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Stress-Induced Watercore in ‘NY2’ Fruit: Causes and 
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“Our results show that stress-induced 
watercore (SIWC) development is 
strongly linked to light crop load in 
4- or 5-year old ‘NY2’ trees on dwarfing 
rootstocks.  Lime treatments in an 
established orchard with a very low 
soil pH (4.77) have only significantly 
decreased SIWC incidence in one of the 
two years, and it may take longer for a 
consistent effect to be detected on the 
‘NY2’ fruit.”

Production of ‘NY2’ apples (a cultivar developed by the 
Cornell apple breeding program and first available to US 
consumers in 2014 and 2015) has rapidly increased in 

New York State 
and it is now an 
important and 
profitable culti-
var for several NY 
apple growers .  
However,  dur-
ing the past three 
seasons, we have 
observed various 
degrees of stress-
induced water-
core (SIWC) on 
some ‘NY2’ apple 
orchards in west-
ern Ne w York 

(WNY).  The disorder has also been reported in the Champlain 
and Hudson Valley regions with different levels of incidence and 
severity in different orchards and growing seasons 
(Wallis and Donahue 2015).  The disorder has never 
been reported across several dwarfing rootstocks at 
the New York State Agricultural Experiment Station 
(NYSAES) in Geneva.  This type of watercore differs 
from the traditional watercore in ‘Fuji’ or ‘Delicious’, 
in that water-soaked symptoms show up in the outer 
cortex tissue rather than in the core area.  High tem-
perature and high light conditions followed by cool 
nights often lead to SIWC development on susceptible 
varieties like ‘NY2’ fruit.  The leading theory is that 
high temperature and high light makes the cell mem-
branes leaky and cool nights slow down the uptake of 
sorbitol from the cell wall space into the parenchyma 
cells (Figure 1).  This appears to be consistent with 
the unseasonably warm weather conditions we had 
in WNY during the months of August in 2014 and 
2015 (approximately two weeks both years) followed 
by low night temperatures in September (more cool 
nights were registered in 2015 than in 2014).  
 This past summer, we had one of the warmest and 
driest growing seasons on record in WNY.  In the first 
four months (April-July), we recorded a total average 
of 6.43” rainfall, and only 1.66” and 1.03” rainfall in the 
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Figure	1.	 Schematic	route	of	sorbitol	transport	form	source	(leaf)	to	sink	(‘NY2’	fruit)	
and	 its	 contribution	 to	 stress-induced	 watercore	 (SIWC);	 authors	 modified	
original	explanation	and	drawing	for	traditional	watercore,	from	Marlow	and	
Loescher	(1984).

months of June and July, respectively.  There were 22 days with 
temperatures above 85˚F in July and August.  The first 15 days of 
September were warmer in 2016 than in 2015 or 2014.  Marlow 
and Loescher (1984) have indicated that a wide range of environ-
mental and physiological factors can influence the development of 
traditional watercore on susceptible cultivars.  Of these, we believe 
that similar patterns of temperatures, rainfall, and seasonality 
in 2014 and 2015 were more conducive to SIWC development 
in WNY than those in 2016.  Based on our observations and in-
dustry reports, SIWC on ‘NY2’ fruit was more widely spread in 
2015 (60 to 70% incidence in the worst case at one site) than in 
2014 (45 to 50% incidence at one site) or 2016 (14% incidence as 
an average from 20 ‘NY2’ sites evaluated for this project) (Table 
1).  In 2015, the effect of higher temperatures in August followed 
by low temperatures in September may have accelerated SIWC 
development partly through advancing the maturity of ‘NY2’ 
fruit.  Moreover, precipitation in the month of September 2015 
was higher compared with 2014 and 2016 (5.21” in 2015 versus 
1.04” in 2014 and 2.02” in 2016).  Rainfall could have also played a 
negative role and may have delayed harvest and allowed the fruit 
to mature and become more prone to SIWC development.
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 Water-soaked symptoms begin just beneath the peel and 
expand towards the core as fruit ripening continues (Figure 2).  
Mild SIWC with just a few flecks in a small section or two should 
dissipate in storage.  However, more advanced SIWC symptoms 
can lead to internal breakdown or other forms of internal brown-
ing following lengthy storage.  A nutritional imbalance (such as 
low soil pH) or other stress factors may contribute to SIWC.  The 
worst SIWC seen in ‘NY2’ fruit seems to be in young trees with a 
light crop load.  The only external indicator of a problem is very 
dark red skin color on the side exposed to the sun.  In some cases 
we have also noticed the presence of ants on the fruit – attracted 
by the accumulation of sorbitol just beneath the peel (Figure 1).
 The objectives of this project were: 1) to determine if ‘NY2’ 
fruit is more sensitive to stress-induced watercore when Ca sup-
ply is low, such as on low pH soils and/or under a low crop load 
situation, and 2) to understand why stress-induced watercore is 
more severe in some blocks than others 
by conducting a survey of ‘NY2’ orchards.

Materials and Methods
	 Experiment	 1	 (two-year	 liming	
study).  In the fall of 2014, when the 
SIWC problem was first observed in a 
4-row tall spindle non-irrigated block 
of 4-year old ‘NY2’ trees on B.9, we took 
leaf, fruit and soil samples for nutrient 
analysis.  The following year on April 15, 
2015, we set up a liming trial where two 
rates of lime (2.5 and 5 tons/acre) were 
applied with a spreader tractor (Figure 
3) to increase soil pH.  Each treatment 
was replicated 5 times, but no foliar 
calcium sprays were made in 2015.  Leaf 
samples were taken on August 13 for 
nutrient analysis, and fruit samples were 
taken at harvest on October 14, 2015 for 
SIWC evaluation.  The trees were also 
evaluated in 2016, but the plots were not 
limed again and did not receive any foliar 
calcium.  A random 80-fruit sample of 
normal and SIWC fruit was taken from 
each of the five untreated plots (not limed 

Table	1.	Effects	of	temperatures,	rainfall,	and	seasonality	on	SIWC	incidence	
(%)	 of	“NY2”	 fruit	 before	 harvest	 in	 Western	 NY	 the	 last	 three	
years.

Figure	2.			SIWC	disorder	as	observed	in	‘NY2’	apple	(a),	 (b),	and	(c).	 	SIWC	as	shown	in	another	‘NY2’	
apple	from	the	Champlain	Valley	(d).	(Photo	by	Anna	Wallis).

in 2016) for complete nutrient analysis at fruit harvest on October 
12, 2016.  Additionally, a 50-fruit sample was taken from each 
replicate to evaluate SIWC incidence and severity.  Fruit samples 
were cut open at the equator and were categorized into none, 
light, medium, or severe water-soaked symptoms.  
	 Experiment	2	(crop	load/calcium	study).		In 2016, we initi-
ated a field trial on crop load manipulation in combination with 
foliar Ca sprays in a 4-year old, non-irrigated ‘NY2’ orchard on 
M.9 rootstock.  The study site had a soil pH of 6.57 and showed 
a 60 to 70% incidence of SIWC in 2015.  During the first week 
in April, a freeze occurred at the site that resulted in significant 
damage to flower buds.  The trees were not chemically thinned at 
petal fall or 8–10 mm fruit stage.  When fruit size reached 30–32 
mm, crop load was adjusted manually.  Ten uniform trees were 
selected per plot based on trunk cross-sectional area (TCA) at 1 
ft above ground level.  There were two levels of crop load imposed 
to trees on June 29, 2016.  A normal crop load at 5 fruits/cm2 
TCA or a low crop load at 2 fruits/cm2 TCA, in combination with 
two levels of foliar Ca sprays (no Ca spray or 5 sprays of calcium 
chloride).  The following foliar Ca spray treatment was used for 
‘NY2’ trees: 3 sprays of 2 lbs of calcium chloride/100 gal water 
at two-week intervals starting from 10 days after petal fall, fol-
lowed by 2 additional sprays at 4 lbs of calcium chloride/100 gal 
starting from 4 weeks before fruit harvest at two-week intervals.  
Calcium sprays were applied with an airblast sprayer by a grower 
cooperator on June 13, 27, July 11, September 13, and 27.  There 
were a total of 4 treatments with each treatment replicated 5 
times, with 10 trees per replicate in a completely randomized 
design.  At harvest, a random 50-fruit sample was taken from 
each replicate for complete nutrient analysis on October 12, 2016.  
Additionally, a 50-fruit sample was taken to evaluate SIWC 
incidence and severity as described above for Experiment 1.  
Fruit flesh samples were taken and freeze-dried for complete 
nutrient analysis at Cornell’s Nutrient Analysis Lab.  Nitrogen 
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was analyzed with a C/N analyzer and all the other nutrients 
were measured via inductively coupled plasma atomic emission 
spectrometry.  
 NY2	 survey: Over a three-day period in mid-October of 
2016, we conducted a survey on soil pH, leaf nutrient status, 
tree age/rootstock, and average crop load of 20 ‘NY2’ blocks 
in Wayne, Niagara, Orleans, and Ontario Counties.  A random 

Figure	3.			A	front	and	back	view	(a,c)	of	the	‘NY2’	plots	that	were	limed	or	
not	with	a	spreader	tractor	(b)	in	April	2015.

50-fruit sample was taken from 10 uniform trees at each of the 
20 sites to evaluate SIWC incidence and severity as described 
above for Experiments 1 and 2.  We correlated the incidence and 
severity (none, low, medium, high) of SIWC with the surveyed 
parameters, especially soil pH, and crop load level.

Results and Discussion
 The 2014 data in Experiment 1 showed that soil pH was very 
low (4.77) and that ‘NY2’ fruit with SIWC had lower calcium than 
normal fruit, which was consistent with the original idea that 
SIWC development is associated with low fruit calcium (Figure 
4).  The low fruit calcium was also consistent with low soil pH.  
In 2015, the evaluation of SIWC showed a 20–25% reduction in 
the incidence of SIWC in the two lime treatments, as compared 
with the untreated control (Figure 5), but no significant dif-
ferences in leaf or fruit nutrient levels were detected (data not 
shown).  In 2016, there was no significant difference in SIWC 
incidence between the lime treatments and the control (Table 
2), and no difference in leaf or fruit nutrient levels were found 
(data not shown).  Compared with 2015, 2016 had much lower 
SIWC incidence.
 Maintaining optimal soil pH is key for all apple cultivars 
grown under NY soil conditions.  Liming brings multiple benefits 
to soil nutrient availability and tree growth and development on 
acid soils (Stiles and Reid 1991; Cheng and Stiles 2004).  These 
include: (1) increasing the availability of calcium, magnesium and 
phosphorous, (2) reducing the availability of aluminum, manga-
nese and iron to avoid toxicity problems, (3) promoting microbial 
activity in the soil and improving soil structure, and (4) improving 
root growth and soil retention of nitrogen and potassium and 
other nutrients for better uptake efficiency.  Under the conditions 
of our liming study, we only observed a significant reduction in 
SIWC incidence by lime treatments at 2.5 and 5.0 tons/acre in 
one of the two years.  As tree response to liming is often slow on 
established orchards, it may take longer for a consistent positive 
effect to be detected at this site.  Alternatively, the liming effect 
may be only detectable in a year when the weather conditions 
are very conducive to SIWC development.  
 In our Experiment 2, ‘NY2’ trees with a low crop load (2 
fruits/cm2 TCA or just 27 fruits per tree after hand thinning) 
had higher incidence of SIWC at harvest than those with a nor-
mal crop load regardless of foliar Ca sprays, and foliar Ca sprays 
did not alter the incidence of SIWC (Table 2).  These findings 
suggest that low crop load has made ‘NY2’ fruit more prone to 
SIWC and foliar Ca sprays did not seem to help.  Nutrient analy-
sis indicated that fruit flesh K concentration was higher in the 
low crop load treatment, but concentrations of other nutrients 
were not affected.  Foliar Ca sprays did not affect fruit flesh Ca 
concentration, but somehow increased concentrations of K and 
P in the fruit flesh of the low crop load treatment (Figure 6).
 The association of high SIWC incidence with low crop load 
was also found in the ‘NY2’ orchard survey in 2016.  Crop load was 
calculated as the number of fruits per unit of trunk cross-sectional 
area (fruits/cm2 TCA), and the crop load data from 20 ‘NY2’ sites 
were compared with a normal crop load of 5 fruits/cm2 TCA.  In 
most cases, the highest incidence of SIWC was observed on sites 
with a light crop load (Table 3).  The most severe incidence of 
SIWC (27%) occurred at the site 3 with a very light crop and very 
large-sized fruit (data not shown), followed by site 6 (16%), site 13 
(9%), and site 5 (7%).  In general, low crop load situations (imposed 
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Figure	6.			 Effects	of	crop	load	and	foliar	Ca	spray	on	concentrations	of	Ca,	K,	Mg	and	P	in	the	fruit	flesh	of	
‘NY2’.		Different	letters	indicate	significant	difference	at	P<0.05,	Duncan’s	Multiple	Range	Test.

Table	2.			 Effect	 of	 crop	 load	 (CL),	 calcium,	 and	 lime	 on	 incidence	 of	 stress-induced	 watercore	“SIWC”	 in	
‘NY2’	apple	fruit	grown	at	two	sites	in	the	western	NY	fruit	region,	USA.

Exp. Cultivar

Treatment
SIWC	incidence	(%)

evaluated	in	October	21st,	2016

Trt.		#
Lime	(ton/A)

applied	in	May	2015 None Light Medium Severe

1

NY2 1 None 82.8 14.6 2 0.6

NY2 2 2.5 ton/A 88.8 8.4 2.8 0

NY2 3 5.0 ton/A 75.4 13.2 10.2 1.2

Exp. Cultivar Trt.		# Crop	load Calcium	program None Light Medium Severe

2

NY2 CL5
Normal 
(5 TCA) Without Calcium 96 3.6 0.4 0

NY2 CL5+Ca
Normal 
(5 TCA) 5 foliar sprays 93.4 6.6 0 0

NY2 CL2
Low 

(2 TCA) Without Calcium 82.2 15.2 2.6 0

NY2 CL2+Ca
Low 

(2 TCA) 5 foliar sprays 81.8 13.2 3 0

in Experiment 2 and evaluated through 
the ‘NY2’ orchard survey) exacerbated 
the occurrence and severity of SIWC.  
The severity of SIWC appeared more 
pronounced in the orchards surveyed 
on the east side than on the west side 
of Rochester.  Finally, only 5 out of the 
20 sites surveyed had a soil pH value of 
5.6 or less, with 5.15 and 7.43 the lowest 
and highest soil pH, respectively.  NY2’s 
susceptibility to SIWC appears to be 
more related to low crop load than low 
soil pH.  

Summary
 Although liming at 2.5 or 5 tons/
acre in an established ‘NY2’ orchard 
with a very low soil pH (4.77) has only 
significantly decreased SIWC incidence 
in one of the two years for the duration 
of our field trial, we strongly recom-
mend that NY growers incorporate an 
adequate amount of lime prior to plant-
ing a new ‘NY2’ orchard.  The topsoil 
(0–8 inch depth) should be adjusted to 
pH 7 and subsoil (8–16 inch depth) to 
pH 6.5.  An adequate liming program 
based on soil tests should be the first 
consideration in developing orchard 
fertilization plans (Stiles and Reid 1991; 
Cheng and Stiles 2004; Cheng 2015).  
Lime is the most economical source 
of calcium and magnesium.  Regula-
tion of soil pH through liming is also 
necessary to achieve optimal response 
to other nutrient elements.  Once a 
‘NY2’ orchard is established, soil pH 
should be maintained in the range of 
6.0 to 6.5 throughout the soil profile 
to optimize tree growth and nutrient 
availability by doing soil analysis every 
2 to 3 years and making a maintenance 
lime application of 1 to 2 tons of lime 
every 2 to 3 years.  This is because the 
high annual precipitation in NY gradu-
ally leaches out calcium, magnesium, 
and potassium in the soil, leading to 
an increase in active hydrogen and 
aluminum and a decrease in soil pH.  In 
addition, application of ammonium or 
ammonium-forming fertilizers (such 
as ammonium nitrate, ammonium 
sulfate and urea) acidifies soil by releas-
ing hydrogen ion in the process of its 
conversion to nitrate.  This acidifying 
effect is more pronounced when the 
fertilizers are applied in a concentrated 
area, such as under the drip emitters of 
the fertigation system.
 Our crop load experiment and the 
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Figure	5.			 Effect	of	two	liming	treatments	(2.5	and	
5	 ton	 lime/acre)	 on	 incidence	 of	 stress-
induced	watercore	(SIWC)	in	‘NY2’	apple	
fruit	harvested	in	2015.

Figure	4.			 Comparison	of	fruit	calcium	level	in	fruits	
with	and	without	stress-induced	watercore	
of	4th	leaf	‘NY2’	on	B.9	rootstock	on	a	site	
with	a	pH	of	4.77	in	October	of	2014	(Soil	
and	 fruit	 sampling	 conducted	 by	 Kevin	
Maloney,	Cornell	Univ.).
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survey in WNY clearly indicate that 
SIWC development is closely associated 
with low crop load in 4 to 5 year-old 
‘NY2’ trees.  Therefore, properly con-
trolling cropload of ‘NY2’ trees from 
year 2 to 5 is important for minimizing 
the risk of SIWC development as well 
as for optimizing early tree growth and 
cropping.  Growers need to spend the 
extra money and time for precision hand 
thinning, especially when establish-
ing and training the trees the first 2–3 
years.  Do not purposely under-crop 
or over-fertilize/fertigate the trees in 
order to achieve additional seasonal 
growth.  Fortunately, this cultivar is 
more vigorous than ‘NY1’.  The Cornell 
thinning gauge will help you measure 
trunk cross-sectional area (use 5 fruit/
cm2 TCA for ‘NY2’) and more precisely 
determine the final crop load for young 
‘NY2’ trees.  
 It appears that weather patterns for 
a given growing season is the biggest 
factor affecting the incidence of SIWC.  
For example, higher than average tem-
peratures in August followed by lower 
than average temperatures in September may accelerate SIWC 
development partly through their effects on fruit maturity and 
ripening of the ‘NY2’ fruit.  Rainfall in September could also 
play a role by delaying harvest, which allows the fruit to mature 
and become more prone to SIWC development.  Under these 
conditions, the likelihood of SIWC development in orchards 
with a light crop load could be increased.  Although there is not 
much we can do about weather patterns, it might be useful to 
develop a model for predicting SIWC incidence and severity 
for ‘NY2’ based on weather data.
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