic processes in higher plants, 

mo st ly  at  low 
dosages .  They 
do not possess 
a nutritive value 
and, typically, are 
not phytotoxic.  
P G R s  p l ay  a n 
important role 
in the pome fruit 
industry.  They can 
be used in many 
aspects of orchard 
management and 
are very effective 
tools when used at 
the correct stage 

of tree development.  PGRs encompass a broad category of 
compounds that promote, inhibit, or modify plant physiological 
or morphological processes.  There are five broad categories of 
internationally recognized plant hormones: auxin, gibberellin 
(GA), cytokinin (BA), abscisic acid (ABA) and ethylene.  The 
most common and well-known practices using PGRs on fruit 
crops include dormancy breaking, modifying tree growth 
and structure – stimulation or reduction of shoot elongation, 
inducing flowering and fruiting, removing excess fruit, improving 
fruit quality, accelerating or delaying of senescence processes, 
including defoliation and fruit maturity or pre-harvest drop, etc.  
 Since 2015, we have set up several trials at the New York 
State Agricultural Experiment Station and in cooperation with 
growers in Western New York to investigate new strategies or 
uses of PGRs that could potentially improve fruit production 
practices.  In this article, we present the most recent findings 
from the last three years on how PGRs and PGR-like compounds 
can manipulate two of the most common practices: fruit thinning 
and flower formation.

Fruit thinning
	 The use of PGRs for fruit thinning is a common and essential 
practice in the fruit industry.  Managing crop load is one of the 
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most important management tasks faced by apple growers.  
Producing fruit of the appropriate size and high quality is 
essential to ensure profitability.  The decision over which thinning 
strategy to use to provide the best results is complex and will vary 
from orchard to orchard and season to season; furthermore, a 
combination of strategies is often helpful.  If the thinning program 
fails and trees end up with excessive crop load, fruit quality will 
be compromised and flowering the following year will be reduced 
or non-existent.  
 Products currently registered for post-bloom thinning of 
apples in the US include the cytokinin 6-benzyladenine (6-BA), 
and the auxins NAA and NAD, the ethylene-releasing agent 
Ethrel/ethephon, and a non-PGR compound, carbaryl.  These 
products are often applied in different combinations and at 
different times during the thinning window.  Some of these 
compounds, notably carbaryl, are coming under increasingly 
stringent regulatory pressures worldwide.  Currently, retailers 
such as Whole Foods market and the Eco-Apple program (for 
growers who supply Whole Foods), do not accept apples that 
have been treated with carbaryl.  Thus, the range of thinners is 
becoming narrower and the search for new alternatives has been 
a priority among researchers.
 Several of our thinning trials have focused on two alternatives: 
the combination of existing products and testing new compounds, 
such as ACC and metamitron.
 6-BA plus NAA.  The combination of 6-BA+NAA has been 
as effective as, and sometimes more effective than, the standard 
combination using carbaryl that growers are comfortable using 
(carbaryl+6-BA or carbaryl+NAA).  Table 1 shows the effect 
of different thinner combinations applied on an older block of 
Gala/M.9 at petal fall (PF) and re-applied at the 10–12 mm or 
18 mm fruit size stage.  There is clearly a reduction in crop load 
from all combinations compared with the untreated control trees.  
The combination of 100 ppm 6-BA + 10 ppm NAA applied twice 
(PF and 10–12mm) was slightly more effective than the standard 
treatment applied at the same timing regarding fruit thinning.  
Crop value was very similar between the BA combinations and 
the NAA combinations, due to increased fruit size provided by 
the 6-BA+NAA combination, which compensated for the reduced 
fruit number per tree.  
 We also looked at the effects of the combination of NAA+6-
BA and the different rates of 6-BA (50 to 100 ppm, 32 to 64 fl 
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oz Maxcel/100 gal) and NAA (5 to 15 ppm, 2 to 6 fl oz Fruitone 
L/100 gal ) plus carbaryl on thinning of the two new NY varieties, 
SnapDragon and RubyFrost.  Over the three-year experiment, we 
observed that SnapDragon is a little easier to thin than Rubyfrost, 
though both appeared to be hard to thin.  Both PGRs thinned to 
a certain extent; there was a trend towards increased fruit size 
at the highest rates of either compound.  None of the rates and 
combinations caused over-thinning when applied at the regular 
thinning window (around 10 mm fruit size).  NAA was more 
effective than 6-BA in causing fruit abscission of Rubyfrost, but 
fruit size was not substantially increased at the highest rate of 
NAA (15 ppm or 6 fl oz Fruitone L/100 gal) given the reduction 
in crop load.  In contrast, for SnapDragon, no difference in 
thinning efficacy between the two compounds was observed 
(Table 2).  However, due to the weak growing characteristic of 
this variety, a high rate of 6-BA or the combination of 6-BA and 
NAA would be preferable if applied at this stage of fruit size.  
 Pruning vs thinning.  Besides thinner efficacy, the level of 
fruiting buds that are left during pruning can greatly influence 
fruit thinning requirements, fruit quality, tree vigor and return 
bloom.  Our research efforts are also focused on finding the 
right balance between pruning and thinning that maximizes 
profitability, since growers get paid by both yield and fruit size.  
Although the fresh apple market rewards fruit growers for large-
sized apples, the drawback of producing very large Gala apples 
is that the grower will have to significantly reduce yield per tree.  
Thus, to determine if the reduction in yield is profitable, crop 
value must be calculated.  
 In order to investigate this question, a four-year study was 
conducted using mature Gala trees on M.9T337 rootstock 
planted in 2009 (1,156 trees/acre).  Trees were pruned to six 
different bud loads at tight cluster stage in the spring of 2014, 
2015, 2016 and 2017.  Bud loads were defined as the ratio of 
flower buds : final desired fruit number per tree.  The initial 
desired fruit number for these trees was determined to be 130 
fruits per tree, to achieve 100-count fruit size and 75 t/ha.  The 
seven bud loads were 1 bud : 1 final desired fruit number per 

tree or 1.5:1, 2.0:1, 2.5:1, 3.0:1 or 3.5:1.  After pruning, trees were 
hand- or chemically thinned.  To determine the optimum bud 
load, crop value for each of our treatments was calculated by 
assigning prices to each category of a predicted fruit size and 
color distribution.  Our first year’s results (2014) indicated that a 
target bud number of 1.5–2 times the final desired fruit number 
resulted in better success with chemical thinning and optimum 
crop value.  But, when data from all four years were combined 
irrespective of thinning treatment (hand or chemical), a strong 
and statistically curvilinear relationship was observed between 
crop value and bud load, although only 6% of the variation was 
explained by this model.  This resulted in a relatively higher bud 
load optimum of 2.0–2.5 than that found in 2014 (Robinson et 
al. 2014).  Moreover, results indicate that maximum crop value 
was achieved when fruit size was about 150 g and fruit number 
was 321 fruits/tree, which is double the target fruit number we 
had assumed before the experiment.  
 When years were studied separately, 2016 gave very 
different results than the other three years, with a negative linear 
relationship between crop value and bud load with the lowest 
bud load (1:1) having the highest crop value.  This was likely 
due to the severe drought conditions experienced in that year, 
resulting in very small fruit size.  If weather could be predicted, 
pruning should be more aggressive in dry years.  Sometimes, 
when growers attempt to get large size, they are sacrificing some 
dollars.  The four-year study shows that they would make more 
money with Gala at higher fruit loads and moderate fruit size.
 ACC (1-aminocyclopropane carboxylic acid).  ACC is 
a naturally occurring amino acid/precursor to ethylene that 
has demonstrated great efficacy in thinning larger fruit (18–20 
mm).  We have also been testing it at earlier stages (8–12 mm 
fruit size) with good results.  So far, our studies have shown: 
1) Temperatures during and after ACC application appear 
to be as important as rates; 2) Fruit drop can be observed 
within six days after ACC application; 3) Cultivars differed in 
their sensitivity  to ACC and the rate for each cultivar should 
be determined separately; 4) Besides fruit drop, leaf drop was 

Treatments Timing Fruit	set	(
fr/cluster)

Crop	load	(no/
cm2	TCA)

Fruit	No.						
per	tree Yield/acre	(bu) Fruit	Size	(g) Crop	value	($/acre)

1 Untreated         Control - 1.05a 4.8a 719a 1,947a 111b  $2,139 

2 2x 75 ppm 6-BA + 7.5ppm NAA PF / 10-12mm 0.56b 1.7bc 318bc 1,087bc 142a  $3,170 

3 2x 100 ppm 6-BA + 7.5 ppm NAA PF / 10-12mm 0.39c 2.2bc 291c 1,078bc 151a  $5,955 

4 100 ppm 6-BA + 7.5 ppm NAA /                  
300 ppm ACC + 0.125% Regulaid

10-12mm               
18-20mm 0.37c 1.4c 237c 838c 144a  $4,038 

5 10 ppm NAA + Carbaryl /                         
100 ppm 6-BA + Carbaryl

PF                          
10-12mm 0.56b 2.6b 426b 1,446b 139a  $5,651 

										Duncan	P≤0.05 ** ** ** ** ** -

Table	1.		Effect	of	different	thinner	combinations	on	fruit	thinning	of	Gala/M9	at	Geneva,	NY.

20-year old Stark Royal Gala/M.9 trained as central leader and planted at 445 trees/acre. 
TRV (tree row volume) used: 200 gallons (2x).
75 or 100 ppm 6-BA = 48 fl.oz or 64 fl.oz Maxcel/100 gallons.
7.5 or 10 ppm NAA = 3 fl.oz or 4 fl.oz Fruitone L.
Carbaryl = 1 pint Sevin/100 gallons.
ACC (1-aminocyclopropane carboxylic acid) is a new thinner compound from Valent Biosciences.
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also observed and may somehow affect fruit size if too severe.  
Leaf drop can be greatly reduced if 6-BA is added to the tank or 
applied previously.  
 Metamitron.  Metamitron is not a PGR.  It has been used 
as a herbicide in sugar beets in more than 25 countries.  It has 
been extensively tested as an apple thinner throughout the 
world, and is already available in some European countries for 
that purpose; it is registered by Adama under the trade name 
Brevis.  The product creates a photosynthetic deficit in the tree by 
binding to the electron receptors in photosystem II.  Our results 
show the higher the rate, the greater the reduction in whole-tree 
photosynthesis (Figure 1), with the maximum reduction occuring 
between 3–8 days after metamitron application, depending on 
the year or temperature around application.  
 Thinning effect is greatest when metamitron is applied at 
8–12 mm fruit size.  No negative effect on fruit size was observed, 
and the lower the crop load, the larger the fruit at harvest (Figure 
1).  Growers will have to be cautious about the rate to be used.  As 
it is a photosynthesis inhibitor, in years with a large carbohydrate 
deficit or cloudy conditions and extremely high (especially at 
night) temperatures, over-thinning can occur even with a lower 
rate.  Therefore, our research has focused on finding the most 
appropriate rate that can be adjusted according to the climate 
condition at application.  So far, our results are very promising.  

Both ACC and metamitron have great potential as tools to 
optimize chemical fruit thinning.

Return bloom
	 Four principal ontogenetic processes of flower development 
can be described: flower induction, initiation, differentiation and 

Table	2.	Effect	of	different	thinner	compounds	and	rates	on	fruit	thinning	of	SnapDragon	and	Rubyfrost	applied	at	the	regular	thinning	window	(10	mm	
																	fruit	size	at	Geneva,	NY.

Treatment Crop	load	(no/
cm2	TCA)

Fruit	No.	
per	tree Yield/acre	(bu) Fruit	Size	(g) Adj.	Size	(g) 	Crop	value	($/acre)	

Sn
ap

D
ra

go
n

Untreated Control 22.9a 235a 1674a 117d 151  16,255 

2 fl.oz FruitoneL + 1pint Carbaryl/100 gal 16.1b 167b 1481abc 142c 142  21,807 

4 fl.oz FruitoneL + 1pint Carbaryl/100 gal 13.9bc 151bc 1434abc 150abc 138  25,091 

6 fl.oz FruitoneL + 1pint Carbaryl/100 gal 11.9bc 116c 1146c 158abc 134  20,230 

32 fl.oz Maxcel + 1pint Carbaryl/100 gal 14.7bc 172b 1561ab 143c 135  24,127 

48 fl.oz Maxcel + 1pint Carbaryl/100 gal 15.2bc 164b 1536ab 147bc 141  25,295 

64 fl.oz Maxcel + 1pint Carbaryl/100 gal 14.1bc 133bc 1364ab 160ab 147  27,411 

48 fl.oz Maxcel + 3 fl.oz FruitoneL 10.5c 118c 1274bc 167a 134  25,078 

Duncan	P≤0.05 ** ** * ** NS -

Contrast

6-BA vs NAA NS NS NS NS NS -

Ru
by

Fr
os

t

Untreated Control 14.1a 204a 1891ab 147c 162c  32,271 

2 fl.oz FruitoneL + 1pint Carbaryl/100 gal 12.3ab 169abc 1822ab 174ab 177ab  38,952 

4 fl.oz FruitoneL + 1pint Carbaryl/100 gal 10.8bc 147bc 1654ab 185ab 179ab  37,344 

6 fl.oz FruitoneL + 1pint Carbaryl/100 gal 9.8c 140c 1502b 190a 179ab  30,916 

32 fl.oz Maxcel + 1pint Carbaryl/100 gal 12.9ab 183ab 1884ab 163bc 171bc  38,894 

48 fl.oz Maxcel + 1pint Carbaryl/100 gal 11.1bc 182ab 1989a 178ab 174ab  43,269 

64 fl.oz Maxcel + 1pint Carbaryl/100 gal 12.1abc 166bc 1870ab 183ab 185a  43,010 

48 fl.oz Maxcel + 3 fl.oz FruitoneL 11.4bc 168abc 1791ab 178ab 176ab  36,286 

Duncan	P≤0.05 ** ** NS ** ** -

Contrast

6-BA vs NAA * * * NS NS -

7-8-year old trees/M.9 trained as central leader and planted at 1157 trees/acre. 
TRV (tree row volume) used: 150 gallons (2x). 
2, 4 and 6 fl.oz Fruitone L/100 gallons are equivalent to 5, 10 and 15 ppm of NAA, respectively.
32, 48 and 64 fl.oz Maxcel/100 gallons are equivalent to 50, 75 and 100 ppm of 6-BA, respectively.

Figure	1.	 Whole-tree	 gas	 exchange	 chambers	 used	 to	 determine	 apple	
tree	 responses	 to	 metamitron	 concentrations	 (Photo:	 P.	
Francescatto).
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anthesis (bloom).  The first three events take place during the 
previous growing season: the new bourse shoots initiate flower 
primordia and each flower will then form the floral organs, 
including the ovary enclosed by the receptacle (floral tube).  
 Flower induction in plants is regulated by complex networks 
that involve endogenous and multiple environmental signals to 
ensure that flowering occurs at the appropriate time.  It is the first 
process of flower formation and is difficult to determine.  The 
appearance of a dome-like meristem is the most described feature 
and the first visible indication of transition from vegetative to 
floral development (Foster et al. 2003), and is known as flower 
initiation (Figure 3).  Flower differentiation is the development 
of the individual floral organs, such as sepal, petals, stamens, 
etc., and takes place thereafter.  
 Among the endogenous substances that have been 
investigated so far, plant hormones are the only ones that 
have consistently proven to have a close relationship to flower 
induction.  They play an important regulatory role in the 
physiological activities of flower buds, including flower bud 
suppression, initiation and differentiation.  Ethylene and auxin-
induced ethylene synthesis has long been shown to promote 
flowering in fruit crops, such as apples.  Gibberellins (GAs) 
negatively regulate the flower induction of fruit trees.  Seeds in 
developing apple fruits are high in GA and, therefore, GAs have 
been implicated in flower initiation inhibition.
 Many tree fruit species including pear and apple trees 
exhibit a tendency for biennial bearing.  Biennial bearing in tree 
fruit is influenced by many factors such as crop load, the ratio 
between carbohydrates and nitrogen, pruning, hormonal activity 
and cultivar.  The differences among cultivars is determined 
by genetic factors.  In cultivars that are susceptible to biennial 
bearing, heavy cropping in one year will inhibit flower initiation, 
and therefore, reduce flowering and cropping in the subsequent 
season.  
 Extensive research evaluating cultural practices such as fruit 
thinning, foliar nutrients, pruning, girdling, and defoliation have 
been somewhat effective at mitigating biennial bearing, but these 
are not consistent.  Summer sprays of PGRs (ethylene such as 
ethephon and NAA-induced ethylene production) have become 
a common practice with some cultivars, to alleviate biennial 
bearing and get regular yields.  
 Timing of flower induction/initiation is the most critical 
factor in determining when PGR summer sprays or other 
practices should be performed.  This varies from species to 
species, between cultivars from the same species, as well as 
among bud positions within the same tree.  This author’s 
PhD studies (Francescatto 2014) and our recent work have 
investigated the timing of flower initiation and differentiation of 
different apple cultivars.  We have observed that varieties that are 
prone to biennial bearing initiate flower formation much earlier 
in the growing season than the annual cropping varieties, such as 
Gala.  For instance, our studies have shown that flower initiation 
(Figure 3) in spur buds of Gala starts around 70 days after full 
bloom (DAFB) and reaches its peak around 85 DAFB.  In Fuji, the 
peak occurs around 65 DAFB, with the first flower buds appearing 
around 55 DAFB.  With Honeycrisp, we found that about 95% of 
the buds collected 45 DAFB were already classified as floral buds.  
Considering that flower induction is triggered some time before 
flower initiation, it is clear that the period of flower formation in 
Honeycrisp and Fuji can be negatively affected by late thinning; 

Figure	2.	 Effects	of	metamitron	on	fruit	number	per	tree	and	fruit	size	of	
Gala/M9	in	2016	and	2017	at	Geneva,	NY.	 	Trial	was	conducted	
in	a	20-year	old	Stark	Royal	Gala/M.9	orchard	trained	as	central	
leader	and	planted	at	445	trees/acre.		TRV	used:	200	gallons	(2x).		

Figure	3.		 Dome-shaped	apical	meristem	of	an	apple	bud	showing	the	first	
visible	 sign	 of	 the	 transition	 to	 the	 flowering	 state	 (Photo:	 P.	
Francescatto).

this is especially true for Honeycrisp.  Aggressive early thinning, 
mostly at bloom and petal fall, is certainly the best and most 
successful approach to overcome the biennial bearing issues and 
produce regular crops for these varieties.  
 We also have been looking at the effects of NAA and ethephon 
summer sprays on return bloom of Honeycrisp and Fuji at Geneva.  
Over the past years, five to six weekly applications of ethephon 
(150 ppm), NAA (10 ppm) and their combinations beginning 30 
days after full bloom (DAFB) have shown inconsistent results and 
have not always been satisfactory.  However, the results clearly 
showed the importance of knowing and understanding flower 
initiation.  Taking into account that timing of flower induction 
varies among cultivars, the applications made on Honeycrisp 
were, in fact, too late.  The idea of having NAA as a thinner at 
bloom, petal fall and at 8–10 mm fruit size could be a good choice 
in the case of Honeycrisp to help promote flower formation.  
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Then, if thinning is accomplished, 
weekly applications of NAA 
at low doses (3–5 ppm) at 15 
mm up to 40 DAFB is more 
recommendable and reasonable.  
In the case of Fuji, due to the fact 
that NAA causes pygmy fruit 
formation, ethephon should be 
preferable.  However, we believe 
that higher rates, such as 300 
ppm instead of 150 ppm, would 
be more effective.  Furthermore, 
two, perhaps three, applications 
from 40 to 54 DAFB would be 
an option.  However, growers 
should be aware that the use 
of ethephon under conditions 
such as cloudy weather and 
high temperatures, especially 
nighttime temperatures, may 
cause fruit thinning.  We must 
point out that none of the PGR 
programs will work in heavily 
loaded trees, thus appropriate 
thinning before summer PGR 
sprays is necessary.
 R e g a rd i n g  l a te  f l o w e r 
formation, we have not observed 
any f lower development on 
already formed spur buds late 
in the season; however, we did 
observe a second flush of flower 
formation on terminal buds (and 
axillary buds) of one year-old 
shoots if regrowth occurs around 
July/August, at a minimum level 
(Figure 4).  Furthermore, when 
mechanical pruning/hedging is 
performed during summer, the 
terminal buds of short re-growths 
or the regrowth of axillary buds 
may also form a late flower bud, 
but that will greatly depend on 
the current crop load (Figure 5).  
Sometimes, initiation can occur very late, around November/
December; however, we are not sure if the bud will make it to 
the flowering period.

Future Research Directions
 Several other PGR projects have been conducted at the New 
York State Agricultural Experiment Station in Geneva, and on 
NY growers’ farms that are not listed here but will be reported 
on in the near future.  As our research progresses, we expect to 
provide much more information and guidance to growers on 
the benefits of using PGRs to manage crop load, enhance fruit 
quality/size and tree growth.  
 We will continue our efforts seeking new, and hopefully 
efficient and profitable, strategies to improve and standardize 
fruit orchard practices to deliver more uniform, high quality apple 
fruit.  These new, improved management strategies will help NY 

Figure	4.	 Shoot	 regrowth	 in	 apples	 that	 can	 eventually	 occur	 during	 summer	 (on	 left).	 	 A	 short	 regrowth	
showing	 late	 flower	 bud	 development	 at	 the	 terminal	 bud	 and	 axillary	 buds	 (on	 right)	 (Photo:	 P.	
Francescatto).

Figure	5.	 Potential	 floral	 bud	 formation	 on	 short	 re-growths	 after	 summer	 mechanical	 pruning	 (Photo:	 P.	
Francescatto).

apple growers increase the percentage of crop harvested in the 
highest quality categories.  
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