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Introduction

Freshly harvested lemon fruits show a declining
respiratory rate and, therefore, have been classified
as nonclimiiacteric fruits (1). Biale et al. (2), usinga
a manomiietric technique, founid no evidence for ethy-
lenie production by lemiioni fruits; but when Burg
and Bturg (4) employe(d a highly selnsitive gas
chromatograph, they founid the internal atmosphere
of lemon fruits containie(d 0.11 to 0.17 ppm ethylene.
Mlaxie et al. (7) showed that 50 kilorads (Krad) or
more of gaimma radiationl ilmarkedly stillmulated CO..
evolutioni by lemiioln frtits. They note(l that irradi-
ated fruit degreened muitich more rapidly than unir-
radiated fruit, suggestilng that radiation stimulated
the produtctioll of ethylenie. The objective of this
sttudy was to evalulltate fturther the effects of gamma
radiationi oni the apparent ripening of lemiioln fruits.

Materials and Methods
Green Eureka (Citrus liiiioni) lemiioni fruiits, un-

washe(l and tnllwaxed, were ol)taine(l fromii a packing-
house near Riverside, Californiia. The fruits were
place(d in fiberboard boxes andl tranisported to Davis
in an insulate(d colntainier. T'he temperature of the
frtuit dutrinig trallsit was never less thani 16' nor
mlore tlhani 200.

Respiration rateswvere miieastire(l by the miiethod
of Claypool anid Keefer (5), tusinig 4 replicates of
10 frtuits per treatmiient. Ethylene in the air streamii
emnerging fromii the jars containing the frtuit was
meastured by gas chromatography wvith ani Aerograph
A-600 1B' H i-Fy flamiiie ionization uilnit fitted wvith a
5 foot x onie-eiglhtlh inichi coluimiiin lacked with 60/80-
miieshl alumina. The columniiii telp)erature wvas 50'.
The i(leiltitv of ethy-lenie wxas conifirmed by treating
saml)les of the air emerging fromii the jars of fruit
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with mercuric perchlorate, brominated charcoal, alnd
aqueous potassiumii hydroxide (3). Etlhylene is re-
mloved by the first 2 systems but not by the latter.
Ethylene trapped in mercuric perchlorate was released
by the m1ethod of Young et al. (12) and analyzed
hy gas chromatography as above. CO., and 0.,
were measured by gas chronmatofo-raphy with an
Aerograph A-90-P thermal-conductivity unit fitted
with a 6 inch x one-quarter incih column of silica
gel and a 15 foot x one-quarter inch column packed
with 90 % 13X and 10 % 5X molecular sieve ac-
cording to the method of Luh and Chaudry (6).

Samples of interlnal atmospheres were extracted
from 8 to 10 fruits, as suggested by Dr. Hugh T.
Freebairn. Tlhe fruits were l)lace(l uniderneath a
large inverted funniiel with a serum cap fitted over
the spout. The ftuinnel was completely filled with
and( subnmerged in a saturate(d solutioln of NaCl inside
a pressture vessel. Each fruit was plunctured with
a needle, the vessel sealed, andcl a vacuum of 2 cim
of mercury was pulled on the systemii for 1 minute.
The gases extracted from the fruit fille(d the spout
of the funniiel. A gas-tight syrinige fitte(d with a
2.5-cm needle was used to remove a gas sample from
the funnel for analysis. When samples were with-
(Irawn (lirectly from individual fruits with a 6-cm
hypodermic needle affixed to a gas-tiglht syrinige,
essenitiallv the samiie analytical results were obtained.

Irra(liation was donie in the Mark II Experi-
mental Foodl Irradiator (10) witli air passing
throughl the chamber at a rate of 6 liters per minuite
to preclutde depletion of 0! and the accumtulation of
CO., in the atmosplhere. 'lThe (lose rate in the source
w,as approximately 30()0 Krad per hour. Dosimetry
w\,as (lonie as (lescrilbe(l by Romani et al. (11).

Results

Figure 1 shows the etfect of gammilla irradiationi
at doses of 0, 25, 50, 75, and 100 Krad on the
respiration rate of Eureka lemons. Immediatelv
after treatment, all irradiated lots showed a marked
increase in respiration rate. Peak values were
reached on the third to fifth day after treatment.
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IFIG. 1. Effect of gamma radiation oni the evolution
of CO., hy E.ureka lemnon fruits.

'T'llereafter the rates declitned, completing a rate
cuirve similar to the autogelnouis clinmacteric found
in malny fruits hut atypical of citrtus (1). By the
seventh day, irradiate(d samiiples Nwere a bright yellow
color, wlhile utinirradiated frutits were still greeni.

Figure 2 shows the rate of ethylenie evolution by
lemiionis subjected to doses of 0, 25, 50, 75, andl 100
Krad. Within 6 hoturs of treatment there was a

letectable production of ethylene by the irra(liated
fruit. This was follow ed, betweeni the fourth and
fifth days after treatment, bv. a marked increase ill
rate of ethylenie evolution by fruits subjected to 50,
75, and 100 Krad. The rate of ethylene produiction
by, these frtuits reache(d a peak onI the fifth day after
treatment. By this time the green color had started
to disappear. 'T'he ethylene production of all fruits
hald decline(l to a low\ level by the eighth and nintlh
(lays followving irradiation, while the control rate
was essentially zero.

When lemoni fruits are stubjected to g-ammiiia radia-
tioIn doses of 200 Kradl or miiore, they show bronzing
of the skii within a few days. Thus, nio critical
experiments are practical on the long-termn effects
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FIG. 2. Effect of gamma radiation on the evolution
of ethylene by Eureka lemon fruits.

of radiationi oni ethyv-eue productioll b) frtuit sub-

jectedl to higlh (loses. However, our experienice
illdicates that the long-termn prodluction of ethylene
by initact fruits is miiaxiumiii following (loses of 100
Krad. Above this (lose, peak ethylenie pro(duction
is considerably lower.

As showxn in figure 3. the short-termii effect of
gamminia radiation Onl ethylenie lpro(luction )y lemonl
fruits is a progressive ilncrease in concentrationi of
the gas in the initernial atmosphere of the frulit as

the (lose inicreases to 60() Krad. 'I'lTese (lata, taken
30 mlinutes after exposure in every case, also show
an inicrease in CO., conicelntration anid a (lecline in
02., concentrationi in the initerlnal atmosphere of the
fruit, inidicatinlg a highler respiration rate durimo ir-
radation, as shown 1v Romanii for lemolns ( 8) and(I
b)v Romani ail(l Bowers for cherries (9).
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FI(;. 3. Effect of gamiimia ra(liation oni the conceni-
tratioli of ethylene, carbon (lioxi(le, and(i oxygetn in the
iliternial atmosphere ()f liureka leniimn frilit. Samiples
extracted .30 miiitintes after irradliOio.

Discussion

'I'he (lata l)resente(l he-e cotul(d e interpreted( to
miieani that gamiima radiation ca-In ii(lutce a cl imiacteric
in lemoni fruiits. Evidence in stupp)ort of this argti-
miielnt is the ral)idl inlcease in rates of respiration.
ethylenie production, and (legreening of irradiated
fruit. One should not yet, howvever, label the ob-
serve(l phenomenon as a climacteric in the sense
used in postllarvest physiology. The autogenous cli-
miiacteric in fruits is accompanied by biochemical
events such as degradation of starch or other reserve
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carbohydrates, inicreases in amounts of soluble car-
b)ohydrates, anid solubilization of pectic materials,
wvith ani associated softening of the fruit tissues.
\Ve have not as yet investigated these phenomena in
lemiionis. Until nmore of the biochemiiical changes nor-
mally associatedl with the climacteric are shown to
occur in irradiated lemons, we must assume that our
data have nlot showni a true c!inlacteric in these
frltits. However, the data clearly show that the
stress of gammlla irradiation can iniduce in a typical
nonclimiacteric species somiie of the phellomella colil-
mon to the climiiateric class of fruits (1).

\We have nlot investigated the origin of the ethy-
lelne l)roduced by lemon fruits subsequent to irradia-
tioll. Galilma irradliatioln is injurious to lemon fruits
-it (ld)ses as lowv as 50 Krad (7). The wounding of
some frtuits is kniown to stimulate ethylene productioni
(3). Tllths, the ra(liation-iniduced ethylene produc-
tiOil imiay be anl inijury response of unknown mecha-
ilisIli.

We have seen no evidence in any fruit of direct
clhlorophyll destruction by gamma radiation at doses
uise(l in this study. The concentration of ethylene in
the initernal atmosphere of lemons subjected to 50 to
100 Krad is in the physiologically active range (1)
Withini 30 minutes. The ethylene production by
irra(liated lemons conitinues to inicrease until the
green color is lost from the fruit. Therefore, we
conclude that the radiatioln-iniduced ethylene produc-
tioni by lemiion fruits causes degreeninlg of the fruit.

Summary

Gamiima radiation induces sufficient production of
ethylene gas by lemon fruits (Citrus limoni) to
cause degreening of the fruit. The rate of respira-
tion of irradiated lemon fruit increases immediately
after treatment. After a few days the increase is
followed by a decline, giving a curve resembling the
autogenious climacteric common to miianiy fruits, but
atypical for citrtus. The production of ethylenie

followvs the same general pattern as the respiration
rate, but reaches a peak 1 or 2 days later.
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