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. A colorless, flammable gas with a slightly sweet odor, soluble in water.

. How Made - Made from hydrocarbon feedstocks, such as natural ges liquids or crude oil. Produced
, amog excdusvely from the pyrolyss d hydrocarbonsin tubular reactor coils ingaled in
externdly fired heaters. These heaters are operated at high temperatures (750-900°C), short
~ residence times (0.1-0.6s), and low hydrocarbon partia pressure. Steam is added.
S Ethylene may dso be produced from ethanal in fixed or fluid-bed reaction sygems. This
.~ meansit could be made from biomass fermentation, but that is not currently done in the U.S.
- The amount of heat necessary for this process would till result in what may be considered a
© “synthetic” material.
o Ethylene is given off naturdly by ripening fruit and by some micro-organisms. These sources
o ethvlene have never been harnessed commercidlv.
' Ripening and coloring fruit, including bananas, pears, mangoes, tomatoes and citrus. Induces
‘flowering in pineapples when applied in the field. Can be used to improve growth and
-appearance d bean sprouts.

Ads like the natural andog plant growth regulator by accelerating the ripening process through
_~an exact mechanigm that is not fully understood. Many volumes d technical information have
- been generated in books and journas about ethylene's effects on plants and theories about the
~“-mode d action. In genera the gas is produced in fruit when physiologicd maturity is reached
- and the gas triggers the chemica changes which take place at ripening. In pinegpple, the gasis
_.generated at vegetetive maturity of the plant which triggers the flowering and fruiting cycle.

2 One d the more commonly used forms is the ethylene generating chemical, (2-chloroethyl)
~ phosphonic acid, known &s ethephon. This is mostly used for pre-harvest applications with the
- ~only post-harvest one being the degreening d lemons in Florida (Sherman, 1985). "Banana ges'
_is pure ethylene gasin a compressed cylinder which is diluted with an inert gas.

In pfocessmg this would be considered 2 processmg aid. For crop use it couldbe o
- considered a production aid but is not specificaly mentioned in any o the exempt
categories in - 6517(1) (B) (i).

Ethylene is regarded legally as a pesticide for regulatory purposes. It must be registered

- Allowed for use on bananas by many organic certifiers and state programs. Some
- certifiers have certified tropical fruit drying facilities that use ethylene for mango
ripening.

1 IFOAM - not mentioned. GCDEX - not mentioned specifically.

Emstmg fRestfi Allowed for use on bananas only. (NOB recommendation, OVIR! list)

Proposed Annotation.
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Ethylene or olefm plants requr re extensuve support facilities to comply with envr ronmental regul atrons These
include boiler feed water yreyaration, treatment of noxious effluents, and steam and electric generation.

Hrghly flammable and explosrve Seedrscussron for more on explosrveness Exposure to gas causes dizziness
and could cause suffocation from decreasrng the amount o] oxygen See drscussron for more,

Natural npenrng alternatrves temperature control mix wrth applesfor natural ethylene generatron The
dternative for induction o flowering in pi neapples is calcium carbide used to form acetylene. See discussion
for details. The alternative for sprout production is to do without ethylene and get inferior production, or to
use ethvlene generated h/ a drff ent mean |f possrble develoy a natural source. See discussion for more.

NOSB i’roceSSmg Cnterxa #6

It is not on thevGRAS list because it is regulated ty the BFA mstead d the‘ FDA It does not have any resrdues
becauise it goes off as a gas into the air.

Fruit will ripen without usi ngmethylene ges. It does not npen evenly and this necessitates more handling in the
form of sorting. It is used at the minimum concentration necessary to get a consistent reponse.

See attached.‘




Ethylene Discusson

History

Thefirg used natural ethylenein fruit ripeningwas described in the Bible The prophet Amoswes described asa
“gasher and gatherer”  figs. Gashing figswas known to promotestress ethylene production mimicking the action of
the waspswhen they exit pallinated fruits, andthi s triggered ripening. Al in ancient times the Chinese placed
weighted lids on growing bean sproutsto promote hypocotyl thickening and crispness (Abdes 1992). Ethylenewas
used unknowingly to ripen bananasin both Eagt Africa and Samoa by burying themiin fire-warmed pits, thus using
resdua ethylenefrom thesmoked thefire as the ripening agent.

In more recent timesit was discovered thet warmingcitrusfruit with kerosene heatersin closed spaces caused a
degreening effect that wasn't just dueto the heat (Denny, 1924). In the1920'sit was shown thet the caused this
ripening effect was ethylene gas, which fortunately was dready being produced commercidly for other purposes
(Chace, 1934). In the1930's it wes verified thet ethylenewasindeed produced by plantsand thattfi s geswesthe
same compositionas that given off by the keroseneheaters (Abdes, 1992). In theyearsfollowingth's, researchers
determinedthet ethyleneproducedavaiety d effectsin plantsand it could be dassfied as a plant hormone, or more
correctly, a plant growth regulator.

Concernwasvoiced early onin thecommercid exploitationd ethyieneabout the residual effectsof ethylene
trestment; that it would be used to dlow inferior fruit to be sold a a higher price. Researchersthen showed thet the
ethylenetreatedfruit were equivaentin quaity and " hedthfulness" to neturaly ripened fruit (Chece, 1934). Thisis
largely becausethefruit must have reached its physiologica green maturity Sagein order to respond to externd
ethylene, and then theripening changes triggered by ethylene are essentialy thesame between the trested and
naturaly ripened fruit. These changesinclude starch and sugar content, acidity and concentrationd pectic
substances (Clendennen, 1997).

Environmental Concerns

Theman safety concernin relaion to ethyleneuse has been dueto theexplosve natured thegasin theair. Thisis
d primary concern in design and operation of ethyleneapplicationfacilities. Both the EPA, local firemarshal rules,
and insurance companies have very specific labellingand regigtration requirementsfor the ethyleneitsdf and the
processusd to goply it, down to the electirical wiring and piping used in ripening rooms. Note that thegasis
explosveinair at concentrationsfrom 3.1% to 32%(31,000 to 320,000 ppm). The ni ni numexplosive
concentration (3.1%) exceeds the suggested ethylene concentrationsfor tomato ripening and citrusdegreening
respectively by 200 and 6200 times (Sherman, 1985). The"bananages' and catalyticgenerator sourcesd ethylene
are cons dered the safest becausethey are more easily monitored, but explosveaccidents have happened in the past
and operaorsshould bewell trained and prepared (Sherman, 1985).

Another concernwith ethyleneistheissued air pallution. Theamountd ethylenegiven off from either
manufacturingor ethylenetreatmentfacilitiesis minisculecompared to the ethylenereleased into thear from
hydrocarbon emissonsfrom auto exhaugt, petrochemicd plantsor evenfires. Thereare no nationd air qudity
standardsfor ethyleneleves, but thereare somefrom the American Industrid Hygiene Association (Abeles, 1992).
Ethyleneis degraded in theatmosphere by UV light present in sunlight. Ethyleneair pollution can reduce ozone
pollution. It can however be present in strong enough concentrationto produce phytotoxic effects.

Nutrition Effects

Whilethedffectsd ethylene on the ripening process have been studied well for both bananasand pineapple, thereis
no clear and consistent evidencetha atificidly ripened or induced fruit hasany more or less nutritivevauethen
neturaly ripened fruit (Chace, 1934; Abdes, 1992; Clendennen, 1997). If anything, pineappletreated with ethyiene
had increased sugars, proteins, fruit acid and solublesolids, but lower fruit weight (Mwaule, 1985; Ahmed, 1987)
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Specific Uses: Mango
Thesituationwith mangoesissimilar to that with bananasin severa ways (Sarnataro, 1999). Mango treesripen their

fruitunevenly on the treeso generally wholetreesare picked by hand at an average maurity time, resultingina
mixtured maturitiesd fruit. Ethylene trestment resultsin even ripeningwhich cuts down the extensiveh i t handling
and sorting needed for untreated fruit when they are being cut for drying (Sarnataro, 1999). Fruitsharvested at thair
physiologicaly matureand half-maturestagesdevelop good quality characteristes when treated. Immaturefruitwill
not respond properly to ethyleneand will not be useful for drying (Abeles, 1992).

Thetropica fruit drying operationstypicaly process bananas, mangosand/or papayasin the samefacility and are
currently dlowed to use ethyleneon the bananas but not the other fruits. From a certification point o view it has
been vay difficult to enforcethe use of the gasfor bananas only in these Situationswith just one annua ingpection,
and severd certifiers have goneahead and certified the use d ethyleneon mangoesand papayas.

i o leEl ing
Whilethe cultural techniquesfor pinespple may not bewel known herein the US pineappleisalarge economic
crop on severd continentsand in many countries. The market for organic pineapplehas been quitesmall so far but it
could expand drametically with the demand for processing pineappleon the upswing. Theissuelimiting pineapple
production at thistimeisthe used amaterid, elther ethyleneor cacium carbide, to induceflowering (see petitions
fromMadein Nature, TropOrganics SA. PinaPerfecta SA.,and Eool OGICA). Theliteraturedoessupport the
petitionersin that acrop d sufficient 9ze, uniformity, and ripening period cannot be produced without something to
induce flowering (Abeles 1992; Bose, 1983; Williams, 1987; Lacoeuifhe, 1983)

floweringin pinegppleoccurswhen plants reach a certainsize. While some research showsan enhancementin
floweringfrom short days, low night temperaturesand water stress, theflowering can happenin onefield at quite
different times becausethe plants have been growingfor a least 20 months beforethey start to flower (Reiahardt, et
a, 1986). Different pinegppleregionsaso report quite different resultsabout what triggersnatural flowering. Al
recommendationsfor pinegppleculturesuggest usng a materid for flower induction to acheiveeven floweringand a
uniform harvesting period. While theinduction can result in producinga crop out o season, it isalso necessary to
producea uniform cropin season. Ti's isconsideredimportant for processingaswell asfor predicatable marketing
of thecrop, as most pinegppleis grown for export and ashipping container must befilledfor each harvest.

Numerouschemical shave been gudied for their usefulnessin flower induction, including NAA (Naphthaleneacetic
acid), Urea, Ethylene (motly Ethephon) (with or without Activated Charcod), CCC (chlormequat), GA3 (gibberdllic
acid) and Cdaum Carbide/Acetylene. The petitionsreceived by the NOSB arefor Ethyleneand Cdcium
Carbide/Acetylene. These two systems both need to be discussed, for elther or none to be selected.

1. Ethylene— Normally goplied to the plantsat 12 to 24 monthsin theformd Ethephonat arate o 25t0 100
‘ppm. Can be mixed with either ureaor activated charcoal ascarrier, or applied alone. flower inductionis
triggeredin 25 to 45 days, depending ontimeof year, Szed plant, and temperature. The ethylene breaksdown
either in the plant cdlsor isvaldilizedinto theair vary quickly. Adivated charcoal is madefromsteam trestment
of natural coa or carbonized wood materid sand would be considered to be natural.

2. Cddum carbide/Acetylene — Cddum carbideis a synthetic materid madefrom limestone or quicklimemixed
with crushed cokeat high temperatures. Its chemica formulais CaC, and CAS number is 75-20-7. When sorayed
on the plantsin water it forms acetylene gaswhich isa precursor to ethylene. The acetyleneentersthe plant and
istransformedinto ethylenein the cdlls, thustriggering flowering. A study d thesubject by Oregon Tilth (Coady,
1996) determined thet the calcium carbideand acetyleneare considered synthetic under OFPA, whilethe
ethylene made by the plants, being madefrom a “naturally occuring biologica process” (OFPA, 1990), would be
considered natural. Besdes acetylene created from thereaction d cacium carbideand water, thereiscdcium
hydroxide produced. Thisisa prohibited synthetic materid for organicsas afertilizer. Dueto lack of information
about the nature d caldum carbide, it was used by severd d the petitionersand other growers under the
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mistakenimpression that it was derived from limestoneand thereforenaturdl. It isaso percaved (but thereis
no direct evidence behind this) to be more desireablefrom an organic point o view then ethyleneuse.

As far aswhich of the two materidsworks better, there seemsto be cons derabl edisagreement from region to
region. Bothwork better then the control trestments, and in genera better than the NAA or other chemicalstested
(Bose, 1983; Prasad, 1987). Both materidsas externaly applied would be considered to be synthetic under OFPA
and no testing wasfoundin theliterature of any materid that would be considered natura . Becausethese materids
areso smplechemicaly they possibly could beableto beformed naturdly. Charcod and limestonefor instance,
mey ke ableto createthesameeffect as calcium carbide. Ethylene has posshilitiesd being generated naturally,
either frommicro-organisms, natural ethanol, or captured from ripening fruit. The production d organic pinegpple
isway too smdll a thistimefor thesedternativesto be redisticaly explored.

About hdlf df the bean sprouts commercialy produced in Cdliforniatoday are gassed with ethylene (Abdes, 1992).
Bath the growth and the qudity o thesproutsareimproved by thi s practice. In natural germination in soil abean
sproutisexposed to a higher concentrationd ethylenethat intheair andthi s improvesthe trasfer d nutrientsfrom
the cotyiedon to the hypocotyl (future shoot to future root). When grown in largequantitiesout of thesoil
environment, any ambient ethyieneissoon used up, and the addition d ethyleneto sprout roomsat low
concentrationsmimicstheatmospherepresent in soil. Ethylenestimul atesthe physologica aspectsd root growth
(Abeles, 1992).

Oneorganic sprout grower who has operationsin Japan and Cdiforniahas devel oped a uniqueand proprietary
techniquefor cregting ethylenegasfor sprout rooms from food grade ethyl dcohol. Although the ethanal is
"naturd"', the processused involveshesatingit to 360°F and therefore needs a determination from the TAP reviewers
astowhetherthi s would be considered syntheticaly produced ethylene. Whether syntheticor natural, it al S0 needsto
be decided whether thi s used ethyleneisalowedfor organic production. (see attached memo from CCOF to OMRI).
The concentration used in thesprout roomsisabout 0.1ppm, compared to the 10 ppm or so used for ripening
bananas.

Conclusion

Thisisoned the moredifficult subjectsfacing the NOSB in the Nationd Lid process. Ethyleneas used today isa
syntheticandog o a natural gas produced by plants. Thereis precedentin the previousNOSB recommendations for
theapprovd of andogsd natural materidssuch as magnesumsulfate, copper sulfate, hydrogen peroxide and
ethylenefor bananas. Thereisa so precedent for materialsbeing used as plant growth regulators being goproved by
the NOB, such as naturd gibberdlicacid and possbly amino acids.

The basicargument in force hereisthat agricultureisinherently not thesameas a natural sysem, but organic
agriculture can be thought of as an augmented natural sysem. The augmentation takestheform of materidsand
practices designed to acheive agricultura productiond cropsin sufficient quaity and quantity for human
consumption while maintaining the ecosystem without adding chemical sthat have a lasting degradative impact.
Ethylenefitsthisargument in most respects.

On theother hand, this materid isbeing used out o itsstrictly natural context and is being used asa plant growth
regulator to potentidly "trick" plantsinto doing something they may not be reedy to do naturaly. It isformed froma
synthetic processwhich could have negative environmental impactsfrom its manufacture. It mey be ableto be made
from a naturd starting point at sometimein thefutureif the economic pressureis applied for that to happen.

TheTechnicd Advisory Pandl reviewers, and then the NOBB membersare being asked to decideon each used
ethylenefor organic crop productionand post-harvest handling. Please wagh all thefactorscarefully and mekeyour
best recommendation.
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To: OMRI materials committee

From: Ryan Sarnataro, Committee for Sustainable Agriculture
RE: Materials classification - Ethylene

Use: Ripening mango (and papaya) for processing dreied fruit.
1/20/99

Background.

Ethylenegasiscurrently an approved materia for use on bananasfor the
fresh market. Itsapproval is based on the specific requirementsd banana
production and marketing as well as the fact that ethyleneis naturally
occurring byproduct of ripening fruits.

Since ethyleneis approved by the NOB and the European community for
certain applications| am presenting the case for extending its usein another
specific instance rather than information on the material itsalf. Specificdly, |
would like to see the gas used to facilitate the production d high quality dried
fruit. Without the use d a ripening agent the cost o producing organicdried
mango will be significantly higher than conventional and the quality will be
lower.

Some certification agencies allow the use of ethylenein tropical dried fruit
processing. Othersdo not specificaly disallow it. Tropica dehydration
facilitiesthat process both banana and mango (or papayaand other fruits) can
use ethylene for oneitem and not another. Thereisno logical basisfor this.
A ruling from OMRI will take the current ambiguity and inconsistency out o
this area.

Use .

Ripeningfor preparationfor drying isdonein well sealed rooms typically on
the scaledf 3000 Cu. Ft. Ethylene gasisintroduced to manufacturer specified
concentrationsfor a period o 16 to 24 hours. No temperature controlsare
used in therooms. Typicdly 16 hoursis sufficient and the rooms are vented
at thistime as thefruit beginsto produceethylenegas by itself and will
continue ripening without help.

Justification

While the fresh mango season can extend from March to September the
season for each individual variety d mango only lastsfor afew weeksor at
most two months. This means that most mangos ripen at onetime on a tree.
Conseguently mango harvesting (or cutting) is usually done on atree by tree
basis with a mixturedf levelsd ripenessin acut.



Tropical mango harvesting is often done by whole families climbing trees
without any safety equipment. Picking only ripe fruit means more trips up
each treefor the same quantity of fruit. Thisis both less efficient and more
dangerous for the cutters.

To get the optimal flavor and nutritional content in a dehydrated mango it is
important to start with an unbruised fully ripened fruit. When fruit is sorted
for drying only asmall percentageis ripe enough for initial processing. Left
on its own mango can take two weeks or longer to ripen sufficientlyfor
processing. Sorting and reselecting mango for this period will cause a variety
problems and increase costs and spoilage for any medium or largesize
processing facility.

Thefirst problemis that a very large amount of storage space will need to be
alocated for ripening mangos. Approximately 15 pounds of freshfruit are
required for each pound of dried fruit. A dryer producing 1000 Lbsaday in
season would nead to have over 200,000 Ibs of fresh mango on hand at a time.
Both the cost o storage space and the cost of field boxes to store the mango in
are quite high. Using a ripening gas reduces the storage requirement to 3 days
supply or 75%less mango.

Each time the mango is handled bruising increases and quality decreases. The
extra handling, of course, alsoincreasescosts.

Mango left to ripen naturally will mature at an unpredictable rate. s
means that each sort will uncover overripe mango cannot be processed. It
also means that more ripe mango will be " discovered" on some days than the
plant can process while less will be availableon others. The combination of
waste and inefficiency is another unnecessary cost. Ripening mango with
ethylene can assure a plant & a much more predictablesupply o fruit to work
with. Using ethyleneis not a substitute for quality control and sorting.
However, the predictability it introducesis extremely valuable.

| think it isimportant that organic producers be permitted to use natural
materials to achieve high quality and productivity. In the case dof ethylene gas
for dehydration we are talking about a processing aide that simply increases
the concentration o what is naturally in the fruit and is not detectablein the
finished product.

Bananas are a much larger crop than mangos. Consequently bananas have a
much stronger advocacy base than mangos and this advocacy has created a
differentset of rulesfor bananas and other tropical fruit crops. Allowing
ethylene for dried mango production will help level the playing field between
different tropical crops.



Residues:

Ethyleneis a natural byproduct/ caused fruit ripening and is therefore not
detectable as a separate additive. The processd dehydration involves peeling
and cutting the fruit and laying the cut fruit out exposed to air for a period of
3 t0 48 hours depending on the temperature used. The cut fruit will lose over
80%of it's massin this process. This process vents most volatile compounds

from the fruit.
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Control of Ethylene in the Postharvest Environment

Mark Sherman
Vegetable Crops Department. Institute of Food and Agricultural Sciences. Universiry of Florida.
Gainesville. FL 32611

The beneficid and harmful effects of ethylene (C-Hy) on har-
vested horticultural products are well documented. The purpose of
this presentation is to outline the technologies currently available in
commercia horticulture for both the application of C.H. to har-
vested horticultural crops. and the protection of these crops from
the undesirable effects of CaH4. The research base for this topic
cuts across many areas of considerable postharvest research. in-
cluding temperature effects. atmospheric modification. and regu-
lation of CoH, synthesis. A complete review of any of these topics
is beyond the scope of the presentation. and. in most instances. the
reader is referred to recent research reports or comprehensive re-
views of the specific subject.

Postharvest application of ethylene

History and economic importance. The use of practicesto hasten
fruit ripening dates to antiquity (35). although it was not known
uatil relatively recently that CoH, was the causal agent. The earliest
practices employed the emanations from ripe fruit or the smoke
generated from burning combustible products. The use of kerosene
stoves for ""sweating" or *‘forced curing'* of citrus was a well-
established commercial practice by the late 1800s. It was believed
that the high temperatures and high humidities in the ** sweating"*
rooms resulted in degreening. Sievers and Tr'LE (43) demonstrated
that degreening was due to some unknown gaseous product from
the incomplete combustion of kerosene. Denny (15) provided con-
vincing ewdence in 1924, that C,H, was the effective constituent
in** stovegas™, and described a method for commercially degreen-
ing lemons using cylinders of compressed C,H, gas.

Denny's work (1S) marked the beginning of the knowledgeable
use of C,H, gas in commercial degreening and fruit ripening prac-
tees, Harvey (27) published the 1st comprehensive bulletin describ-
"\8 the commercial application of C,H,4 for ripening bananas.
Pineapples, dates, Japanese persimmons, tomatoes, hard pears, ap-
ples, and muskmelons. Interestingly, one early commercial use for
CyH, was for blanching celery (26). a practice which haslong since

R discontinued.

Rosa (39) predicted that for tomatoes ""the acceleration of the
coloring process by low concentrationsof C,H, is sufficiently great
10 make it commercially valuable. . .”*. These words seem espe-
cially prophetic when considering the economic importance of C;H4
applications in postharvest horticulture today. Although it is not
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possible to assign an exact monetan value for C,H,. use. it js ac-
curate to state that C»H.. applications plax an important role in the
orderly marketing of fresh curus 1excluding limes;. tomatoes. ba-
nanas. mangoes. and honevdew melons. Recent reports (20, 47.
48) indicate that these products have 2 value of over 1.9 hillion
dollars in the United States alone.
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and W|dely used for preharvest applications to concentrate maturity
or otherwise facilitate harvest of severa horticultural crops. Ac-
cording tothe label. theonly presently registered use for postharvest
application is for the degreening of lemonsin Florida (49). There-
fore. further discussion will be limited to the other sources of C,Hy4
for nostharvcst use.
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ysiologists arc aware that ri pen| ng fruit produce
C,H,, but many commercml handlers either are unaware of or ig-
nore this fact: AL Tipeife eoofid ientigusly-monitoredy
AN ’ _,mgﬁ-mt hight by
o ! use of npcmng fruit
as a source of ’f% gencrally is limited to home ripening recom-
mendations.

Which source to use? The source of C,H4 used by handlers nor-
mally is determined by the facilities for treatment, legal consider-
ations. cost, and safety. The use of C;H4 gas requires some type
of enclosure. The cost of building specia ripening facilities with
precise temperature and humidity controls is well-justified when
repeated ethylene applications are required.

Each handler also must consider thedggality of C;H, application
(25). Ethylene gas used for plant regulation such as coloration or
ripening of fruit and vegetables is regarded legally as a pesticidg
for:segulatory, purposeg (52). Therefore, it must be registered with
the Environmental PrOtection Agency (EPA) and the appropriate
state agencies. Containers of C,H4 gas or C,H,-releasing liquids
must bear EPA approved labeling. including EPA registration and
establishment numbers, intended uses. ingredients statement. and

PETOpriate prc 1 i nary labcllng statements.
HECHUSE ofithie explosiveatatifesot-certatitiiztires:of CyH, andg
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example. these recommend: -5 specrfy the type of electrical wir-
ing and piping to be usd i sning rooms. Other sate ad locd
fire marsha rules or building codes may apply (46). Generally.
these rules dl pertain to safety. but this may change. Recently. a
bill was introduced in the Cdlifornia state legidature which would
have required that tomatoes treated with C,H, be labded ™ artifi-
cialy ripened™.

Safety must be a prime consideration in the technology of C,H,4
application. Ethylene gas is explosive in air & concentrationsfrom
3.1% to 32% (31,000 to 320,000 ppm) (8). To put these vaues in

proper perspectrve thc minifmum explosm concentmmn 3. l‘@
Laladinaain ; i

N o R L TR

Ir oitrus degreenng (:

rgscr)%ctrvely One mrght conclude. therefore that |t Would teke ex-
treme negligence for the fruit ripening process to be dangerous.
However, explosive accidentshave ocurred in the past. Safety dur-
ing C,H, application is dependent upon the operator. C;H4 source.
and the method of application. The safety advantages afforded by
the catalytic generator. and "*bananagas'" sourcesof C,H, may be
negated by the operator and the method of application. Each rip-
ening room operator should have equipment to measure C,H,4 con-
centrations. This is accomplished readily with an inexpensive gas
detector kit and CyH, detector tubes obtainable from several com-
panies that sall specialty gases.

Methods & applving CyH, gas. The methods of applying C;Hy
gas can be placed into 3 categories: shot. trickle, and flow-through.
Shot methods employ the rapid injection of C;Hy into the ripening
room atmosphere. Thiscan be accomplished by weighing he amount
of C,H, dispensed from a cylinder, using a premeasured amount
(lecture bottle). or timing the delivery of C,H,4 from a cylinder.
The origina system described by Denny (15) was a shot method.
with the C,H,4 ddivered in a premeasured container. Dispensing
C,H, directly from large cylinderscan be extremely dangerous and
never should be done. Shot methods have the advantage of sm-
plicity, but the disadvantage of requiring frequent room aerations
to prevent carbon dioxide (CO,) buildup which necessitates re-
charging t he room with C,H, following each aeration.

The "*trickle’™ method can be defined as the dow. continuous
dispensing of C,H, into the ripening room atmosphere. Usudly.
compressed C,H, cylinders are equipped with a regulator and flow
meters to control the flow of C>H,. In practice. the catalytic gen-
erator also is a trickle method for introducing C.Hs. Trickle meth-
ods are safer than the shot methods but they stilt may require periodic
room aeration and recharging with C,H,.

The flow-through system isamodificationof the trickle methods.
In principal. the flow-through system supplies a constant. ripening-
effective blend of C,H, and fresh outside air which passesover the
product and out an exhaust port in the room. The congtant air ex-
change prevents CO, accumulation to inhibitory levels and imi-
nates the need for periodic aeration. The flow-through system has
proven to be a safe and efficient method for introducing C.H, for
citrus degreening (56} and tomato ripening (42). Sherman and Gull
142) provided detailed instructionsfor installing a tlow-through sys-
tem.

Commodity requirements. One of the most important require-
ments is that the commodity be physiologicaly mature (capabledf
continuing normal development when detached from the plant). For
some commodities like citrus. lega definitions of maturity exist
(57). For others. such as tomatoes, there are no legd definitionsof
maturity, and it is difficult to determine whether a green fruit is
matureor immature basad on external appearance. Other important
commodity requirements include the desired C;H4 concentration.
sensitivity to CO,, and the optimum temperature, humidity. and
length of trestment. Local extension recommendationsshould be
consulted for specific commodity information (24, 31, 56).

Protecting harvested products from ethylene

History and economic importance. Some of the earliest investi-
gationsof C,H, were related to itsdetrimental effectson plants and
have been thoroughly reviewed (1). Crocker and Knight (12) re-
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of the adv " fectsof C,H, on harvested hértieuftural produdy
continue t pear i literature. Risse and Hatton (38) receng;
reported the detrimental effectsof C,H,4 on harvested walermelon_{

It is extremely difficult to assess the economic ir .ortance ‘&
protecting harvested horticultural products from C,H,. Abeles h,,
pointed out the problems of estimating the economic |0sses ¢ay
by C,H, as acomponent of air pollution (1, 2). Detrimental efy,
of C,H, during the norma short-term marketing of fruit and veg:
etables are not well-defined and certainly are secondary to consid:
erations regarding the maintenance of optimum temperature uﬁ
humidity in the postharvest environment. However. costs. to
individual shippers involved can easily run into tens of thousuk
of dollars when losses do occur from problemslike russt spottin; g
of lettuceor ydlowing of cucumbers. Economic evauationsaf® |
term storage responsesto C,Hy (S, 17, 28) generatly have not bm
reported because investigators have not wanted to speculate about
extended season prices. Detrimentd effects of C,Hg may be moy
important for ornamental crops where estimates once placed
postharvest losses a about 20% due to mishandling. However. mis-
handling included poor temperature management. and improper hu-
midity. aswell asexposureto C;Hy (45). In summary. lossescaused
by C,H, are known to occur, but they are usualy quantitatively
undefined. A conservative estimate for the United States would be
in the tens of millions of dollarsannualy.

Strategiesfor protection. The strategies for protecting harvested
horticultural products from the detrimental effects of C,H4 can he
placed into 3 mgjor categories: avoidance, remova. and inhibition.
Although these techniques are grouped for convenience it should
be remembered that they may overlap and are not mutualy exclu-
sive.

Avoidance. Circumvention of undesirable product exposure to
C,H, begins with careful harvesting, grading, and packing which
includes selecting the desired maturity and avoiding mechanica
injury. The 2nd and probably most important step in avoidance is
proper temperature management. which should include rapid cool-
ing to the product's lowest safe temperature. This suppresseseth
ylene production and reduces sensitivity to ethylene (9). Chilling
temperatures should be avoided when handling chilling-sensitive
commodities. however. because increased C,H, production fre
quently followschilling injury (55). Ethylene-sensitivecommodities
should not be transported. stored. or displayed with C.H,-gener-
ating commodities. Guidelinessuggesting compatible product mixes
nave been published «33). Given the food distribution system in the
United States. it is not possible to avoid undesirable exposure te
product-generated C,H, completely. but exposure should be kept
to & minimum. Placi ng ripe tomatoes between iceberg lettuce and
cucumbersin retail produce displays may be colorful. but it com-
pletely ignores the biology of these products and constitutes unnec-
essary exposure of the produce to undesirable temperatures and
C-H..

Other management steps for avoidance include minimizing the
use of internal combustion engines during product handling in et
closed spaces. and following strict sanitation practicesto insure that
overripe and decaying productsare promptly removed.

Removal. Undesrable levels of C,H, in produce storageal""as
can be removed by simple ventilation with freshair if the ar is no!
polluted with high C;H, levels. Usudly, one air exchange per how
is required to maintain a low C,H, level. Ripening room facilitie:
located in produce distribution centers always should be vented tc
the outside to ensure that C,H,4 is not accidently introduced into the
storage environment of the distribution center.

C,H, can be scrubbed from the atmosphere by trapping and/o
conversion to other products when ventilation cannot be used ¢
remova. A large number of reagents and techniques have
tested over the years(1, 7. 15), but only potassium permangana!
is presently in common commercia use. To be effective,
must be adsorbed on a suitable carrier with a large surface ares
Cellte, vermiculite. silicagel. duminapellets (1), perlite (40). am
expanded glass (32) have al been successfully used as carriers. ¢
number of commercial potassium permanganatescrubbersare avai'
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able in sachets. filters. blankets. and other specianzed trapping dc-
vices (¥ . 18. 19). Ethylenc is trapped most cffectively when air is
dsawn through the scrubber. Potassium permanganate scrubbers arc
advantageous because they change from purple to brown as the
MnO.— is reduced to MnO,. The major disadvantage of perman-
ganate scrubbers seems to be their expense (7, 40).

Heated catalyst ethylene scrubbers were successfully used during
the 1983-1984 storage season in commercial controlled atmosphere
apple storages to maintain ethylene concentrations below 2ppmin
New York State. and below | ppm in England (Blanpied, personal
communication). Another technology for C,H, removal, which seems

mising but has yet to be commercially developed. is the use of
UV light (41). Also, there is a potential for biological removal of
C,H,4- Abeles (2) discussed the role of soil bacteriaas a sink for
atmospheric CoHy. Perhaps the C;H4-consuming Mycobacteria that
have been isolated from soils (14) could be genetically engineered
to perform satisfactorily in horticultural applications.

Inhibition. Controlled atmospheres (CA) have been used widely
for many years for the long-term storage of apples (13) and. to a
limited extent. for other commodities. such as pears (44) and cab
bage (22). CA systems require special refrigerated. gas-tight struc-
tures (16. 29) which allow for precise temperature control and
maintenance of the storage atmosphere (primarily reduced O~ and
elevated CO,). CA storage has multiple effects on the physiology
of thecommodity (30. 44). but the retardation of ripeningisat least
partially attributable to the low O, atmosphere. slowing CaHy4 syn-
thesisand action. and theelevated C O inhibiting CaH, action. Very
low levels of Oa (17) and CaH, scrubbing (5. 7) may enhance the
storability of products in CA. The use of CA essentially has been
limited to long-term stationan storages. but at least one company.
now out of business. incorporated CA capabilits into modern trans-
port containers (21). Modified atmosphere. (& less precise type of
CA) have been used for many years on several commodities during
transport.

Low pressure storage (L PS) seems to offer potential for prolong-
ing the useful life of horticultural commodities (10. 34). LPS ef-
fectively reduces O, levels and. in this respect. is similar to CA
storage. Storage at subatmospheric pressures also increases the dif-
fusivity of volatile gases, however. including CaHy. from the in-
ternal atmosphere of the commodity (10). Commercia applications
of LPS systems have not been widespread to date. Grumman Allied
Industries developed the Dormavac System for hypobaric transpor-
ation of perishables (23). but this met with only limited commerical
success and was discontinued.

Chemical treatments could be used to protect horticultural prod-
ucts by inhibiting CaH4 synthesisand/or action. Yang and Hoffman
(58) reviewed many of the known inhibitors of C;H,4 biosynthesis.
Some inhibitors appear to have commercia potential for regulating
fruit ripening (6, 54), but their use on food products must be pre-
ceded by FDA and EPA approvals. Many ornamental horticultural
crops can be protected from the detrimental effects of CoHy by
treatment with the anionic complex silver thiosulphate (STS). Veen
(53) recently reviewed some. of the uses for STS in commercial
horticulture.

Methods outlined here for remova of C,Hg and inhibition of
C,H, synthesis and/or action should not be regarded as panaceas
for solving C,H,-related problems in commercial horticulture. The
best defenses for protecting harvested horticultural products from
the detrimental effects of C,H, are the steps outlined under avoid-
ance, When the shelf life of products can be extended further by
the methods of C,H,4 removal or inhibition of itsaction, then their
use may be advantageous. The long term storage of apples in con-
trolled atmospheres with C,Hy scrubbing isa good example of post-

est practices which employ avoidance, removal, and inhibition
methods for protection from C;H, (7, 17).

Summary

Control of C,H, in the postharvest environment is of great im-
Portance in commercial horticulture. Application of C,H,4 facilitates
the orderly marketing of citrus, tomatoes. bananas, mangoes. and
honeydew melons. Safe and efficient application methods have been
developed and are readily available for commercial use. Detrimental

effects of C,H, on harvested horticultural products largely can be
avoided by careful managcmcent of the postharvest environment, but
this management is not always practical in commercial Situations.
Technologies exist for removing C,H, or inhibiting C,H, action.
but there is still considerable room for improvement during the
storage and handling of most commodities.
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TECHNICAL ADVISORY PANEL
REVIEW ON ETHYLENE
(FOR PROCESSING CLASSIFICATION)

NATURAL AND SYNTHETIC FORMS
Ethyleneis produced naturdly by ripeningfruits, and also by some microbes.

All other formsaf ethyleneare synthetic, such as being produced in avariety of ways, as
delineatedin the NOSB Materias Database.

CRITERIA:

2119(m)(1) - Chemicd interactionsin organic farming systems:
Not applicablefor the purposesof discussing ethyleneasa post-harvest material.

2119(m)(2) - Toxicity and persistencein the environment:
Not applicablefor the purposesof discussingethyleneasa post-harvest materid.

2119(m)(3) and NOSB processing criterion #2 - Conseguence of manufacture, misuse, disposd:
Manufactureof synthetic ethyleneon alargescal e requires significant support and precautionary
measures to ensure human and environmental safety. In this regard, impact could be deemed
sgnificant, a least in relation to energy input, aswell as other material aspects, depending on the
e

Small scale production of syntheticethylenegas may not necessarily endanger human
safety or theenvironment. Asthese scenarios vary from one to another, they may haveto be
evauatedindividualy.

Used naturdly-generatedethylenefrom ripeningfruitsis not a widespread practice,
athoughit does not result in any obviousenvironmenta or safety hazards. Assuch, it would be
an acceptablemethod under this criterion to use naturd ethylenein post-harvest organic systems.

2119(m)(4) and NOSB processingcriterion#3 and #4 - Effect on human health and nutrition,
preservative effects, replacement of |osses during processing:

Significant precautions must befollowed to ensure that handling of ethylenegas does not result
inhumaninjury, either by explosion or over-exposure. (Far greater risksexist in theactual
ethylenefactory thanin theripening room.) Naturally-emitted ethylenegenerally does not exist
in high enough concentrationsto warrant these considerations. Tanks of compressed gas must
aways be trested with care, regardlessof the source.

Theeffect of ethyleneapplicationtofruits post-harvest does not indicate conclusively
negativeeffectson the nutritive value of the product. Further researchiswarrantedin thisareg,
tofurther analyze the effects on constituent nutrientsin fruitswhich ar e ripened naturaly versus
those treeted with supplementdl ethylene, beit from a natural or synthetic source. Ethylene
applicationis not a preservativetreatment. Thereis nothing to indicatethat syntheticand
naturally-occurring ethylenear e anything but exactly the samein molecular structureor action
(combination products obvioudy notwithstanding). Furthermore, sofar asis known, the ethylene
emitted by onetypedf ripeningfruit is the same as that from other ripening fruits. For thetime
being, it may thereforebe safe to concludethat ethylenein and of itself does not pose concerns
regarding negativeimpact on human nutrition.
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2119(m)(5) - Agroecosystem biology:
Not applicable

NOSB criterion #5 - GRAS, residues:

Not listed as GRAS, as thisisan EPA-controlled material. No residuesare encountered with any
of theforms used post-harvest. All excessethyleneapplied dissipatesinto the atmosphere.
Pollutionof the atmospherein this regard may need to be monitored in some cases, if deemed
excessive.

2119(m)(6) and NOSB processingcriteria#1 and #7 - Alternatives to substance, essential need:
Ethyleneis not an essential materia to add tofruit, as sufficiently maturefruit producesit
naturally; the minimum required from outside sourcesis zero. Lack of useof ethylenefrom
external sourcesresultsin less uniform ripening of fruit, and consequent greater losses. Ethylene
application has a so been shown to improve sprout production. The advantagesof using ethylene
are undeniable, from logitic, yield, labor, and marketing perspectives.

The alternativeto synthetic ethyleneis naturally generated ethylene. One conceivable
approachisto use stocksof ripening fruit (such as ripening apples, bananas, or other fruit) as
""seed sources™ of ethylene, which can be used in storage unitson arotational basiswith unripe
fruit, someof the newly ripenedfruit then replacing theoriginal ripe ethylene' generator.” This
type of system would havelimited applications, but there may be other systemswhich can be
developedas wdll.

There has thusfar been no widely-known method to produce and harnesslarge amounts
of natural ethylene. Therehas not been exhaustive research in methodsto produce natural
ethyleneon alargescae. To date, there has been very littlemotivationin the market to invent
this, with effortsrather being placed on expanding the exemptionsfor use of syntheticethylene
productsin organicfoodsto other productsin additionto bananas. Were such a means
developed, it could satisfy many of thecriteriawhich arefailed by the commonly-used
synthetically-generatedsources of this material.

Ethylenedoes have natural sources, albeit generally not in thequantitiesdesired.
Although perhaps not as cut-and-dried as some other cases, it would seem that syntheticethylene
fails NOSB processing criterion#1 and #7.

2119(m)(7) and NOSB processing criterion #6 - Compatibility:

The criteriaestablished by OFPA and the NOSB are to serve as guidelines, evenin difficult cases
likethis. SyntheticethylenefailsOFPA criterion2119(m)(3), and NOSB processing criteria#1,
#2, and #7, and for these reasons, alsofails OFPA criterion 2119(m)(7) and NOSB criterion #6.
Naturally generated ethylene could easily be compatible with organic production systems, and
developmentof an acceptable sourceor system of natural ethylene should be encouraged.

Inand of itsalf, therole that ethylene playsin food production systemsshould not
disqualify it from organic systems; it isthe synthetic nature of themateria whichistoo
problematic too warrant gpprova. Itiseasy toimagine that strong arguments could made which
would support use of synthetic ethylenefor a number of agricultural commodities. Inall of these
cases, the main reasoning is about increasing yields, decreasing labor, and providing the market
with commodities which otherwise might be too expensiveor rare. If thisrationalewere
extended to other materialsand other crops, there might be possibilitiestointroducefruitsinto
certain marketplaces which have never been there before, because they either ripened too dowly
or too quickly, were too delicate, too small, grew too dowly, or were not worth transporting for
any number of other reasons. Exemptions to the OFPA and NOSB criteriashould bestrongly
discouragedin all cases.
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SUMMARY AND RECOMMENDATION: _
Althoughit isnot an easy decision to make, synthetic forms of ethylene should be prohibitedfor
post-harvest treatment of all organic products. Naturally-gener ated forms should be allowed.

COMMERCIAL/FINANCIAL INTEREST:

| unequivocally claim that | haveno personal, commercial, or financial interest whatsoever in the
this materiel-er thedecisionsregardingit.

5 Augudt, 1999
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Control of Ethylene in the Postharvest Environment

Mark Sherman
Vegetable Crops Deparment. Institute of Food and Agricultural Sciences. Universin of Florida,

Gainesville.

The beneficial and harmful effects of ethviene (C-H.i on har-
vested horticultural products arc wel! dozumented The purpose or
this presentation is to outline the technoiogiz: current!y available i
commercial horticulture for both the application of C-H. to har-
vested horticultural crops. and the protection of these crops from
the undesirable effects of C,H,. The ressarct base for this topic
cuts across many areas of considerabie postharvest research. in-
cluding temperature effects. atmospheric modification. and regu-
lation of C,H, synthesis. A complete review of any of these topics
is beyond the scope of the presentation. and. in most instances. the
reader is referred to recent research reports or comprehensive re-
views of the specific subject

Postharvest application of ethylene

History and economic importance. The use of practices to hasten
fruit ripening dates to antiquity (35). although it was not known
until relatively recently that C,H, was the causa agent. The earliest
practices employed the emanations from ripe fruit or the smoke
generated from burning combustible products. The use of kerosene
stoves for "*sweating™ or "*forced curing" of citrus was a well-
established commercial practice by the late 1800s. It was believed
that the high temperatures and high humidities in the '* sweating"
rooms resulted in degreening. Sievers and True (43) demonstrated
that degreening wasdue to some unknown gaseous product from
the incomplete combustion of kerosene. Denny (15) provided con-
vincing evidence in 1924, that C,H, was the effective constituent
n "' stove gas'*, and described a method for commercially degreen-
ing |emons using cylinders of compressed C,H, gas.

Denny's work (15) marked the beginning of the knowledgeable
use of C,H, gas in commercial degreening and fruit ripening prac-
tices. Harvey (27) published the 1st comprehensive bulletin describ-
g the commercial application of C,H, for ripening bananas,
pineapples, dates, Japanese persimmons. tomatoes, hard pears, ap-
ples, and muskmelons. Interestingly. one early commercia use for
C,H, wasfor blanching celery (26), a practice which has long since
been discontinued.

Rosa (39) predicted that for tomatoes *"the acceleration of the
coloring process by low concentrations of C,H, issufficiently great
10 make it commercially valuable. . .**. These words seem espe-
cially prophetlc when considering the economic importance of C,H,
applications in postharvest horticulture today. Although it is not
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possible t0 assign an exact monetary vatue for C-H. use. it 1 ac-
curate (' state that C-H  applications play an important role 1n thr
orderiy marketing of fresh citrus reacluding limes; tomatoes. ba-

mangoas  and honevdew melons Recent reports (20 47
48 indicate that these product\ have @ value of over 1 9 billion
dollars in the United States alone

Sourtes d ethviene There are 3 potential sources of CoH, for#
commercial use liquids, gases. and npening fruit Liqutd sources?
are C,H,-releasing chemicals such as (2-chloroethyl) phosphonig;
acid, commonl\ known as ethephonq' This chemical 1s register
and widelv used for preharvest applications to concentrate maturity
or otherwise facilitate harvest of several horticultural crops Ac-
cording to the label. the only presently registered use for postharvest
application 15 for the degreening of lemons in Flonda (49) There-
fore. further discussion will be limited to the other sources of C,H,
for postharvest use.

Ethylene gas can be generated in situ or purchased in compressed”
cylinders & \E §As 18 generated by-catalytic conversion of a flam-%
mable hquld concentrate (Ethy-Gen) to C5H, gas (1 ¥, This is one
of the most popular commercial sources of C,H,.gas. The othf:,ﬁs

S OUTE iC%zH‘; -gas is that purchased in compressed?
e ng@,OT C2H4 diluted with an inert gas suchi
g : ‘ ' (50, 3. 51).

Postharvest p ysnologlsts are aware that ripening fruit produce
C,H,, but many commercial handlers either are unaware of or ig-
nore this fact: If ripening room operators: conscxennously monitored}
C;Hglevels-in these 1 then the use of ripening:fruit mxght
a:vigble:commercial Aliémative #However, the use of ripening fruu
as a source of C,H,4 generally 1s limited to home ripening recom-
mendations.

Which source to use? The source of C,H, used by handlers nor-
mally 1s determined by the facilities for treatment, legal consider-
ations, cost, and safety. The use of C,H, gas requires some type
of enclosure The cost of building special ripening faciltties with
precise temperature and humidity controls is well-justified when
repeated ethylene applications are required.

Each handler also must constder the legality of C,H, appllcatlon
(25) Ethylene gas used for plant regulation such as coloration or
npening of fruit and vegetables 1s regarded legally as a pesticide
for regulatory purposed (52). Therefore, it must be registered with
the Environmental Protection Agency (EPA) and the appropriate
state agencies Containers of C,H4 gas or C,H,-releasing liquids
must bear EPA approved labeling, including EPA registration and
establishment numbers, intended uses, ingredients statement, and

annranriate arecaitinnary lahaline ctaramontc




tions about fruit degreening a  ‘ipening processes” (36, 4). For
example, these recommendatio.  pecify the type of electrical wir-
ing and piping to be used in ripening rooms. Other state and local
fire marshal rules or building codes may apply (46). Generally.
these rules al pertain to safety, but this may change. Recently. a
bill was introduced in the California state legislature which would
have required that tomatoes treated with C,H, be labeled ' artifi-
cialy ripened"".

Safety must be a prime consideration in the technology of C,H,
application. Ethylene gas is explosive in air a concentrations from
3.1% to 32% (31.000 to 320,000 ppm) (8). To put these values in
proper perspective. the minimum explosive concentration (3.1‘@
C,H, in air) exceeds the suggested C,H,4 concentrations for tomatoy
ripening (24) and citrus degreening (56) by 200 and 6200 times;’
respectively. One might conclude. therefore. that it would take ex-
treme negligence for the fruit ripening process to be dangerous.
However, explosive accidents have ocurred in the past. Safety dur-
ing C,H, application is dependent upon the operator, C,H,4 source,
and the method of application. The safety advantages afforded by
the catalytic generator. and " banana gas'* sources of C,H4 may be
negated by the operator and the method of application. Each rip-
ening room operator should have equipment to measure C,H, con-
centrations. This is accomplished readily with an inexpensive gas
detector kit and C,H, detector tubes obtainable from several com-
panies that sell specialty gases.

Methods of applving C,H, gas. The methods of applying C-H,
gas can be placed into 3 categories: shot, trickle, and flow-through.
Shot methods employ the rapid injection of C>H, into the ripening
room atmosphere. This can be accomplished by weighing the amount
of C,H, dispensed from a cylinder, using a premeasured amount
(lecture bottle), or timing the delivery of C,H4 from a cylinder.
The origina system described by Denny (15) was a shot method.
with the C,H, delivered in a premeasured container. Dispensing
C,H, directly from large cylinders can be extremely dangerous and
never should be done. Shot methods have the advantage of sim-
plicity. but the disadvantage of requiring frequent room aerations
to prevent carbon dioxide (CO,) buildup which necessitates re-
charging the room with C-H, following each aeration.

The “*trickle’” method can be defined as the slow. continuous
dispensing of C-Hy into the ripening room atmosphere. Usually.
compressed C,H, cylinders are equipped with a regulator and tlow
meters to control the tlow of C.H,. In practice. the catalytic gen-
erator also is a trickle method for introducing C-H.. Trickle meth-
ods are safer than the snot methods but rhey still may require periodic
room aeration and recharging with C,H,.

The flow-through system is a modification of the trickle methods
In principal. the flow-through system supplies a constant. ripening-
effective blend of C.H, and fresh outside air which passes over the
product and out an sxhaust port in the room. The constant air ex-
change prevents CO- accumulation to inhibitory levels and elimi-
nates the need for periodic aeration. The flow-through system has
proven to be a safe and efficient method for introducing C-H, for
citrus degreening (56) and tomato ripening 42). Sherman and Gull
142) provided detailed instructions for installing a flow-through sys-
tem.

Commodity requirements. One of the most important require-
ments is that the commaodity be physiologically mature (capable of
continuing normal development when detached from the plant). For
some commodities like citrus, legal definitions of maturity exist
(57). For others, such as tomatoes, there are no legal definitions of
maturity, and it is difficult to determine whether a green fruit is
mature or immature based on external appearance. Other important
commodity requirements include the desired C,H, concentration,
sensitivity-lo CO-, and the optimum temperature. humidity, and
length of treatment. Local extension recommendations should be
consulted for specific commodity information (24, 31, 56).

Protecting harvested products from ethylene

History and economic importance. Some of the earliest investi-
gations of C,H4 were related to its detrimental effectson plants and
have been thoroughly reviewed (1). Crocker and Knight (12) re-
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mature closiny - buds) was caused by 0.5 to | ppm C,H,. Example
of the advers.  ccts of C,H, on harvested horticultural produdg
continue to appear in literature. Risse and Hatton (38) recent}
reported the detrimenta} effects of C,H4 on harvested watermelogy.

It 1s extremely difficult to assess the economic importance gf
protecting harvested horticultural products from C,H, Abeles hyg
pointed out the problems of esumating the economic 10sses caused
by C,H, as acomponent of air pollution (1, 2) Detrimental effectg
of C,H, dunng the normal short-term marketing of fruit and veg.
etables are not well-defined and certainly are secondary to consig.
erations regarding the maintenance of optimum temperature ang
humidity 1n the postharvest environment. However, costs to the
individual shippers involved can easily run into tens of thousands
of dollars when losses do occur from problems like russet spotting
of lettuce or yellowing of cucumbers Economic evaluations of long.
term storage responses to C-H, (5, 17, 28) generally have not beeg
reported because investigators have not wanted to speculate aboyt
extended season prices Detrimental effects of C,H, may be most
Important for ornamental crops where estimates once placed
postharvest losses at about 20% due to mishandling. However, mis-
handling included poor temperature management. and improper hu-
midity, as well asexposure to C,H,4 (45). In summary, losses caused
by C,H, are known to occur. but they are usually quantitatively
undefined. A conservative estimate for the United States would be
in the tens of millions of dollars annually.

Strategies for protection. The strategies for protecting harvested
horticultural products from the detrimental effects of C,H, can be
placed into 3 major categories: avoidance, removal. and inhibition.
Although these techniques are grouped for convenience it should
be remembered that they may overlap and are not mutually exclu-
sive.

Avoidance. Circumvention of undesirable product exposure to
C,H, begins with careful harvesting, grading, and packing which
includes selecting the desired maturitv and avoiding mechanical
injury. The 2nd and probably most important step in avoidance is
proper temperature management, which should include rapid cool-
ing to the product's lowest safe temperature. This suppresses eth-
ylene production and reduces sensitivity to ethylene (9). Chilling
temperatures should be avoided when handling chilling-sensitive
commodities. however. because increased C.H; production fre
quently tollows chilling injun ¢35). Ethylene-sensitive commodities
should not be transported. stored. or displayed with C.-H,-gener-
ating commodities. Guidelines suggesting compatible product mixes
nave been published 1331, Given the food distribution system n the
United States. it is not oossible to avoid undesirable exposure to
product-generated C-H; completely. bur exposure should be kept
to a minimum. Placing npe tomatoes between iceberg lettuce and
cucumbers in retail produce displays may be colorful. but it com-
pletely ignores the biology of these products and constitutes unnec-
essary exposure of the produce to undesirable temperatures and
C-H,.

Other management steps tor avoidance include minimizing the
use of internal combustion engines during product handling in en-
closed spaces. and following strict sanitation practices to insure that
overripe and decaying products are promptly removed.

Removal. Undesirable levels of C,H, in produce storage areas
can be removed by simple ventilation with fresh air if the air is not
polluted with high C,H, levels. Usually, one air exchange per hour
is required to maintain a low C,H, level. Ripening room facilities
located in produce distribution centers always should be vented to
the outside to ensure that C,H, is not accidently introduced into the
storage environment of the distribution center.

C,H, can be scrubbed from the atmosphere by trapping and/or
conversion to other products when ventilation cannot be used fof
removal. A large number of reagents and techniques have bee}l{
tested over the years (1, 7, 15), but only potassium permanganalg:
is presently in common commercial use. To be effective, KMaOg!
must be adsorbed on a suitable carrier with a large surface area::
Celite, vermiculite, silica gel, alumina pellets (1), perlite (40), and
expanded glass (32) have all been successfully used as carriers. A
number of commercial potassium permanganate scrubbers are avail-
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able in sachets. filters. blankets. and other specialized trapping de-
vices (37. 18. 19y Ethylenc is trapped most effectively when air is
drawn through the scrubber. Potassium permanganate scrubbers arc
advantageous because they change from purple to brown as the
MnQO, — is reduced to MnO,. The major disadvantage of perman-
ganate scrubbers seems to be their expense (7. 40).

Heated catalyst ethylene scrubbers were successfully used during
the 1983-1984 storage season in commercial controlled atmosphere
apple storages to maintain ethylene concentrations below 2 ppm in
New York State, and below | ppm in England (Blanpied, personal
communication). Another technology for C,H, removal. which seems
promising but has yet to be commercially developed. is the use of
UV light (41). Also, there is a potential for biological removal of
C,Ha. Abeles (2) discussed the role of soil bacteria as a sink for
atmospheric C,H,. Perhaps the C;H,-consuming Mycobacteria that
have been isolated from soils (14) could be genetically engineered
to perform satisfactorily in horticultural applications.

Inhibition. Controlled atmospheres (CA) have been used widely
for many years for the long-term storage of apples (13)and. to a
limited extent. for other commodities. such as pears (44) and cab-
bage (22). CA systems require specia refrigerated. gas-tight struc-
tures (16. 291 which alow for precise temperature controi and
maintenance of the storage atmosphere (primarily reduced O- and
elevated CO,). CA storage has multiple eftects on the physiolog:
of the commodity (30. 44). but the retardation of ripening isat leas:
partialy attributable to the low O atmosphers. slowing C-H,; syn-
thesis and action. and the elevated CO- inhibiting C5H; action. Very
low levels of O~ (171 and C-H, scrubbing (3. 7; md enhance the
storabilitv of products in C.4 The use of C4essenually has beer
limited to long-term stationan storages. bu' a ieast one compan\
now out of business. incorporated CA capability mto modem trans-
port containers {215, Modified atmosphare: (¢ less precise tvpe of
CA) have been used for man! years or, severai commodities during
transport.

Low pressure storage (LPS) seems to ofrer potential for prolong-
ing the useful life of horticultural commodittes (10. 34:. LPS ef-
fectively reduces O, levels and. 1n this respsct. ts similar to CA
storage. Storage at subatmospheric pressures also increases the dif-
fusivitp of volatile gases. however. including C.H;. from the in-
ternal atmosphere of the commodity (10). Commercial applications
of LPS systems have not been widespread to date. Grumman Allied
Industries developed the Dormavac System for hypobaric transpor-
ation of perishables (23), but this met with only Itmited commerical
success and was discontinued.

Chemical treatments could be used to protect horticultural prod-
ucts by inhibiting C,H, synthesis and/or action. Yang and Hoffman
(58) reviewed many of the known inhibitors of C,H, biosynthesis.
Some inhibitors appear to have commercial potential for regulating
fruit ripening (6. 54), but their use on food products must be pre-
ceded by FDA and EPA approvals. Many ornamental horticultural
crops can be protected from the detrimental effects of C,H, by
treatment with the anionic complex silver thiosulphate (STS). Veen
(53) recently reviewed some of the uses for STS in commercial
horticulture.

Methods outlined here for removal of C,H, and inhibition of
C,H, synthesis and/or action should not be regarded as panaceas
for solving C,H,-related problems in commercial horticulture. The
best defenses for protecting harvested horticultural products from
the detrimental effects of C,H,4 are the steps outlined under avoid-
ance. When the shelf life of products can be extended further by
the methods of C,H, removal or inhibition of its action, then their
use may be advantageous. The long term storage of applesin con-
trolled atmospheres with C,H, scrubbing is a good example of post-
harvest practices which employ avoidance, removal, and inhibition
methods for protection from C,H,4 (7, 17).

Summary

Control of C,H, in the postharvest environment is of great im-
portance in commercial horticulture. Application of C,H, facilitates
the orderly marketing of citrus, tomatoes. bananas, mangoes, and
honeydew melons. Safeand efficient application methods have been
developed and are readily available for commercial use. Detrimental

cffects of CaH, on harvested horticultural products largely can bc
avoided by carcful management of the postharvest environment. but
this management is not always practical in commercial situations.
Technologies exist for removing C,H, or inhibiting C,H, action,
but there is still considerable room for improvement during the
storage and handling of most commodities.
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Abstract Theuseof calciumcarbideasamethod of ripeningfruitsisreviewed. Thetechnique
is a traditional ntethod of ripening and degreening fruit which is still widely practised in
devel oping countries, where ethyleneiseither unavailable or too expensive. Calciumcarbide
ripens fruit by the release of acetylene, which has been shown to act in a smilar way to
ethylene on unripe fruit, though kigher concentrations of acetylene may haveto beused. The
techniquesof using calcium carbide in various countries including India, the Philippines,
Senegal and Brazil are described. Results of work using calcium carbideto generate acety-
lene or bottled acetylene gasto ripen mango, banana, citrus, melons, plumsand peaches are
detailed. Practical considerationsare discussed, including the risks to health through the
toxicity of the calciumcarbide and itsby products; al so the explosive nature of acetyleneas
compared to ethylene, aswell as methods of producingacetylene fromcalciumcarbide.

Keywords: fruit ripening, calcium carbide, acetylene, ethylene.

Introduction

Climacteric fruits are often harvested in a mature but unripe condition and then sub-
sequently allowed to ripen. Theclimactericfruitswill ripen naturally, but thismay happen
slowly, at a timewhich is not predictable, and/or unevenly. T o overcome these problems,
fruit such as banana, mango and avocado can be ripened artificially by exposing the fruit
toeither ethylene or certain similar gasessuch asacetyleneor propylene for ashort period
which initiates the ripening process.

The fruit then ripen rapidly, synchronously and at a predictable time. Almost al
internationally traded bananasare now initiated to ripen by exposure to ethylene(Proctor
and Caygill 1985); yet because of the expense and/or unavailability of ethylenein devel-
oping countries, the low-cost technique of producing acetylene from calcium carbide to
ripen fruit isstill widely practised.,

Though the technique of generating acetylene from cal cium carbide has been used for
many years, it is poorly documented. The purpose of this review therefore is to collate
known information about the useof calcium carbidefor ripening fruit and toidentify any
existing problemsin the technique.
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412 0. Sy and H. Wainwright

Calcium carbide is widely used in the chemical industry for the manufacture of
neoprene, chloroethylenes and vinylacetate (Geesner 1977). When placed in water or
exposed to moist air the formation of acetylene and calcium hydroxide with theevolution
of heat occurs (Geesner 1977). Acetylene liberated from calcium carbide (CaC,) actson
some fruits causing them to ripenin a similar manner to ethylene, and numerous studies
have been undertaken to compare the ripening properties of ethylene and acetylene, as
detailed below.

Comparison of ethylene and acetylene asinitiators of fruit ripening

With bananas, ethylene initiates ripening at 0.01, 0-1 and 1 ml 17", but at 0.01mi |-,
acetylenefailed to initiate ripening; at 0-1 m11~! the ped remained green and the soluble
solids content was lower although a climacteric rise in respiration was induced; and at
I ml1-', ripening was only dlightly slower than when ethylene was used (Thompson and
Seymore 1982).

These findings support those of Pantastico and Mendoza (1970) who found that
bananas treated with acetylene take longer to ripen than those exposed to an equivalent
concentration ofethylene. Banana fruit wereripened satisfactorily with acetylene but the
fruit had a lower total of soluble solids than those ripened with ethylene (Kaltenbach,
1939).

With mango, results were similar to those obtained with banana where ethylene at
concentrations of 0-01 mt1~! and above and acetylene at 1-0 mi 1=, initiated ripening. At
0.01 ml 1~ acetylene caused limited softening but had no effect on the other ripening
changes; whilst at 0-1 ml1~', acetylene showed only delayed ripening compared with
ethylene (Medlicott et d. 1987).

Ethyleneis not alwaysavailable in many devel opingcountriesor whenitis, thecost is
too high. For examplein the People's Democratic Republic of Yemen, ethyleneisgener-
ated from a proprietary imported product used to ripen bananas. The cost of ethylene
produced in thismanner was50 timesgreater at £0.5 litre ™' than acetylenegenerated from
locally available calcium carbide (Smith and Thompson 1987).

Useof calcium carbidein fruit ripening

The useof calcium carbideto generateacetylene tocolour and ripen fruits hasbeen known
for many yearsand wasthesubject of areview 50 yearsago (Kaltenbach 1939). Numerous
reports have been published on the use of calcium carbide in commercia practice and/or
in experimental investigationsin an extensive number of countriesand on a widerange of
fruit species(Table 1).

Stevenson (1954) working in Australia states that | 1b of solid calcium carbide with
water yields5 cubic feet of acetylene, or one-fifth of a pound of carbidewill yield sufficient
acetylene to giveaconcentration of | part of acetyleneto 1000 partsof air in achamber of
1000 cubic feet.
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Fruit ripening with calcium carbide 413 d
]
Table|. Thefruitsand countries whereacetylene, generated from calcium carbide,
has been used to ripen fruits E
1)
— £
Fruit species Country Source 1 £
B
Banana Australia Stevenson 1954 i i;
Egypt Salemet al. 1976 '
India Singh et al. 1975 L
India Khan et al. 1977 o
Philippines Pantasticoand Mendoza 1970 ]
Philippines Bondad 1971 i
Philippines Espanto 1984 -
South Africa Malan 1953 -
Sudan Seymour 1984
Taiwan Chiang 1955 ! i
UsA Hartshorn 1931 b 9
Yemen Smith and Thompson 1987 2
oy
Mango Brazil Sampaio 1981 9
Costa Rica Valerdeet al. 1986 =
India Subramanham ez al. 1972 .4
India Nagargj et al. 1984 X gl
India Mann 1974 : :
Malaysia Berwick 1940 I =4
Philippines Tirtosoekotjo 1984 [
Senegal Sy et al. 1989 N
South Africa Marloth 1947 i,} f
K4
Citrus Australia Stevenson 1954 -
Austraia Prest 1932 o8
Philippines Bondad 1971 n'
Philippines Acenaand Macatangay 1957 O
South Africa  Marloth 1935 @
Tomatoes Australia Stevenson 1954 5
Morocco Kaltenbach 1939 i
Philippines Bondad and Pantasico 1971 !
USA Rosa 1925 8
X
Pawpaws Australia Stevenson 1954 el
-
Plums South Africa  Putterill 1938 2
%]
Melons South Africa Raitray 1940 .
Peaches South Africa  Daviesand Boyes 1940 ':g
i
3]
1
b
The recommended way to introduceacetyleneintoachamber isto put alargevesse of =
water in the chamber and place carbide into the water and close the chamber door. The -
chamber should be ventilated and thenimmediately re-charged with acetylenethree times ”

aday.

In India, one of the world's largest mango producing countries, the tradition of
ripening early season fruits with calcium carbideiswell established. In atrial undertaken
by Mann (1974) to study different doses of calcium carbide, mature hard green fruits of
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Dashehari mango were used. The fruits were packed together with calcium carbide and
covered tightly with newspaper so asto prevent the leakage of acetylene. Calcium carbide
was moistened by adropof water before packing soasto releasethegas. Thefruitsripened
within 8 daysand those fruitsripened with 2 g of cal ciumcarbide per 4-5 kg of fruitswere
assessed by organoleptic evaluation, to develop the most desirable taste aand flavour
(Mann 1974). With thecultivar Keitt in CostaRica (Vaerdeer al. 1986), arate of 3-5 g of
calcium carbide per kg of fruit was recommended to obtain ripening in 8 days.

Nagargj et al. (1984), in an observational trial in India, used ventilated wooded boxes
where they placed 2 g of calcium carbide per kg of fruit, the standard commercial rate of
application. The fruits were covered with straw and craft paper. After 96 hours, the
calcium carbide packets wereremoved from the boxes and the uncovered fruitswere kept
in a separate ventilated room.

This treatment gives uniform and attractive yellow skin colour, and causes rapid
softening of fruits. The authors report that the technique is commercially exploited for
ripening and marketing mangoes, and the cal cium carbide treatment significantly reduced
the number of days required to attain edible ripe fruit compared with untreated fruit.

In the Philippines, ethylene is not readily available and is difficult to apply without
placing the banana fruits in an enclosed room or container (Bondad 1971). The most
popular method of ripening bananas consists of treating a stack of fruit with calcium
carbide in a 200 litre drum, cut to a convenient height and lined with three to four plastic
sacks laid flat against the bottom and sides (Espanto 1984). The sacks are also used to
cover thestack. Calcium carbide wrapped in newspaper isplaced in thedrum under seven
to eight spirally-arranged hands.

Another method consists of simply enclosing the same number of hands with carbide
inasack. In either case, treatment is usually carried out over a 24-hour period. Farmers
useabout 2509 of carbide per sack or drum, though noindication of the quantity of fruit
thisripensisgiven (Espanto 1984).

A more controlled ripening of bananas, used in Egypt, involved the use of air tight
rooms with an initial temperature of 25°C, a relative humidity of 90-95% and an
acetylene concentration of 1 mi1~' (Salem et al. 1976).

In Senegal, calcium carbide is often used by wholesalers and farmers to ripen fruit,
mainly mango and banana. Fruit are harvested mature green and ripened with calcium
carbide. Two similar methods are used. The first involves placing calcium carbide
wrapped in cloth or newspaper in the bottom of a basket made of palm leaves, locally
known asa'damba’ (Figure1), and then covering the basket witha pieceof sack or strong
craft paper in order to increase the internal basket temperature and relative humidity
during the ripening initiation process.

The baskets are placed in a closed room for 2 or 3days. Fruitsare then selected from
these baskets when they have developed a yellow skin colour and offered for sale. The
second method consistsof formingalargestack of fruits(l to2tons) inacorner of aroom
(Figure 2) and puttingcal cium carbide in several placesin thestack and covering thefruits
withcraft paper and securing with rope. Asin thefirst method, fruit areleft for 2or 3days
then selected for sale.
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Figure 2. Ripcning mangocs by stacking in a corner of a room and exposing them to acetylene produced from
calcium carbide
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Thefruitsripened in these waysare not always of good eating quality; although they
have good skin colour, the ripening process is not complete and the fruit have a high
acidity and lower sugar content.




416 0. Sy and H. Wainwright

In Brazil, some exportersare using calcium carbide treatments prior to export or sale
in local markets, with the aim of improving peel colour developnient (Medlicott 1986).

This treatment generally involves stacking boxes of fruit under tarpaulin covers with
calcium carbide placed in containers of water.

No standard amount of cal cium carbide was used, although treatment wasalwaysfor
12 hoursafter which the tarpaulin wasremoved. Treatment wasonly used at the beginning
of the season, and the technique increased the rate of ripening and resulted in fruit of
excellent ped colour, but of poorly developed flavour.

In Malaysia, mangoesare picked dightly unripe and artificially coloured by means of
calcium carbide. Thisisgenerally donein soap boxesor basketslined with banana leaves
on which the calcium carbide is sprinkled; the receptacle isfilled to the top and the fruit
covered with more leaves on which more calcium carbide isscattered. After two or three
days, the colour of the fruit becomes uniform, though the taste is insipid, and the
consignment isready for sale (Berwick 1940).

A component of ripening that isreadily detectableisthelossofchlorophyllinskin. In
citrus, thedegreening of theskin isof primary importance and acetylenein afew instances
has been shown to beeffective. The temperature and relative humidity have to be regu-
lated and 30—35°C and 85—90% are recommended, respectively (Acenaand Macataugay
1957). 1t was found that the period of exposure to acetylene for the most efficient
degreening was between 36 and {20 hours, depending on cultivar.

Marloth (1935) found perfectly satisfactory degreening of oranges with one part of
acetylenein 1000 partsair for anexposure period of 60 hours. However, for grapefruit and
lemons, the fruit wasliable to burn, so alower concentration wassuggested. T heefficiency
of cacium carbide was dependent on the amount of impurities present and this was
variable, depending on the source of carbide.

The conclusion made by Marloth (1935) was not to recommend the use of carbide to
colour citrus; in South Africa, thefuture useof calcium carbide to colour citrus would be
restricted to the few instances where ethylene was not available. There are few other

reports of acetylene being used to degreen citrusand its use does not seem to have been

widespread. ,

Problemsassociated with using calcium carbide to ripenfruit

Calcium carbideis produced by combiningcalcium oxide and carbon (both readily avail-
able materials) in a furnace; it rel eases acetylene when combined with water (Reid 1985).
Thedanger of explosion with acetyleneisreported by many investigators. Acetylenehasa
garlicodour and isaflammableand explosivegas(Geesner 1977). Itisflammableinair at
lower concentrations than ethylene and its minimum auto-ignition temperaturein air is
305°C.

According to Thompson and Seymour (1982), thesuitability of acetyleneasaripening
agent depends on itsefliciency at concentrationswell below thisminimum explosivelevel.
Both ethylene and acetylene gasescan beexplosivein air at high concentration, acetylene
being dightly more dangerous to use than ethylene. Therefore, the lower the exposure
concentration required, the safer it will be.
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Fruit ripening with calcium carbide 7

Impurilies are present in commercial calcium carbide samples. Some of thesecould be
dangcerous to human health. For instance phosphorous hydride(PH,) and arsenic hydride
(Asll,) are contained in calcium carbide (Delpierre 1974). These components might be
found in thecalcium hydroxide formed during the liberation of acetylene.

I n most major traditional methods, calcium carbideisin direct contact with the fruit
during the ripening process, and thefruit isoften not washed beforeeating. Therefore, the
danger of contaminated fruit increases, although tropical fruit like bananas have a thick
ped which isdiscarded before eating the pulp. However arsenic hydride (AsH;) issoluble
in organicsolventsand in oil and fat (Delpierre 1974). Dissolvingof AsH; in thewax of the
fruit pee may therefore occur.

Data from the literature indicates that calcium carbide contains numerousimpurities
and shows that the same amount of acetyleneis not alwaysliberated from thesame weight
of calcium carbide. For instance, in Australia, | g of calcium carbide released 312 ml of
acetylene(Stevenson 1954); whilst Seymour (1984) found in TheSudan that | g ofcalcium
carbide gave 240ml of acetylene; and in Senegal, Medlicott (1986a) calculated that the
volumes liberated per gram of calcium carbide, whilst showing some variation, averaged
approximately 150 ml.

Aswdl asdifferencesin the composition of the carbide, another possibleexplanation
may be thedifference in size of calcium carbide pieces used, as the smaller lumps have a
higher surface area and will release acetylene more rapidly. For experimental control of
this variable, Bondad and Pantastico (1971) passed the calcium carbide through a sized
mesh.

Obtaininga known and predictable quantity of acetylene from calcium carbide does,
however, appear unlikely. Also theimprecise nature of definingthe quantity or theweight
of calcium carbide put with the fruits and the duration that the fruits are exposed to
acetylene, seem to be aspects where there are major differencesin techniques and are
possiblecauses for unreliable results.

An improvement in the traditional methods of using calcium carbide which would
reduce the health risk would be non-contact use of calcium carbide with the fruits. For
this, the simplest method would be to put calcium carbide in a container with enough
water inanisolated part of the ripening room.

Another adaption on this principle reported by Prest (1932) is to put thecarbidein a
suitable vessd and arrange water to drip onto the carbide from a second vessd. Where
available, specific acetylene generators such as those used for mine and bicycle lamps
(Malan 1953) could be used. These work on the same principle of water dripping onto
carbide, but are in an enclosed container and the acetylene escapes through asmall hole
which, in the case of the lamps, isignited.

Another technique could be to put the calcium carbide in a closed container where
moist air is blown over the calcium carbide and then acetyleneis released in a constant
flow into the ripening room. Comparative experiments carried out at the Institute de
Technologie Alimentaire, Senegal, on banana ripening by direct contact (calciumcarbide
wrapped in newspaper and placed at the bottom of the fruit baskets) or by placing the
carbide in a separate container with water, showed an earlier colour break in the direct
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contact; but those fruits nearest the calcium carbide were more coloured and ripened
earlier than those on the top of the basket.

However, after 7 days, fruits fromdirect and indirect exposure to calcium carbide had
the same full yellow ped colour (Sy et al. 1985). In another investigation on ripening
.'caraba0’ mango with calcium carbide, Tirtosoekotjo (1984) concluded that the quality
of carbide treated fruits was considerably aflected by such factorsas fruit maturity, the
carbide to fruit ratio and the manner in which thefruit were treated.

Thesestudieswereorientated towardsa determination of the best set of conditionsfor
usingcalcium carbide to ripen mango fruit.

Earlier, Harvey (1928) stated that acetylene generated from calcium carbide wascon-
venient but that the gas had a disagreeable odour and produced a noticeable flavour in
treated fruits. Acetyleneisalso toxic to the fruit and may be disagreeable to those who
handle it. Even so, the problem of taint from using acetylene is not widely reported by
other users.

’

Futureareasof investigation

The use of calcium carbide to produce acetylene to ripen fruit does have disadvantages
compared with ethylene, as described above. However, in developing countries, the
unavailability of high cost of ethylene often precludes its use and, therefore, the use of
calcium carbide to generate acetylene to ripen fruit isseen asa practice that isval uableand
set to continue in the future. However, there are two topics that require further investi-
gation for the improved use of calcium carbide. Firstly, thereisa need to have a better
understanding of the ripening responseof tropical fruit to acetylene.

Thisrequiresinvestigatingarangeof factors,includingtheconcentrationand exposure
time to acetylene, the optimum stage of maturity of the treated fruit, the variation of
response between different cultivarsof thesamespecies, theorganol eptic quality of treated
fruit and the treatment of fruit at the high ambient temperatures often encountered in
situationswherecalcium carbideis regularly used.

Secondly, the need to have a safe, controlled delivery system for acetylene from
calcium carbide. This would involve the development of a low cost acetylene generator
which should be applicable to the wide range of users, would prevent direct contact
betweenthefruit and calcium carbide and yet produce a consistent and known quantity of
acetylene to initiate ripening.
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% / TI: History and development d fruit differentiation, growth and ripening control in pinespple.
AU: Williams-DDF
AD: Maui Pinegpple Co,, Haliimaile, HI 96768, USA. Py: 1987
SO: Proceedingsd the Plant Growth Regulator Society d America. 1987, 413-422; 14 ref. Lincoln, Nebraska,
USA; Plant Growth Regulator Society d America
AB: Areview d the history o Cayenne pinegpple growingin Hawaii. Tn additionto discuss ng the effects of

climate and elevation, it mentionsthe use d plant growth regulatorstor enlargingor ripeningthe fruit, and in
propagationand the control df floweri ng.

\ﬁl: Physico-chemica changesduringflower bud differentiationin pinespple (Ananas comosus, I;. Merr.).
AU: Ahmed,-F; Bora,-PC Py: 1987
AD: Assam Agric. Univ., Jorhat-13, India
SO: Indian-Journal-of-Plant-Physiology.1987, 30: 2,189-193; 13 ref.
AB: Pinegppleplantsd the cv. Kew, raised from slips planted in July and November d the previousyear, were
treated in August and January, respectively, with severa chemicas. Applicationsd Ethrel [ethephon] at 100
p.p.m., d Ethrelgat 25 p.p.m. mixedwith 0.04% CaC03, and d ureaat 2% were very effectivein enhancing the?
g/nthes sd different metabolites (sugars, ascorbic aad proteinsand nucleicacids) The duration d flower
bud differentiationwas shorter in summert han in winter.

Tl: Regulationd floweringin pinegpplethe year round.

l/ AU: Bose,-TK; Aich,-K; Mitra,-SK; Sen,-SK Py: 1983
AD: B.C.K.V., Kalyani 741 235, India
SO Indian-Agriculturist. 1983, 27: 4, 331-336; 11 ref.
AB: Theeffectsd monthly planting between 15 July and 15 November and treatment with calcium carbide (20
g/litre), Ethrel (ethephon] (0.25 mU/litre) or NAA (20mg/litre) 335 daysafter planting, on flowering, yield and
fruit quaity in the cv. Kew were studied. Treatment with ethephon or calcium carbide between April and July
induced flowering 22 to 30 daysafter treatment, but the period from treatment to appearanced inflorescence
gradually increased from August to November. Sequential plantingand applicationd chemicalsregulated the
time d harvest and ayear-round croppingwas achieved. Among the chemicals, calcium carbide generally
induced flowering better t han ethephoff. Fruitsfrom the NAA treatment were heavier'whereas cacium carbide
and ethephon induced better quality.

TI: Effect d different chemicason floweringand fruit developmentin pinegpple.

AU: Santha,-KK; Aravindakshan,-M; Namboodiri,-KM Py:1983

AD: KerdaAgricultural University, Trichur, India

O South-Indian-Horticulture. 1983, 31: 4/5, 181-186; 12 ref.

AB: Intrialsover 2 seasons, 14 differenttreatmentswere applied to plants (19-month-oldinitialy) d the cv.
Kew. The best flower inductionin both seasonswas obtained with Ethrel [ethephon]at 250 p.p.m., Ethrel at
50 p.p.m. * ureaat 26+ cacium carbideat 0.04%or Planofix [NAA] at 200 p.p.m. Thefruitswerelargest
after treatment with Planofix at 20 p.p.m. Noned the treatmentsimprovedfruit quality.

é Studieson responsecf growth regulatorsto induce floweringin pinegpple [Ananas comosus (L).Merr.].
Us Prasad,-A; Roy;SK PY: 1987
AD: Dep. Hort., Chandra Sheklar Azad Univ. Agric. & Technol., Kanpur 208 002, India

SO Symposum on Himalayan horticulture in the context d defence supplies. 1987, 53. Tezpur, India

AB: Plantsd the early floweringcv. Kew were treated with CCC fchlormequat]. Ethre} [ethephon],NAA, GA3
or PCPA#4-CPA]. Thebest induction d early flowering was obtained with EthreF The best agesfor treatment
were 12 monthsfor the plant crop and 3 monthsfor the ratoons.

TI: Changesin chemica compositiond the Kew cultivar d pi neepplefrwt during development.

AU: Kermasha,-S; Barthakur,-NN; Inteaz-Alli; Mohan,-NK; Alli,-I PY: 1987

AD: Dep. Food and Agricultural, McGill Univ., Ste. Anne de Bellevue, Que, Canada.

O Journal-of-the-Sci enceof-Food—and—Agriculture1987 ,39:4,317-324; 17 ref. -

AB: The chemical compositiond the Kew cultivar d Indian pinegpple (Ananas cosmosus) was studied after 65
days (premature), 100 days (earlymature), and 150 days (late-mature)from flowering. Thefruit was
chemicaly analysed for sugars, amino acidsand mineras. Total solublecarbohydratesincreased from 6.02 to
9.24%, and protein content decreased from 0.69 to 0.21%, during the fruit development process. The vitamin C
content decreased from 20.4 to 11.1 mg/100 g edible fruit during development. Fructose, glucose and sucrose



together were about 5% (premature), 2.4% (early mature) and 1.2% (late-mature) d fresh weight. The
contentsd iron, boron and zinc increased during development. The mgor mineralsinthe maturefruit were
potassium 31.33, phosphorus 3.13, cacium 3.92, sodium 2.63, iron 3.22, Zn 0.55 and copper 0.06 mg/100 g
fresh sample. The content & most amino acids decreased during development; only aspartic acid showed a
consderableincreasein the late-maturefruit.

TI: Developmentd a heat unit modd d pinespple (‘SmoothCayenne') fruit growth from field data.

AU: Fleisch,-H; Bartholomew,-DP Py: 1987

AD: Department d Agronomy & Soil Science, Hawaii University, Honolulu, HI 96822, USA.

SO Fruits. 1987, 42: 12,709-715, 763-766; 14 ref.

AB: Climatic and flower-devel opmentdatafrom 13 plantations d pineapple cv. Smooth Cayenne were collected
over a period d morethan 2 years. For each d the 5 phenophasesfrom floral inductionto fruit maturity a
minimum temperature based on field datawas determined. A heat-unit model based on air temperature
adequately descnied developmentindl cases, indicating that flower and fruit development depended mainly ,
on temperaturé;

\/fI Theinfluence d planting material, spacingand Ethrel on pinegpple development, productionand quality.
AU. Mwaule,-YW PY: 1985
AD: Serere Research Station, P.O. Soroti, Uganda
0. Acta-Horticulturae. 1985, No. 153, 63-68; 22 ref.
AB: Theeffectsd 3typesd planting material (crowns, slipsor suckers), 3 single row spacings (wide (90X
90), medium (90X 60) or narrow (60X 60 cm)) and 2 hormonelevels (withor without Ethrel [ethephon] at 50
ml per plant) were investigatedin field trials using the cv. Smooth Cayenne. Forcingwith ethepho:
significantly reduced mean fruit weight, slip and sucker production, planting-to-harvest period anﬁa.rvestp
duration but increased fruit acid and soluble solids contents# Spacing had little influence on the parameters
measured. Therewere significant i nteractionsbetween ethephonand planting material on the planting-to-
harvest period and harvest duration (whichwere shortened);and al so between ethephon and spacing on
soluble solids (whichwere highest at medium spacing).

\/PI: Influenced time d planting, dip size and plant age for thefloral inductiond Smooth Cayenne pinegpple in
the Reconcavo Baiano. |. Vegetativegrowth, offset productionand natural flowering.
OT: Influenciada epoca de plantio, tamanho damudae idade daplanta paraainducao floral do abacaxi
'‘Smooth Cayenne' no Reconcavo Baiano. |. Crescimento vegetativo, producao de mudas e florescimento
natural.
AU: Reinhardt,-DHRC; Coda-JTA; Cunha,-GAP-da Py: 1986
AD: CNPMVIF, Bahia, Brazil. LA: Portuguese
SO Fruits. 1986, 41: 1, 31-41; 30 ref., 2fig.
AB: Atrial was carried out from 1980 to 1983 with two dip sizes (35-44am and 25-34 cm), 4 planting dates
(29January, 18 April, 22 July and 5 November) and floral induction (withcalcium carbide) at 7, 9, 11 or 13
months. Howeringd control plants occurred when plants reached a certain sizeyat differenttimes d year, and:
was apparently enhanced by short days, low night temperatures, poor insolationand water stress. Vegetative
growth depended on moisture availability. Offsat productionwas proportiond to plant sizeat thetime d floral
induction. Slip production was al so enhanced by low temperature and poor insolation.

TI: Influer;cecf ethephon and urea on the flowering of pinegpple plants (Ananas comosus (L.) Merrill
'‘Cayenne)).

OT: Influenciado ethephon e ureiano florescimento de plantas de abacaxi (Ananas comosus (L.) Merrill
'‘Cayenne).

AU: Fahl,-JI; Carelli,-MLC; Franco,-JF LA: Portuguese

AD: Secao de Fisologia, Instituto Agronomico, 13.100 Campinas, SP, Brazil.

SO Abstracts d the XTIV Brazilian congress on herbicidesand herbaceous weeds (SBHED) and the VI congress
d the Latin American Weed Association( ALAV) ,Campinas, 1982. unda, 161. Campinas, Sao Paulo, Brazil.
AB: Pinegpple plants were sprayed 13 monthsafter plantingwith 475 and 950 p.p.m. ethephon + 26 urea.
Theaddition d urea significantly increased early flowering. With the high rate d urea+ ethephon, 100%
flowering was achieved 74 days after treatment while with the low rate d ethephon aloneit occurred 116 days
after gpplication.

TI: Don't force pinegpple plantstoo early.



AU: Dalldorf,-DB Py: 1985

AD: Agricultura Research Station, East London, South Africa

O Information-Bulletin,-Citrus-and-Subtropical-Fruit-Research-Institute. 1985, No. 151, 7.

AB: Dataare presented from trial s with Smooth Cayenne pineapples on the effectsonyields d applying NAA
or ethephonto plants or suckersd differentsizes. With the plant crop, optima yields o 80 t/ha were obtained
when a flower inductant was applied when the D-leef |engthwas 63.9 cm, and D-lesf and plant weightswere
71.6 and 1700 g, respectively. With suckers, forcingwhen the D-lesf lengthwas 63.9 cm, D-leef and plant
weightswere 40.3 and 1020 g, respectively, and averagefruit Szewas1298 g, resultedinyieldsd 108 t/ha
froman averaged 2 suckers/plant.

TI: Effect d artificia inductiond floweringin pinespple.

AU: Balakrishnan,-S; Nayar,-NK; Mathew,-V Py: 1980

AD: Cdlleged Horticulture, Trichur, Kerala, India

O: Agricultural-Research-Journal-of-Kerala. 1980, 18: 2, 158-161; 5 ref.

AB: Plantsraised from suckers (PRS)weretreated with 100 p.p.m. Ethrel [ethephon]+ 2% urea+ 0.04%
CaCo03 at 14, 15, 16, 17 or 18 monthsafter planting, and plants raised from crowns (PRC) were similarly
treated at 16, 17, 18, 19 or 20 monthsafter planting. In PRS, treatment at 18 months gave the highest
percentage (96.07) d flowering (78.57%in the control) and in PRC, treatment at 17 months gave the best
results, namely, 91.78% flowering, with 28.57% in the control. Dataare tabulated on leaf and fruit
characteristics.

TI: Pinegppleflower inductants. Too much?

AU: Dalldorf,-DB PY: 1983

AD: Agricultura Research Station, East London, South Africa

O: Information-Bulletin,-Citrus-and-Subtropical-Fruit-Research-Institute. 1983, Na. 135, 4.

AB: Intrialswitha plant crop d pineapples (cv. Smooth Cayenne),the effectswere compared d NAA at 5, 10
or 20 p.p.m. and ECP (ethephon) at 250,500 or 1000 ml/ha, each applied once or followed by a second
gpplicationd NAA at 10 p.p.m. 10 dayslater in November, January and March. Preliminary resultsindicated
no significant differences between treatmentsin their effectson average fruit weight, yieldsand the
percentagefruit harvested. There appeared to be no advantagein using more than 500 ml ECP/ha.

TI: Influence d pH and ureaonthe action d 2-chloroethylphosphonicacid in inducingfloweringin pinegpple.
OT: Influenciado pH e daureia naacao do acido 2-cloroetilfosfonicona inducao floral do abacaxi.

AU Velez,-AML-de; Cunha,-GAP-da Py: 1983

AD: Universidade Federal daBahia, Cruz das Almas, BA, Brazil. LA: Portuguese

SO: Pesquisa-Agropecuaria-Brasileira. 1983, 18: 11, 1199-1205; 18 ref.

AB: Intrialswith the cv. Smooth Cayenne, the addition d urea (2%%) and/or Ca(0OH)2 (toraisethesolution H
to 10) to ethephonat 50-100 p.p.m. did not appreciably improve flower induction compared with ethephon
alone. Itissuggested that, in view d the cost, the 50 p.p.m. ethephon rate (whichgave 80.6% flower
induction)is adequate.

(/f I: The control d floweringand planning productionin pinegpple plantations. Itsresults.
OT: Lamaitrise delafloraison et |a planification de | a production dans|es expl oitationsd'ananas. Ses

consequences.
AU: Lacoeuilhe,-]-] PY: 1983
AD: IRFA, BP 153, Martlmque French West Indies. LA: French

SO Fruits. 1983, 38: 6,475-480.

AB: Thepossibility d controlling the date d flowering makesit possibleto basethe date d harvest on demand
and prices. A table showing datato be considered, the sequence d cultural operationsand the choices
availableis presented. Effects on efficiency, increasing profitsand diversificationare discussed.
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Sensory Differences between Bananas
Ripened Without and With Ethylene

Frances M. Scriven', Choo Ong Gek, and Ron B.II. Wills
Department of Food Science and Technology, University of New South
Wales, P.O. Box 1, Kensington 2033, Australia

Additional index words.  flavor, texture, color

Abstract. A descriptive analysis panel used

, Musa Xparadisiaca

the terws fruitiness, greenness, and soft-

ness to score the flesh of bananas (Musa X paradisiaca L.) ripcnecl either with ethylenc
or atlowed to ripen naturally to the same skin color. Fruit that ripened naturally werc
considered more fruity, less green, and softer than ethylene-treated fruit.

Controlled ripening of bananas is a mar-
keling practice in many countries and usually
involves the application of cthylene (=25
mi-m=~*) to green but mature fruit held in
controlled temperature rooms (15 to 20C).
The skin color istoutinely uscd by both mar-
ke operators and consumers to determine
when the fruit arc ripe (Wills et al., 1989).
The assumption that the scnsory attributes of
the flesh of ethylene-ripened bananas arc the
same as those of fruit allowed to ripcn nat-
urdly seems to prevoil. This equivaence,
however, is disputed by many consumers who
clam that fruit allowed to ripcn naturally are
d superior eating quality. While information
is available on the identification of flavor
volatiles (McCarthey et al., 1963; Nurstcn
and Williams, 1967) and therc has been some
attempt to identify optimum storagc condi-
tions (Vakis, 1981; Abdutlah, et al. 1985},
a review by Marriott (1980) highlights that

little is known about the effects of ripening
conditions on the cating quality of bananas.

Although work has been carried out to
identify optimum storage conditions, the cri-
teria of optimum eating quality have not been
determined with standard sensory evaluation
techniques. For example, in a study by Pea-
cock (1980), a pancl of 10 asscssors was
used to evaluate ethylene-treated bananas
ripened a various tcmperntures. The sclec-
tion criteria for panelists were not specified
and the influence of skirr color was not as-
sessed, in that liking for skin appearance and
the cating quality of flesh appear to have
been determined on the same bananas in the

samesitting. Thompson and Seymour (1982)

have reported that bananas are equally pal-

atable when treated with either acetylenc or
cthylene, but, similarly, they did not present
the sensory methodology or quantitative sen-
sory profiles.

We, therefore, uscd a trained analytical
sensory pancl to cxaminc whether fruit rip-
ened with ethylene had asimilar cating qual-

Reccived for publication 13 Feb, 1989, We thank
A. Watson for technical assistance. The cogt o
publishing this paper was dcfraycd in part by the
payment O page charges. Under podd repula-
tions, this paper therefore must be hereby marked
advertisement solely 0 indicate this fact,

"To whom reprint sequests should be addressed.
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ity as fruit allowed lo ripen unassisted to the
same Skin color.

Eight panclists who regularly consume ba-
nanas wcrc trained it the technique of de-
scriptive analysisdescribed by Piggott (1984).
Training was carried out with commerciaily
available (i.c., cthylene-treated) *Cavendish’
bananas at ripencss stages 5, 6, and 7 as
determined by comparison of skin color with
a commercial banana ripening guide
(Commw, Ind. Sci. Res. Org., 1971). Ba
nanas a stage 5 are predominantly yellow,
but the tips remain green; a stage 6, bananas
are full yellow and, at stage 7, the first signs
of brown spotting arc apparent. Bananas were
pccled immediately before use, so that
panelists a no time saw the banana skins.
During four 45-min sessions held within 2
weeks, panelists, as agroup, determined three
consensus terms (i.e., fruitiness, grcenness

and softness) that could be used to differ-
entiate the sensory attributcs of bananas at
the various stages of ripeness and they in-
dividually scored these attributes on a 150-
mm line scale. Pandistswcre then tested using
banana picces (three) representing the three
stages of ripeness they had been trained to
evaluate. Pieceswerc of uniform length (30
mm) and shape (cylindrical) and wcre ran-
domly sclected from a representative sample
taken from =20 bananas. Testing occurred
on three occasions and on each occasion two
of the possible three stages of ripencss werc
randomly sclccted for presentation (i.e., two

Table 1.

M%
of 5vs. 6, 6vs. 7,5vs. 7). Two pandlists
were consistently unable to give scores that
identificd the stage of ripenessand they wcre
therefore eliminated from the panel and their
results were not considered for inclusion in
Table 1.

Descriptor words and scores for commer-
cidly ripened bananas & various stages of
skin color ripencss are shown in Table 1.
The flavor terms chosen by panelists are
contained in the exhaustive list of terms sug-
gested by Harper et a. (1968) and the scores
are consistent with composition and texture
changes known to occur during ripening:
softening, synthesis of flavor compounds
(McCarthy ct al., 1963; Nursten and Wil-
liams, 1967), and presence of a grcen taste,
usually attributed to hex-3-enol, which dis-
appears as ripening progresses (Charles and
Tung, 1973; Marriott, 1980). The scoresaso
indicate that panelists used different regions
of the scale; however, the order of scores for
cach panelist is consistent with the order of
ripeness.

Panelists were then presented with fruit
that had been ripened with or without eth-
ylene, with both samples & skin color stage
6. Bananas ripened unassisted were obtained
from a commercial shipment of green fruit
before, and ethylene-treated fruit were ob-
tained after, commercia gassing (Fleming-
ton Markets, Sydney) and alowed to ripen

a 20C. About 300 bananas were hed in
storage to allow selection of stage 6 fruit.
Fresh uniform samples were prepared and
presented on five different days as previ-
ously described. The sensory scores were
tested by analysis of variance and also con-
verted to ranks for comparison with Kra-
mer's rank sum tables. This procedure follows
the recommendation by O’Mahony (1986)
that sensory data should be analyzed by both
parametric and nonparametric methods. The
data (Table 2) show that, while natural- and
ethylene-ripened bananas were of the same
skin color, the sensory attributes for the flesh
differed. Fruit alowed to ripen unassisted
were consistently ranked as more ripe than
ethylene-ripened fruit. Mean scores over five

replicates for commercial bananas are essen-

tially the same as those obtained during the
training period, indicating that the pand as

Scores obtained at the end df training for ScnSOry attributcs d bananas at various identificd

stages of ripcncss. Each score s the distance (mm) dong a 150mm line scale anchored by littic
fruitiness-very fruity, no green-strong green, very firm-soft. Individual scorcs arc means from two

replicatces,
Atribute Individud panelist scorcs Mean
Stage 5
Fruitincss 35 7 22 2 30 10 21
Greenncss 120 138 B 135 135 138 126
Softness 30 34 32 3 40 S7 38
Stage 6
Fruitiness 75 35 55 66 50 34 53
Greenncss 80 105 85 101 102 85 93
Softncss 65 44 51 89 SS 73 63
Stage 7
Fruitiness 120 98 83 106 65 77 92
Greenness 30 64 R 47 22 20 36
Soltaess 115 88 116 117 95 89+ 103
Provided by the Document Ddivay 983
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Table 2. Sensory evaluation by six panclists of five replicates of untreated and cthylcenc-treated bananas
a skin color 6. Values in brackets indicate the median rank order of data Each score iS the distance
(mm) along @ 150-mm linc scalc anchored by lintle fruitiness-very fruity, no grcen-strong green,

very firm-soft.

Atlributc Panclist Untreated Ethylenc-treated
Fruitincss 1 81.8 = 134 (1) 458 = 241 (2)
2 105.6 = 12,6 (1) 35.2 + 253 (2)
3 108.3 = 126 (1) 753 = 22.7 (2)
4 1184 = 20.8 (1) 62.0 = 377 (2)
5 1108 = 28.1 (1) 682 = 387 (2)
6 86.6 + 289 (1) 494 = 307 (2

Mcan* 102 a 55 b
Greenness 1 67.2 = 17.8 (2) 1042 = 241 (1)
2 456 = 21.8(2) 93.2 = 516 (1)
3 373 = 166 (2) 70.8 = 401 (1)
4 39.8 = 457 (2) 1000 * 34.7 (1)
5 350 = 241 (2) 732 £ 3715 (1
6 430 = 201 (2) 1036 = 31.2(1)

Mcan 48 a % b
Softncss 1 804 = 183 (1) 446 + 234 (2)
2 954 = 145 (1) 52.0 = 287 (2)
3 1105 = 109 (1) 80.5 = 375 (2)
4 1154 = 281 (1) 632 = 46.8 (2)
5 102.8 = 26.0 (1) 780 = 433 (2)
6 804 = 132 (1) 60.8 = 15.2 (2)

Mcan 97a 63 b

*Different Ieticrs for means indicate significant difference between means @ I' < 0.0L

a whole performed consistently throughout
the test.

It seems that exogenous ethylene causes
the skin and flesh to ripen out of phase, with
ripening in the flesh occurring more owly.
Two previously reported biochemical studies
also dlude to this possibility. When the rate
of ripening (i.e., skin color change) is ac-
celerated by increasing storage temperature,
Rippon and Trochoulias (1976) found that
‘lesh softening is inhibited. Also, Vendrell

d McGlasson (1971) suggested that in the
absence of exogenous ethylene, ped ripen-
ing dependson ethylene produced by the flesh.
If consumerswho complain that ““fruit doesn't
taste as good as it used to'" are basing the
time of optimum eating quality on skin color
of fruit ripened without ethylene, then they
are correct in their complaints that ethylene-

984

ripened bananas have a different taste. It might
be expected that fruit ripened with ethylene
would, at a more advanced skin color, attain
an eating quality similar to that of fruit al-
lowed to ripen unassisted. It would seem that,
for marketing purposes, the banana industry
should gather more information on consumer
preferences so that the desired level of ripe-
ness can be provided at the point of sale. It
would also be useful to determine whether a
significant segment of the population pre-
ferred bananas ripened without ethylene and
whether the range in ripeness offered to con-
sumers might be extended.
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B. Ultraviolet Light

:Exw”_“w_dn.:n _MM: absorb UV light in the range from 100 to 190 nm with a
e E% b2 nm (CAL66494). The primary products of photolysis arc hy-
dﬁnn AM. avm acetylene (50%), n-butane (23%), and ethane (3%) AZO<0A3%W
eaction between ethylene and UV li i d by
: . ght represents the pri
which ethylene is destro i B
yed in the upper atmosphere. liradiati i
polluted air samples with sunli cetve hydroeaibons o
ght for 6 hours reduced reactive hydr
) . . . . OJ. .U .
mewmwu::a mso:%.mo:ﬁm:::maa air. Ultraviolet light was the mn:wa nwug_cm__“w-_%
ion of 0.045 pl/liter ethylene with UV li : .
. ght for 24 hours reduced
MW\MW MM_M.MV._W?M\:RM and no ethylene was destroyed in the dark Am%mmw Eﬁn
' ight degrades ethylene by several mechanisms i i .
. s. In air, UV light will
generate ozone from oxygen, which in turn wi idi ; eaviol
: ) 11 oxidize ethyle avi
light, at wavelengths below 190 il dec e isectly, und
. nm, will decompose ethylene di
atomic oxygen, indirectly. This was shown b o o s
. , : y the fact that ozone did not accu-
mulate in low-oxygen atmospheres and ethylene removal was similar in ai .o.o:a
_ci-:zkmc: atmospheres (SHOB6176) e

HI. Ethylene Levels in Soil and its
Degradation by Microorganisms

Soil ethylene levels are often hi
s gher than those observed in the air” i
. . “ s . . ’ p— & :
“wgnmwwammwmwﬁ:rna wz_ diffusion, UV light, and oxidation. In soil L_EA_”HM_““
A sion, and loss of organisms which decompose eth . ,
mitec 51 S ¢ : lene can result i
its accumulation. In addition, soils contain bi ¢ and che s of
, iogenic and chemical sources of
ethylene and other hydrocarb A
VANE35 10 y rbons such as methane, ethane, and propane
Ethylene levels in soil atmos 1
pheres can be in the 10-pl/liter and above range
Mmﬂmwm_wwo. memwou_. _.UOE.\mwmu. SMI174217, CAM79199). Most ONM.HMNM
_.m“n.\umwwwa associated with soils which were waterlogged (DOW72325
e AwCWw vmmmmwwow:, no._svwoﬂwa (CAMT79199), treated with organic _x:mrﬂn,
v;gw.oiaﬁ.u wv, ﬂ contained diseased plants (DEM71040). Normally, eth
] ion by the ethylene consumer Mycobacterium finicum is effi-
cient enough to remove most of the ethylene in soils. parafinicint 1s <t
W M_mi_eamssmn has been associated with high ethylene levels in the soil
Ewn nWW?wZn reported am&umo to vineyards (PER81320), potato AO>ZE_¢S.
ZWnM_Aoi Axw_mwwv_.mﬂwa grain crops (LEY78347, PRI76177). However, Kays m:m
reported no effect on tomato plants in soi i
! . grown in soil contain-
ing :m to .5 pl/liter ethylene. Several workers have noted high ethylene _m<_w_w~ﬂ=
potted soils (ISH84157, HAR78721, SHE76009, ORC85407). In these reports

lil. Ethylene Levels in Soil and lts Degradation by Microorganiis = ===

soils were air dried before use. Drying soil has been shown to destroy ethylene
consumers (COR75085, GOO78193). While it is likely that drying destroyed M.
paraffinicum, this has never been specifically tested. The loss of dehydration-
sensitive organisms such as ethylene consumers should be taken into consider-
ation when interpreting results with air-dried soils. Ethylene consumption is
faster in the presence of oxygen. High ethylene levels observed in flooded soils
may be due to the reduced activity of M. paraffinicum by low-oxygen tensions.

A. Factors Controlling Ethylene Production by Soil

The sources of ethylene encountered in soils are only partially understood.
Bacteria and fungi have been isolated from soil, and they produce ethylene when
methionine was added to ' the culture medium (ARS88728, BAB84559,
LYN72045, LYN75576, PR176343). However, there is no evidence showing that
methionine levels in soil are high enough to account for the synthesis of ethylene
by these organisms. Because of this, there is some question concerning the role
of methionine-dependent organisms in ethylene production in anaerobic or water-
logged soils.

Methionine-independent ethylene producers such as Penicillium have been

isolated from soil (CON751 15). The role of Penicillium in ethylene production

during anaerobic conditions in the soil needs to be examined further because

ethylene production was inhibited under anaerobic conditions. Other organisms
may play a role in soil ethylene production.

Bacterial methionine-independent ethylene production occurs primarily in
aerial plant pathogenic bacterium like Pseudomonas (FRE64313). A survey by
Fukuda (FUK84363) indicated that Corynebacterium aquaticum also produced
ethylene. In spite of these reports, large numbers of soil bacteria capable of
ethylene production have not been described. Methionine-independent ethylene
ion by fungi is more frequently observed. In two-surveys of hundreds of#

product
fungal cultures, about 259 were capable of ethylene production (ILA68357,

FUK84363)
Many workers have assumed that soil ethylene was biogenic. It is also

possible that soil ethylene is produced chemically during the decomposition of
microorganisms and complex organic molecules. llage (ILA72009) made the
observation that several soil fungi produced ethylene during cell autolysis. Eth-
ylene production has also been observed when oven-dried (GOO78193,
HUNS80022, HUN82267) or autoclaved (ISH84157, NAK®80359) soils are
moistened and incubated. In addition, antifungal and antibacterial antibiotics had
no (LYN83415) or limited (FRA85422) ability to inhibit soil ethylene produc-

tion.

The production of ethylene by soil following the addition of ACC, meth-
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jonine, and lipids (BAB84559, FRA85416, 1SH87069) has been reported. The
amount of free ACC or methionine in soil is not known, so their contribution to
soil ethylene remains 10 be established.

Lipids may be a source of soil ethylene. Extraction of soil with solvents
isolated various lipids but no free amino acids (ISH87069). Under aerobic and
anaerobic conditions, enzymes extracted from soil produced ethylene from these
lipids (ISH87069). These workers concluded that soil lipids are degraded by a
combination of microbial, enzymatic, and nonenzymatic reactions involving
peroxides and free radical reactions.

B. Role of Soil Ethylene in Plant Growth

The presence of ethylene in the soil atmosphere can influence nUNErous
facets of root growth and development. These processes are discussed in greater
detail earlier in this volume. To evaluate the consequences of physiologically
active levels of cthylene in soil we must enumerate some of its effects on roots.

Ethylene can influence root elongation, branching, formation of adventitious”

rootsg acrenchyma development, root hair formation, orientation to gravity, root”
nodulation, mycorrhizal development, and disease development As yet no work
has been done on the effect of ethylene on water or metabolite translocation.

IV. Ethylene Levels in Wat

Paddies and bogs are aquatic areas for agricultural production. In addition, lakes
and estuaries are important ecological areas. There is little data available con-
cerning the levels of ethylene dissolved in these aquatic systems. Some phys-
jological effects of ethylene on aquatic angiosperms, such as the promotion of
elongation, are an important part of their adaptation to this unique environment
(OSB84167). Submergence also initiates other changes associated with flood
stress such as aerenchyma, hypertrophy, increased formation of adventitious
roots, reduced lignification, and changes in leaf anatomy (RID87053). The
10,000-fold reduction in ethylene diffusion in water compared to air must be
considered when evaluating the role of ethylene in aquatic environments
(MUS72093). The concentration of ethylene {assuming equilibration with air) in
ditch water in Holland was reported to vary from 0.015 to 0.05 pi/liter while that
of tap water was 0.007 pl/liter (ELZ80225). Lemna gibba growing in ditch water
with ethylene levels greater than 0.02 pl/liter was reported to develop gibbous
(swollen on the underside) fronds. Fronds grown at low ethylene levels were flat
on the lower side.

V. Air Quality Standards ° 4VY

TABLE 8.3.
Recommended Ethylene Levels

Environmental air standards
() liter)¢

Location {-Hour maximum 8-Hour maximum

Rural 0.25 0.05
Residential 0.5 0.1
Commercial 0.75 0.15
Industrial 1.0 0.2

Source: ANO68627.
«] piititer = 1150 pg/m3.

V. Air Quality standards

There are no national standards for ethylene levels. In Om_w@‘a? the recc
mended levels are 0.5 pl/liter for | hour, or 0.1 pl/liter .wo.n 8 he
(ANO62001). In 1968, the American Industrial Hygiene Association recc
mended the ethylene levels listed in Table 8.3. A>ZOmmmN.J. These _..anoae
dations are reasonable and should prevent most crop loss, except that in senst

floral greenhouse crops.

A, Control Strategies t0 Reduce Ethylene Emissions

Attempts to control hydrocarbon emissions from auto nxgﬁﬁ also rec
ethylene levels in the atmosphere. There are no attermnpts to mvan_mn.&.é 09H
ethylene from point sources such as automobiles, fires, on,va:oa:oa_nw_ P
manufacturing products from ethylenc.



The Role of Ethylene in Agriculture

. Introduction

A. Early History

Ethylene was unknowingly employed in ancient agriculture. One example
was the practice in the Middle East of gashing figs on the tree to promote fruit
growth and ripening (see Chapter 4, thisvolume) (GAL68178). In Chinaweigh®

ed lids were placed on growing bean sprouts to promote hypocotyl thickening?

and crispness:(S. F. Yang, personal communication¥®In both cases stress eth-
ylene was responsible for the desired plant behavior. Long before ethylene was
recognized as the active agent, emanations from ripe fruit or smoke were used to
hasten fruit ripening (KN113337, COU10007, CHA36292, MIL.47335) or pro-
mote flowering (ROD32005, TRA40521, GON24015). The first intentional use
of ethylene in agriculture was to degreen citrus fruits (DEN23000). This was
followed by its use to blanch celery (HAR25001) and ripen fruit (HAR28001).

B. Approaches for Developing Uses

The options available for the manipulation of ethylene production and ac-
tivity are the subject of this book and are summarizedin Figure9.1. Ethylene can
be added to or removed from the gas phase. Its synthesis can be promoted or
inhibited, and its action inhibited. These concepts have been discussed earlier
(MOR82029). Thediscovery that methioninewas the precursor of ethyleneled to
the identificationof AOA and AVG asinhibitorsof its synthesis. Cobalt ions and
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Figure 9.1. A model for the options available to manipulate behavior of plants or plant products
(fruits, flowers, etc.) by manipulating ethylene physiology. In additionto adding ethyleneor an ethylene
generator such as ethephon, agriculturists can promote or inhibit the synthesis of ethylene, remove
the gas which is formed, and promote or inhibit the action of the gas which is present.

other compounds are used to inhibit EFE. Silver-and 2,5-norbornadiene are two
compounds that block ethylene action. These topics are discussed earlier in this
book. The ability to manipulate ethylene levels, its production, and its action
makes it unique among plant hormones.

Genetic engineering introduces the possibility of altering or adding genes
related to ethylene physiology (YAN85041). This strategy applies to genes in-
volved in the synthesis or action of the gas. Ethylene promoters can be attached
to other genes whose regulation would be of interest. Ethylene receptors associ-
ated with specific target cells such as the abscission zone (OSB89103) may aso
be amenablefor regulation. The use of antisense and truncated polygal acturonase
mRNAs have indicated the potentials of altering ethylene-mediated processes
(SM188724).

There are two ways of identifying usesfor ethylene in agriculture. The first
is to use the known effects of ethylene asa' shopping list." The second isto look
a a specific crop and identify ethylene-induced effects which might be useful.
Both approaches have been used in the development of ethephon as an agri-
cultural tool (DEW71364). Recent advances in understanding the biochemistry
of ethylene should be exploited. Some examples might include methods to con-
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ol the synthesis of MACC or its breakdown. The development of techniques to
isolate EFE and tHe gene responsible for its synthesis offers the opportunity
to inhibit ethylene production in tissuessuch as flowers, whose lives we wish to
prolong. The introduction of ethylene-insensitive mutants or the use of silver
may uncover new foles of ethylene in plants.

ll. Ethylene as an Indicator
of Plant Maturity

A. Indication of Maturity

The rise in respiration and ethylene evolution indicates the initiation of
ripening in mature climacteric fruits. Recognition of the date of niaturity is
important in assuring high-quality fruit. Immature fruit are prone to physiologi-
cd disorders such as scald and overmature fruit have reduced shelf life. Harvest
before the climacteric is considered best for apples destined for long-term stor-
age. Normally, fruit harvest is initiated on the basis of horticultural characteris-
tics, experience, and economic factors. The development of inexpensive portable
gas chromatographs (see Chapter 2, this volume) raises the possibility of using
ethylene as a maturity indicator. Monitoring of internal levels of fruit ethylene
could be usad to decide about the disposition of each day's harvest. A table has
been published relating ethylene levels to recommended disposition; long-term
controlled atmosphere (CA) storage, short-term conventional storage, or fresh
market (D11.82019).

Efforts have been made to use ethylene levels in apples as a method of
predicting maturity and optimum harvest dates. While the initiation of the
climacteric could be detected, most workers have concluded that it was not a
practical way to predict optimum harvest dates (BLAB6465, BLAB7061,
CHUB84129, CHU&8226). The major obstacles were variability in the data and
the effort required to get accurate measurements. Other problems were that
internal ethylene levelsat harvest did not always predict the quality of fruit after
storage (KNE89403). Fresh market quality and the rate of ethylene production
were not always correlated; appl e fruit.withintermediaterates were considered as
having the highest quality by a taste pandl (SAL83303).

B. Prediction of Maturity Date

Determination of the induced ethylene climacteric can predict the onset of
the natural climacteric (LIU78388). This effect has been used to developatest to
predict fruit maturity. The procedure is based on the ability of exogenous eth-
ylene to induce the accumulation of endogenously produced ethylene

L I ROt -

(L1U78388, DIL85353). The procedurepreditts the autogenousethylene clima
tericaweek in advance and allows preclimactericapples to be harvested and he
in CA storage successfully (DIL89001, DILB9409).

Daminozide and Maturation

Daminozide (SADH, Alar) delayed autocatalytic ethylene production ar
ripening by about 10 days when applied to apple trees (LOO71350, DIL8535
DIL89001). Alar came to be widely used on apples intended for long-ter
storage. The scheduling of harvesting and handling of apples was adjusted to !
use of this chemical. Since Alar has been withdrawn from use in the Unit
States, the accurate prediction of the initiation of the ethylene climacteric a:
assessment of the maturity state of apples at actual harvest iseven more critic;
Alternative methods based on bloom date and temperature during the growi
season have been described (ABE84429).

ll. Ethylene Fumigation

A. Degreening

The first practical use of ethylene was to degreen citrus (DEN230(
DEN24757). The practice was quickly adopted for other fruit and itsimpact ¢
be evaluated from comments in a speech in 1940 by Dr. H. G. Knight, forn
Chief of the U.S. Bureau of Agricultural Chemistry and Engineering, defendi
the costs and benefits of research. Knight said "'the treatment bleaches out !
predominant green color and leaves the orange a beautiful natural yellow. T
chemical investigations leading to the development of this treatment, which
now in rather general use, cost the taxpayers of the country about $4,000 anc
estimated to be worth about $4,000,000 a year to producers of citrus fruits
Florida alone and about the same amount to producers in Californ
(ANO04108s, CRO48139). The U.S. Department of Agriculture published cir
lars with detailed instructions for degreening operations (WINS5001).

Ethylene continues to be used before the marketing of fresh citrus, exc
limes(SHE85057). It isaroutine practice which is recognized by agencieswh
regulate pesticide usage and insurance codes (SHE85057). Descriptions :
engineering specifications for commercial facilities to degreen citrus fruit
available (ANO64001). Localized recommendations are available from Unir
sity and County Extension personnel (WAR73001). Ethylene sources for
greening include catalytic gas generators, compressed ethylene, and compres
ethylene diluted with an inert gas (e.g., "'banana gas'*) (SHE85057). Ethylen
applied by "shot,” "'trickle," and " flow-through™ methods. Control of the ¢
centration is required for optimum activity, to limit the cost of materials, anc
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prevent explosions. The explosive range of ethylene in air"is 3.1 to 32%. The
3.1% cconcentration exceeds the level recommended for citrus fruit degreening by
6200 times. Instructions for installation of flow-through systems have been pub-
lished (SHES1001).

B. Ripening Fruit

Ethylene was used unknowingly to ripen bananas in East Africa. Green
bananas used to make beer were placed in the sun for 3 hoursand then buried in a
banana |eaf-lined pit for 3 days. The pit was often warmed by a fire before the
bananas were buried (MAS38362). Ripening bananas in fire-warmed pits was
also practiced by Samoans (MAS56051). Von Loesecke (VON49001) quoted a
marketing report stating that artificial ripening of bananas was widely practiced
in India. Fruits were exposed to smoke and warmth in a confined space. It is
likely that many of these practices took advantage of ethylene in smoke and
restricted ventilation to hasten ripening (SIM59001).

When ecthylene produced by kerosene stoves was shown to be the active
agent for degreening Citrus, these stoves were also used t0 ripen mature-green
bananas (MIL47335). Soon, cthylene itself was used o ripen bananas near the
point of retail sale. This eliminated the heat generated by the stove and the decay
1t encouraged (MIL47335).

The techniques used to ripen bananas in the United States, Great Britain,
and Australia have been described (SIM59001). They have not changed apprecia-
bly since the 1930s. Early workersrecommended ethylene for promoting ripen-
ing of tomatoes, pineapples, cantaloupes, dates, jujubes, persimmons, pears,
mangoes, pomegranates, peppers, avocadoes, honeydew melons, apples, plums,
papayas, cherimoyas, plantains, chicory, and endive (CHA27135, CHA36292,
HAR28001, HIL46001, MIL47335, ROS25315). Ethylene was aso used to
loosen hulls of mature walnuts harvested in the husk (CHA36292). It aso pro-
moted dehiscence of pecan nut shucks (FIN36074). However, pecans are not
usualy harvested in the shuck.

More recent guides on the use of ethylene to ripen tomatoes (GUL81001,
SHE81001) and honeydew melons (KAS70001) are available. Jahn has pointed
out that 100 pl/liter ethylene is a saturating dose, and higher levelsare unneces-
sary (JAH75018). A formula based on ACC content of the fruit, ethylene con-
centration, and exposure time needed to ripen bananas has been published

(INABB561). Currently, in the United States, ethylene-enhanced ripeningis used ,

in the marketing of tomafoes, bananas, mangoes, and honeydew melons
(SHE85057).

Acetylene is used as a substitute in countries where ethylene is not readily
available. It is used at concentrationsof 0.1% in air (THO82407). It isexplosive

e BUyiChe | dingacwg N -

in ar a 2.5% and higher. This means that the margin of safety for acetylenei:
less than that for ethylene.

C. Bean Sprouts

Eihsilenc:kas been used in thecommercial production of bean sprouitsgAbou
half of the sprouts currently produced in Czlifornia are gassed with ethylene (S
F. Yang, persona communlcatlon) Thgssystem-was recently studied:in Japa
where:a combination of 50 bebditer ethylene and 600 wl/liter CO, applled Thou
i proved sprout qualityXTAJ85317).

D. Flowering of Geoplzytes and Pineapple

Ethylene has been used to promote flowering of geophytes. Ethylene acce
eratcd the flowering of iris bulbs (STU66019). lIris, freesia, and narcisst
geophytes are treated with ethylene to break dormancy and promote flowerin
(DEM86085, SCI-182173, UYE83091). Since flowers compete with the form:
tion of new bulbs, flowering is undesirablefor bulb production. Bulb develog
ment was promoted and flowers were blasted when tulip bulbs were treated wit
0.5 pl/liter ethylene for 3 days before planting (KAM76101).

Ethylene was shown to induce flowering in pineapple (ROD32005). Aicets
-also effective, and becauseof itsgreater solubility in water, was applie
e Tield 3 an aqueous sollifion (COL35078, LEW37532). Acétyléne wi
ated by mlxmg calcium’ carbide with water and was used in pmeappA

THe'Tise SF acetylene was eventually replaced t

lo

E. Seed Germination

Striga hermonthica and Striga asiatica (witchweed) are phanerogamic par
sites of sorghum and millet. They cause serious crops losses in Africaand in
infested area in North and South Carolina (EPL81951). Seeds, which are nc
mally dormant, germinate near host roots which produce strigol, a germinati
stimulant (EGL82013). The Striga seedlings then invade the host species. B
ylene was found to be a germination stimulant for Striga (EGL7058
EPL75433). A control program in North Carolina based on the injection
ethylene into the soil was instituted (EPL81951) and several thousand hectar
were treated (EGL82013). The objective was to cause suicidal germination
seed in the absence of obligate host roots. Three annual applications of ethyle
in sequence along with control of escaped plants achieved eradication in treat
aress. Partial eradication has been achieved on sites in Africa with the sar
treatments (BEB86694).



F. Curing Tobacco Leaves and Defoliation

Ethylene has been used to promote curing of tobacco leaves after harvest
(CRO48139) and to defoliate nursery stock after digging (M1L40011). Ethylene
is still used for these purposes either in the form of the gas or as ethephon.

G. Latex Flow

In 1912 Kamernum secured a British patent on scraping the bark of rubber
trees to increase the yield of latex (DIC76088). It was suggested that plant
hormones induced by scraping were causal agents (BAP39017). Various hor-
mones were tested and the auxin analogue, 2,4-D was found to be effective
{CHAS51167). Its use became standard practice. Subsequently, it was suggested
that auxin-induced ethylene production played a role in 2,4-D action
(MAX67348, MOR62420) and that ethylene was the causal agent for sustained
latex flow (DIC76088). This was verified by applying ethylene and compounds
which stimulate its production to the tapping panel (ABR6829t, DIC76088).
Ethephon was soon used to improve latex yields. The Rubber Research Indtitute
of Malaysta developed “Ethad,” a molecular sieve material saturated with eth-
ylene and then enshrouded with a viscus mixture of oil and grease (DIC76088).
Its effect was similar to ethephon in some tests.

IV. Chemicals That Generate Ethylene

A. Ethephon

I. Discovery

Some early examplesof compounds used to release ethylene or acetyleneare
Omaflora (aformulation of B-hydroxyethyl hydrazine) and calcium carbide.
Omaflora (CAT65027) and calcium carbide (COL35078) were usad to promiote
flowering in pineapple.

Ethephon was first synthesized by the Russan workers Kabachnik and
Rossiiskaya (KAB46295). The observation by Maynard and Swan (MAY 63596)
that it produced ethylene was not exploited. The discovery that ethephon was an
ethylene generator was not the result of a specific search for an ethylene-
generating compound. Ethephon was included in a group of compounds synthe-
sized by the GAF Corporation (Wayne, New Jersey) and tested for growth
regulator activity by Amchem Products, Inc. (COO68974, MOR82029). The
appearanceof treated plants plus the chemistry of ethephon suggested that it was
converted into ethylene. Ethylenewas released for testing by Amchem Products,
Inc, in 1967 (ANO67001) and papers describing some of its effects quickly

appeared (EDG68064, MOR69337, WARG9156, YANOYZU3). Commerclal uc-
velopment proceeded rapidly (DEW71364).

2. Ethephon Chemistry and Ethylene Release
The class formula for the 2-chloroa kylphosphonic acids (MAY63596) is

R—CH(Cly—CH,—PO;H,

The hydrolysisat pH 5 and above produces chloride, phosphate, and eth-
ylene (MAY63596). It was suggested that a chemical mechanism involving
nucleophilic attack on the phosphate dianion by water was responsible for eth-
ylene production (MAY 63596, YAN69203). This resulted in the elimination of
chlorine and the formation of phosphate.

Cl—CH,—CH,—PO,;H, *+ OH- — CH,=CH, + Ci~ + H,PO;

Quantitative evolution of ethylene was obtained by treating ethephon with
excess base a 75°C for 10 minutes (CO068974). The yield of ethylene anc
phosphate were equal and when [*H],0 was present, [*H] did not appear in the
olefin, indicating that dehydrohalogenation was not a part of the reactior
(YAN69203).

3. Ethephon Residue Tolerance

Published toxicological data for ethephon indicate that the levels in milli
grams per kilogram per day which had no observable effect are: 90-day feeding
(dog), 5; 3-generation reproduction study (rat), 75; teratology (rabbit), 50; neu
rotoxicity (chicken), 1000; and 2-year oncogenicity (rat), 1.5 (ENVE5105
Basad on these studies, the acceptable daily intake of ethyleneis 7.5 mg/kg/day
This value adjusted to a 60-kg human with a 100-fold safety factor becomes4.
mglday. The residuetol erancefactor for ethephon on wheat and barley is0.1 pprr

Asdiscussed earlier, ethylene does not have a physiological effect on micre
organisms, insects, or animals at the pl/liter levels used to alter plant growtl
Ethephon should break down in aqueous animal fluids in a manner similar to th
occurring in plants. 1ts conversion to ethylene minimizes it as a hazard.

4. Ethephon Andysis

Ethephon can be analyzed by gas chromatography (BAC70730) ai
3'PINMR (LAN86577). The GC method is the more sensitive of the tw
Ethephon labeled with {14CY has been used to study its absorption, translocatio
and metabolism.

5. Absorption, Translocation, and Metabolism

The breakdown of ethephon to ethylene occurs primarily on the legf surf:
(BEA88784). [“C]Ethephon wastranslocated throughout walnut seedlings !
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no metabolites were detected (MAR72051). On grapes, breakdown and absorp-
tion was slow (62% of the ethephon was recovered after 7 days) and, within the
berries, only |4Clethephon was detected. Ethephon breakdown on leaves was
rapid (WEA72013). Most of the [!4Cjethephon applied to peach fruit was broken
down and only asmall portion was absorbed (LAV74097). Ethephon absorbed by
basal leaves of apricot shoots moved into the fruit on the shoot. The reverse did
not occur (GIU81033). Exposure of cherry fruit to ethephon for | hour resulted in
a 30% reduction in fruit removal force (BUK71777). This illustrates its rapid
uptake and later conversion to ethylene. Ethephon applied to Poa pratensis and
Avena sativa shoots was dtill releasing ethylene after 25 days (VAN78639). In a
study with squash, cucumber, and tomato a50% conversion of | “C|ethephon to
ethylene occurred in 7 days (YAM71606). Most of the remaining label was still
in the form of [!4Clethephon. However, a derivative of [*4C]ethephon was ob-
served in squash seedlings. An unidentified metabolite of |!4Clethephon was
also detected in cherry leaves (G11.75290).

In contrast to the small amount of metabolism in most species, ethephon has
been found to be converted into nonvolatile products such as 2-hydrox-
yethylphosphonic acid in rubber trees. Between 39% (ARC73535, AUD73634)
and 19% (AUD76183) of {HClethephon applied 10 rubber trees was converted to
nonvolatile products. Rubber tree cells in suspension culture also metabolized
[1#Clethephon to nonvolatile products (AUD78329).

6. Uses of Ethephon in Agriculture

Ethephon is regarded as "liquid ethylene,” and is probably the most widely
used plant growth regulator in agriculture. It is registered in the United States for
many preharvest and harvest-aid processes (Table 9.1.). In 1985, L.[D. Page of
the Union Carbide Corporation (Fremont, California) estimated that over 50% of
the ethephon used in the United States was applied to field crops such as wheat,
barley, and cotton (MOR86375). Ethephon is used in large amounts in tropica
regions in the production of coffee, pineapple, rubber and sugarcane (Table 9.2.).
It isalso used on horticultural and ornamental crops in both the United States and
Europe. Reports describing new uses for ethephon continually appear and point
to new opportunities for its use.

a. Seed Germination Ethephon has been used to break the dormancy of
peanut (KET77042), geranium (ROG87165), and witchweed seeds (EGL70586).
Ethephon applied to the soil reduced the number of witchweed shoots. As a
result, its host sorghum exhibited increased height and flowering (BAB83125).

b. Sprouting d Bulbs Ethephon has been used to overcome dormancy of
gladiolus (HAL70427) and Liutris (KER84163) corms. In addition to promoting
sprouting of gladiolus, ethephon also increased the effectiveness of fungicides,
apparently by increasing their penetration into the corms (SIM72369).
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TABLE 9.i.
Registered Uses for Ethephonin the United Statesv
b
Purpose Crop Product
Preharvest ) Florel®
Promote lateral branching Azalea, geranium Eibrel®
Increase bud hardiness and delay bloom Sweet cherry e B
Initiate uniform flowering Pineapple, bromeliad Etthr::l@, or
Promote flowering on young trees Apple Florel®
Modify flowering and sex expression, Cucumber, squash.
early fruit set pumpkin Ehrels
Thin flowers and promote return bloom Apple Ethr:,l“" fru
Prevent preharvest fruit drop and Apple N
proniotc fruit color Cerone®. Fi
Prevent lodging, shorten stems Wheat, barley :
Harvest ad N
Hasten yellowing and reduce curing Tobacco Ethrel
time a
Promote and/or hasten uniform Chqry, table grape, Ethrel, Flo
ripening, color development, and rasin grape, pepper.
maturity blackberry, tomato,
apple, boysenberry,
pineapple o o
. . hrel®, Hc
Promote fruit abscission and nut hull Cherry, apple, Ethre
dehiscence blackberry,
cantal oupe, walnut 5
Promote mature fruit dehiscence and Cotton Prep
enhance defoliation
Florel®

Promote defoliation, remove shoots

Rose, tallhedge
buckthorn, apple
nursery stock, dwarf
and leafy mistletoe

«Information taken from specimen labels in product label guide, Rhone-Poulenc Agricultura
Cowmpany, 1990, for Cerone®, Ethrel®, Prep®, and Florel®, which are all registered trade ni
bEthrel for Flue Cured Tobacco@,and Ethrel, Plant Growth Regulator® are sold in 2 pound:
ethephon per gallon. Cerone€ and Ethephon for pineapple and sugar cane contain 4 pounds
ethephon per gallon. Prep@contains 6 pounds of ethephon per gallon. Florel® jssold in 0.
pounds of ethephon per gallon.

< Active ingredient, |-naphthaleneacetic acid, sodium salt.

¢. Growth Retardation The capacity for ethephon to inhibit stem el

tion has been used to increase.hardiness in seedlings used for transpla
Ethephon-treated tomato seedlings had reduced height and leaf area but s
leaf number and dry weight as controls (WOO87133).

Ethephon treatment also increased frost tolerance and the survival r
tomato seedlings after transplanting (LIP82400). Transplanting of tobacco
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Basic physiological studies of ethylene action were overshadowed when it was
shown that ethylene had the commercially important property to ripen fruit
(DEN23000). For the next twd decades, researchers concentrated on the applied
aspects of ethylene action instead of on its synthesis and mode of action.

Benny showed that ethylene promoted ripening of lemons @ concentrations
as low as 0.2 uh/liter, while the maximum effect was observed a 5 pl/liter.
Oxygen was required for ethylene action, and an increase in respiration Was
noted 1 days after ethylene treatment. tHe also noted that ethylene was safe for
humans and did not represent a fire hazard at these parts-per-million levels
(DEN24757). The cost of treating a railroad car with ethylene was estimated to
be $1.00 U.S. (CHA24339). Ethylene was later shown to stimulate the ripening
of cucumbers, tomatoes, apples, and mandarins (1VA30262). Ethylene treatment
was also shown to increase respiration and levels of invertase in these fruits.
Attempts to understand ethylene action through its induction of specific enzymes
and other metabolic changes were reported by Regeimbal and Harvey on pineap-
ple (REG27117) and with Vacha on banana (REG27357).

The citrus and banana shippers were the first to use the degreening proper-
ticsof ethylene (MIL47335). Ethylene was also used to remove astringency from
persimmons, 1o nipen pears, and to loosen walnut hulls. Concern was voiced
about the residual effects of ethylene treatment. It was suggested that its use
congtituted a fraud by allowing inferior fruit to be sold at a higher price®Re:
searchers showed that ethylene-treated fruit were equivalent in quality and
healthfulness to naturally ripened fruig and that employees working with cthi-
ylene m packing houses were not exposed to hazardous conditions (CHA34152).

At about the same time that ethylene was discovered to affect plants, it was
also being tested for its anesthetic properties in animals (LUC23851). The first
successful use of ethylene to cause anesthesia was in 1885 when Luessem used a
75% ethylene : 25% air mixture to anesthetize mice.

The story of the early discovery of ethylene as the active principle in il-
luminating gas has received much attention. Crocker and Knight (CRO08259)
and Harvey and Rose (HAR15027) reviewed the early history starting in 1863.
Chace outlined the development of the commercial use of ethylene to color fruits
(CHA34152). In 1933, Crocker reviewed the genera effects of ethylene and
summarized the work from the Boyce Thompson Institute (CR0O32295). This
was followed by numerous reviews (e.g., LAA34691, BUR62265, KAY87077).

IV. Ethylene Production by Plants

The use of ethylene to manipulate the growth and development of agricultural
crops was investigated in the 1920s and 1930s. Meanwhile, the possibility that it
was an endogenous growth regulator was questioned for many years. Experi-
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ments with bioassays provided preliminary evidence that ethylene was produced
by plants. Cousin's report in 1910 was the first to document that the ripening of

‘bananas was promoted by gases produced by other plants, in this case, oranges

(COU10007). He stated that, " emanations from oranges stored in a chamber were
found to have the effect of bringing about premature ripening of bananasif these
gases were passed through a chamber laden with this fruit." Since it is now
known that oranges are not as active in producing ethylene as other fruit, it is
possible that the effect observed was from fruit infected with Penicillium.

In 1932, Elmer showed that volatile substances from ripe apples and pears
inhibited the normal growth of potato sprouts (ELLM32193). In 1933, Kidd and
West noted that ethylene stimulated the respiratory climacteric in apples. They
also observed that emanations from apples mimicked the ethylene effect on
seedling growth, and suggested that apples make ethylene (KID330SS5). In 1933,
Botjes showed that volatile compounds from ripe Winesap apples caused leaf
epinasty of tomato seedlings, and the triple response of etiolated peas. He con-
cluded that apples produced ethylene since the effects were similar to those
observed when ethylene was applied to the plants (BOT33207). In 1934, Kidd
and Wedt tested several fruits for their ability to evolve gases which would cause
a climacteric rise in respiration in apples. Effective fruits were bananas, pears,
peaches, and tomatoes. |neffective were grapes, oranges, and senescent, abscis-
ing leaves. Ventilation and subatmospheric levels of oxygen reduced the rate of
ripening. Applied ethylene had no effect without oxygen, but induced the climac-
teric when the fruits were returned to air (KID34051). In 1934, Kessler placed
ripe apples and seedlings in bell jars. He observed that root and stem growth of
these seedlings was abnormal. Theoretical considerations led him to conclude
that the effect was due to minute quantities of ethylene produced by the fruit
(KES34853).

These and other studies performed with bioassays indicated that ethylene
was produced by plants. Conclusive chemical proof that ethylene was a natural
product of plants was provided by the English scientist Gane in 1934
(GAN34008). The comparatively crude technique available required collecting
the gases evolved from 60 pounds of ripening apples for 4 weeks.

A few years later, in 1940, Biale reported that gases produced by lemons
infected with Penicillium italicum stimulated respiration, degreening and pedicel
abscission in sound lemons (BIA40458). These gases were also produced by
Penicillium grown in culture and were thought to include ethylene. Alsoin 1940,
Miller, Winston, and Fisher used tomato epinasty and other bioassays to show
that P. digitatum produced ethylene. This observation accounted for the increase
in ethylene production observed from diseased versus sound oranges
(MIL40269).

As evidence accumulated concerning its biological activity, some scientists
began referring to ethylene as a plant hormone. For ethylene to be considered a
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plant hormone, it was felt that certain criteria must be met. In addition to
promoting ripening, ethylene should be produced by ripening fruit (GAN34008,
ISA38307, KES34853). Furthermore, if it was controlling ripening, its produc-
tiop should increase before ripening started.

In 1935, Gane provided chemical evidence that fruits other than apples
produced biologically active levels of ethylene. In addition, he suggested that
they responded to it and that it played arole in ripening (GAN35351). Bioassays
showed that ripening tomato fruit produced ethylene. It was also shown that the
rate of production increased with ripening of tomatoes (HEI53397). In 1957,
Workman and Pratt, using relatively insensitive manometric techniques, pro-
vided evidence that an increase in ethylene production was associated with
ripening and the respiratory climacteric in tomato (WOR57330).

For some workers, support for a hormond role for ethylene hinged on
showing that its concentration increased before ripening. Biae, Young, and
Olmstead considered ethylene a byproduct of ripening since an increasein pro-
duction was detected after the start of ripening (BIAS4168). With the advent of
gas chromatography some of these issues could be resolved. It was now possible
to show that an increase in ethylene production preceded, or coincided with, the
respiratory climacteric and other parameters associated with fruit ripening.

This view of hormonal control was simplistic. Hormonal control of phys-
iological events can al so result from achange in the sensitivity of the tissue to the
hormone which is already present. The issue of sequential changes in ethylene
production and subseguent responseis not as acute as it once was. We now know
that some ripening parameters can be temporally separated from the increasein
respiration and ethylene production. The ripening of many kinds of fruit is
regulated by two factors. These are the internal concentrations of ethylene and
the sensitivity of the tissues to the gas as they age and mature. Moreover, this
picture is complicated because applied ethylene can age the tissue and make it
more sensitive to a second exposure of ethylene. The question of a regulatory
function for ethylene in stress and senescenceis still the subject of investigation.

The use of the term hormone for ethylene is now an accepted practice.
However, careful consideration of the definition of the word leads one to think
that its use is not completely accurate. The term hormone was coined by animal
scientists. They used it to describe ‘endogenous chemicals, active in low
amounts, transported from asite of production to asite of action, to bring about a
desired physiological response. For al practical purposes, cthylene is produced
by dl cellsall the time, and transport is not a concern. However, there is little
point in originating a new name for a gaseous plant regulator since only one is
known. The word hormone is adequate as long as the distinction concerning
trandocation is remembered. However, the precursor of ethylene, 1-amino-
cyclopropane- i-carboxylic acid (ACC), is soluble, and can be trandocated in
plants. Interorgan trandocation of ACC was first described for the root-to-shoot
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transport in tomato (BRA80322). Translocation of ACC within flowers has be
suggested to play a role in flora senescence (WOL.90837). Ethylene levels
xylem sap of Norway spruce in May were found to correspond to those of
solution in equilibrium with 70 wl/liter ethylene (EK1.90150). Ethylenelevels
dormant wood a month earlier were near zero.

The physiological significance, or evolutionary advantage, of a gasec
hormone is hard to assess. One advantage is that degradation is not essenti
offering an advantage in economy in the regulation of hormone levels. Unli
other hormones which are rendered biologically inactive by enzymatic transf
mations, ethylene simply diffuses away from the plant. In the soil it isconsurr
by microorganismsand in theair by UV light or ozone. It is difficult to envis:
the evolutionary sequence of events, or selection pressures, that made an unsa
rated two-carbon gas a hormone. Reconstruction of the forces and events wh
led to the acquisition of biological activity by ethylene, or other hormones, !
not been actively pursued by plant taxonomists or physiologists.

V. Discovery of the Plant Hormones

The discovery of another hormone, auxin, took place during the same period
that of ethylene. Early work by Charles Darwin in the 1880s demonstrated t!
the tip of a grass coleoptile was the site of light perception in phototropism. 1
tlungarian scientist Paal found that the tip provided the material required for :
growth phenomenaaobserved in the subtending portion of the coleoptile. Betwt
1900 and 1910 he reported that removal of the coleoptile tip stopped elongat:
o the remaining portion of the coleoptile. Replacing it caused the coleoptile
resume growth. Placing the tip on one side of the decapitated coleoptile cau:
growth on that side. At about the same time, the Danish scientist Boysen-Jen:
reported that phototropism did not occur if a strip of mica was inserted betwe
the illuminated tip and the rest of the coleoptile. Replacement of the impervic
mica with a block of gelatin caused the plant to regain phototropic sensitiv
This demonstrated that the tip provided a growth promoter. Chemical identifi
tion of the growth substance stemmed from the work of Fritz Went. In 1926
Dutch graduate student reported that tips of oat coleoptiles secreted a substa:
into agar blocksthat replaced the physiological effectiveness of intact coleop
apices. The substance was called auxin. The chemical structure of auxin was
determined directly from these plant extracts but rather from urine. Kogle and
associatesisolated, purified and identified indoleacetic acid (IAA) in 1934. Tl
showed that this component of urine mimicked the physiological effectivenes:
coleoptile tips. In 1935 K. V. Thimann identified IAA as a component of p!
tissues.

Research with other plant hormones was active in the years after the disc



The Biosynthesis of Ethylene

I. Nonbiological Synthesis

Ethylene can be produced by numerous nonbiological chemical reactions. Many
organic substances will produce ethylene when subjected to heat, oxidation,
light, or ionizing radiation. The presence of ethylene in smoke and illuminating
gas led 10 the discovery of its biological activity (see Chapter 1, this volume).

Culture filtrates from microorganisms can evolve ethylene. Ethylene forma-
tion by cell-free extracts of Escherichia coli have been reported (INC86151).
Similarly, culture filtrates of the ectomycorrhizal fungi Hebeloma crust-
uliniforme and Laccaria laccata evolved ethylene that was nonenzymatic in
nature (GRA80340). Illuminated and sealed flasks, devoid of tissue, but contain-
ing agar and culture medium accumulated 0.5 pl/liter ethylene after 17 days
(LEO87223).

Nonbiological model systems that produced ethylene were used during the
search for the biosynthetic pathway. Chemical systems comprised of ascorbate
and copper were used to study the synthesis of ethylene and other hydrocarbons
from peroxidized linolenic acid (LIE64343). These systems led to the seren-
dipitous discovery that methionine enhanced ethylene production.

1t was shown that carbons 3 and 4 of methionine gave rise to ethylene in both
the chemical system and apple tissue (LIE65449, LIE66376). Ethylene was also
produced from carbons 3 and 4 when a mixture of methionine, flavin, and pea
extract was illuminated (YAN66739). Other analogues of methionine could be
used in this system. The ease with which ethylene was produced from these
compounds points out the major problem with nonbiological systems; they do not
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exhibit the specificity characteristic of living tissde. Cell-free systems have been
used to study ethylene production from methionine, methional, and a-keto-y-
methylmercaptobutyric acid (KMBA, the deaminated product of methionine)
(BEAT0641, FUK89173, YAN67274, YAN69360).

Ethylene production from KMBA has been used to measure peroxidase or
ligninolytic activity (YANG69360). The ligninase of Phanerochaete chryso-
sporium is a peroxidase. It was reported to produce ethylene from KMBA in the
presence of hydroxy radicals (HO*) (KEL82423). The following pathway has
been proposed for the production of hydroxy radicals from oxygen (FUK89107).

2Fe(ll) + 20, — 2057 + 2Fe(lll) (superoxide production)
205 + 2H* — H,0, + O, (dismutase reaction)

H,0, + FedD) — HO* + Fe(Ill) + OH~ (Fenton reaction)

KMBA + HO® — C;H, + CO, + methanethiol(?)

The enzyme responsible for generating ferrous jons is an NADH:Fe(Ill)
EDTA oxidoreductase (FUK89107). The mechanism is;

NADH + 2Fe(lll) = NAD+ + 2Fe(lD)
NADH:Fe(1IDEDTA oxidoreductase

The requirement for Fe(11NDEDTA could be replaced with K;Fe(CN), and 2,6-
dichlorophenol indolephenol. Ethylene production depends on a source of
KMBA. The system will not produce ethylene from ACC or a-ketoglutarate.
Some bacteria contain a transaminase which converts L-methionine to KMBA.
The enzyme uses various 2-0x0 acids as cosubstrates but 2-oxoglutarate had the
highest activity (SHI89489). Bacteria which do not produce ethylene after the
addition of methionine may lack either the transaminase or the oxidoreductase
(OGA9S0287).

il. Biological Synthesis

A. Bacteria

Ethylene does not appear to play a role in bacterial growth and development.
A few soil-borne species such as Mycobacterium paraffinicum can grow on
ethylene and convert it into ethylene oxide. The biochemistry of ethylene oxida-
tion and its role in controlling ethylene levels in the soil atmosphere is discussed
in Chapter 8, this volume.

Ethylene-producing bacteria may have enhanced disease-inducing capacity
compared to other bacteria. While most living plant tissue is resistant to micro-
bial attack most of the time, all dead or dying plant materials are susceptible t¢
decay. The role of ethylene in microbial attack may be to promote senescence
and thereby facilitate growth of the organism. Certain strains of Pseudomona:

¥
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confirmed by showing that inhibitors of ethylene synthesis and action delay
ripening. Some examples of these studies are cited in Table 6.2.

In the nonclimacteric strawberry, AVG, silver, and 2,5-norbornadiene had
no effect on ripening as measured by anthocyanin accumulation (GIVE8402).

Il. Ripening Enzymology

A number of enzymes have been shown to increase during ripening. For exam-
ple, some of the enzymes associated with ripening in apple include: exo-
polygalacturonase (BAR78213), malic enzyme, carboxylase, diaphorase,
cytochrome C reductase (JON65158), a-amylase (KIT80277), chlorophyllase
(LO067245, RHO67001), m-ozmzoauasn synthase (M1Z87031), and RNase
(RHO67001). However, in another report, malic enzyme activity was found not
{o change (KNE89403). Most of the information available on ripening enzymes
is that concerned with softening, respiration, and ethylene production. As de-
scribed in greater detail later the two major softening enzymes are cellulase and
polygalacturonase. However, hemicellulases may also play a role. The increase
in respiration has been shown to be due to an increase in enzymes from the
alternative pathway of respiration. The effect of ethylene on this pathway has
been discussed earlier. Details on specific fruits are included in the following
discussions.

_The increase in ethylene production during ripening is due to an increase in
ACE synthase and EFE. An increase in these enzymes during the ripening of
apple (MANB86495, MORS86173, PLI89241), apricot (SAW89633), avocado
(S1T86130), pear (KNE87724), and tomato (BRE87476) has been observed.
Enzymes associated with the synthesis of methionine do not appear to be in-
volved. Adding methionine usually has no effect on ethylene production
(TER85467).

Treating fruit, especially immature fruit, with ethylene can promote the
synthesis of EFE (AGI87 144, INA86348, SIT86130, TER85467). An increase in
EFE has also been observed in nonripening nor tomatoes (LIU85891). During
normal ripening ACC synthase activity typically increases at the same time
(SAW89633) or before (BRE87467) EFE ‘activity. Added ethylene reverses this
sequence so that an increase in EFE occurs at the same time or prior to the
formation of ACC synthase. This reversal has been observed in avocado
(STA91921), banana (INA86348), tomato, and cantaloupe (LIU85407). These
observations indicate that ethylene has a more immediate effect on regulating
EFE than precursors in the ethylene biosynthesis pathway. The increase in EFE
after ethylene treatment is not limited to fruit tissue. The same effect has been
reported in vegetative tissue and is a part of the autostimulation of ethylene
production observed in pea (SCH89331), winter rye (IEV90221), and carnation
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(OVE90368). Inhibition of EFE levels has also been reported for some species.
This response may play 2 role in autoinhibition of ethylene production
(BRE84869, SAW89633). A loss of EFE activity during the later stages of
ripening in fruits such as avocado results in an accumulation of ACC in
ccﬁc_::uca:c tissue (SJA85105).

ACC produced during ripening can be conjugated with malonic acid to form
MACC. This reaction is catalyzed by D-amino acid malonyltransferase. Mal-
onyltransferase has the ability to conjugate p-amino acids, a-amino-isobutyric
acid and ACC with malonyl-CoA to form N-malonyl-amino acids. The K, for
malonyltransferase is 170 mM compared to 66 uM for EFE, suggesting that
MACC is a minor sink for tissue ACC (MANB86495). Accumulation of MACC is
usually associated with postclimacteric fruit (MOR86173). Treatment of unripe
tomato fruits with ethylene has been shown to increase levels of mal-
onyltransferase (LTU85891).

Studies with two-dimensional gel electrophoresis (BAK85167, LAY90850)
and differential cDNA cloning (MAU87177) have indicated that many proteins
are involved in ripening. Decreases as well as increases in the synthesis of
proteins, for which most of the functions are not known, have been demon-
strated. Details concerning the ripening of specific fruits are presented below.

lil. Ripening in Fruits
of Commercial Interest

A. Bromeliaceae

Pineapple Ananas comosus Merr.

Postharvest respiratory drifts for six stages of development ranging from dry
flower to senescence indicated that pineapple is a nonclimacteric fruit. Pineapple
were shown to have internal ethylene levels of 80 to 1140 pl/liter. Application of
ethylene to fruit did not increase ripening of mature fruit as measured Dy a
change in respiration or chemical composition (DUL67059)." However, fruit
color is manipulated with ethephon in commerce. The nonclimacteric nature of
this fruit may be due to its anatomy. The fruit is a syncarpium formed by the
coalescence of a thickened rachis, %:Jr»oo?aa bracts, and abortive ovaries.

B. Musaceae
Plantain Musa paradisiaca L.
Banana Musa paradisiaca var. sapientum L.

Bananas demonstrate the typical influence of tree factors and an aging
requirement before ripening. Fruit left on the tree will remain green for 7 weeks
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while those removed from the stem ripen in 2 weeks e:xomucg.;_L,c__cizm.,,,,
harvest, the time required to respond to ethylene decreases as the fruit ages.
Before the onset of natural ripening, fruit are sensitive to the level of ethylene
(0.2 pl/liter) found in preclimacteric fruit (BUR65200). The term green life was
defined as the time it took harvested green bananas to ripen (PEA72137). 1t was
shown that cthylene hastened aging by shortening green life in these fruit
(PEA72137).

Ripening of banana slices has been inhibited by silver ions (SAL78472).
Slices of green banana infiltrated with IAA and 2,4-D did not ripen when treated
with ethylene (VEN69601, WAD71165). This included the inhibition of yellow-
ing of the peel as well as softening of the pulp. However, 2,4-D did not prevent
ethylene from promoting respiration (VEN69601). This observation suggests
ethylene-induced respiration in preclimacteric tissues is mediated by a mecha-
nism distinct from that associated with ripening. The ripening of banana can be
separated into changes occurring in the peel and those occurring in the pulp.
Treatment of fruit slices with kinetin and gibberellin resulted in delayed peel
yellowing but normal pulp softening. Apparently, yellowing and softening are
under the control of different juvenility factors.

Most of the increased respiration and ethylene production associated with
banana ripening occurs in the pulp (KE088048). Chlorophyll degradation in the
peel was inhibited if the peel was removed from the pulp. Treating the isolated
peel with ethylene stimulated degradation. It was suggested that in banana, pulp
ethylene is a major factor controlling peel yellowing and pulp softening
(KEO88048). These observations support the idea that climacteric ethylene, asso-
ciated with ripening, facilitates rapid and uniform changes in fruit. Thus, ba-
nanas ripen from the inside out and flesh ripening precedes peel yellowing. Tasie
panels indicated that ethylene-treated fruit were harder and less fruity than natu-
rally ripened fruit. Externally applied ethylene reverses the ripening process so
peels yellow before the pulp softens. Criteria for selecting fruit in the store for
consumption should consider this shift in relative rates of ripening for ethylene-
promoted ripening versus natural ripening (SCR89983). Superficial brown spots
develop on peel tissue late in ripening. The development of these spots was
shown to be inhibited by ethylene (LIU76684). This effect of postclimacteric
ethylene was blocked by treating fruit with silver ions.

The rise in ethylene production in bananas is associated with an increase in
enzymes involved in ethylene biogenesis. Using ethylene to promote ripening, it
was found that the last enzyme in the pathway, EFE, was induced in 4 hours. The
first enzyme in the pathway, ACC synthase, was induced 8 hours later
(INAB6348).

During ripening, starch, which represents 23% of the fresh weight of green
fruit, was converted into sugar (17% of fresh weight), CO,, organic acids, and
protein. These changes are accompanied by a reduction in pectin and tannic acid
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(CHI85561). During the climacteric, starch-to-sugar carbon conversion increased
100-fold, while carbon conversion to CO, increased fivefold (BEA89436). It
was calculated that 0.6 moles of CO, were produced per mole of mconOmn.mo_.Bma
during ripening (HUB90201). The ATP requirement for sucrose an.co:o: was
between 28 and 83% of the total produced. This suggests that the increase in
respiration is needed to produce ATP used in starch-to-sugar conversion. H:.noo
enzymes involved in starch-to-sugar conversion which increased during ripening
were starch phosphorylase, acid invertase, and sucrose v:o%sm.:o synthase.
The phosphorylase converted starch and inorganic v:o%:o.no:m .5.8 m:.,oomm-
phosphate and fructose-6-phosphate. Outside the starch maE.:.c:a:._m triphos-
phate (UTP) reacts with glucose-1-phosphate to form uridine diphosphate
glucose (UDPG). In the presence of sucrose phosphate synthase the UDPG,
fructose-6-phosphate, and glucose-6-phosphate  will generate sucrose-6-
phosphate. The latter is dephosphorylated to sucrose and then :vdnogm.na to
glucose and fructose (HUB90201). Fructose-2,6-bisphosphate plays a w:\oﬁ&
role in carbohydrate metabolism and is utilized in both m_moosoomnznm; and
glycolysis. Studies of the enzymes involved in the synthesis of .mEnSmn-m,m-
bisphosphate indicate a rise in ATP-dependent go%so?coﬁox_smmn. a a.n-
crease in pyrophosphate-dependent phosphofructokinase, and no change in
fructose-1,6-bisphosphatase (BEU87277, BEU89436, memqmqov. .
Other enzymes which increase during banana ripening are peroxidases
(CAN90223), acidic phosphatases (KAN89251), and as_ono.vsw__mmam (LOO67245).
Pectinmethylesterase was found to decrease during ripening (KAN89251).

C. Moraceae

Fig Ficus carica L.

The first example of the exploitation of ethylene to induce ripening was
described in the Bible#The prophet Amos was described as a gasher and mm.:ﬁan
of tigs. Sycamore fig (Ficus sycomorus) was cultured in the nmwno..d Zma_ma:.m.;
nean region for its wood as well as its fruit. It was found E.u” gashing mimicked:
the action of wasps when they exited pollinated fruits! Gashing figs was mroin to
promote stress ethylene production which subsequently promoted ripening
(GAL68178, ZER72378). .

The “fruit” of the fig is a synconium. Fertilization of these flowers Rmﬁa in
the formation of achenes inside a fleshy body of receptacle tissue. .OBES in the
fig takes place in 3 distinct stages. Two stages, 1 w:a. E, of .B?a mno.i& are
separated by stage 11, one of slow growth. Ethylene inhibits fruit growth in 1, the
cell division period, and stimulates growth in stages II and I11. ,;.n onset of stage
111 and a respiratory climacteric rise was preceded by or concomitant with a rise
in ethylene production. This, together with the fact that exogenous ethylene
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adjacent mesocarp. Celluldse appeared in both parenchyma and oit cells con-
comitantly with wall breakdown. Immunogold detection of cellulase by electron
microscopy revealed labeﬁng associated with endoplasmic reticulum, plas-
modesmata, and cell wall during the latter part of the climacteric (DAL89033).

E. Rosaceae

| Pear  Pyrus communis L.

Exposure to low temperature stimulates ethylene synthesis and ripening of
pears. The low-temperature effect has been observed in stored fruit or those
attached to the tree. This chilling requirement is usually observed in late matu-
ring pear cultivars (KNE83207). Cultivars which show this requirement include
D’Anjou and Passe-Cmssane. The ripening lag of Bosc and Conference can also
be reduced by cold storage (BLA85520). Other cultivars such as Barlett do not
exhibit a cold storage requirement to induce ripening. Low-temperature storage
(0°C) requirements for D’Anjou were 45 days (BLA85520) and 84 days for
Pusse-Crassane (MOR85353). Oncethe cold requirement has been met, ripening
is similar to that of other climacteric fruit. Ethylene treatment of Passe-Crassane
a 15°C could replace the effect of a cold storage treatment (HAR87505). The
low-temperature requirement for pear ripening is similar to other processes such
as seed stratification and bud chilling. The mechanism by which low temperature
acls 1o initiate these processes IS unknown.

The role of aging in ethylene action in pears has been demonstrated
(HAN68807, WANT2009). I1AA and 2,4-D retarded ripening (FRE73006), while
the antiauxin a( p-chlorophenoxy)isobutyric acid accelerated the onset of chloro-
phyll degradation, softening, and CO, production (FRE73380). The action of
this antiauxin was independent of ethylene since it depressed ethylene evolution.
Theroleof RNA and protein synthesis was demonstrated by showing that inhibi-
tors of these processes inhibited ripening. Both actinomycin D and cyclohex-
imide were shown to inhibit ripening (DIL79055, KNE87724).

Ethylene-enhanced ripening in pears includes an increasein sucrose, reduc-
ing sugars, and soluble pectin, and a loss of chlorophyll, starch, and firmness
(HAN39145). Softening was associated with the dissolution of the middle
lamella and gradual disintegration of fibrillar material throughout the cell wall.
In fully ripe fruit most of the fibrillar arrangement in the cell wall was lost
(BEN79197). Thefractionationof pectic polysaccharidesfrom the juiceof ripen-
ing Bartlett pears gave two types of polyuronides. The mgor type was a
homogalacturan whose molecular weight decreased upon ripening. The other
type comprised heteropolymers composed of various amounts of arabinose,
rhamnose, and galactose. Apparently these polymers are degraded by different
mechanisms as pear fruit ripen (DIC89394).
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Both cellulase (BEN79500) and polygal acturonase(ATT85665, BEN79500)
have been shown to increase during pear ripening. The polygalacturonase in
pears possesses both endo-polygalacturonase (BAR82248) and exo-polygalac-
turonase(DIC89394) activity. The endo-polygal acturonase had a pH optimum of
4.5 while the exo-pol'ygal acturonasehad a pH optimum of 5.5 and was activated
by Ca(ll) ions (PRE76349). Asin other fruits, pectinmethylesteraseactivity was
present in mature firm fruit. Workers have reported that this enzyme either
increased (BAR82248) or declined during ripening (BEN79500).

2. Apple Malus sylvestris Mill.

Numerouscultivars of apples are used in commercia fruit production. Sim-
ilarly, numerous patterns of ripening in terms of the climacteric have been re-
ported. In general, earlier maturing cultivars produce more ethylene than later
maturing ones (HAN45631, NEL38037). In a study of eleven apple cultivars,
interna ethylene levels were around 0.1 pl/liter until they reached the optimal
harvest date. At that point the rate of ethylene production increased dramatically
(about 1000-fold) for some cultivars such as Mclntosh, Spartan, Northern Spy,
Golden Delicious, and Mutsu, moderately (about 100-fold) for Empire and De-
licious, or dightly (about 10-fold) for Jonagold and Idared (CHU84129) (see
Figure 6.2.).

The dow rate of softening and water loss in many apple cultivars are major
factors in their ability to retain their quality for up to 6 months in refrigeration
and 12 months in controlled atmosphere (CA) storage. The discovery that low O,
(about 3%) and high CO, (about 5%) increased the storage life of apples was
made by Kidd and Wegt (KID34051). These concentrations are similar to those
used today in commercial CA storage. It has been suggested that low O, and high
CO, blocksethylene action (BUR67144). However, it may be more appropriate
to think of the CA gas phase as narcotic or mildly toxic to fruit tissue. Controlled
atmospheres retard ethylene production and cell wall degradation, without caus-
ing irreversible or obvious physiological damage (KNE88499, PLI89173,
STO88089). The concentrations of O, and CO, used in CA storage are selected
by trid and error. Injury to fruit has been reported if O, levelsare too low or CO,
levels are too high (LAN84113, STO88089). Low O, levelswill inhibit respira-
tion and promote fermentation. The increased levels of ethanol in fruit following
low O, storage may also play arole in delaying ripening (STO89149). Apples
removed from CA storage exhibited aloss of metabolic activity. These fruit have
a reduced ability to produce ethylene (LI085489) and have lost some response to
ethylene as measured by a promotion of respiration (KNE88504). In spite of a
lack of understanding of how CA storage works, it is used to extend the storage
life of approximately haf of the present domestic apple crop.

Cell wall composition has been shown to change during ripening. A loss of
structure and sugars in cell walls undergoing autolytic degradation has been
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stage 111 promoted fruit growth (DAN78589) and ripening (ROM71134). How-
ever, the final maés o.H, the fruit is not under ethylene control since treatment of
stage l1l peaches with silver or AVG had no effect on fruit size (MIL88119). The

role of ethylene during stage Il was presumed to be associated with color
development, softening, and abscission.

Softening in peaches involves a combination of polygalacturonase, cellulase
\V . . !
(PRE77172), and other as yet unknown oligosaccharidases. Clingstone peaches
have an exo-polygalacturonase, while freestone cultivars have both exo-

endo-polygalacturonase (PRE7841 5). o

F. Oxalidaceae

Carambola Averrhoa carambola L.

Star mE: or carambola are considered nonclimacteric fruit. Ethylene and

production were lower in ripening fruits than in green ones. Dissolved
oinds steadily increased with ripening (OSL.83229). Ethylene had no effect on
range color development or other aspects of ripening (LAM87181).

i. Rutaceae

Orange Citrus sinensis Osbeck
Lemon Citrus limon Burm. f.

C ::ﬁ are different from other climacteric fruits in that commercial harvest
scurs after the fruit are mature. Mature citrus produce only trace amounts of
hylene and exhibit level rates of respiration (AHA68099, MCM72235
Ocm.n.:mv. This observation lead early workers to suggest that citrus io..m
Eo_@moﬁan. As more information became available it was shown that eth-
ene ﬂownwm&aamv:mno:, caused a loss of chlorophyll, and promoted abscis-
on of the pedicel button in both immature and itrus
AKE8555, TAKSL3 Lo mature citrus (EAK70334,

\ reexamination of the relationship between ethylene production, respira-
n, v&:wéw:m. and abscission has caused a number of workers to suggest that
rious citrus species are climacteric. The patterns of ethylene production and
spiration observed after premature fruit are harvested are similar to those
hibited by other climacteric fruit (AHA68099, MIZ88273). Increased ethylene
xduction has been associated with fruit abscission (BEN70144) and yellowing
US80917) on the tree. Seasonal changes of endogenous ethylene levels in
ee species of Citrus fruits attached to trees were investigated (SAW81935).
3h levels of internal ethylene (1000 nl/liter) were observed in young fruit in
Y, and they were associated with premature abscission of small fruit. In
tember, ethylene levels decreased to the 0.1-pl/liter level. Ethylene levels
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rose again in October and November (time of normal color break) to levels of 2
to 10,000 wi/liter. Removal of the fruit from the tree resulted in rapid reduction
of internal ethylene to 0.1 wl/liter.

Ethylene applied as an ethephon spray was shown to advance the ripening of
oranges as measured by the decrease in chlorophyll and the increase in
carotenoid content (ABB84127). The chlorophyll-degrading system in the peel
of tangerine and calamondin was shown to require an exogenous supply of
ethylene to keep it functioning at a high level (PUR81854). Chlorophyll degrada-
tion ceased when the fruit were removed from ethylene and placed in hypobaric
conditions (0.2 atmosphere). At 1 atmosphere chlorophyll degradation continued
for 24 hours. Ethylene also induced chlorophyllase activity in the peel of these
fruits. However, the authors concluded that chlorophyllase may not be the sole or
primary enzyme used in chlorophyll degradation. Chlorophyll degradation
stopped after ethylene was removed but chlorophyllase activity remained ele-
vated. Chlorophyll degradation is reversible in citrus. Senescence in citrus peel is
reversible. The regreening of yellow peels has been cited as an example of this
phenomenon (B1A64880). Gibberellin promotes regreening and has been used to
facilitate “on-tree” storage of fruit.

The morphology of citrus peel can be influenced by ethylene. Ethephon
promoted the formation of “peel puffing” in Satsuma mandarin (Citrus unshiu).
Peel puffing was characterized by an increase in the ratio of peel weight to fruit
weight and a decrease in peel specific gravity. The degree of peel puffing was
reduced by treating the tissue with AVG, or by storage of fruit in the presence of
KMnO, (MAO83238). Peel puffing may be similar to the morphology of in-
creased albedo formation seen when citrus are grown in hot, dry climates.

H. Anacardiaceae

Mango Manfigera indica L.

Ripening of mango is associated with orange coloration, decreased flesh
firmness, and the conversion of starch into sugar (KAR39597). The changes in
ethylene production and respiration were followed for fruits allowed to ripen on
the tree. Ethylene production was high following pollination and decreased as the
fruit grew. An increase in both ethylene and respiration was associated with
ripening and abscission of the fruit (AKA73381). Fruits harvested at the mature
and half-mature stages developed good quality characteristics, but immature
fruits showed only limited changes during ripening. Treatment with nSﬁm:w&m
initiated ripening at all three maturity stages, although ripening remained in-"
complete in inimature fruits{MED88153). The minimum time required for eth-
ylene to have an etfect was 4 hours. Between 4 and 8 hours the effect of the gas
was maximal (MED90426). An increase in both catalase and peroxidase activity
have been associated with mango ripening (MAT69308).
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leaves or subsequent growth of the tree. If olive leaf abscission exceeds 25% then
flower bud development for next year's crop is reduced (SUN82957). The
ripening of olive was considered to be climacteric on the tree and nonclimacteric
after harvest (MAX60275). Ethephon promoted ripening as shown by an increase
in anthocyanins, respiration, and abscission (RUG82835). An increase in
cellulase was noted during fruit softening and when the skin color went from
green to black (HER90022).

T. Solanaceae

|. Eggplant Solanum melongena var. esculentum Ness.

Eggplant fruits exhibit a climacteric pattern of ripening (SIG84097,
SIG84117). Cultivars with small, white, oval fruits where shown to have the
longest shelf life. Ethylenereduced storage life of thefruit to one-half that of the
controls.

2. Tomato Lycopersicon esculentum Mill.

The tomato has played a mgjor role in ripening research. These berries grow
year-round and several ripening mutants are available for genetic anaysis. In
addition, extensive experience with its biochemistry, and advances in molecular
biology and tissue culture have facilitated its use as an experimental model.
Slicesof tomato pericarp exhibit typical ripening changes such as color develop-
ment, and increased respiration and ethylene production (GEE88107,
SAL78472) (see Figure 6.3.).

As a horticultural crop the tomato has been selected for its usefulness as
human food. Most studies concerning ripening tacitly assume that changes in
color, texture, and flavor are major concerns in the physiology of the fruit.
However, a variety of patterns occur during ripening of other tomato species.
Fruitsthat have a climacteric, change color, and then absciseincluded Lycopersi-
con esculentum. Other species abscise before ripening. Lycopersicon chilense
and L. peruvianum bear fruits that do not soften until they fall from the vine.
Ethylene production starts after fruit drop. Chlorophyll content falls during de-
velopment and the maturefruit are whitish without carotenoids. Some fruitssuch
as Solunmum pennelii soften on the vine while green and then abscise. In L.
hirsutum, distinguishable external ripening changes are not observed. The fruit
remain hard and green, and remain attached to the plant after they have shown
an increase in ethylene production. These fruits exhibited the largest rates of
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ethylene production at the climacteric, in the order of 2000 wl/kg/day or about
tenfold greater than L. esculentum (GRU81428).

Ethylene has been shown to be required for the development of competence
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to 1 pl/liter and caused " Jonathan breakdown," a postharvest disorder of apples
characterized by flesh blowning beneath the ped (GUR87777).

The decline of citrus has been rioted near sites located adjacent to tandfills
(BAU91165). The symptoms observed include leaf abscission, inhibition of
growth, and death of thetrees. An analysisof the soil atmospherein an area 20 m
from the landfill with damaged trees indicated the presence of 10 wl/liter eth-
ylene, 50% CO,, and 1% O,. The soil atmosphere in an area 95 m from the
landfill with norma) trees had no ethylene, 0.1% CO,, and 20% O,.

2. Losesin Greenhouses

The discovery that ethylene regulated plant growth was the result of research
investigating the reasons why illuminating gas damaged greenhouse plants.
Much of the early literature in this field consists of reports that ethylene in
greenhouses damaged carnations (CRQ13277), orchids (DAR63761), and other
ornamental plants (KRO37000). Typical sourcesdf ethylene were the incomplete
combustion of heating fuels, operation of gasoline engines near the greenhouse,
and combustion products of insecticide foggers.

3. Shipping Containers

Loss or damage to plantsin containers has been associated with the accumu-
lation of ethylene. This was evident as early as 1942 when shippers of holly
wreaths suspected that ethylene in storage rooms was responsiblefor premature
defoliation (MIL42000). Damage to carnations(SM164092), Kentucky bluegrass
sod (KIN82638), and ornamental plants (MAR79320) has also been described.

4. Storage fecilities

Storage areas may be the primary site of economic loss due to ethylene
damage. At this point of crop production al of the economic expenditures have
been made, the potential for damage is greatest, and stored produce itself is the
source of the gas which will cause the damage. Thefact that the storagefacility is
an enclosure only worsens the problem because biogenic ethylene will now have
a chance to accumulate in the gas phase. Levels in apple storage atmospheres
range from 100 pi/liter to 700 pl/liter (PORS53434, JOH62137). Lower, but il
potentially damaging values of 0.05 ul/liter have been reported in flora stores
(HANG69004).

Premature ripening, senescence, and abscission are the primary problems
observed in storage. Some examples of ethylene-induced damage include bud
and stem kill in nursery stock (CURS52104), and induction of bitter-tasting phe-
nolic substances (isocoumarins, also known as 6- or §-methoxymelleins) in
parsnip (SHA88912), sweet potatoes (BUE75018, KIT87037), and carrots
(COX73881). Other forms of ethylene-induced damage in storage include loss of
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flesh firmness in watermelons (R1S82946) and induction of russet spotting in
lettuce(L.IP87854).

Without specific studies on produce shelf lifeit is difficult to tell if ethylene
removal would be of benefit. As discussed elsewhere, ethylene removal is not
aways beneficial.

The problem is due to the difficulty in trying to reduce internal ethylene
levels from a tissue which is constantly producing the gas. In addition to the
diffusion gradient, internal ethylene is controlled by the rate of synthesis and its
loss by diffusion through the epidermis. This means that the only way to reduce
internal levelsis to reduce the rate of synthesis or increase the rate of diffusion.
The rate of synthesis can be reduced by lowering the temperature, though care
has to be taken to avoid damage to chilling sensitive crops. The rate of diffusion
can be increased by hypobaric storage (BUR66314). Under reduced pressure the
free mean path of diffusion, and mobility of ethylene, is increased.

The benefit of ethylene removal isdictated by the sensitivity of the tissueto
the gas. There is no point in removing ethylene if the physiological process has
advanced to the point where it is not under the control of externally applied or
internally generated ethylene. The benefit of ethylene removal can be measured
empirically, or by measuring the rate of the process when its synthesisor action is

blocked by specific inhibitors.

ll. Ethylene Degradation
in the Atmosphere by Activated
Oxygen and Ultraviolet Light

A. Activated Oxygen

Ozoneis produced by reaction of oxygen with ultraviolet light. The products
of the reaction between ozone and ethylene are water, carbon dioxide, carbon
monoxide, and formaldehyde (SCO57171). One of the side effects of this reac-
tion is that ethylene air pollution can reduce ozone pollution? A reduction in
ozone levelsfrom 0.15 pli/liter to 0.1 wli/liter was noted near automobile traffic
(MEN76080).

Atomic oxygen is formed by the reaction between nitrogen dioxide, sun-
light, and ozone. The products of the reaction between ethylene and atomic
oxygen are carbon monoxide, ethane, propylene, acetaldehyde, propanal, buta-
nal, hydrogen, ethylene oxide, and dioxyketene (LEI61000).

Hydroxy radicals are formed by the reaction of ozone with sunlight in the
troposphere. Ethylene and other compounds are destroyed by reactions with
these hydroxy radicals (RAS86169).
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