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“A physiological disorder known as stem-
end flesh browning in ‘Gala’ apples has 
become of concern to New York storage 
operators.  Preharvest field sprays with 
1-MCP, and conditioning, decrease 
but do not prevent the disorder.  
Postharvest 1-MCP treatment has no 
effect on stem-end flesh browning.”

Stem-end flesh browning of ‘Gala’ apples is decreased 
by preharvest 1-MCP (Harvista) and conditioning 
treatments
Franziska C. Doerflinger, Gilang Sutanto, Jacqueline F. Nock, Yosef Al Shoffe, Yiyi Zhang, and Chris B. Watkins
School	of	Integrative	Plant	Science,	Horticulture	Section,	Ithaca,	NY	14853

Gala’ has typically been an apple cultivar with few post-
harvest issues, but a disorder known as stem-end flesh 
browning has become commercially significant, causing 

economic loss-
es in New York.  
Stem-end flesh 
browning devel-
ops around the 
shoulder of the 
apple s  dur ing 
storage (Figure 1).  
Minor browning 
around the stem-
end area may not 
be noticeable for 
those who con-

sume whole apples, but fresh cut apple processors have zero 
tolerance to flesh browning.  
 The disorder has also been observed in Washington State, 
Brazil and Ontario, Canada. Mattheis et al. (2012) reported that 
conditioning of  ‘Gala’ apples treated with 1-methylcyclopropene 
(1-MCP), as used for ‘Honeycrisp’ (50oF for 7 days) inhibited 
stem-end flesh browning without loss of fruit quality.  Little is 
known about the effect of maturity on stem-end flesh brown-
ing of ‘Gala’, although larger fruit are more susceptible to injury 
than smaller fruit (Lee et al. 2013).  Lee et al. (2016) found that 
1-MCP reduced incidence of diffuse flesh breakdown in ‘Gala’ 
apples during storage at 33oF or 38oF, but enhanced incidence of 
stem-end flesh breakdown at both temperatures.  

‘

Figure	1.			Stem-end	browning	of	‘Gala’	apples.
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In this two-year experiment, we have compared the effects of:
1. Two PGRs, ReTain used extensively at a half rate on ‘Gala’ 

throughout New York, and Harvista, a new product 
based on 1-MCP.

2. Harvest date, as the disorder has been thought to be as-
sociated with later harvested fruit, and type of picking 
(spot versus strip).

3. Conditioning, as is used for ‘Honeycrisp’. 
4. Postharvest 1-MCP treatment. 

Materials and Methods
Fruit were obtained from a ‘Gala’ (Fulford) block at Fowler 

Farms, Wolcott, New York.  The trees on M.9 rootstocks were 
planted in 2007 in a 0.6 m by 3 m spacing high-density planting 
(5,313 trees per hectare).  In 2013 and 2014, 12 and 6 replicate 
sets of 30 trees, respectively, were marked in a randomized split 
block design throughout four sets of rows.  Fruit were harvested 
by commercial pickers.  

In 2013, four replicates of tree rows were treated with 
ReTain (823 g ha-1) on 19 August, Harvista (AF-2005; 12.6 kg 
ha-1) on 29 August, or left untreated as a control.  Fruit were 
harvested from the tree according to three scenarios on 10 (H1) 
and/or 17 September (H2).  
1. H1 spot pick (H1 spot): Fruit were selectively picked based 

on a minimum bright red coloration of 66%.
2. H2 spot pick (H2 spot): All fruit from the trees harvested at 

H1 spot were harvested.  
3. H2 strip pick (H2 strip): Fruit were not harvested at H1 but 

strip picked at H2.
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In 2014, three replicates of tree rows were either left un-
treated as a control or treated with Harvista (AF-2005) on 2 
September.  Fruit were spot picked on 9 September (H1) and 
the remaining fruit harvested on 15 September (H2).

  For each field treatment and harvest, fruit from each 
replicate were subsampled into containers, and transported to 
the postharvest laboratory at Ithaca for analysis and storage.  
The IEC, SPI, and flesh firmness were measured on 10 fruits 
from each replicate at harvest.  The fruit containers for stor-
age were divided.  Half of the fruit from each treatment were 
placed immediately into storage at 33oF or 50oF for 7 days.  At 
each temperature, half of the containers of each treatment were 
treated with 1 ppm 1-MCP using SmartFreshTM tablets.  The fruit 
kept at 50oF were transferred to the 33oF cold room and cooled 
overnight.  All fruit were stored at 2% O2/2% CO2 for 6 months.

  After storage, fruit were transferred to 68oF.  IEC, IAD, 
firmness, SSC, and TA were measured on 10 fruits from 
each replicate on day 1 and day 7, as described above.  Flesh 
browning and any other external or internal disorders were 
assessed on all fruit on day 7.

Harvest Treatment IEC									
(ppm)

SPI				
(1-8)

Firmness	
(lb-f)

H1 Spot 

Control 1.8 6.0 16.7

ReTain 1.4 5.5 17.0

Harvista 0.5 3.6 17.7

H2 Spot 

Control 2.0 6.6 15.5

ReTain 1.4 6.1 15.8

Harvista 1.4 3.7 17.4

H2 Strip 

Control 1.9 6.5 15.8

ReTain 2.0 5.5 15.5

Harvista 1.4 5.6 16.5

Main	Effects	

Harvest

- H1 spot 1.2 b 5.0a 17.1 a

- H2 spot 1.6 a 5.4a 16.2 b

- H2 strip 1.8 a 5.9a 15.9 b

Field	treatment

- Control 1.9 a 6.4 a 16.0 b

- ReTain 1.6 a 5.7 a 16.1 b

- Harvista 1.1 b 4.3 b 17.2 a

p-value

Harvest 0.002 0.103 <0.001

Field Treatment <0.001 <0.001 <0.001

Harvest × Field Treatment 0.042 0.080 0.204

Table	1.		Internal	 ethylene	 concentration	 (IEC),	 starch	 pattern	 index	 (SPI)	
and	 flesh	 firmness	 of	 Gala	 apples	 at	 harvest	 in	 2013.	 Fruit	 that	
were	untreated	(control)	or	treated	with	ReTain	or	Harvista,	were	
spot	picked	on	H1	on	September	10,	or	H2	spot	picked	and	H2	strip	
picked	 on	 September	 17.	Where	 significant,	 differences	 among	
means	within	main	effects	are	indicated	by	different	letters.

	  

Figure	  2	  

	  
	  	            
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          

62	  

24	  

43	  

61	  

24	  

50	  

32	  

9	  

26	  
35	  

5	  

20	  

0	  

20	  

40	  

60	  

80	  

100	  

Untreated	   Harvista	   ReTain	  

Stem-‐end	  flesh	  browning	  (%)	  
H1	  Spot	  pick	  

No	  Cond.	   No	  Cond.	  +SF	   Cond.	   Cond.	  +	  SF	  

64	  

15	  

72	  

56	  

10	  

75	  

47	  

3	  

50	  
45	  

15	  

48	  

0	  

20	  

40	  

60	  

80	  

100	  

Untreated	   Harvista	   ReTain	  

Stem-‐end	  flesh	  browning	  (%)	  
H2	  Strip	  pick	  

No	  Cond.	   No	  Cond.	  +SF	   Cond.	   Cond.	  +	  SF	  

B	  

A	  

Results
	 2013	harvest. Fruit were usually less mature at H1 compared 
with H2, based on the harvest indices of IEC and flesh firmness 
(Table 1).  No differences between the H2 treatments for SPI were 
detected.

Harvista-treated fruit were less mature than control and 
ReTain-treated fruit based on all harvest indices (Table 1).  No 
main effect of ReTain compared with control fruit was detected.  
However, there was an interaction between harvest and field 
treatment, with a significant effect of Harvista on IEC at H1 and 
H2 strip, while IECs at H2 spot were lower in both ReTain- and 
Harvista-treated fruit than control fruit.  Fruit from the control 
and the ReTain treatments softened to a greater extent than did 
Harvista-treated fruit by the second harvest.  
 Storage	analyses. Stem-end flesh browning incidence was 
very high after 6 months of CA storage in untreated fruit (Figures 
2A and B).  Because there was little difference between the two 
H2 scenarios, only the H2 strip pick is shown for the second week 
of harvest (Figure 2B).  The effects of field treatment and post-
harvest conditioning on stem-end flesh browning were similar 
for both H1 spot and H2 strip.  Development of stem-end flesh 
browning was lower in fruit from Harvista-treated trees and by 

Figure	2.	 	Stem-end	flesh	browning	(%)	in	fruit	from	untreated,	Harvista-	
and	ReTain-treated	trees	and	spot	picked	for	color	on	week	1	or	
stripped	 on	 week	 2.	 	 Fruit	 were	 then	 either	 conditioned	 or	 not	
conditioned,	with	and	without	SmartFresh,	and	CA-stored	for	6	
months	plus	7	days	at	68	₀F.
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postharvest conditioning.  SmartFresh treatment did not affect 
the disorder.  ReTain slightly decreased stem-end browning in H1 
spot, but enhanced it at H2 strip.  Overall, there was little interac-
tion among treatments and the average values for each treatment 

Table	2.		Stem-end	flesh	browning	(%)	–	main	effects	of	harvesting	type,	field	
treatment,	conditioning,	and	SmartFresh	application	in	2013.	Where	
significant,	differences	among	means	within	an	effect	are	indicated	
by	different	letters.

Main	effects Factor Stem-end	flesh	browning	(%)

Harvest date and type H1 spot 33b

H2 spot 40ab

H2 strip 42a

Field treatment Control 52a

Harvista 14b

ReTain 48a

Conditioning Without 46a

With 30b

SmartFresh Without 38a

With 39a

Figure	3.	 Flesh	 firmness	 (lb-f)	 of	 fruit	 from	 untreated,	 Harvista-	 and	
ReTain-treated	 trees	 and	 spot	 picked	 for	 color	 on	 week	 1	 or	
stripped	 on	 week	 2.	 	 Fruit	 were	 then	 either	 conditioned	 or	 not	
conditioned,	with	and	without	SmartFresh,	and	CA-stored	for	6	
months	plus	7	days	at	68	₀F.

Table	3.	 Internal	ethylene	concentration	(IEC),	starch	pattern	index	(SPI)	and	
flesh	firmness	of	‘Gala’	apples	at	harvest	in	2014.	Fruit	that	were	
untreated	(control)	or	treated	with	Harvista,	were	spot	picked	on	
H1	on	September	9,	or	H2	where	the	remaining	fruit	on	September	
15.	Where	significant,	differences	among	means	within	main	effects	
are	indicated	by	different	letters.

Harvest Treatment IEC									
(ppm)

SPI				
(0-8)

Firmness	
(lb-f)

H1 
Control 0.66 3.6 17.9

Harvista 1.28 2.9 17.7

H2 
Control 0.90 4.6 15.8

Harvista 0.37 3.1 16.0

Main	Effects	

Harvest

H1 0.97a 3.3b 17.8a

H2 0.63b 3.9a 15.9b

Field	treatment

Control 0.78a 4.1a     16.9a

Harvista 0.82a 3.0b 16.9a

p-value
Harvest 0.008 0.037 0.001

Field Treatment 0.661 0.001 0.091

Harvest × Field Treatment <0.001 0.092 0.029

are shown in Table 2.
Several quality indices of stored fruit were measured, but 

only flesh firmness is provided here using H1 spot and H2 strip 
to illustrate treatment effects (Figures 3A and B).  Overall, fruit 
from H2 strip were softer (13.7 lb-f ) than H1 fruit (15.4 lb-f ), but 
Harvista-treated fruit were much firmer at 16.3 lb-f than 13.3 lb-f 
in control fruit across all harvests.  Conditioned fruit were firmer 
(14.6 lb-f ) than unconditioned fruit 14.0 lb-f ).  SmartFresh-treated 
fruit (14.6 lb-f ) were also firmer than untreated fruit (14.1 lb-f )
 2014	harvest. Fruit were harvested twice, spot picked for color 
at H1, and then a week later at H2.  IEC and flesh firmness of fruit 
were higher, but SPIs lower, at H1 than at H2 (Table 3).  Overall, 
Harvista–treated fruit were less mature based on higher flesh 
firmness and lower SPIs, although no effect on IEC was detected.  
However, IEC in Harvista-treated fruit was higher at H1, but lower 
at H2, than in control fruit.  For flesh firmness, no effect of field 
treatment was found at H1, but Harvista-treated fruit were firmer 
than control fruit at H2.
 The main effects are similar to those in 2013, in that Harvista 
treatment in the field and conditioning each reduced the incidence 
of stem-end flesh browning (Table 4, Figures 4A and B), and there 
was no effect of SmartFresh.  Unlike in the previous year, however, 
there was no effect of harvest date on incidence of browning.
 Fruit quality as indicated by flesh firmness was much higher 
in Harvista-treated fruit at 17.2 lb-f overall than untreated fruit 
at 15.8 lb-f (Figures 5A and B).  Fruit were softer at H2 (16.1 lb-f ) 
than at H1 (17.0 lb-f ).  Fruit treated with Smartfresh were slightly 
firmer (16.7 lb-f ) than without (16.4 lb-f ), but no significant effect 
of conditioning was detected.

Discussion and Take-Home Messages
 Stem-end browning is becoming of increasing concern to 
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Figure	5.			Flesh	 firmness	 (lb-f)	 of	 fruit	 from	 untreated,	 Harvista-treated	
trees	 and	 spot	 picked	 for	 color	 on	 week	 1	 and	 the	 remaining	
fruit	harvested	on	week	2.		Fruit	were	then	either	conditioned	or	
not	 conditioned,	 with	 and	 without	 SmartFresh,	 and	 CA-stored	
for	6	months	plus	7	days	at	68	₀F.

disorder can occur in high color strains such as Brookfield, and 
therefore no trivial solution such as strain selection is available.
The key findings are that:

1. Harvista as a preharvest field treatment markedly reduces 
the development of stem-end flesh browning, while ReTain, 
although tested only in one season, had little effect.  The 
benefit of Harvista is likely due to its effects on fruit ripen-
ing.  ReTain applied to ‘Gala’ at the recommended half rate to 
provide benefits without unduly delaying red color develop-
ment, appears to have less effect on disorder development 
than Harvista treatment.

2. Harvest date affected incidence of stem-end flesh browning in 
one of two years, but this effect was relatively minor even in 
that year.  However, in the orchard block used in this experi-
ment, harvest was earlier than often occurs in Western New 
York, leaving open the possibility that harvest date may be an 
important factor in some cases.  

3. Conditioning also markedly decreases stem-end browning.  
While this is an option for storage operators, the condition-
ing treatment well known for ‘Honeycrisp’ provides logistical 
challenges.  We did not find that SmartFresh application was 
necessary to maintain fruit quality during conditioning, but 
there may be instances when this is necessary.

Main	effects Factor Stem-end	flesh	browning	(%)

Harvest date and type H1 spot 51a

H2 spot 49a

Field treatment Control 71 a

Harvista 29 b

Conditioning Without 63 a

With 37 b

SmartFresh Without 53a

With 48a

Table	4.		Stem-end	flesh	browning	(%)	–	main	effects	of	harvesting	type,	field	
treatment,	conditioning,	and	SmartFresh	application	in	2014.	Where	
significant,	differences	among	means	within	an	effect	are	indicated	
by	different	letters.

Figure	4.			Stem-end	flesh	browning	(%)	in	fruit	from	untreated,	Harvista-
treated	 trees	 and	 spot	 picked	 for	 color	 on	 week	 1	 and	 the	
remaining	 fruit	 harvested	 on	 week	 2.	 	 Fruit	 were	 then	 either	
conditioned	 or	 not	 conditioned,	 with	 and	 without	 SmartFresh,	
and	CA-stored	for	6	months	plus	7	days	at	68	₀F.
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storage operators in New York State, and solutions to the problem 
are needed as crop volumes increase.  The research described 
here was carried out with the older ‘Gala’ strain, Fulford, and 
claims have been made that the browning is restricted to this and 
similar strains.  While we do not have any direct comparisons of 
‘Gala’ strains, subsequent unpublished work shows clearly that the 
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4. SmartFresh (1-MCP) does not affect the incidence of stem-end 
flesh browning.

5. Harvista is an effective treatment to maintain flesh firmness of 
fruit during CA storage.

6. Untreated fruit from H2 were much softer than fruit from H1 in 
both years, highlighting the critical importance of early harvest 
to get best storage quality of ‘Gala’ apples.

 Overall, both Harvista and to a lesser extent conditioning, 
reduced stem-end flesh browning, but did not prevent its devel-
opment, and critical factors that cause its development remain 
unknown.
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