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“A label change for SmartFreshTM means 
that 1-MCP can be applied to fruit more 
than once, for example, while loading 
storage rooms. Here we show that for 
fast ripening varieties such as ‘McIntosh’ 
and ‘Cortland’, the ability to minimize 
delays between harvest and treatment 
can enhance quality.  However, storage 
operators need to be aware of increased 
risk of some types of storage disorders.”

SSmartFreshTM technology, based on the inhibitor of ethylene 
action 1-methylcyclopropene (1-MCP), is used extensively 
on many major varieties by the New York apple industry.  

The maintenance 
of quality factors 
such as freshness 
and texture dur-
ing and after stor-
age as a result of 
1-MCP treatment 
can help deliver 
a more desirable 
fruit to the mar-
ket place.  1-MCP 
treatment  can 
also inhibit devel-
opment of physi-
ological storage 
disorders such as 

superficial scald (storage scald), although it can sometimes in-
crease susceptibility of fruit to other disorders, such as carbon 
dioxide injury and firm flesh browning.
 Varieties differ in their responses to 1-MCP treatment, ef-
fects being shorter-lived in some, e.g. ‘McIntosh’ and ‘Cortland’, 
than in others, e.g. ‘Delicious’, ‘Empire’ and ‘Honeycrisp’.  These 
differences are likely due to different metabolic rates; sometimes 
genetic, but also because varieties such as ‘McIntosh’ are often 
harvested close to, or at the increase of ethylene production that 
occurs when apples ripen.  High ethylene production by the fruit 
can be important because ethylene can decrease the effectiveness 
of 1-MCP.  Also, for rapid ripening varieties, any delays between 
harvest and treatment, even a day or two, during which ethylene 
production can increase, can result in softer fruit after storage. 
In 2009, the SmartFresh label was modified to allow multiple 
1-MCP treatments in the US.  Therefore, 1-MCP can be applied 
to fruit during room loading and/or during storage, minimizing 
delays between harvest and treatment.  
 ‘Rapid controlled atmosphere (CA)’ storage, in which oxygen 
concentrations are decreased to 2.5-5% or less within 9 days of 
harvest, improves maintenance of fruit quality.  Subsequently, 
‘Rapid CA’ has become standard practice for many apple regions 
where volume of fruit and scale of operation permit, and delays 
between harvest and CA application of as little as 4 days has be-
come increasingly common.  Rapid room filling is less common 
for smaller operations, however, because of limited numbers of 
CA storage rooms and the need to store varieties with different 
harvest windows in the same room.  Repeated 1-MCP treatments 

offer flexibility to smaller operations where fruit are loaded into 
CA storage rooms over extended periods, as well as to large-scale 
operations where the goal is long term CA storage and therefore 
short intervals between harvest and CA application are more 
important.  In a previous New York Fruit Quarterly article, we 
have shown that rapid treatment with 1-MCP can allow delayed 
application of CA without loss of quality (Watkins et al., 2008).  
Those studies indicate that application of 1-MCP with minimal 
delays after harvest can maximize the results obtained from 
investment in SmartFresh technology.
 Now that 1-MCP can be applied to fruit more than once, a 
number of interesting questions are raised.  These include: 

1) Can multiple applications be used effectively to improve 
quality maintenance of our more difficult New York 
varieties, especially important because the benefits of 
1-MCP include control of superficial scald?  We know 
for example, that the control of scald can be lost when 
fruit recover from 1-MCP-induced inhibition of ripen-
ing.

2) Do multiple 1-MCP treatments increase the risk of 
disorders such as carbon dioxide injury and firm flesh 
browning?

3) Can 1-MCP be applied during storage to maintain qual-
ity and inhibition of scald? 

4) Could multiple 1-MCP treatments be used as a way of 
improving storage of fruit in air, and perhaps as an al-
ternative to CA storage, at least in the short to medium 
term?

 We have started to address these and other questions, and 
here we present key findings from recently published work (Nock 
and Watkins, 2013; Lu et al., 2013).

The Effects of Repeated Treatments of 1-MCP on 
‘McIntosh’ and ‘Empire’ Apples Prior to CA Storage
 ‘McIntosh’ and ‘Empire’ apples were harvested from trees 
grown at the Cornell Orchards, Ithaca, three times over the course 
of one week in the middle of the harvest window, a plausible 
scenario for filling a typical grower storage room.  Fruit from 
the first harvest were treated with 1-MCP either once, twice or 
three times over the course of filling a room, while fruit from a 
second harvest were treated once or twice, and fruit from a third 
harvest treated once.  
 ‘McIntosh’ apples were harvested on Sept 7, Sept 10 and 
Sept 14, 2010, while ‘Empire’ apples were harvested on Oct 7, 
Oct 10 and Oct 14, 2011.  After harvest, fruit were separated into 
replicates, cooled overnight to 36oF, and then either not treated 
or treated with 1ppm 1-MCP at different times after harvest.  
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Fruits from harvest 1 were treated either on day 1, 4 or 8, 1 and 
4 (‘McIntosh’ and ‘Empire’), 4 and 8 (‘Empire’ only), or 1, 4 and 
8; fruits from harvest 2 were treated on day 1 or 4, or 1 and 4 
after harvest; and fruits from harvest 3 was treated only on day 
1 after harvest.  
 Fruit were stored under CA conditions on the day that the 
last 1-MCP treatment fruit were removed from the treatment 
tent.  The storage regimens were: ‘McIntosh’, 2% oxygen and 2% 
carbon dioxide for one month and then 5% carbon dioxide, and for 
‘Empire’, 2% oxygen and 2% carbon dioxide. Fruit were evaluated 
after 4 and 8 months of storage, with 10 fruit from each of the 
four replicates assessed for all treatments after both 1 and 7 d at 
68°F.  Each fruit was inspected for external disorders, followed by 
firmness readings, and then sliced 3-6 times to check for presence 
of any internal disorders.  Greasiness was subjectively measured 
by rubbing the apple. Only data from 2010 are presented here to 
illustrate the main findings. 
 ‘McIntosh’ Results.  The internal ethylene concentrations 
(IECs) of the fruit increased with later harvests, while fruit soft-

harvests and also in H1 fruit when the 1-MCP treatment was 
delayed until day 8, and bitter pit incidence decreased progres-
sively with increasing harvest time and disappeared by harvest 3 
(results not shown).  Decay, vascular browning and brown core 
were detected but were not affected by treatment (results not 
shown).
 ‘Empire’ Results.  ‘Empire’ was harvested later than the 
optimum period for CA storage, as indicated by high IECs and 
starch index values, and soft fruit (Table 1).  Nevertheless, there 
were few effects of harvest time on these indices.
 After storage, fruit treated with 1-MCP were always firmer 
than untreated fruit (Figure 3), and like ‘McIntosh’, untreated and 
treated fruit softened with increasing storage time.  However, un-
like ‘McIntosh’ the effects of delayed 1-MCP application of 1 and 
4 days were negligible after 4 months of storage. A small effect 
was evident with a 7-day delay after 4 months of storage, and for 
4 and 7 days after 8 months of storage. Repeat treatments either 
once or twice resulted in firmness that was as high, or higher, 
than the single 1-day treatment.  
 Flesh browning was higher in ‘Empire’, with higher levels in 
1-MCP treated fruit (Figure 4).  The level of flesh browning in 
untreated fruit increased in later harvests.  Core browning was 
primarily present in untreated fruit, especially in H3, although 
levels were low (Figure 5A).  Greasiness was more common in un-

 

 

Table	1.		Maturity	data	for	‘McIntosh’	and	‘Empire’	harvested	in	2010.		

	 	 	 Flesh		 Starch
	 Harvest	 IEC	 firmness	 pattern	 	
Cultivar		 date	 (ppm)	 (lb-f)	 index	(1-8)

‘McIntosh’   Sept. 7 10.9 bz 15.7 a 5.5 c
  Sept. 10 60.2 a 15.6 a 5.8 b
  Sept. 14 71.6 a 14.4 b 6.7 a
‘Empire’   Oct. 7 34.4 a 14.8 ab 6.6 a
  Oct. 10 18.3 b 15.3 a 6.7 a
  Oct. 14 12.9 b 14.3 b 6.8 a

zMeans that do not share a letter are significantly different at P=0.05. 

ened significantly over the one-week harvest period (Table 1). 
The starch pattern index increased with each successive harvest.
 After storage, fruit treated with 1-MCP were always firmer 
than untreated fruit (Figure 1). Overall, fruit softened between 4 
and 8 months of CA storage plus a 7-day shelf life, but the effects 
of treatment were consistent at both removals from storage.
 If we look at delays between harvest and 1-MCP treatment 
(Figure 1), it is clear that even a 4 day delay results in softer fruit 
– compare harvests 1 and 2 – and a delay of 8 days resulted in 
even softer fruit after storage.  Repeat treatments either once or 
twice resulted in firmness that was as high, or higher, than the 
single 1-day treatment.  The ripening of fruit over the harvest 
period is reflected in softer fruit even with 1-MCP treatment on 
day 1.
 Except for external CO2 injury, which had similar incidences 
at both 4 and 8 months, few disorders were detected in fruit stored 
for 4 months.  Therefore, only data for 8 months of CA storage 
are shown.  External CO2 injury was more prevalent if 1-MCP 
was applied soon after the first two harvests (H1 and H2) (Figure 
2A).  Untreated fruit from all harvests and those of H3 that were 
treated on day 1 had no detectable injury.  In general, increasing 
delays before 1-MCP treatment resulted in lower injury levels 
and fruit from later harvests had less external CO2 injury.  
 The incidence of senescent breakdown of untreated fruit 
increased as harvest was delayed, and when 1-MCP treatment 
was delayed (Figure 2B).  
 Flesh browning incidence was higher at H3 than at earlier 

Figure	1.		 Post-storage	 flesh	 firmness	 (lb-f)	 of	‘McIntosh’	 apples	 either	
untreated	or	treated	with	1ppm	1-methylcyclopropene	(1-MCP)	
on	days	1,	4	or	8,	or	1	+	4	or	1	+	4	+	8,	after	three	harvest	dates	
over	a	week.		Fruit	were	then	stored	for	4	(A)	or	8	(B)	months	in	CA	
storage	at	36oF	plus	7	days	at	68oF.		The	least	significant	difference	
indicates	significant	differences	(P	=	0.05)	if	larger	than	the	number	
provided.
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Figure	 2.	 Post-storage	 external	 CO2	 injury	 (A)	 and	 senescent	 breakdown	
(B)	 of	‘McIntosh’	 apples	 either	 untreated	 or	 treated	 with	 1ppm	
1-methylcyclopropene	(1-MCP)	on	days	1,	4	or	8,	or	1	+4	or	1	+	4	+	
8,	after	three	harvest	dates	over	a	week.		Fruit	were	then	stored	for	
4	or	8	months	in	CA	storage	at	36oF	plus	7	days	at	68oF.		The	least	
significant	difference	indicates	significant	differences	(P	=	0.05)	if	
larger	than	the	number	provided.

	Figure	3.		Post-storage	 flesh	 firmness	 (lb-f )	 of	‘Empire’	 apples	 either	
untreated	or	treated	with	1ppm	1-methylcyclopropene	(1-MCP)	
on	days	1,	4	or	8,	or	1	+4	or	1	+	4	+	8,	after	three	harvest	dates	
over	a	week.		Fruit	were	then	stored	for	4	(A)	or	8	(B)	months	in	CA	
storage	at	36oF	plus	7	days	at	68oF.		The	least	significant	difference	
indicates	significant	differences	(P	=	0.05)	if	larger	than	the	number	
provided.

Figure	4.		 Post-storage	flesh	browning	(%)	of	‘Empire’	apples	either	untreated	
or	treated	with	1ppm	1-methylcyclopropene	(1-MCP)	on	days	1,	4	
or	8,	or	1	+4,	4	+	8,	or	1	+	4	+	8,	after	three	harvest	dates	over	a	week.		
Fruit	were	then	stored	for	4	or	8	months	in	CA	storage	at	36oF	plus	
7	days	at	68oF.		The	least	significant	difference	indicates	significant	
differences	(P	=	0.05)	if	larger	than	the	number	provided.

treated fruit, being suppressed by 1-MCP (Figure 5B).  Incidence 
was higher at H2 and H3 than at H1, but in all cases, greasiness 
was rated as slight.
 Overall, the effects of rapid 1-MCP treatment were much 
more pronounced for ‘McIntosh’ than for ‘Empire’.  This occurred 
even though ‘Empire’ apples are harvested later than they should 
have been for long term CA storage. It should be noted that the 
late harvest of ‘Empire’ is also known to increase susceptibility 
of the fruit to flesh browning.

The Effects of Repeated 1-MCP Treatments on 
Ripening and Superficial Scald Control of ‘Cortland’ 
and ‘Delicious’ Apples
 ‘Cortland’ and ‘Delicious’ apples were harvested in 2011 from 
commercial orchards in Western NY on September 21 and 29, 
respectively, to provide 48 crates of 100 fruit.  The fruit, (four 
crate replicates) were either not treated or treated with 1-MCP 
(1 ppm) after overnight cooling.   Treatments were applied only 
once on day 1, 4 or 7 after harvest, or on multiple occasions, 1 
+ 4, 4 + 7, 1 + 4 + 7, 7 + 14, 7 + 28, 7 + 42, and 7 + 84 days. A 
further set of fruit was treated with diphenylamine (DPA), the 

commercially available antioxidant used to inhibit superficial 
scald development.  Fruit were stored in air at 33oF for up 36 
weeks.  Firmness was measured at weeks 18 and 36, while the 
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Figure	5.		 Brown	 core	 (A)	 and	 greasiness	 (B)	 of	‘Empire’	 apples	 either	
untreated	or	treated	with	1ppm	1-methylcyclopropene	(1-MCP)	
on	days	1,	4	or	8,	or	1	+4,	4	+	8,	or	1	+	4	+	8,	after	three	harvest	
dates	over	a	week.		Fruit	were	then	stored	for	4	or	8	months	in	CA	
storage	at	36oF	plus	7	days	at	68oF.		The	least	significant	difference	
indicates	significant	differences	(P	=	0.05)	if	larger	than	the	number	
provided.

 

 

incidence of superficial scald was measured only at 36 weeks.  All 
measurements were taken after fruit were kept at 68oF for 7 days. 

 ‘Cortland’ Results.  At harvest, the IECs of ‘Cortland’ and 
‘Delicious’ apples were 0.09 ppm and 6.4 ppm indicating that 
‘Cortland’ fruit were preclimacteric, while those of ‘Delicious’ had 
started producing climacteric ethylene.  Firmness of ‘Cortland’ was 
16.2 lb-f and ‘Delicious’ was 17.1 lb-f. The firmness of ‘Cortland’ 
and ‘Delicious’ apples after storage is shown in Tables 2 and 3, 
respectively.
 Untreated fruit were the softest within each storage period 
(Table 2).  While DPA-treated fruit were slightly firmer than 
untreated fruit, the differences were minor when compared with 
the higher firmness of fruit from all 1-MCP treatments.  If we 
first consider the fruit stored for 18 weeks, all treatments where 
fruit were treated with 1-MCP one day after harvest, either alone 
or in combination (1, 1 + 4, 1 + 4 + 7 d), were 1 lb-f higher than 
fruit treated after four days (4, 4 + 7 d).  Fruit stored for 36 weeks 
were softer overall, but the differences between treatments ap-
plied either alone or in combination when the first application 
was made day 1 or day 4 after harvest were similar, averaging 13 
lb-f and 12.4 lb-f, respectively.

Table	2.	 Post-storage	 flesh	 firmness	 (lb-f )	 of	‘Cortland’	 apples	 either	
untreated	or	treated	with	1000ppm	diphenylamine	(DPA)	or	1ppm	
1-methylcyclopropene	(1-MCP)	and	stored	for	18	or	36	weeks	at	
33°F	plus	7	days	at	68°F.	Fruit	were	treated	either	once	or	on	multiple	
occasions	as	indicated	after	overnight	cooling	to	33°F.

	 	 							Flesh	firmness	(lb-f)	

Treatment	 Days	after	harvest	 18	weeks	 36	weeks

Untreated -    9.8 kz   7.8 h
DPA 1  10.4 i   8.9 k
1-MCP 1  14.6 a  13.0 c
 4  13.6 b  12.3 e
 7  12.7 cde  10.5 hi
 1 + 4  14.4 a  12.9 cde
 4 + 7  13.6 b  12.4 e
 1 + 4 + 7  14.7 a  13.0 cd
 7 + 14  12.8 cde  11.3 fg
 7 + 28  12.8 cde  11.7 f
 7 + 42  12.4 de  11.2 g
 7 + 84  12.5 de  10.9 gh

zMeans with different letters are significantly different at P = 0.05

Table	3.	 Post-storage	 flesh	 firmness	 (lb-f )	 of	‘Delicious’	 apples	 either	
untreated	or	treated	with	1000ppm	diphenylamine	(DPA)	or	1ppm	
1-methylcyclopropene	(1-MCP)	and	stored	for	18	or	36	weeks	at	
33°F	plus	7	days	at	68°F.	Fruit	were	treated	either	once	or	on	multiple	
occasions	as	indicated	after	overnight	cooling	to	33°F.

	 	 								Flesh	firmness	(lb-f)	

Treatment	 Days	after	harvest	 18	weeks	 36	weeks

Untreated - 13.9 jz   12.3 m
DPA 1 13.7 j   11.5 l
1-MCP 1 16.6 ab   15.6 efgh
 4 16.5 ab   15.0 hi
 7 16.4 abc   15.0 hi
 1 + 4 16.0 bcdef   15.2 ghi
 4 + 7 16.7 a   15.7 defg
 1 + 4 + 7 15.5 efg   15.2 ghi
 7 + 14  15.8 cdefg   14.8 i
 7 + 28  15.6 efgh   15.0 hi
 7 + 42  16.3 abcd   15.0 hi
 7 + 84  16.2 abcde   15.0 hi

zMeans with different letters are significantly different at P = 0.05

 When 1-MCP application is delayed for 7 days after harvest, 
the loss of firmness after 18 weeks was 1.9 lb-f, and after 36 weeks 
was 2.5 lb-f, compared with fruit treated one day after harvest.  
Additional 1-MCP treatments after 7 days during the storage 
period did not result in any effect on firmness.
 Overall the results indicate that rapid treatment of fruit 
within a day of harvest results in superior firmness of the rapid 
ripening apple ‘Cortland’, and even a 4-day delay results in loss 
of firmness.  A delay until 7 days results in even further loss of 
firmness.  Multiple treatments within a week of harvest do not 
provide additional benefits.  
 It is important to remember that 1-MCP based technology 
has changed the whole standard for fruit quality; even the soft-
est fruit measured after 18 weeks of cold storage (a not uncom-
mon but increasingly unacceptable storage time for air stored 
fruit) after 1-MCP treatment was 12.4 lb-f, still markedly firmer 
than untreated (9.8 lb-f ) or DPA-treated (10.4 lb-f ) fruit.  Also, 
titratable acidity data are not provided here, but acidity was also 
always higher in 1-MCP-treated fruit than either untreated or 
DPA-treated fruit.
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 The fruit used 
in these experiments 
were highly suscep-
tible to superficial 
scald with 100% in-
cidence in untreat-
ed fruit (Table 4).  
The incidence was 
reduced to 46% in 
DPA-treated fruit, 
poor control from 
a commercial per-
spective perhaps 
because we used 
1000ppm rather 
t h a n  2 0 0 0 p p m . 
Treatment of fruit 
with 1-MCP after 
overnight cooling 
eliminated scald and 
control was excel-
lent with the 4 day, 1 
+ 4 day, 1 + 4 + 7 day, 
and 4 + 7 day treatments. Control of scald was poor if 1-MCP was 
not applied until day 7.  A small reduction was detected when 
the 7-day fruit were given a repeat treatment on day 14, but no 
later second applications affected disorder incidence.
 ‘Delicious’ Results.  The softest fruit were untreated or 
DPA-treated, those treated with 1-MCP always being firmer after 
18 or 36 weeks (Table 3).  Fruit of this variety do not soften as 
markedly as those of ‘Cortland’ and the firmness data differences 
with 1-MCP treatment were less marked than for that variety. 
The effects of treatment time were less consistent; delays between 
harvest and application of 1-MCP after 1, 4 or 7 days, either alone 
or in combination, have little effect on firmness.  Titratable acidity 
was always higher in 1-MCP-treated fruit than either untreated 
or DPA-treated fruit (data not presented). 
 Untreated fruit developed 51% superficial scald after 36 
weeks of air storage.  No scald was detected in the DPA or any 
1-MCP treatment.

Summary
 Overall, this study again highlights the powerful effect of 
1-MCP-based technology on controlling ripening of apple fruit, 
and why SmartFresh has been adopted by the New York industry 
as it seeks to provide the highest quality apples to the consumer. 
The opportunity to apply 1-MCP more than once affords the 
industry the opportunity to apply it to fruit while storage rooms 
are being loaded.
 In the first study, we used ‘McIntosh’ and ‘Empire’ apples to 
investigate the effects of a scenario where fruit would be harvested 
over a week and loaded into a CA storage room.  Fruit from the 
first harvest received up to three applications before fruit from 
the last harvest were loaded and treated with 1-MCP. The effect 
of variety is important.  For ‘McIntosh’ apples, delays between 
harvest and treatment with 1-MCP of only 4 days resulted in 
loss of fruit firmness, even for a short CA period of 4 months. 
The effects of delays were much less evident for ‘Empire’ even 
though fruit of this cultivar were harvested after the optimum 
maturity for CA storage.  Our results also show, however, that 

susceptibility of varieties for various storage disorders must also 
be taken into account. For ‘McIntosh’ the major disorder was 
external CO2 injury, and the 1-MCP applications that resulted in 
the best maintenance of flesh firmness resulted in highest injury 
incidences. As long as fruit are treated with DPA, which prevents 
development of external CO2 injury, there is no concern about 
rapid and/or multiple 1-MCP treatments to maximize quality.  
However, storage operators who do not use DPA, or stop using 
it for ‘McIntosh’ and other varieties susceptible to injury, such 
as ‘Cortland’ and ‘Empire’, need to be aware of the increased 
risk.  The ‘Empire’ fruit used in this experiment came from a 
block where susceptibility of fruit to CO2 injury is low, but this 
variety can be very susceptible.  ‘Empire’ is also susceptible to 
flesh browning.  This disorder can be worse in 1-MCP treated 
fruit, and risk of injury is enhanced in later harvested fruit.  Until 
satisfactory control methods for this disorder are developed, 
storage operators should keep this increased risk in mind as they 
develop their marketing strategies.
 The second study, in which we compared 1-MCP applica-
tions either alone or in combination, to ‘Cortland’ and ‘Delicious’ 
apples, we again found that the effect of variety is important when 
considering the urgency of 1-MCP application.  For ‘Cortland’, 
treatment of fruit with 1-MCP after cooling overnight resulted in 
optimal responses in terms of firmness and superficial scald con-
trol.  Delaying treatment of fruit with 1-MCP by 4 days resulted 
in slightly softer fruit, and fruit were even softer after a 7-day 
delay.  Multiple 1-MCP treatments did not enhance firmness, 
but as importantly, did not cause any negative effects. Control 
of scald by 1-MCP was also affected by delay, with ineffective 

Table	 4.	 Post-storage	 percentage	 of	 superficial	
scald	 in	 ‘Cor tland’	 apples	 either	
untreated	 or	 treated	 with	 1000ppm	
d i p h e n y l a m i n e 	 ( D PA ) 	 o r 	 1 p p m	
1-methylcyclopropene	 (1-MCP)	 and	
stored	for	36	weeks	at	33oF	plus	7	days	
at	68oF.	Fruit	were	treated	either	once	or	
on	multiple	occasions	as	indicated	after	
overnight	cooling	to	33oF.	

		 Days	after
Treatment	 harvest	 Scald	(%)

Untreated - 100 az

DPA 1  46 b
1-MCP 1    0 f
 4    1 f
 7 32 c
 1 + 4   2 f
 4 + 7   6 ef
 1 + 4 + 7   0.6 f
 7 + 14   9 e
 7 + 28 35 cd
 7 + 42 36 cd
 7 + 84 38 cd

zMeans with different letters are significantly different 
at P = 0.05
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with 1-methylcyclopropene (1-MCP) prior to controlled 
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control, the same as that in DPA treated fruit, if 1-MCP treat-
ment was delayed by 7 days.  Therefore, if DPA is not used for 
scald control (at a higher rate than used here), minimizing delays 
between harvest and 1-MCP treatment is critical.  In contrast, 
the effects of delayed 1-MCP applications to Delicious within 
the AgroFresh guidelines of 7 days between harvest and treat-
ment were negligible.  Nevertheless, given the uncertain effects 
of season, harvest date, maturity and postharvest factors such 
as fruit cooling, we suggest that it is a good practice to apply 
1-MCP with minimum delay even to ‘Delicious’ and ‘Empire’, 
and other varieties that are highly responsive to treatment.
 Recognition of the importance of rapid 1-MCP treatment 
has led to increased use of treatment tents and pre-treatment 
rooms by storage operators.  The label revision for SmartFresh 
that now permits repeated applications provides a useful tool 
to treat fruit with 1-MCP while rooms are being loaded with 
fruit and thereby obtain the highest quality fruit possible. 
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1.     In the byline, the TM after SmartFresh needs 
to be superscript.
2.     Replace ‘all’ with ‘many’ (line 3, LHS col-
umn)
 
3.     End of intro - still on first page - from 
recently published work:  - I don’t think the ‘:’ 
should be there.
 
4.     Cultivars replaced with varieties 
throughout to be consistent.
 
5.  end of first page (p. 11) either not treated 
or treated with...
 
 6.  second page (p. 12), second line - Fruits 
from harvest 2 were treated were on day 1 or 
4,  - the second ‘were’ should be removed so 
it reads ‘Fruits from harvest 2 were treated on 
day 1 or 4.
 
7.  Table 1 - the 4th number under flesh firm-
ness is not lined up with the rest.
 
8. Figure 1 (actually all figures) - does 
1-methylcyclopropene need to be spelled out 
since it already was in the intro?  Also diphe-
nylamine (DPA) in tables 2 and 3 since it was 
mentioned in the text? [Elaine – Jackie is right 
here, but if easier for you not to change at this 
stage, just leave as is.  Otherwise use only 
1-MCP or DPA.
 
9.  Figure 2 has a larger font size than the 
other figures.  Unfortunately, I think that is 
also true of the original figures.
 
10.  At the very end - after Literature Cited, 
‘Chris Watkins who is professor of horticul-
ture’... should read,
   ‘Chris Watkins is a professor of horticul-
ture’...
 
11.  and the reference - Postharvest Biol. 
Technol. 79:73-79.
 


