
Bitter pit on the variety ‘Honeycrisp’ continues to be a 
significant economic problem for growers in New York State.  
The traditional methods of supplying calcium, through pre- 

and post- plant 
applications of 
lime to the soil 
or with gypsum, 
alone have not 
been completely 
s u c c e s s f u l . 
Increas ing  the 
traditional foliar 

application schedule of 4-5 applications (Agnello et al., 2012) 
recommended for other bitter pit susceptible varieties such as 
Cortland, Red Delicious, Jonagold, Crispin, Northern Spy, and 
Braeburn to 6-7 applications has helped but not completely solved the 
problem for Honeycrisp (Rosenberger et al., 2003; Watkins et al., 2004; 
Hoying and Cheng, 2010). Research looking at the various calcium 
containing materials has not resulted in any material better than 
another when actual calcium content of the materials was equivalent 
(Stiles and Reid, 1991). Recent research on changing the timing and 
increasing the number of foliar calcium applications to 8-10 by starting 
earlier in the season has not significantly improved bitter pit control 
on Honeycrisp either (Hoying and Cheng, 2010). Correcting Ca/Mg 
ratios has not improved control of bitter pit (Hoying and Cheng, 2010).  
It is safe to say that foliar applications alone on Honeycrisp will not 
solve the problem completely although it has reduced the severity 
and incidence of the problem.  Producers are to the point where the 
number of additional calcium sprays per season cannot be increased 
and increasing the calcium rate might significantly increase the risk of 
phytotoxicity in certain years. This is particularly true in the Hudson 
Valley where growing conditions are typically hotter and dryer.
 Calcium level in the soil can be an important factor in the inci-
dence of bitter pit on fruit.  Orchards on sites with low pH, soils with 
low cation exchange capacity and ones with low calcium content are 
known to be most prone to bitter pit (Stiles and Reid 1991).  Even 
when growers make the best effort to improve soil calcium, it is likely 
that the necessary calcium level to prevent bitter pit within the tree 
and fruit are not reached.  In addition, calcium must be in solution 
to be absorbed by the plant and then travel through the transpiration 
stream to reach the fruit.  Seasonal variations in soil moisture can 
contribute to temporary shortages of calcium during the growing 
season resulting in bitter pit.
 Since trickle irrigation is now a requirement to supply water to 
high density planting systems to ensure tree productivity and fruit 
quality, using a regular irrigation schedule combined with calcium 

Figure	1.		ChemilizerTM	Model	HN55	fertigation	pump	used	to	inject		a	fixed	
amount	of	calcium	into	the	trickle	lines.

in the trickle may provide extra and regular calcium during critical 
fruit growth phases to solve the bitter pit problem on Honeycrisp. 
We investigated the effect of injecting CaCl2 and CaNO3 through 
the trickle irrigation system to supply additional calcium through the 
growing season and to reduce the incidence of bitter pit on Honey-
crisp. If successful, growers would be able to reduce economic losses to 
bitter pit on Honeycrisp, which would significantly improve packout, 
storability, and profitability.

Materials and Methods
 Two blocks of Honeycrisp were chosen for this project. Block 1 
was situated at the Hudson Valley Lab, Highland NY and consisted 
of 3rd leaf trees on M.9 rootstock bearing their first good crop of 
apples (averaging 21.4 apples/tree). This was the appropriate crop 
load for this age and size tree (Robinson, 2008). The combination of 
young trees, large fruit size, and the Honeycrisp variety made this an 
excellent candidate for significant bitter pit. This block was established 
specifically for research with grants from the NY fruit grower funded 
Apple Research and Development Program.   
 Additional trickle irrigation lines were installed and connected 
using a gang valve so that emitters could be activated on specific 
three tree replicates depending on the treatment.  Each treatment 
was replicated 4 times.  A ChemilizerTM Model HN55 (Figure 1) was 
used to apply accurate calcium dosages to test trees by adding a known 
amount of calcium to the irrigation water.
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Figure	2.	Honeycrisp	with	bitter	pit.
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 Block 2 was situated in Ulster County, NY on the Minard 
Thruway Farm. This orchard consisted of 8th leaf Honeycrisp 
trees on M.9 rootstock with a very light crop because of spring 
frost (averaging 34.1 apples/tree).  This block had a history of 
severe bitter pit despite the grower’s best efforts to manage the 
orchard to minimize bitter pit. Threaded hose couplers and 
shut-off valves were installed on the end of entire rows so that 
fertigation treatments and water could be applied or withheld 
depending on treatment.  Fertigation treatments were applied to 
each row and randomized selected trees with similar crop loads 
within each row were assessed.
 Both blocks received typical horticultural care and pest con-
trol with the exception of foliar calcium sprays despite the lower 
than expected crop loads experienced in Block 2.
 Decco 405, a concentrated 35% liquid calcium chloride was 
used for fertigation and foliar applications. Yarra Tropicote 
CaNO3 fertilizer (15.5% Ca) was dissolved in water then applied 
through the trickle equipment as described above.  The amount 
of calcium applied through the trickle system was equivalent for 
the 2 different calcium sources. Four applications were made at 
14 day intervals starting June 15 in Block 1 and June 18 in block 2, 
then weekly applications until harvest for a total of 8 applications.  
Application rates were calculated to deliver 3 lb. actual calcium 
per acre per fertigation so that both CaCl2 and CaNO3 supplied 
24 lb. of Ca for the season. The foliar applications were made 
using the Decco 405 material. Eight foliar 
applications were made at recommended 
rates of 1 gallon/100 gallons and applied to 
specific test trees while fertigations were 
being made. They were applied dilute with 
a Bean pallet handgun sprayer operating 
at 300 psi. All trees sprayed with CaCl2 
were bordered by unsprayed guard trees.
 There were 8 treatments: 1) No ir-
rigation, fertigation, or foliar Ca, 2) No 
irrigation or fertigation with a complete 
seasonal foliar Ca program,  3) fertigation 
with CaCl2 with  no foliar Ca sprays, 4) 
fertigation with CaCl2 with seasonal Ca 
foliar sprays, 5) fertigation with CaNO3 
without foliar Ca sprays, 6) fertigation 
with CaNO3 with seasonal CaCl2 sprays, 
7) irrigation only with no foliar Ca sprays, 
and 8)  irrigation with seasonal Ca sprays.
 Block 1 was harvested with a single 
pick August 20, 2012. Block 2 was spot 
picked 3 times, August 22nd, 27th, and 
September 4th, 2012.  Harvest maturity 
indices and the percentage of fruit with 
bitter pit were recorded at each harvest.  
Samples from each treatment and pick 
date were stored at 34o F and harvest 
maturity indices and percentage of fruit 
with bitter pit was assessed after 90 and 
150 days cold storage.

Results and Discussion
 Even well-managed Honeycrisp orchards in New York 
continue to be plagued with bitter pit problems (Figure 2); the 
severity of which depends on tree age, crop load, pruning severity, 
and soil calcium. The loss in saleable fruit results in significant 
reduction in profitability for the grower. Well-managed orchards 
may receive as many as 10 foliar applications of calcium dur-
ing the growing season ending just before harvest.  Previous 

4  NEW YORK STATE HORTICULTURAL SOCIETY

Table	1.		 Fruit	quality	and	%	bitter	pit	of	Honeycrisp	apples	at	harvest	(8/23/12)	from	the	Hudson	Valley	
Lab	plot	following	season-long	fertigation	or	foliar	spray	treatments	with	Ca.

Fertigation/		 Fruit	 Avg.		 Internal	 	 Soluble		 Starch	 Red	
Foliar		 Bitter	Pit	 Fruit	 Ethylene	 Firmness	 Solids	 Rating	 Color
Spray	 	(%)	 Wt.	(g)	 (ppm)	 (lb)	 (%)	 (1-9)	 	(%)

CaCl2/CaCl2   0 290 0 15.6 12.2 5.2 59
CaCl2/0 45.4 274 0 14.3 12.7 6.2 63
CaNO3/CaCl2   4.3 277 1.5 15.5 12.5 5.3 47
CaNO3/0 14 293 0 15.5 13.2 4.2 62
H2O/CaCl2   0 287 0.3 15.0 12.3 4.7 61
H2O/0 11.4 281 0.6 14.3 13.0 6.4 61
0/CaCl2   0 290 0 15.2 13.0 6 58
0/0 36.6 269 0 15.0 12.9 5.2 51

LSD	P≤0.05	 15.5	 	NS		 	NS		 	-			 	-		 NS	 NS

Table	2.		 Fruit	quality	and	%	bitter	pit	of	Honeycrisp	apples	at	first	harvest	(8/20/12)	from	the	Minard	
Thruway	plot	following	season-long	fertigation	or	foliar	spray	treatments	with	Ca.

Fertigation/		 Fruit	 Avg.		 Internal	 	 Soluble		 Starch	 Red	
Foliar		 Bitter	Pit	 Fruit	 Ethylene	 Firmness	 Solids	 Rating	 Color
Spray	 	(%)	 Wt.	(g)	 (ppm)	 (lb)	 (%)	 (1-9)	 	(%)

CaCl2/CaCl2 0.6 270 0.5 18.56 14.1 1 60
CaCl2/0 5.1 246 3.5 19.12 13.6 2.6 48
CaNO3/CaCl2 0.4 265 3.4 17.06 13.5 1.5 70
CaNO3/0 4.5 248 5.2 18.0 13.7 2.7 54
H2O/CaCl2 0.3 229 12.9 17.84 13.4 2 60
H2O/0 2.9 213 1.2 18.5 13.5 1.7 38
0/CaCl2 0.3 261 4.0 18.32 13.8 7 70
0/0 3.4 251 0.9 19.62 14.0 1.6 42

LSD	P≤0.05	 1.8	 	NS	 NS	 	-		 	-		 NS	 NS



research (Hoying, 2009, unpublished) 
has showed that increasing the number 
of calcium sprays by including early 
season applications at petal-fall did not 
reduce the incidence of bitter pit.  This 
means that the number of possible foliar 
applications during a growing season has 
been maximized and that another method 
for increasing calcium content and reduc-
ing physiological disorders such as bitter pit 
needed to be found. 
 Fruit evaluations for Block 1 and Block 
2 at harvest showed no clear differences 
between fertigation with calcium vs. non-
fertigation treatments for bitter pit (Tables 1 
and 2).  Although there appeared to be some 
differences in fruit firmness, internal ethyl-
ene concentration, starch and fruit weight 
within each block there was no consistent 
trend between the two blocks.  Likely these 
differences were caused by tree to tree varia-
tion.
 There were, however, very clear differ-
ence among treatments sprayed with foliar 
calcium compared with those not sprayed 
with calcium in both blocks. Tables 1 and 
2 shows that the treatments sprayed with 
foliar calcium chloride, whether fertigated or not, had less bitter pit 
than those that were not sprayed. The CaCl2 fertigated treatment that 
was unsprayed had 45.4% bitter pit at harvest compared to 0% for the 
sprayed treatment. This difference was highly significant and would 
result in a significant economic benefit for fruit sold immediately 
after harvest.   Fruit fertigated with CaNO3 and sprayed with CaCl2 
also showed a significant reduction in bitter pit at harvest (9.9%) but 
not as great as the CaCl2 fertigated treatment. Similarly the treat-
ments that were irrigated or not irrigated but sprayed with CaCl2 
had significantly less bitter pit than those not treated foliarly (11.4% 
and 36.6% less bitter pit respectively).
 The CaNO3 fertigated treatment had the least reduction in bitter 
pit at harvest when sprayed with CaCl2 but not much different than 

the irrigated and not irrigated treatments. This might be expected 
given that bitter pit is often very apparent in more vigorous trees. 
The continuous supply of N in CaNO3 fertigations would encourage 
continuous luxurious growth through the season.  Growth measure-
ments were taken in 2013, which showed that the CaNO3 treatments 
produced a greater number and length of shoots than any of the other 
treatments in the second year of this trial (Table 3).
 Although there was variation in all other maturity measures there 
was no consistent pattern that indicated fertigation and foliar spray 
treatments had an effect on fruit weight, soluble solids, ethylene 
generation, starch levels, or color. 
 Block 2 was harvested three times to assure that the fruit picked 
maximized color development essential for commercial sale. The 
second pick (8/27/12) also showed similar clear differences in bitter pit 
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Table	3.		 The	 number	 of 	 terminal 	 shoots	
removed	and	their	average	length	from	
Honeycrisp	 apple	 trees	 in	 the	 Minard	
plot	 in	 the	 spring	 of	 2013	 following	
season-long	fertigation	or	foliar	spray	
treatments	with	Ca	in	2012.

Fertigation/		 Average	#	of		 Average
Foliar		 Shoots	 Shoot
Spray	 Removed	 Length

CaCl2/CaCl2 7.3 29
CaCl2/0 7.4 29.3
CaNO3/CaCl2 17.2 46.2
CaNO3/0 19.8 46.4
H2O/CaCl2 10.8 36.3
H2O/0 11.8 25.1
0/CaCl2 13.0 35.1
0/0 15.1 29.4

LSD	P≤0.05	 5.7	 11.9

Table	4.		 Fruit	quality	and	%	bitter	pit	of	Honeycrisp	apples	from	the	Minard	Thruway	plot	at	the	second	
harvest	(8/27/12)	following	season-long	fertigation	or	foliar	spray	treatments	with	Ca.

Fertigation/		 Fruit	 Avg.		 Internal	 	 Soluble		 Starch	 Red	
Foliar		 Bitter	Pit	 Fruit	 Ethylene	 Firmness	 Solids	 Rating	 Color
Spray	 	(%)	 Wt.	(g)	 (ppm)	 (lb)	 (%)	 (1-9)	 	(%)

CaCl2/CaCl2 0.5 308 0.49 18.6 14.1 3.7 62
CaCl2/0 6.7 301 2.03 18.6 13.6 4.3 70
CaNO3/CaCl2 0.8 283 3.38 17.1 13.5 4.1 65
CaNO3/0 6.7 250 0.81 17.1 13.1 3.2 63
H2O/CaCl2 1.5 253 12.8 17.8 13.4 3.3 58
H2O/0 7.2 248 5.87 16.8 13.5 4.4 58
0/CaCl2 0.4 260 4.0 18.3 13.8 3.9 57
0/0 5.6 261 1.19 18.2 14.0 3.3 57

LSD	P≤0.05	 6.8	 NS	 NS	 	-		 	-			 	NS	 	NS

Table	5.		 Fruit	quality	and	%	bitter	pit	of	Honeycrisp	apples	after	90	days	of	cold	storage	at	34	degrees	
F	from	the	Hudson	Valley	Lab	plot	following	season-long	fertigation	or	foliar	spray	treatments	
with	Ca.	(evaluated	11/21/12).

Fertigation/	Foliar	Spray	 Fruit	Bitter	Pit	(%)t	 Firmness	(lb)	 Soluble	Solids	(%)	 Red	Color	(%)

CaCl2/CaCl2 20 14.7 13.0 48
CaCl2/0 60 13.8 12.8 43
CaNO3/CaCl2 10 14.0 13.0 60
CaNO3/0 70 13.5 13.2 62
H2O/CaCl2 0 13.3 12.1 43
H2O/0 70 14.2 13.5 56
0/CaCl2 10 15.3 13.5 55
0/0 70 14.0 13.4 51

LSD	P≤0.05	 20.9		 		-		 		-		 15

Table	6.		 Fruit	quality	and	%	bitter	pit	of	Honeycrisp	apples	after	150	days	of	cold	storage	at	34	degrees	
F	from	the	Hudson	Valley	Lab	plot	following	season-long	fertigation	or	foliar	spray	treatments	
with	Ca.	(evaluated	1/24/13).

Fertigation/	Foliar	Spray	 Fruit	Bitter	Pit	(%)t	 Firmness	(lb)	 Soluble	Solids	(%)	 Red	Color	(%)

CaCl2/CaCl2 0 14.3 12.7 60
CaCl2/0 90 14.5 13.1 59
CaNO3/CaCl2 0 14.1 12.7 40
CaNO3/0 70 14.5 13.5 51
H2O/CaCl2 0 14.7 13.7 61
H2O/0 30 12.9 12.6 53
0/CaCl2 0 15.6 13.4 46
0/0 70 13.9 13.7 55

LSD	P≤0.05	 11.3	 	-		 	-		 13
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Page 2 (4 in magazine) Paragraph 3. Eliminate lbs. before psi.

Page 2 (4 in magazine) Table 2. 
Internal Ethylene (ppm) column 
Change 5th line from “12.85” to “12.9”, 

Starch Rating (1-9) 
2nd line from “2.55” to “2.6”, 
3rd line to “1.5” and 

4th line to “2.7”.

Page 3 (5 in magazine) Caption of Table 3.  
Change “Hudson Valley Lab” to “Minard”
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 ………foliar calcium chloride, whether fertigated or not, had less…….

Page 4 (6 in mag) Literature cited line 3 
close quotation mark ,  ….Rosenberger. 2013. “Nutrient management of apple orchards” in 
2013……..

Page 4 (6 in mag) Literature cited line 14 period after W.C. and W.S. Reid. 1991.

 

That’s it!  Looks really good!
 
Steve

incidence between foliar CaCl2 
treated and untreated but not 
as great as the first pick (Table 
4). The 3rd pick was not assessed 
due to very low fruit numbers. 
 Both storage samples fol-
lowed the same pattern as the 
harvest samples. All treatments 
from storage samples (Table 5, 
6, 7) that were foliarly treated 
with CaCl2 had significantly 
reduced bitter pit.  There was 
no difference in occurrence 
of bitter pit in short or longer 
storage between the CaCl2 and 
CaNO3 fertigation treatments.
  We were unable to show 
that fertigation with calcium reduced the incidence of bitter pit in 
this experiment. Perhaps increasing the calcium rate would show 
results. And it is possible that the Ca applied did not effectively reach 
the fruit through the soil, root, cortex and xylem conductive network 
in time for this season’s crop. Calcium applied this season could have 
an effect on bitter pit in the following season. This experiment was 
repeated in 2013 in the same blocks and on the same trees to try to 
answer this question. Results are not available at this time.
 The value of foliar sprays, regularly applied directly to the fruit 
is apparent since calcium sprays did reduce bitter pit significantly, 
to very low levels even after extended storage and under difficult 
circumstances (young trees, low fruit load, and vigorous trees).  The 
exceptional bitter pit control with foliar sprays in both blocks may be 
due to the quality of other management practices (Watkins, 2009). 
Nutrient management, pruning, vigor control, crop load management, 
and fruit size management all contribute to bitter pit control and 
blocks where these are properly integrated all show lower incidence 
of this disorder.
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