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Introduction

The chemical 1-methylcyclopropene (1-MCP) represents a revolution in the ability of storage operators to 

maintain quality of apples for the consumer. Not only does 1-MCP offer advantages to product quality 

during storage that are additional to those offered by CA storage, but it has the unique effect of 

maintaining quality after fruit have been removed from storage. Loss of fruit quality after it leaves the 

packing shed is a major problem in marketing, especially for varieties such as McIntosh, Cortland and 

Empire. Thus there has been tremendous interest by the New York industry in the potential of this 

product. In many ways we have only “put our toes in the water” in terms of understanding the benefits 

and limitations of 1-MCP, but its recent registration and availability as the commercial formulation 

SmartFreshTM has placed tremendous urgency on gaining the necessary knowledge required for its safe 

use. Our goal here is to outline some of our knowledge and to make recommendations for its use.  

General comments 

1. The vast majority of apple varieties that we have tested respond well to 1-MCP. However, there 

are ‘degrees of response’. Major interactions exist among harvest maturity, storage type, length of 

storage, and handling protocols prior to 1-MCP application. 

2. 1-MCP can maintain quality of fruit in air for 2-3 months, but rarely is it a substitute for CA 

storage. Best responses to 1-MCP occur in combination with CA. 

3. Maturity. Judging maturity is an art and a science, and the value of absolute maturity indices is 

limited. A danger for our industries is that we harvest fruit too early in order to maximize their 

responses to 1-MCP. Early harvested fruit can have low flavor development, and this may be 

further compromised by 1-MCP, especially for sensitive varieties such as Delicious and Empire. 

Attention to harvest maturity and quality will be an essential component of 1-MCP use. 

4. Delays between harvest and treatment of fruit with 1-MCP are affected by variety and maturity of 

the fruit 

5. Most is known about the responses of McIntosh, Cortland, Empire and Delicious to 1-MCP. 

Other varieties have been, or are being, tested by us and the industry. However, it is likely that 

regional and handling steps will need to be learned by the industry in each region. “Don’t put all 

your eggs in one basket” for varieties that you are unfamiliar with – test varieties first. 

6. Maintain present storage atmosphere if using DPA. Pay particular attention to CO2 injury risk if 

you do not use DPA.  

The effect of 1-MCP on physiological disorders of apples

A major factor in considering 1-MCP for eastern apple varieties has proven to be its effects on 

physiological disorders; 1-MCP generally delays the appearance of those that are associated with 

senescence such as senescent breakdown, markedly controlled superficial scald, but can induce CO2-

related injuries.
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1. Superficial scald. Our initial observations with respect to scald were with Law Rome for which we 

found spectacular results. This highly scald-susceptible variety in one trial had 90% scald in untreated 

fruit stored for 6 months in air, and this was eliminated entirely by 1-MCP. These types of data have 

suggested that DPA use could be avoided. However, the situation appears to be more complex, both in 

terms of scald, and as will be discussed shortly, in terms of CO2 injury. 

There are three general concerns about eliminating DPA for scald control. The first is that there is 

always a risk in taking experimental findings that have been developed with limited fruit numbers and 

seasons and applying these to commercial CA storages. The risk of scald development can vary greatly 

from year to year, and from region to region, and is affected greatly by harvest date. The second is that we 

are finding considerable differences in the control of scald among and within varieties. The third is that 

we learned the hard way with the experience with Empire in 1992, that chemicals such as DPA can be 

having un-recognized benefits on our storage operations. The risk of taking experimental findings to large 

scale CA rooms is unavoidable, but whereas failure of response can mean that fruit soften faster, 

development of a disorder such as scald effectively ruins the entire consignment because of industry 

sensitivity to the disorder. Thus it is strongly recommended that transition be planned, e.g. not treating 

part of the fruit in a room if your goal is to eventually avoid DPA use. Also, be aware that handling issues 

may affect responses to 1-MCP. For example, scald risk may be greater if delays occur between harvest 

and treatment, especially if ethylene production has been initiated.  

We, and others, have observed less scald control in varieties such as McIntosh and Cortland. It is 

likely that the poorer scald control reflects the relatively lower responses on control of ethylene, which 

not only affects softening, but also affects the production of the compound responsible for scald 

formation. Therefore we recommend that you maintain current DPA strategies for varieties such as 

Cortland and McIntosh, especially until you learn the responses of the fruit under your harvest and 

handling regimes. If you don’t use DPA now, it is obviously desirable to continue not to use it, but you 

need to be aware of its other potentials, such as benefits on firmness (which will not be relevant if you use 

1-MCP) but more importantly its role in preventing development of disorders such as CO2 injury.  

2. CO2 injury. A physiological disorder that appears to be exacerbated by 1-MCP is CO2 injury. This 

injury has long been a problem for storage operators, and strategies must be taken to prevent losses. It is 

worth reviewing what we know about the problem. 

1.  Variety sensitivity to CO2 injury. Several eastern varieties are particularly sensitive to injury, 

especially McIntosh, Empire and Cortland. Sensitivity to CO2 injury is the primary reason why the CA 

storage recommendation for McIntosh states that CO2 levels should be maintained at 2 to 3% for the first 

4-6 weeks, before allowing them to increase (so that advantages of elevated CO2 on firmness can be 

utilized). Where DPA is not used routinely for McIntosh in the Champlain region, it is common to see a 

small percentage of fruit in the cull bins with injury, and occasionally worse losses. We also know that a 

minimum of 1% CO2 is necessary to maintain Empire firmness during CA (see later). 

 The experience with Empire in 1992/1993 is also important to remember. Serious losses due to 

CO2 injury occurred in many storages in New York, Michigan and elsewhere, when people stopped using 

DPA, which suggests that variety sensitivity to injury may be disguised because of antioxidant use. 

Again, it is not uncommon to see small percentages of injury on fruit where DPA is not used. 

2.  Orchard block and seasonal variation. We know that block-to-block and seasonal variations in 

sensitivity of fruit to CO2 injury exist. We have found ranges of injury from 0 to 88% in Empire apples 

harvested on the same day and exposed to identical postharvest conditions. Reasons for this variation are 

unknown, but in general less highly colored fruit are more susceptible. 

3.  Postharvest handling effects on CO2 injury. Several years ago we found that CO2 injury in Empire 

apples:

- was greater at higher CO2 concentrations,

- occurred on fruit were most susceptible during early exposure to CO2 in storage, 

- was decreased by keeping fruit in air storage before CA,  

- was prevented by DPA.  
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Three strategies can be considered for CO2-susceptible varieties. 

1. Treat all CO2 susceptible varieties with DPA. Although DPA is not labeled for control of CO2 injury, 

you are obviously able to take advantage of this side effect if you are drenching apples for scald control. 

DPA treatment is the no-risk option, and allows you to maintain all postharvest operations without 

concerns about atmosphere modification. The downside is that storage operators that are able to avoid its 

use for low-scalding varieties such as Empire have reported lower losses due to decay, and would prefer 

not to drench their fruit. 

2. Maintain CO2 levels lower than 1% for the first  4 to 6 weeks of storage in CA. This tentative 

recommendation was tested by some operators in the 2002/2003 season. One report of significant loss 

was received by an operator that used this method last season, but the problem appeared to be associated 

with particularly susceptible fruit. The reservation about this recommendation is that you must remember 

that the presence of CO2 in the storage environment is important. Firmness of Empire apples can be lower 

when CO2 levels are low throughout storage. Thus while CO2 can be reduced at the start of storage, we 

still recommend increasing the CO2 to 2-3% after the initial period. 

3.  Delay application of CA storage after treatment of fruit with 1-MCP. Because Empire is very 

responsive to 1-MCP, once the fruit are treated it may be possible to keep fruit in cold storage for a week 

or two before applying CA without losing condition. Similar recommendations have been made for 

varieties such as Braeburn and Fuji as strategies to minimize development of internal CO2 injuries.

Research is ongoing. 

Variety recommendations 

These should be considered as supplementary to the AgroFresh technical bulletin. 

McIntosh:

Benefit

- High for Champlain-grown fruit, and low to moderate benefit elsewhere depending on fruit 

maturity and preharvest factors such as ethrel usage.  

Risk factors

– Increased variability of fruit after storage if maturity is mixed at harvest, i.e. if some fruit have 

high ethylene production they may not respond to 1-MCP resulting in both firm and soft fruit in 

the same consignment. 

– CO2 injury in regions where DPA is not used. 

Cortland:

Benefit

- High, depending on fruit maturity. For fruit treated at optimum maturity, a 10 month CA storage 

apple may be possible. 

Risk factors

– CO2 injury if DPA is not used. 

– Scald control appears to be less consistently controlled by 1-MCP. 

Empire:

Benefit

- High, and less dependent on fruit maturity than many other varieties. 

Risk factors

– CO2 injury, if DPA is not used. Special care must be taken to reduce CO2 in storages. 
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Delicious:

Benefit

- Moderate, and although less dependent on fruit maturity than many other varieties we do not 

obtain as marked responses as elsewhere, perhaps because we harvest our fruit relatively late. 

Risk factors

- Watercore disappearance is slowed or prevented by 1-MCP application. 

Gala:

Benefit

- High 

Risk factors

- Isolated reports of CO2 injury, but DPA is not recommended. 

IdaRed:

Benefit

- High in air and CA 

Risk factors

- None identified. Low scald susceptibility 

Law Rome:

Benefit

- Moderate 

Risk factors

- Scald control variable. 
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Further information

This proceeding represents a summary of the available information. Information that summarizes all the 

information developed for New York apples is available for purchase from Max Welcome 

mw45@cornell.edu:

Watkins, C.B., Nock, J.F.. 2003. 1-Methylcyclopropene (1-MCP) – New York update and 

recommendations . p18-55. In: Apple handling and Storage, Proceedings Storage Workshop 2003, 

Department of Horticulture Publication number 22. 
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Figure 1. Molecular structures of

1-MCP and ethylene

HOW APPLE MATURITY INFLUENCES 1-MCP EFFECTIVENESS

Randolph M. Beaudry, Sastry Jayanty, Melissa Butkiewicz, and Katie Schwallier
Department of Horticulture, MSU, East Lansing, MI 48824

Phil Schwallier, Clarksville Horticulture Experiment Station, 9302 Portland Rd., Clarksville, MI, 48815

1-Methylcyclopropene (1-MCP) inhibits ethylene action and can improve the storability of horticultural

commodities in which ethylene plays a role in ripening, abscission, or senescence.  1-MCP was approved

by the U.S. Environmental Protection Agency (EPA) for application to edible crops on 26 July 2002 and is

currently labeled by its manufacturer for use on apple fruit.  1-MCP effectively slows changes in the

texture of apple fruit associated with ripening.  Apart from negating ethylene effects during ripening, 1-

MCP application also reduces physiological disorders during storage such as superficial scald, soft scald,

core flush, and greasiness in some cultivars.  The effectiveness of 1-MCP is dependent on the receptiveness

of the fruit and to a large measure, this is dependent on fruit maturity.

I.  What is 1-MCP?

Physical properties.  1-MCP is a four-carbon molecule, like butane, but has a cyclic portion and a

double bond between two of the carbons and so bears some resemblance to the ripening hormone ethylene

(Fig. 1).  1-MCP, like ethylene, is a vapor under physiological conditions.  In its present formulation 1-

MCP is produced by dissolving the parent compound

SmartFresh® (AgroFresh, Inc.), an -cyclodextran encapsulation

agent/1-MCP complex, to release the active gas. 

Biological properties.  1-MCP acts by inhibiting binding

of the hormone, ethylene, to its receptor binding site.  A single

exposure to 1-MCP can temporarily render plant material

insensitive to ethylene when applied at the parts-per-billion level

and at the concentrations needed for activity, 1-MCP confers no

disagreeable odor.  The compound was found to reduce

ethylene-related responses in apple, pear, broccoli, lettuce,

tomato, strawberry, and several tropical crops.  

II.  1-MCP activity on apple

Of particular value in the storage of climacteric fruit are

those techniques that reduce ethylene responses, thereby

permitting some control over degradative processes associated

with ripening and senescence.  Apple fruit responses to 1-MCP suggest that a single postharvest

application could prevent ripening for an extended period.  At typical storage temperatures near 32 F, the

influence of a single application of 1-MCP lasted over 6 months on Red Delicious and multiple applications

do not seem to provide a significant benefit.  At elevated temperatures, 1-MCP is also effective, but the

duration of its influence declines as temperature increases.  Interestingly, repeated applications of 1-MCP

maintained fruit in a non-ripening state even at room 70 F for over 200 days!  At elevated temperatures,

however, the rate of decay is unacceptably high and is an important problem for storage periods greater

than 2 months. 
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A number of physiological disorders of apple (e.g., superficial scald, soft scald, coreflush,

greasiness, and senescent breakdown) can be reduced by 1-MCP application.  1-MCP application has also

been associated with the development of some forms of superficial lesions or disorders occasionally on

some apple fruit cultivars. One concern is reports of increased susceptibility of 1-MCP-treated fruit to

carbon dioxide injury.  Empire fruit, in particular, appear to become more susceptible to CO2 when treated

with 1-MCP.  Beneficial or detrimental effects of MCP presumably depend on whether ethylene

production, and associated ripening and senescence, is required for disorder development, e.g. scald and

senescent breakdown, or whether normal ripening is required to prevent disorder development.

1-MCP also impacts aroma and a single application can significantly delay the recovery of aroma

biosynthesis.  For Jonagold and Red Delicious, the application of 1-MCP at harvest delayed aroma

recovery for over 30 days when fruit were held at room temperature.  If fruit were held in refrigerated

storage following 1-MCP treatment, the time needed to recover the capacity to produce aroma volatiles

declined as storage duration increased.  Approximately 3 to 4 months air storage was required before fruit

began to ripen immediately upon removal from cold storage.  The impact of 1-MCP on flavor (the

combination of aroma and taste) during the period immediately after treatment needs to be determined

before it can be ascertained whether this reduction in aroma volatiles negatively influences quality.

While some aspects of ripening are nearly completely arrested by timely application of 1-MCP,

others not under complete control of ethylene may continue to change.  These processes include starch

degradation, sugar accumulation, and consumption of titratable acids, which appear to continue to change

following 1-MCP treatment, albeit more slowly than for untreated fruit.  This may have important

implications on fruit quality.  In the case of apple, acidity contributes a significant portion of taste quality. 

It is therefore possible that 1-MCP treated fruit, despite their firmness, may not maintain the tartness (taste)

typical of some cultivars if storage is extended for too great a period.  

III. Factors that affect 1-MCP effectiveness

Application technique. Several factors associated with the application technique are known to

influence apple responses to 1-MCP  Most important among these are the application concentration

(approximately 0.25 to 1 ppb is needed to saturate the response of most apple cultivars) and application

duration (approximately 6 - 12 hours is needed to assure full exposure of apples).  Treatment temperature

is not especially important; the response of apple fruit to 1-MCP concentrations appears to be very similar

in the temperature range of 32 to 70 F.  Finally, as noted previously, repeated treatment of apple fruit with

1-MCP can improve the effectiveness of the material, especially at elevated temperatures.

Fruit developmental stage.  The physiological status of the apple fruit is affected by a number of

environmental, chemical and physiological factors.  It appears that apple fruit tend to respond best when

they are treated early in the ripening process in much the same way that less mature fruit tend to respond

more favorably to controlled atmosphere storage (CA) application relative to more mature fruit and fruit

held in storage for a period prior to application of 1-MCP become less responsive.  

In order to demonstrate the impact of fruit maturity on the responsiveness of fruit to 1-MCP as a

function of fruit maturity, in 2002 we began a project using the variety ‘Redmax McIntosh’.  We further

manipulated fruit maturation by applying ReTain (Valent USA) prior to harvest.  The use of ReTain had

the advantage of suppressing ethylene production well after harvest, allowing us to determine if 

In August of 2002, we applied ReTain at full label rate approximately four weeks prior to

anticipated harvest to a block of Redmax McIntosh located at the Joe Klein’s orchard in the Fruit Ridge

area north of Grand Rapids in Michigan.  Fruit treated with ReTain and untreated control fruit (UTC) were

harvested twice weekly beginning about 2 weeks prior to the anticipated harvest date and continuing for

about 6 weeks.  On each harvest date, hundreds of fruit were pulled at random from the block of trees and

brought to MSU’s campus for maturity analysis and storage.  Half the ReTain-treated and UTC fruit

received a post-harvest application of 1 ppm 1-MCP overnight.  Fruit were then placed in refrigerated air

storage at 32 F.  The storage duration varied from 1 month to 6 months. Similar treatments were also given

to Cortland fruit, but those data are not presented here.
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The application of ReTain delayed ripening as expected.  ReTain suppressed ethylene formation

markedly (Fig. 2).  UTC fruit underwent their normal increase in internal ethylene content (IEC) beginning

Sept. 23, marking the onset of fruit ripening.  However, no increase in IEC was detected in ReTain-treated

fruit even at the conclusion of the study October 7.

After 1 month of storage in air, the effectiveness of the ReTain and the 1-MCP treatments was

evident based on the internal ethylene content of the fruit.  The degree to which these chemical treatments

can influence ethylene production was phenomenal, resulting in a 5000-fold difference between the most

effective treatment (ReTain plus 1-MCP) and the untreated controls. 

Recall that 1-MCP does not inhibit ethylene production as ReTain does; 1-MCP inhibits ethylene

action.  The distinction is important in helping us understand what may be going on inside the fruit.  The

ReTain-treated fruit, for instance, though they may produce lower amounts of ethylene than control fruits,

may be ripening at a similar rate.  As it turns out, the 1 ppm ethylene found in the ReTain-treated fruit after

1 month storage, while much less than the 500 ppm ethylene in the control fruit, is still sufficient to drive

ripening at nearly the same rate as the high levels in the control fruit.  On the other hand, the much lower

level of ethylene produced by the 1-MCP treated fruit is indicative of the whole ripening process being

inhibited – including the synthesis of ethylene.  When 1-MCP was combined with ReTain, the ripening

process was inhibited doubly in McIntosh.  The ReTain reduced the capacity of the fruit to synthesize

ethylene and the 1-MCP treatment that followed inhibited the ripening process, which again, impacts

ethylene synthesis, resulting in extremely low levels of ethylene for the fruit harvested prior to October 7.

A measure of the capacity of the two treatments and their combination to retard ripening can be

gathered from the firmness data after 1 month of air storage shown in Figure 3.  Notice that the untreated

control fruit softened the most rapidly and that the degree of softening increased for the later harvests of

more mature fruit.  The ReTain-treated fruit, despite having 1/500th the amount of ethylene in their tissues,

were only about 1 pound firmer.  However, the fruit receiving 1-MCP were 2 to 3 pounds firmer than the

ReTain only treatment for the first several harvest dates.  For those fruit harvested after September 23, the

degree of softening was much greater and the difference between the 1-MCP and ReTain-treated was

reduced considerably, again emphasizing the impact of harvest maturity on 1-MCP effectiveness.  Firmest

of all were the fruit receiving 1-MCP and ReTain, with fruit maintaining the firmness at harvest for all

except the last harvest date, which was still 3 pounds firmer than all other treatments.

After 3 months storage in air at 32 F, fruit had softened considerably relative to the 1-month fruit. 

The treatments yielding fruit with greater than 12 pounds firmness are indicated by the shaded panels in

Figure 4; note that the data are for fruit held an additional 7days at room temperature.   For control fruit,

only two harvest dates had fruit above the 12 lb. threshold.  Fruit from the ReTain and 1-MCP treatments

fared somewhat better, having 3 and 5 harvest dates, respectively, with 12 lb. or better fruit.  The combined

treatment of 1-MCP and ReTain, however, performed exceptionally well, with fruit harvested as late as

October 7 maintaining an acceptable level of firmness.  Furthermore, while we don’t show the data, we also

found that fruit from the combination treatment harvested as late as September 29 were still firmer than 12

lb even after 6 months storage in air.  It is interesting note that, as for 1-month storage, fruit harvested after

the initiation of natural ripening (September 23) as measured by internal ethylene levels, were softer than

12 lb. for all but the combination treatment.  This again emphasizes the importance of harvesting and

applying storage treatments in a timely manner.

We were impressed by the effectiveness of the combination treatment and so are currently

repeating this study to see if the data are consistent across years so that we can develop a recommendation

regarding the use of the combination of ReTain and 1-MCP on McIntosh.  Our interpretation of the current

season’s data is that the ReTain suppressed ethylene sufficiently that it enabled the 1-MCP to be effective

for a much longer period into the harvest season. As a result, the combination provided marked benefits in

terms of firmness retention well beyond what was obtainable from either treatment alone.  We are hopeful

that these two new technologies, both valuable in their own right, together will result in better quality for

the consumer and improved prices for the apple industry. 
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Important points to consider:

1. ReTain inhibits ethylene synthesis, but does not affect ethylene sensitivity.

2. 1-MCP inhibits ethylene sensitivity

3. The effectiveness of 1-MCP is reduced as fruit begin to ripen, so knowing fruit maturity is

critical.

4. The combined effects of the two compounds on ethylene biology appears to have some promise

for improving storability of McIntosh, normally a rapidly softening variety, although additional

work is needed for other varieties

Figure 2.  Changes in starch index and internal ethylene content (IEC) at the time of harvest and fruit

firmness 7 days after harvest for Redmax McIntosh during fruit maturation and ripening.  Solid symbols

indicate the fruit treated with ReTain approximately 30 days prior to the anticipated harvest.  The onset of

ripening is marked by the increase in IEC first detected September 23 for the untreated control fruit.
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Figure 3.  Changes in fruit firmness of Redmax McIntosh fruit held 1 month at 0 C as a function of

harvest date.  Solid symbols are for 1-MCP-treated fruit; square symbols are for ReTain-treated fruit.  The

onset of ripening for fruit not treated with ReTain took place approximately September 23.

Figure 4.  Treatments resulting in firmness of Redmax McIntosh fruit greater than 12 pounds after 3

months storage in air at 32 F (indicated by shaded areas).  The onset of ripening for fruit not treated with

ReTain took place approximately September 23.

McIntosh fruit with greater than 12 lb firmness after 3 months air storage is indicated by shaded areas
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