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“To date, an effective method to improve 
fruit set following a spring freeze 
during the pre-bloom period of green 
tissue development has not been 
identified... The purpose of this study 
was to characterize the effectiveness of 
the “Spring Tonic Spray” and Promalin 
applied to Cortland and Honeycrisp 
several weeks after the 2016 spring 
freeze event.”
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I	f the abnormally warm weather this past winter and during 
the month of August are any indication, the climate in the 
Hudson Valley is changing.  Many scientists expect shorter, 

warmer winters 
with longer and 
hotter summers 
to become more 
commonplace in 
the future.  As a 
result, new chal-
lenges are like-
ly to emerge in 
Hudson Valley 
apple orchards.  
Growers experi-
enced one such 
chal lenge this 
past spring. The 

early season accumulation of heat units led to McIntosh green tip 
(GT) at the Cornell Hudson Valley Research Lab on March 16th, 
almost three weeks earlier than average.  Development continued 
at a faster than normal pace, reaching half-inch green to early 
tight cluster (TC), depending on the variety, by April 5th.  Disaster 
struck in the early mornings of April 5 and 6 as temperatures 
dipped into the single digits in Columbia County, and the low 
teens in Ulster Co.  According to published cold injury charts, 
flower bud mortality should have been close to 100%.  In reality, 
a substantial number of buds survived and resumed development 
(Figures.  1–2).  At the pink bud stage, the weather cooled, with 
the bloom period being cold, wet, and much longer than normal.  
The period from pink to petal fall was as long as three weeks for 
some varieties.  In the end, full bloom occurred only 5–8 days 
earlier in 2016 compared with 2015.
 The temperatures at which fruit buds are injured depend pri-
marily on their stage of development.  When buds begin to swell 
and expand into blossoms, they become less resistant to freeze 
injury.  For each stage of development, data is published showing 
at which temperatures 10% and 90% of apple fruit buds are killed.  
However, little has been published on how the tree as a whole, 
or specifically the fruit buds, respond to an early freeze event in 
terms of fruit set.  Stover et al. (1999) studied responses to differ-
ent combinations of nutrients such as boron, zinc and nitrogen, 
applied in prebloom sprays after dormant tissue damage. The 
combination of boron, zinc, and nitrogen applied in a tank mix 
has been commonly termed a “Spring Tonic Spray”.  These plant 
nutrients are often applied as soil amendments if the deficiencies 
are indicated by soil and foliar testing.  However, for a more im-

Figure	1.	 	Freeze-damaged	flower	cluster	
on	 15	 April	 2016,	 9	 days	
following	 the	 freeze	 event.		
[Photo	by	Sarah	Rohwer].

Figure	2.		Freeze-damaged	flower	cluster	at	the	tight	cluster	stage.		[Photo	
by	Dan	Donahue]

mediate effect, these nutrients can be also applied via foliar sprays.  
Boron is known to improve pollen tube development and ger-
mination in fully developed flowers, and foliar applications have 
been shown to increase fruit set.  In addition, a prebloom spray 
of boron is also beneficial 
in overcoming the effects 
of winter injury to buds 
(Stiles and Reid 1991).  
Zinc is known to influ-
ence growth of the leaves 
and new shoots, as well 
as the development of 
the pollen tubes and seed 
set.  Finally, nitrogen 
is known to positively 
influence fruit set.  Less 
well understood is how 
foliar-applied nutrients 
might help damaged tis-
sue recover from a se-
vere freeze event that oc-
curred during the green 
tip through tight cluster 
period.
 Researchers in New 
York and North Carolina 
have also reported that 
applications of the plant 
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growth regulator Promalin, a combination of benzyl adenine (a 
cytokinin) and GA 4+7 (gibberellins) immediately following a 
severe frost event during bloom can significantly increase fruit 
set and yield in apple trees.  Promalin stimulates the retention of 
fruitlets with nonviable or missing seeds that otherwise would 
have fallen from the tree after bloom.  Basically, Promalin sends 
hormonal signals to the tree that the seedless fruitlets are still 
viable and continued retention is justified.  The practical result 
can be the development to harvest of parthenocarpic (seedless) 
fruit.  Such fruit would be a challenge to chemically thin later 
on, and perhaps store after harvest, but retention of such fruit is 
certainly an improvement over the alternative of having no fruit 
at all.  
 To date, an effective method to improve fruit set following a 
spring freeze during the pre-bloom period of green tissue devel-
opment has not been identified.  Variations in cultivar response 
are also unknown.  One challenge in pursuing such research in 
the orchard is the unpredictability of this type of freeze event, as 
no freeze equals no results, so it would be difficult to plan for a 
field trial.  The freeze of early April 2016 presented a (thankfully) 
rare opportunity to test the effectiveness of established damage 
mitigation strategies.  For this reason, given the unexpected op-
portunity, the concern at the time that the industry was looking 
at a potential 100% crop loss, uncertainty regarding the quality 
of further seed development, and based on the little informa-
tion published about the timings and the products used as a 
freeze-rescuers, the purpose of this study was to characterize the 
effectiveness of the “Spring Tonic Spray” and Promalin applied 
to Cortland and Honeycrisp several weeks after the 2016 spring 
freeze event.

Materials and Methods
Experiment	1
 Treatments were evaluated in an experimental orchard plant-
ed in 1995 at the Hudson Valley Research Laboratory (Highland, 
New York).  This orchard contained 56 plots, wherein each plot 
contained Golden Delicious (Smoothee strain), Cortland (Redcort 
strain) and Jerseymac, all propagated on M.9 rootstock.  Cortland 
was the variety evaluated in this trial.  Trees were trained to a 
slender spindle, spaced at 6 ft (1.8 m) between trees within the 
row and 36 ft (11 m) between rows, and grown in Bath gravelly 
silty loam soil.  A randomized complete block design was used, 
with two plots per replication (four replications total) for each 
treatment.  Except for chemical thinning, standard commercial 
management practices recommended for the area were followed.
 The “Spring Tonic Spray” consisted of a tank mix of Boron 
(Solubor 0.8 lb/A), Zinc (EDTA-Zinc 1.2 pints/A), and Urea 
(46% formulation 2.4 lb/A).  The Promalin spray was applied at 
1.2 pint/A.  The experimental treatments consisted of the fol-
lowing: 1. Unsprayed control; 2. A single spray of Tonic at early 
pink stage (21 April); 3. A single spray of Promalin at bloom (25 
April); and 4. A single spray of Tonic at early pink stage (21 April) 
plus a single spray of Promalin at bloom (25 April).  Treatments 
were applied using an airblast sprayer that delivered 67 gallons 
per acre with tree-row volume calculated at 185 gallons per acre 
(2.76X concentration).  
 Between the late tight cluster and early pink bud stages (18 
April), 100 buds (25 buds x 4 replications) were dissected to evalu-
ate the damage from the freeze event that occurred around 7:00 
AM on 5 April and 6:00 AM on 6 April. (Table 1).  On these early 

mornings, the minimum temperatures were 18.9°F and 21.6°F, 
respectively, according to the NEWA weather station located in 
the research orchard.  Bud samples were collected prior to the 
application of any treatments.
 At full bloom, five days following the Promalin application, 
10 flower clusters per tree were selected and evaluated on the 
tree, without detaching the flowers.  Each flower was described 
as dead or alive, according to the pistil status.  The pistil is the 
organ most susceptible to a freeze event, followed by the ovary, 
ovules, epidermis and receptacle.  After that, percent king flower 
survival and percentage of all flowers surviving were calculated.  
In mid-June, the number of fruits per tree was counted and the 
trunk circumference was measured, to calculate the crop load 
for each tree.

Experiment	2
 Treatments were evaluated on Honeycrisp in a commercial 
orchard planted in 2000 at Milton Farm (Milton, NY) by Crist 
Brothers Orchard, Inc.  Trees were on M.26 rootstock, trained 
to a vertical axis tree form, spaced at 6 ft (1.8 m) between trees 
within the row and 16 ft (4.8 m) between rows, and grown in Bath 
gravelly silt loam soil.  A randomized complete block design was 
used, with three trees per replication (four replications total) for 
each treatment.  Commercial orchard management practices 
commonly recommended for the Hudson Valley region were 
followed, including fertilization, pest management, and chemical 
thinning (NAA and carbaryl).
 The experimental treatments consisted of the following: 1. 
Unsprayed control; 2. A single spray of Tonic at early pink stage 
(16 April); 3. A single spray of Tonic at late pink stage (23 April).  
4. A single spray of Promalin at bloom (30 April); and 5. A single 
spray of Tonic at early pink stage (16 April) plus a single spray 
of Tonic at late pink stage (23 April).  Treatments were applied 
using an airblast sprayer calibrated to apply 70 gallons per acre 
with tree-row volume calculated at 200 gallons per acre (2.85X 
concentration).  The rates per acre for Boron (Solubor), Zinc 
(EDTA-Zinc), Urea and Promalin were 1.0 lb, 0.75 pt, 3.0 lb, and 
1.5 pt, respectively.
 At pink stage (21 April), 100 buds (25 buds x 4 replications) 
were dissected to evaluate the damage from the freeze events that 
occurred on 5 and 6 April.  On these early mornings, according to 
grower data, minimum temperatures dropped to 17°F and 19°F, 
respectively.  Bud samples were collected from trees that were 
not used for this trial, but they were located nearby in the same 
rows. (Table 1).
 At full bloom and after five days of Promalin application, 10 
flower clusters per tree were selected and evaluated on the tree, 
as described for Experiment 1.  Also, in mid-June, the number 
of fruits per tree were counted, the trunk circumference was 
measured and the crop load for each tree was calculated.

Results and Discussion
 The 2016 winter in eastern New York was unusually mild.  
The lowest mid-winter temperatures observed were -10.5°F at the 
Highland orchard site and -9.4°F at the Milton orchard site, both 
on 14 February.  The combination of a mild winter and early spring 
contributed to green tip (McIntosh) occurring in the Highland 
orchard 19 days earlier than average.  Therefore, when the freeze 
event occurred on 5 and 6 April, apple bud phenology was more 
advanced than would be expected for those dates.  Cortland was 
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generally at early tight cluster, while Honeycrisp was slightly 
behind at half-inch green.  According to published data from 
Michigan and Utah State Universities, buds at half-inch green 
experience 90% mortality when exposed to 15°F temperatures 
for 30 minutes, while only 21°F is required for the same degree 
of loss at tight cluster.  Knowing this, the industry did not hold 
out much hope for the survival of a commercial crop following 
the spring freezes in 2016.  However, the reality turned out much 
differently.  
 Results from only one year of study indicated that, when 
measured 10–14 days after the freeze event, the test cultivars 
suffered significant, but not catastrophic, flower bud losses (Table 
1).  Cortland showed less flower survival compared with Hon-
eycrisp.  These findings may be explained by the fact that they 
were located at different sites, the temperatures were different, 
and because Cortland was in a more advanced phenological stage 
than Honeycrisp. Five days after the last treatment application 
(Promalin), flower status at full bloom was evaluated (Table 2 
and Table 3).  No statistical differences among treatments were 
found for either the king flowers or all flowers combined.  This 
result was also observed in crop load evaluations, meaning that 
these treatments did not increase fruit set under these specific 
conditions in this year.  
 Stover et al. (1999) reported that prebloom (pink bud stage) 
tonic sprays sometimes increased cropping of winter-damaged 
McIntosh and Empire apple trees in New York.  McArtney et al. 
(2014) reported that Promalin can work as a bloom frost-rescue 
treatment for apples when applied promptly following the frost 
event, because it increased fruit set and yield.  The results were 
cultivar-dependent, and the productivity was not completely 
restored to the level of a full crop.  Promalin has a supplemental 
(2ee) label in New York for frost damage remediation in apples.  
The label is for application during the bloom period, within 24 
hours after the frost event.  However, there is evidence that ap-
plications up to 3 days after the frost event can still increase fruit 
set.  Neither of these research efforts addressed the specific ques-
tion at hand in the Hudson Valley this past spring: What can be 
done to mitigate flower damage from a freeze during the period 
from green tip to pink?
 There is no efficacy data published for the scenario of apply-
ing Promalin during the bloom period when the freeze event had 
occurred several weeks earlier.  Our single year of results showed 
that a Promalin spray under such a scenario did not increase crop 
load compared with the control, meaning that Promalin did not 
function as a freeze-rescue treatment under the conditions of 
this study.  Indeed, although no statistical differences were found 
among treatments for either cultivar, Promalin showed the lowest 
percentage of flower survival and the lowest crop load in Cort-
land (Table 2) and the lowest crop load in Honeycrisp (Table  3).  
Promalin is considered a “mild” thinner, and perhaps this effect 
is reflected in these results.
 It may be inadvisable to base field recommendations on 
only a single year’s results, but history would indicate that such 
a severe GT to TC freeze is a rare event that is not likely to be 
repeated in the near future, so further orchard testing oppor-
tunities are unlikely.  Since the freeze events were experienced 
throughout the Hudson Valley region, and was not a variable 
we could control locally in our study, we will never know how 
the crop would have turned out in their absence.  Why did the 
“Spring Tonic” work in the study by Stover et. al.  (1999) and not 

Table	2.			 Effects	 of	 treatments	 on	 Cortland	 flower	 viability	 at	 full	 bloom	
and	on	crop	load.	

Treatment	 Survival	of		 Survival	of	 Crop	load
	 	 king	flowers	(%)		 all	flowers	(%)	 (fruit	cm-2)	

Control 65.0 78.8 2.1
Tonic at early pink stage 68.8 81.4 2.1
Promalin at bloom 57.5 77.5 1.7
Tonic at early pink stage + 
Promalin at bloom 58.8 80.8 1.9
Probability	>	F	 ns	 ns	 ns

Data was subjected to analysis of variance (ANOVA) for each cultivar, (JMP®10).  
“ns” indicates treatments were not significantly different (P≤0.05).

Table	3.			 Effects	of	treatments	on	Honeycrisp	flower	viability	and	on	crop	
load.

Treatment	 Survival	of		 Survival	of	 Crop	load
	 	 king	flowers	(%)		 all	flowers	(%)	 (fruit	cm-2)	

Control 91.9 65.0 5.1
Tonic at early pink stage 92.1 69.2 3.9
Tonic at late pink stage 89.5 57.5 4.9
Tonic at early pink stage + 
Tonic at late pink stage 91.5 64.2 4.7
Promalin 91.5 60.8 3.6
Probability	>	F	 ns	 ns	 ns

Data was subjected to analysis of variance (ANOVA) for each cultivar, (JMP®10).  
“ns” indicates treatments were not significantly different (P≤0.05)

Table	1.			 Flower	viability	expressed	as	percent	survival	measured	10–14	
days	after	the	5	and	6	April	freeze	events.		

Cultivar	 Survival	of		 Survival	of
	 king	flowers	(%)	 all	flowers	(%)

Cortland 59.0 65.3
Honeycrisp 60.0 88.3

here?  Possibly, flowers produced on spurs that were injured dur-
ing a dormant season freeze suffered from a localized nutrient 
deficiency due to damaged spur tissue, while the development 
of flowers injured this past spring was not affected in the same 
way.  Regarding the ineffectiveness of Promalin in this study, 
as the season progressed, it became clear through observation 
across the Hudson Valley region that seed counts in fruits had 
been reduced to only a minor degree.  Numerous apples sampled 
during harvest for quality and maturity evaluations did not show 
a clear trend towards reductions in seed counts.  Based on our 
study, we see no reason to recommend that growers, when faced 
with the recovery from a severe freeze during the period of green 
tip through tight cluster, should apply a tonic of foliar nutrients 
pre-bloom or a Promalin spray during bloom as freeze-rescue 
strategies.  As a side observation, the utility of our commonly 
referenced freeze damage charts for the period of GT to TC 
needs to be re-evaluated, as we did not observe flower losses to 
the degree we were led to expect.
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