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PREFACE 

The research reported here was conducted in cooperation with the U.S. 
Atomic Energy Commission under contract number AT(49-11)—2342. The 
mobile cobalt 60 irradiation unit was leased from Atomic Energy of Canada, 
Limited, and was located in Fresno, Calif., from June 17, 1963, to April 1, 1964. 

The assistance of Dr. M. A. Smith and Dr. Louis Beraha, of the U.S. 
Department of Agriculture Market Pathology Laboratory, Chicago, and Dr. 
Frank M. Porter, Market Pathology Laboratory, Belle Mead, N.J., in evaluat- 
ing the fruit in the shipping tests is gratefully acknowledged. We also appreci- 
ate the help of Allan E. Smith, of the Southwestern Radiological Health 
Laboratory, Las Vegas, Nev., who determined the radioactivity of samples of 
irradiated fruits, and the many other organizations and individuals that co- 
operated in these tests. 

Radiation and radiation sources intended for use in the production, 
processing, and handling of food are defined as food additives by the 
Federal Food, Drug, and Cosmetics Act, and food so treated is subject to 
its provisions. The Food and Drug Administration must promulgate 
regulations establishing the conditions under which such radiations may 
be safely used on specific foods before such products may be legally shipped 
for marketing. Thus far (May 17, 1965), regulations have been issued 
clearing radiation processing of bacon, wheat and wheat products, and white 
potatoes. FDA is considering a petition requesting a regulation for the 
irradiation of oranges. No petitions for irradiation of other fruits or 
vegetables have been submitted. 
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SUMMARY 

Eleven kinds of fresh fruits were irradiated to 
determine possible extension of the market 
life. Irradiation of strawberries and two varieties 
of fig extended the market life by several days 
through reduction of decay, without apparent 
impairment of fruit quality. Brown rot, but 
not Rhizopus rot, of peaches and nectarines was 
controlled; the peaches softened during irradia- 
tion and subsequently developed more red color 
but less flavor than the controls. Radiation 
inhibited blue coloring of plums and increased 
softening of the fruits. Low doses inhibited 
ripening of pears by several days, but the re- 
sultant ripening was abnormal. Decay of grapes 
was controlled less effectively by radiation than 
by the customary sulfur dioxide fumigation. 

IV 

Radiation increased rind pitting of oranges 
without reducing decay during semicommercial 
tests. Irradiated apples were softer, more 
shriveled, and had less flavor than the controls 
following storage for 3 to 6 months. Avocados 
and olives were severely discolored both internally 
and externally by radiation. 

Individual varieties of peaches and figs re- 
sponded quite differently to radiation. Water on | 
the surface of peaches during irradiation caused 
spotting of the skin. The stage of development | 
of fungal infections determined the effectiveness | 
of radiation as a decay-control agent for oranges. | 
Fruit maturity within the limits of these experi- 
ments did not affect the responses to radiation. 
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BACKGROUND 

Radiation pasteurization, the use of low doses 
of ionizing radiation to inhibit microbial spoilage 
of foodstuffs, has received much attention in 
recent years. Although micro-organisms vary in 
susceptibility to radiation, complete sterilization 
of certain processed foods has been achieved 
through high-dose irradiation. Fresh fruits and 
vegetables cannot be treated with sterilizing doses, 
for, being living matter, they, as well as the micro- 
organisms, are susceptible to radiation injury. 
Consequently, the feasibility of irradiation of these 
living materials for decay control is dependent 
upon resistance by the host to radiation doses that 
are inhibitory to the decay-causing organisms. 

Growth of some of the most serious fruit patho- 
gens, including Botrytis cinerea Fr., Monilinia 
fructicola (Wint.) Honey, and Penicillium species, 
is retarded by relatively low doses of gamma radia- 
tion (1, 12, 13).3 However, fruits vary greatly in 
their susceptibility to radiation injury—the lit- 
erature is replete with conflicting results of radia- 

tion tests. Hannan (4) reviewed the early work 
on food irradiation, and more recent reviews have 
been published by the U.S. Army Quartermaster 
Corps (15) and the U.S. Atomic Energy 
Commission (17). 

The study reported here was undertaken in co- 
operation with the U.S. Atomic Energy Commis- 
sion as a part of a broad study of radiation 
pasteurization of foods, recently described by 
Shea (9). Location of the gamma radiation unit 
in Fresno, Calif., permitted an evaluation of the 
role of such a facility in an area where a large 
variety of fresh fruit is available over a large part 
of the year. The objectives of the study were (1) 
to evaluate, in fairly large-scale tests, the extension 
of market life of different crops by irradiation, and 
(2) to relate factors such as varietal differences, 
maturity, and types of packaging to radiation 
responses. This report includes only the results 
of irradiation of fruit crops; results for vegetable 
crops are presented in a separate report (3). 

GENERAL PROCEDURES 

Eleven kinds of fruit available in large quantities 
during the testing period were evaluated for factors 
that might affect responses to radiation. Greatest 
attention was given to fruits that were grown 
locally, such as peaches, plums, and nectarines. 

Fruits were treated in a trailer-mounted irradi- 
ator containing a 40,000-curie source of cobalt 60. 
Produce to be irradiated was placed in aluminum 
buckets having internal dimensions of 15 by 7% 
by 7% inches. These buckets were moved by 
conveyors into the irradiation chamber, where 
they revolved around a rod-type cobalt 60 source 
on a “ferris wheel’? mechanism. (See illustration, 
fig. 1.) The chamber held eight buckets at one 

1 Now with Massachusetts Agricultural Experiment 
Station, Amherst. . 

2? Market Quality Research Division, ARS, Fresno, 
Calif. : 

3 Italic numbers in parentheses refer to items in ‘‘Litera- 
ture Cited,” p. 23. 

time, and the length of time a bucket remained 
in the chamber determined the total dose th® 
produce received. Because the buckets entered 
and left the radiation positions one at a time, the 
radiation dose given to any one bucket was 
independent of the dose given to any other bucket. 
The dose rate of about 5 kilorad (krad) per 
minute was constant, and the design of this 
irradiator provided a maximum dose variation of 
+13 percent within each bucket. Although the 
irradiation chamber was equipped with a refrig- 
erated air ventilation system, the air temperature 
in the irradiation chamber remained higher than 
the temperature of the fruit, and the maximum 
rise in the surface temperature of produce during 
irradiation was about 5° F. 

Control fruits (0 krad) were passed through the 
irradiator with the cobalt source withdrawn from 
the treating chamber. 
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Following irradiation, most fruits were stored 
at temperatures and for periods of time that 
simulated actual transit and marketing. The 
commodities were examined periodicaily for 
changes in condition. Grapes and oranges were 
shipped by rail to Chicago or New York City and 
were examined in our laboratories in these cities. 

Most of the data were statistically analyzed by 
an analysis of variance. The entire array of 
means for any analysis was separated by the 
Duncan multiple-range test, but only the more 
meaningful comparisons were given in the tables. 
In some tests an adequate estimate of error variance 

could not be obtained by an analysis of variance, 
hence the data were analyzed by the chi-square 
contingency-table method (5, pp. 38-72). 

No formal taste panel evaluations were made. 
Statements in this report concerning flavor differ- 
ences are made only when differences were distinctly 
evident to the investigators. 
A number of samples of irradiated fruits were} 

sent to the Southwestern Radiological Health| 
Laboratory in Las Vegas, Nev., for analysis of 
radioactive materials. No evidence of radio- 
active contamination or induced radioactivity was | 
found. 

EXPERIMENTAL PROCEDURES AND RESULTS 

Peaches 

The peach varieties Cardinal, Redglobe, Sun- 
crest, Fay Elberta, and Halloween were used. 
The fruits were separated into two maturity 
classes on the basis of a green or yellow ground 
color. Each sample consisted of 20 fruits for all 
varieties except Cardinal, for which 40-fruit 
samples were used. All the Cardinal peaches 
were irradiated in vented polyethylene bags, and 
all the Redglobe peaches in paper bags; half of 
the fruits of the other varieties were irradiated 
in vented polyethylene and half in paper. Fruits 
were irradiated with doses of 0, 45, 125, 200, or 
300 krad. Following irradiation, Cardinal peaches 
were stored for 6 days at 37° F. and then ripened 
at 59° for 4 or 5 days; Redglobe peaches were 
stored under the same conditions, but ripened for 
0, 6, or 9 days. For the other varieties, one lot 
was placed immediately at 59° for ripening and 
another lot was stored for 6 days at 37° before 
ripening. The ripening periods were 3 days for 
Suncrest, 5 days for Halloween, and 7 days for 
Fay Elberta. These variations in ripening periods 
were due to different initial maturities of the 
peaches. 

Firmness of the fruits was determined with a 
Magness-Taylor pressure tester, using a %s-inch 
plunger. Redglobe, Fay Elberta, and Halloween 
peaches were rated for ground color on a scale of 
1 = green, 2 = mostly green but some yellow, 
3 = mostly yellow but some green, and 4 = yellow. 
These varieties were also rated for red color with 
a scale of 1 = no pink or red, 2 = less than 25 
percent of surface area pink or red, 3 = 25 to 75 
percent pink or red, and 4 = more than 75 percent 
pink or red. Weight loss during the holding 
period was determined for each variety except 
Cardinal. The statistical significance of the effects 
of the various factors on decay, weight loss, firm- 
ness, and color of the peaches is shown in the 
appendix (table 34). 

Decay occurred only in Cardinal, Fay Elberta, 
and Halloween peaches, and among these varieties 

the response to radiation varied (table 1). 
tion reduced the percentage of fruit with decay 
of Fay Elberta and Halloween but increased decay 
of Cardinal peaches. The latter response occurred 
for at least two reasons: First, radiation injured 
the skin of the peaches, causing it to slough off 
upon contact, and second, it failed to inactivate 
spores of Rhizopus spp. Handling the packages 
broke the skin of the fruits, which then were 
invaded rapidly by Rhizopus. Decay of Fay 
Elberta and Halloween, primarily brown rot 
caused by Monilinia fructicola, was controlled by 
radiation. 

substantially reduced decay of Fay Elberta and 
Halloween peaches. 

Radiation affected weight loss during storage 
and ripening of Redglobe, Fay Elberta, and — 
Halloween peaches, but not of Suncrest peaches 
(table 2). Weight loss from Redglobe and Fay 
Elberta peaches packaged in paper was signifi- 

Radia- 

The response to dose varied with the | 
maturity of the fruits, but in general, 45 krad | 

cantly greater following irradiation with 200 or 300 | 
krad than in check lots, but this effect was avoided 
by packaging the fruits in polyethylene. In con- 
trast, weight loss from Halloween peaches was 
significantly reduced by radiation when the fruits 
had been packaged in polyethylene. 

Radiation doses of 200 krad on Cardinal and 300 
krad on Redglobe resulted in significantly softer 
fruits after ripening (table 3), but had no effect on 
firmness of Suncrest, Fay Elberta, and Halloween 
peaches. 

The yellow ground color and the red blush of the 
peaches were influenced by radiation. Exposure 
to 45 to 300 krad hastened the change from green 
to yellow ground color of Redglobe and Halloween 
peaches (table 4). This effect was apparent only 
during the early stages of ripening. The red color 
was enhanced by 125 to 300 krad on Redglobe and 
Halloween, and by 200 and 300 krad on Elberta 
(table 5). After ripening, the red color on these 
fruits was more intense, and a pink color had 
developed on the normally yellow areas of the 
fruits irradiated with doses of 200 or 300 krad. 
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TaBLeE 1.—Incidence of decay during ripening of peaches as a function of radiation dose, variety, and 
maturity } 

Variety and maturity (ground color) 0 krad 45 krad 125 krad | 200 krad | 300 krad 

Cs ete Percent Percent Percent Percent Percent Sse oe angi eee a 17a Sa 46 b 51 b CN ate aca ctor sta eee tee 22 a 47 b 53 be 66 be 73 ¢ Wel ae Cnn ia eee oe Se eee ee ee 12 a 32 b 36 b 56 ¢ 62 ¢ Fay Elberta: 
(Greene eee. eee Se ee ees 23 a 0b 3 | ee ne ee g 3b 0b 1 | Seats ave Se a are Se ee ee 8a 10a 3a a 5 é 

ae een ee eae ae Ses Sl a ena mej Ga) ies | ees, es, sos |e eee wee son“, Gabi Wes. tase fwsl wes dee, eT coms tose (secs 15 a t ¢ 
< 

“aya shee a 5 b 3 b 1 b 3b 

Greene ne een ee ea 18 a 9 ab 8 ab 1 | ae oe ¢ £ > 0b RVicllO Wire te et Ree es eo 32 a 14 b 5 b pls: 5 b IAW GT AIE Ces rete es ee ee ee 25 a ll b 6 b 3b 3b 

1 Any 2 means on a given line not followed by the same letter 
1-percent level. 

are significantly different from each other at the 

TaBLE 2.—Weight loss of peaches during ripening as a function of radiation dose, variety, and packaging 
materval } 

Variety and packaging material 0 krad 45 krad |°125 krad | 200 krad | 300 krad 

Percent Percent Percent Percent Percent 
Redglobepaperss.s- 22-0 S22 2222 2 ees es! 3.6 ab 3.5 48 3.7 abe 3.8 be A ate 
Suncrest: 

Ra Del eps Sees oe Saye ac SOE es Meee 40a, 1.7 2 1.8 a 2.0.4 1.9 a 
Vented polyethylene________________________________ Be fier .38 4 6.8 sae .5 a 

Fay Elberta: 
pa persshwre Se ae ob fo eo ee ee ee 2.5 a 2.5 a 2.9 ab 3.1 b 3.0 b 
Vented polyethylene_______________________________- Se 6a ae 6a 8a 

Halloween: 
ADC ree 2S Ries ore note eee Lei es 3.3 a 3.la 2.4 b 3.0 a 2.9 a 

Vented polyethylene_________________-_____________- 9a .6 ab .4b .4b 4b 

1 Any 2 means on a given line not followed by the same letter are significantly different from each other at the 
1-percent level. 

TaBLE 3.—Firmness of ripened peaches as a function of radiation dose and variety ' 

Variety 0 krad 45 krad 125 krad | 200 krad | 300 krad 

Pounds Pounds Pounds Pounds Pounds 
Wardimal Were mee oo eo eh ye ee ee eee cee 4.8 a 3.9 ab 3.4 ab 3.0 b 2.6 b 
Redplobesirierme \o. ave Ne loe leo ee bee bee coos scene 4.5 a 4.2 a 4.la 3.6 ab 3.4 b 
ISUNCreSt ite eee ee eee eee nena eee 3.0 a 3.6 a 3.2 a 3.38 3.1 a 
Havel berta geass =o. oe we ee ee EE ee eee oo os 3.6 a 3.6 a 3.7 a 3.5 a 
Halloween*s@sue- 60) ono. esos ence eee ween eee 4.6 a 4.54 44a 4.3 a 4.3 a 

1 Any 2 means on a given line not followed by the same letter are significantly different from each other at the 
1-percent level. 

Enhancement of red color was more pronounced 
on the less mature fruits of Elberta and Halloween 
than on the more mature ones. 

Radiation lowered the quality of the fruits. 
Peaches irradiated with 200 or 300 krad had 
distinctly less flavor when ripe than the controls. 
These doses also resulted in a softer, less de- 
sirable texture of Cardinal peaches. Irradiated 

Suncrest peaches had less aroma than the controls. 
Suncrest peaches that had been packed in poly- 
ethylene bags before irradiation were affected with 
brown, sunken lesions on the skin after ripening. 
This disorder was clearly associated with radiation 
(table 6), but appeared only on fruits that had 
been packed in polyethylene. Since water had 
condensed on these fruits prior to irradiation, 
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Taste 4.—Ground color of peaches as a function of radiation dose, variety, and storage and ripening time! 

Variety and length of storage at 37° F. and of ripening at 
59° 

Redglobe, stored 6 days and— 
No ripening period 
Ripened 6 days 
Ripened 9 days 

Elberta: 
No storage, ripened 7 days 
Stored 6 days, ripened 7 days 

Halloween: 
No storage, ripened 5 days 
Stored 6 days, ripened 5 days 

0 krad 45 krad 125 krad | 200 krad | 300 krad 

Rating Rating Rating Rating Ratin 
2. 8-4 3.0 D 3.4 be 3.7 ¢ 3.7 ¢ 
Bee) Be (hae 3.8 a 3.8 a 3.9 a 
3.9 a 4.0 a 4.0 a 4.0 a 4.0 a 

2.9 a 3.0 a On 2D pla: 3.08 
o.2 2 3.6 a 3.4 a 3508 3.5 a 

3.4 a 3.7 b 3.7b 3.8 b 3.9 b 
3.7 a one e Bye Uf ey Dalia 3.7 a 

1 Rating scale: 1=green; 2—mostly green but some yellow; 3=mostly yellow but some green; 4= yellow. 
Any 2 means on a given line not followed by the same letter are significantly different from each other at the 1-percent 

level. 

TaBLE 5.—Red color of peaches as a function of variety, radiation dose, and maturity | 

Variety and maturity (ground color) 0 krad 45 krad 125 krad | 200 krad | 300 krad 

Redglobe: Rating Rating Rating Rating Rating 
TCC TN a ae a es a ee ee 2.7 a 2.8 a 3.0 ab 3.2 b 3.3 b 

bY ellowese Sete eee ee ee ee ee oe 3.3 a 3.5 a 3. 4.b 3.8 b 3.8 b 
AV CTARC= ss 36 ae Sree oe Re ne ee ee 3.0 a 3.1 a 3.4 b 3.05) 3/5.b 

Elberta: 
CG {1 5) 6 ey ae ee eS a ender ES eR tee oP STE 2.4 a 2.3 a 2.5 a 2.7 b 3.3 ¢ 
BY C1 0 yaaa tne ea ad ee re an epee 3.3 a 3.4 a 3.4 a 3.6 ab 3: (eb 

Pai cle hog cea pk ters aan pa ae haere pa, Oe an eaen es RL De hemes Shae 2.9 a 2.9 a 3.0 a 3.2 b 3.5 ¢ 
Halloween: 

GRC ON ee ee ea ee ee ee oe ee ee re 2.9 a 2.9 a 3.2 b SOeC 3.7 ¢ 
BY: CLO were ae me are 0 a pe cc neces ee ene ee ere 3.6 a 3.7 a 3.7 a 3.9 b 3.9 b 

AV ETAL Cs 2 ee nee ee on ee Ee eee ee eee 3.2 a 3.3 a 3.5 b BErare 3.8 ¢ 

! Rating scale: 1=no pink or red; 2=less than 25 percent of surface area 
red; 4=more than 75 percent pink or red. 

pink or red; 3=25-75 percent pink or 

Any 2 means on a given line not followed by the same letter are significantly different from each other at the 1-percent 
level. 

TaBLE 6.—IJncidence of brown, sunken lesions on peaches as a function of radiation dose and variety } 

Variety 0 krad 45 krad 125 krad 200 krad 300 krad 

Rating Rating Rating Rating Rating 
DUA CEES be meets ae eae ee ae ela 1a 1.7 ab 2.2 be 2.8 ¢ 
Mialloweene sen = sce sitar Suenee tint een wna lOa 10a 1.6 b 2E3iic 3.0 d 

1 Rating scale: 1=none; 2=trace; 3=moderate; 4=sever 
Any 2 means within a variety not followed by the same 

percent level. 
2 Fruits were wet when irradiated. 

a relationship between the wetness of the fruits 
and the radiation injury was suspected. The 
disorder was independent of maturity. 

In a second experiment with Halloween peaches, 
the following factors were tested: (1) the in- 
fluence of oxygen (OQ) concentration on fruit 
softening during irradiation; (2) the effect of 
radiation on softening following treatment; and 
(3) the effect of water on peaches during irradiation 
on subsequent spotting of the fruits. 

e. 
letter are significantly different from each other at the 1- 

The fruits were put in polyethylene bags; 
one set of samples contained fruits wetted with 
tap water before bagging. Half of the bags 
were flushed with nitrogen (N2) for 1 hour before 
irradiation. After irradiation, O2 concentration 
averaged 4.1 percent in the flushed samples and 
14.9 percent in the unflushed samples. The bags 
were vented after irradiation and one set of 
samples was immediately examined. The re- 
maining samples were stored at 37° F. for 6 
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days and then ripened at 59° for 0, 2, or 4 days 
before examination. 

Radiation doses of 125 to 300 krad significantly 
softened the peaches during irradiation, and the 
softening was not reduced by a low oxygen at- 
mosphere (table 7), However, at the second and 
third examinations, the fruits irradiated in the low 
oxygen atmosphere were somewhat firmer than 
those irradiated in air. As the peaches ripened, 
differences in firmness between irradiated and un- 
irradiated fruits became less, and when the peaches 
were fully ripe there were no longer any differences 
among the treatments. 

Fruits that were wet when irradiated developed 
lesions identical to those observed on Suncrest. 
Severity of the disorder was directly proportional 
to dosage above 45 krad (table 6). The disorder 
appeared during storage at 37° F., but became 
worse at 59°. Such lesions did not develop on 
peaches that were dry when irradiated. 

There was no significant effect of the treatments 
on ground color, red color, or decay in this experi- 
ment, since most of the examinations were made 
before the fruits ripened. 

Nectarines 

Two varieties of nectarines, Sun Grand and 
Late Le Grand, were irradiated. Before irradia- 
tion, Sun Grand fruits were separated into two 
maturity classes according to a green or a yellow 
ground color. The Late Le Grand nectarines 
came from two distinct lots, one a relatively ripe, 
waxed lot and the other a less ripe, unwaxed lot. 
The fruits of both varieties were packed in paper 
bags, 20 fruits per sample, and irradiated with 0, 
45, 125, 200, or 300 krad. 

0 

Following irradiation, one lot of each variety 
was ripened for 5 days at 59° F., and two lots were 
stored for 7 days at 37°, then ripened at 59° for 
4 or 7 days before examination. Weight loss from 
both varieties of fruit was determined, and all 
fruits were tested with a Magness-Taylor pressure 
tester using a %s-inch plunger. The Late Le Grand 
nectarines were rated for red color, using a scale 
of 1=less than 25 percent of the surface red, 
2=25 to 50 percent red, 3=50 to 75 percent red, 
and 4=more than 75 percent red, and for ground 
color, using a scale of 1=green, 2=mostly green 
but some yellow, 3=mostly yellow but some 
green, and 4=yellow. No ratings of decay were 
made, because decay did not develop in these lots 
of fruit. 

Irradiated fruits lost more weight than non- 
irradiated ones (table 8). However, the increase 
was not great and was significant only in fruit 
treated with 300 krad. Waxing the fruits reduced 
weight loss, but irradiated waxed fruit still lost 
more weight than nonirradiated waxed fruit, as 
shown by the nonsignificant interaction (appendix, 
table 35). 

Radiation reduced softening of Late Le Grand 
during ripening (table 8). Fruits exposed to 200 
or 300 krad were somewhat firmer than those 
exposed to 0 to 125 krad. Radiation did not 
affect the firmness of Sun Grand _ nectarines. 

Ground color, but not the red color, of Late Le 
Grand nectarines was affected by radiation 
(table 8). All radiation doses resulted in fruits 
that were yellower than the controls after ripening. 
The significant effect of waxing on both ground 
color and red color (appendix, table 35) probably 
was a reflection of the more advanced maturity 
of these fruits, rather than a consequence of the 

TaBLE 7.—Firmness of Halloween peaches as a function of radiation dose, oxygen concentration, and length 
of storage and ripening ' 

When examined, and oxygen concentration immediately 
after irradiation 

Immediately after irradiation: 

Stored 6 days at 37° F. and— 
No ripening period: 2 

HANOI MOR OCNINe se ee asa se eee ee ene 
APIO OK 2G Teen BS ee Ae fee ene ee See 

Ripened 2 days at 59° F.: 
ARO Oxy Sel a5 2) eo Se Ree oo eee eee 
AMMO XY Peles: Se hone oe eee eee eee eae 

Ripened 4 days at 59° F.: 
AR OIRO Ky 2 Cie ee ee eee ee 
AMO TOxV PCN | a2 eee ee ee ee ee eee 

0 krad 45 krad 125 krad | 200 krad | 300 krad 

Pounds Pounds Pounds Pounds Pounds 
2la 17 a 10 b 9b 7b 
19 a 18 a ll b 10 b 9 b 

22 a 20 a 13 b 11 be 7¢ 
22 a 21s a 15 b 14 be 10 ¢ 

10a (hey 6a 5a 6a 
l5a 8 b (fae: 6b fib 

5a 4a 4a 4a 4a 
5a 4a 4a 4a 4a 

1 Any 2 means on a given line not followed by the same letter are significantly different from each other at the 

1-percent level. 
2 Fruits in these samples were teste 

at the first examination. 

716-703 O—65 yw 

d while still cold, which may account for the values being somewhat higher than 
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waxing itself. Irradiated Sun Grand fruits 
appeared to be both yellower and redder than 
the controls, but no quantitative data were 
recorded for this variety. 

The Late Le Grand nectarines that had re- 
ceived 200 or 300 krad had less flavor when ripe 
than those exposed to 0 or 125 krad. Irradiation 
did not affect the flavor of Sun Grand, but the 
fruits had a smoother, more buttery texture 
following treatment with 200 or 300 krad. 
A second test with Late Le Grand nectarines 

was made using fruits obtained from an orchard 
with a high incidence of brown rot. Half of 

U.S. DEPARTMENT OF AGRICULTURE 

these fruits were packed in vented polyethylene 
and half in paper bags, using 20 fruits per sample. 
Following irradiation with 0, 100, 200, 300, or 
400 krad, the nectarines were stored at 59° F. 
for 5 or 7 days, at which times they were inspected 
for decay and tested for firmness. 

Radiation doses of 200 to 400 krad controlled 
brown rot on these fruits (table 9). The treat- 
ments had no significant effect on fruit firmness, 
and no apparent effect on fruit color. However, 
doses of 200 to 400 krad adversely affected the 
flavor of the ripened fruits. 

TaBLE 8.—Weight loss, firmness, and color of nectarines as a function of radiation dose and variety ' 

Criteria and variety 0 krad 45 krad 125 krad | 200 krad | 300 krad 

Weight loss: Percent Percent Percent Percent Percent 
SunvGrand=2 2225-28 se a a ee ee ee ee 3.9 ab Sel ta 4.2 ab 4.2 ab 4.4b 
latevler Grand: =22 ssa 2 22s. 2 ee ee eee 2.1 a 2.3 ab 2.4 ab 2.6 ab 2.8 b 

Firmness: Pounds Pounds Pounds Pounds Pounds 
SuneGram dss oe ee ee 3.3 a 3.1 a 3.2.3, on o28 3.2a 
Moab Mem CE ayn Clee oe a ae ree a ee ee 5.6 a 5.7 a Ona Gsaub 7.0 ¢ 

Color (Late Le Grand): Rating Rating Rating Rating Rating 
NRG CY COLO TS sae ra rr ee ee 3.1 a 3.1 a 3.0 a 3.2 8 3.3 a 
Grounds colors? sees aes ee ee ee ee ee 3.3 a 3.6 b Salas 3.6 b 3.8 b 

1 Any 2 means within a variety not followed by the same 
letter are significantly different from each other at the 
1-percent level. 

2 Rating scale: 1=less than 25 percent of surface red; 

2=25 to 50 percent red; 3=50 to 75 percent red; 4=more 
than 75 percent red. 

3 Rating scale: 1=green; 2=mostly green but some 
yellow; 3=mostly yellow but some green; 4=yellow. 

TaBLeE 9.—Firmness and decay of Late Le Grand nectarines as a function of radiation dose and storage time } 

Criteria and length of storage at 59° F. 0 krad 45 krad 125 krad | 200 krad | 300 krad 

Firmness: Pounds Pounds Pounds Pounds Pounds 
SCL YS tay = Sti Ie Bir ot Sas ter AER A Ne ahs a 5 a ya) 6a 7a ee 
FM CL ENV, S Ree ee a Sipe Pg oP i Re Lear Senne eee aera 4a 4a 4a 5a 6a 

Decay (percentage of fruits) : Percent Percent Percent Percent Percent 
OGD Y So ate ee D2 See Be Ae em we eters ne Sen ee 43 a 23.08 0b 0b 3b 
ALY Se ete aR A fe aD 8 em ee 55 a 50 a 3b 8 b 0b 

1 Any 2 means on a given line not followed by the same letter are significantly different from each other at the 
1-percent level. 

Plums 

Santa Rosa, Eldorado, Wickson, and Laroda 
plums were irradiated according to the conditions 
summarized in table 10, which also gives the 
storage and ripening conditions and the quality 
factors evaluated. The type and number of 
maturity classes and subclasses depended upon 
the condition of the plums, and the time fruit was 
held at 59° F. depended upon the rate of ripening 
of the fruits. In all tests, the plums were irradi- 
ated and stored in paper bags. The hardness of 

each fruit was measured with a durometer; * the 
internal condition was determined by cutting a 
slice from one side of each fruit; and the soluble 
solids content of juice from 10 fruits in each 
sample was measured with a hand refractometer. 
In Santa Rosa plums (Test 2) stored 42 days at 
34°, no juice could be extracted for soluble solids 
determination. 

Slight decay developed only on Santa Rosa and 
Eldorado plums. Irradiation with 500 krad 

4 Type 00, Shore Instrument & Manufacturing Co. 
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reduced decay of Eldorado plums. Doses up to 
300 krad did not reduce decay of Santa Rosa 
plums (table 11). 

Radiation inhibited the coloring of plums, 
Although some differences in color among treat- 
ments were observed in all tests, the effect on color 
was evaluated in only three of them. Radiation 
doses of 125 to 300 krad inhibited the development 
of blue color on Santa Rosa plums (table 12), and 
this inhibition was independent of fruit maturity, 
storage time at 34° F., or ripening at 59° (appen- 
dix, table 36). On Laroda plums, 125 to 500 krad 
inhibited development of blue color independently 
of maturity and storage time, but not independ- 
ently of ripening time; the inhibition became more 
pronounced as the fruits ripened (table 12). Devel- 
opment of blue color on Eldorado plums was 
inhibited by 500 krad, but the inhibition was 
transient and the irradiated plums developed full 
blue color by the last examination time. There 

LIFE " 

was a significant interaction of radiation and 
storage time for Eldorado (appendix, table 36) 

Plums were softened by radiation. Fruits 
exposed to 300 or 500 krad Were softer than the 
controls in all tests, and in most tests those ex- 
posed to 200 or 250 krad were significantly softer 
than the controls (table 13). The softening was 
independent of maturity, storage, or ripening time 
for Santa Rosa and Wickson plums (appendix, 
table 36). However, as postirradiation storage 
time of Eldorado plums was extended, the dose 
that resulted in significantly softer fruits became 
progressively lower (table 14). In Laroda plums, 
the radiation-induced softening became less sig- 
nificant as both storage and ripening time pro- 
gressed (table 14). Although the differences in 
fruit softness among treatments were numerically 
small, the closely related textural differences were 
large; the texture of the plums exposed to 250 to 
500 krad was very soft and buttery, and was 
distinctly different from that of the controls. 

TaBLe 10.—Experimental conditions of radiation tests with plums 

Maturity classes 
Test Sample} Radiation Storage and ripening Quality criteria 
num- Variety size doses conditions evaluated 
ber Type Num- 

ber 

Fruits Krad 
1 | Santa Rosa__ 10 07125; 2 (Color. aac cock 2 | 8, 11, 15 days at 59°_____ Hardness, soluble 

200, 300 solids, internal 
conditions. 

Di eee dos =. 12 0,125, | Specific gravity ?____ 3 | 14, 28, 42 days at 34° As in Test 1, plus 
200, 300 plus 0, 4, 7 days at 59°. color.? 

SalPEee & dow =2 22 12 0,125, | Specific gravity? and 4 | 6 days at 34° plus 2, 5, As in Test 1. 
250, 500 color.! 7 days at 59°. 

4 | Eldorado___- Arf 0,125, | Specific gravity ?____ 2 | 0, 14, 28 days at 34° plus| As in Test 2. 
250, 500 0, 5, 10 days at 59°. 

5 | Wickson____ 20 OSI bal Colores: oa. ee. see 2 | 0, 7 days at 34° plus 5, As in Test 1. 
250, 500 8, 11 days at 59°. 

63) “Larodaws—.- 14 0,125, | Specific gravity 2 4 | 0, 10 days at 34° plus As in Test 2. 
250, 500 and color. § 3, 7 days at 59°. 

1 Classes (2): 0 to 25 and 26 to 75 percent surface area 
red. 

2 Classes were separated by flotation at room tempera- 
ture in a series of sodium chloride solutions of different 
concentrations: Test 2—5 to 6, 6 to 7, and 7 to 8 percent; 
Test 3—6 to 7 and 7 to 8 percent; Test 4—5 to 6 and 6 to 

7 percent; Test 6—5 to 6 and 6 to 7 percent. 
3 For color scales, see table 12, footnote 1. 
4 Classes: 0 to 50 and 50 to 75 percent surface area 

green. 
5 Classes: 0 to 50 and 50 to 100 percent of ground color 

yellow. 

TasLE 11.—Decay of plums during storage as a function of radiation dose and variety * 

Variety 0 krad 125 krad | 200 krad | 250 krad | 300 krad | 500 krad 

Percent Percent Percent Percent Percent Percent 

Santa Rosa (Test 1)________________-_------- 2 Ta 62 ap| =a eee : Sf) | Seo 
SantaRosa (Test 2) ..___....-..-..-------_-- 7a 6a Sy | ee eee ae 

HW dOrad Ob eee ea. ee Be ee 8a 1O9a9 (ee eee: Sree |e ne 

1 Any 2 means on a given line not followed by the same letter are significantly different from each other at the 

1-percent level. 
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TaBLE 12.—Coloring of plums as a function of radiation dose, variety, storage, and ripening time ! 

Variety and length of storage at 34° F. and 0 125 200 250 300 500 
ripening at 59° F. krad krad krad krad krad krad 

SANTA ROSA 

Stored 2, 4, and 6 weeks and ripened 0, 4, and Rating Rating Rating Rating Rating Rating 
Sy Sites ee ee ee ee eee 3.8 a 3.4 b 354 1b ets ee 350) Da |tens soe 

ELDORADO 

No storage, and ripened for— 
LAV So ee ees ne de ae 2.6 a 7 ass Were Wa emcee ease ZUG io |e see 1.9 b 
WORdA YS ere a eee ee oe ee ee 2.4 a 25479 Geese De Aan eee RS 2.0 b 
ia Fe AS ees ee De ar ee ei oe ee 3:0 a SORA ate eye SOM ers |e te eee 3.0 a 

2 weeks’ storage, and ripened for— 
LBV. oer eet eet oe ok ei ae co eR bee ale (Nat: al eke yee LS Sia |e eee eee 16a 

EECDLY Stas et ir Rye en) ape has ae ep 2.2 a 2s Aig, eae ae pir Ass Yi (Saget se eget 8 twb 
ORC ay Shea ee Se Se See eee 3.0 a 3. Oe ar |= ss eee 321028), ||-S2 See ee 3.0 a 

4 weeks’ storage, and ripened for— 
Oda: SARS ee ee See ee ee 1.4 ab Yah) og (a | Lees eae, ae i Pe 14a 
ES CLELY.S erates ete es ee ee ee, Se et Ne 2.8 a Su OVa |S oeeie 2 Sele PORH (Cy ed eh ata LEY 1.9 b 
ORY S==—= se. ee em ee ee ee 3.0 a 23058, |2a-= a= eeee 2588 | 2a Nese 2.8 a 

LARODA 

No storage and 1.5 weeks’ storage, and ripened 
or— 
SEC BLY oe ee ae a a eee 2.7 a 24 0b |S eeaere PLES al OF | ee es eae eee 
By Sees ee ees re ee eee ee ee 3.8 a yh (Up) 0). |e ee eS PATER | ee a 2.4 ¢ 

1 Rating scales: Laropa: 1l=green ground color, no blue color; 
Santa Rosa: 1=less than 25 percent surface area red; 

2=25 to 75 percent red; 3=more than 75 percent red, 
no blue; 4=red, plus 75 percent or less blue; 5=more 
than 75 percent blue. 

Exporapo: 1=less than 25 _ percent surface area 
blue; 2=25 to 75 percent blue; 3=more than 75 percent 
blue. 

2=yellow ground color, no blue color; 3=less than 25 
percent surface area blue; 4=25 to 75 percent blue; 
5=more than 75 percent blue. 

Any 2 means on a given line not followed by the same 

TaBLE 13.—Hardness of plums after ripening as a function of radiation dose and variety ' 

letter are significantly different from each other at the 
1-percent level. 

Variety 0 krad 125 krad | 200 krad | 250 krad | 300 krad | 500 krad 

Units Units Units Units Units Units 
Sancawhosam lest ll) eee eee ee ee ee 79 ab 79 ab 7 Ef faa oT) (ee epee eee ie DS) 2 eee 
pantawosas @Lest 2) eee ae eee ee ee 79 a TB ONO. | ae a es CONCH oe == eee 
Santa Rosa (lest3) eas. eek ee eee 82 a Si wens yee eae ee (Ob MNES Stee ee 76 ¢ 
Hdorido =a = ae ee eee ee eae | Meee eee ee 78 a MGeaby | oe (OAD On See ae (ee 
Wickson 252 seein ae ees. 5 Se eee aay eee ete 73 4a (G2 ab) |Saes aes (lsabe =e es 68 ¢ 
aTOCA eee sete wk mn fet Le ee eee 82a Sivas 2 eee Ti pr ee tee COAG 

1 Any 2 means on a given line not followed by the same letter are significantly different from each other at the 
1-percent level. 

Radiation did not have a consistent effect on the and Laroda increased only after ripening suggests 
that the increase may be an indirect effect of radia- 
tion, caused by a greater loss of moisture from 
these irradiated fruits than from the controls. 

Plums of all four varieties developed internal 
breakdown late in their storage life. This break- 
down appeared as dark, water-soaked areas in the 
flesh, and when it was severe the flesh became very 
gelatinous. Irradiated plums developed break- 
down sooner and more severely than the controls 

soluble solids concentration in plums (table 15). 
Doses of 200 and 300 krad decreased soluble solids 
in Santa Rosa (Test 1); there were no differences 
among treatments of Santa Rosa (Test 2) or of 
Wickson; and 500 krad increased soluble solids in 
Santa Rosa (Test 3), Eldorado, and Laroda. 
When differences among treatments did exist, 
they invariably were slight. The fact that soluble 
solids concentrations of both Santa Rosa (Test 3) 



GAMMA RADIATION OF FRUITS TO EXTEND MARKET LIFE 9 

TaBLE 14.—Hardness of irradiated plums as a function of radiation 
time } 

, dose, variety, and storage and ripening 

Variety and length of storage at 34° F. and of ripening at 59° F. 

No storage, and ripened 5, 10, and 15 days 
14 days’ storage, and ripened 0, 5, and 10 days 
28 days’ storage, and ripened 0, 5, and 10 days 

No storage, and— 
Ripened 3 days 
Ripened 7 days 

Average 
10 days’ storage, and— 

Ripened 3 days 
Ripened 7 days 

Average 

0 krad 125 krad 250 krad 500 krad 

ELDORADO 

Units Units Units Units 
Se ee eee Epes 76a 77a 75 a 72 b 

Reo oe ie ene 80 a 79 a 74 b 72 b 
eee ao a ee 77 a 20 75 ab 74 ab 

LARODA 

a ra a a ae oe ee ae 87 a 86 a 83 b 82 b 
a ee ee ee 8l a 82 a 80 a 74 b 

ee ae ee Be Se ee ee re So ee Se 84 a 84 a 82 b 78 c 

ee See eee et On aimee & Cees eet 83 a 81 ab 79 ¢ 80 be 
ee ey ete Ms: Ne oe “On 75a 75 a 74 a 70 b 
ee es See te nd ee we ae 79 a 78 a 76 b 75 b 

1 Any 2 means on a given line not followed by the same letter are significantly different from each other at the 
1-percent level. 

TaBLE 15.—Soluble solids concentration in irradiated plums, as a function of radiation dose, variety, and 
storage time ' 

Variety and length of storage at 59° F. 0 krad 

Santa Rosa: Percent 
Test 1: 8, 11, and 15 days______----_-___- 12.8 a 
meste2> O04 andi ( dayss=.2.-- 2 222.2525 14.2 a 
Test 3: 

KOA See See en 2 See ese ee 14.4 a 
DEC By S eee Sees Se ee See eee oe 14.5 a 
EL fe 13.7 a 

Eldorado: 0, 5, 10, and 15 days____----------- 13.7 ab 

Waickson, o..8; and. 1 days....2---222.. 2222. 11.6 a 

Laroda 
Ou ay Ome eames 2h hee ee eases 13.0 a 
ay Ste ee Grins Mt Fs OE ae he a see 12.9 ab 

125 krad | 200 krad | 250 krad | 300 krad | 500 krad 

Percent Percent Percent Percent Percent 
13.2 a NGL ia oe | ee eee n 2785 [i oe iene ee a 
14.0 a AN Olas |e eee U3uSRanleaaee es 

LARD ais) See 14 24a) |e eae eee 13.9 a 
LANGA |e eee T4038 Weseeo- ee 14.3 a 
A Rel era op | een ete ee 399eabe|-e seas 14.4 b 

ales tea? fet oy | en eren eye d BS Sar: Hor Wall | eee 13.9 b 

LES fae ie | ee ee ae Te Scat Wee ee 11--9"-a 

1D29vg) |e oes WO Sear ease ease 13.0 a 
OR awe Seer [LOR Saa |e ee 13.1 b 

1 Any 2 means on a given line not followed by the same letter are significantly different from each other at the 1-percent 

level. 

(table 16), and this breakdown signaled the end of 
the market life of the plums. 

Exposure of Santa Rosa plums to 500 krad 
resulted in the formation of large, clearly defined 
brown areas on the fruit surface which were ap- 
parent at allexaminations. With Eldorado plums, 
500 krad weakened the skin so that it broke under 
slight pressure. 

Doses of 250 krad or higher generally impaired 
the flavor of plums, especially Eldorados, but 
texture was usually affected by smaller doses. 

Pears 

Bartlett pears, in samples of 18 fruits each, were 

irradiated with 0, 100, 200, 300, or 400 krad, 
stored at 32° F. for 0, 2, or 4 weeks, and then 

ripened at 59° for 4, 8, or 12 days. Before placing 

the fruits at 59°, half of the samples were treated 

with about 200 p.p.m. of ethylene for 24 hours. 

Color was measured by comparison with a Cali- 

fornia Bartlett Pear Maturity Standard Color 

Chart, and firmness was measured with a Magness- 

Taylor pressure tester, using a %-inch plunger. 

Pears colored more slowly following irradiation. 

Overall, inhibition was significantly greater follow- 

ing each 100-krad increase of dose. — However, 

both storage time at 32° F. and ripening time at 

59° affected the response to radiation (appendix, 

table 37). In table 17, the data are presented as 

the averages both of storage and of ripening 

periods. Inhibition of coloring became less as 

storage time after irradiation lengthened; after 
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Taste 16.—Percentage of irradiated plums exhibiting internal breakdown as a function of radiation dose, | 
variety, and storage and ripening time * 

Variety and length of storage at 34° F. and 0 krad 125 krad | 200 krad | 250 krad | 300 krad | 500 krad 
of ripening at 59° F. 

SANTA ROSA (Test 2) 
Percent Percent Percent Percent Percent Percent 

Stored 28 days; ripened 4 and 7 days___-_------ 13 29 43, |---=-=-=-- HE) Ee RS 

Stored 42 days; ripened 0, 4, and 7 days__------ 51 74 78 pee yrs 79 Be AT as ee 

ELDORADO 

Stored 14 days: 

Ripened opdaysse ease. 24a eee 4 51 ee eee 59 ieee ieee Fee a2 62 

Ripened gM Oda yss= 2222 -sse see ea eee 0 78 Seana ae 86 Le tasks esa e 100 

Stored 28 days: 

INo ripeninse period==+252_5 24-2225 2s 10 68 oases 50 age eat ares 38 

Ripencdtodaysss===" ase sees s soe eee 100 983|222 = se 1004 Saree eee 100 

WICKSON 

No storage; ripened 5, 8, and 11 days__--_----- 13 142 eee eee DUES ad (hale ara Do 88 

Stored 7 days; ripened 5, 8, and 11 days_______- 33 LR eee Gi Nes sae ee 86 

LARODA 

Stored 10 days; ripened 7 days______---------- 38 7 Yat eee ee eee fh! el (ae ee 98 

1 Means in a given line that are underlined once are significantly different from the check at the 1-percent level by 
chi-square analysis; means underlined twice are significantly different at the 0.1-percent level. 

TABLE 17.—Color development of Bartlett pears, as a function of radiation dose, storage and ripening time, and 
ethylene treatment ! 

Treatment and length of seein at 32° F. and of ripening 0 krad 100 krad | 200 krad | 300 krad | 400 krad 
at 59° 

TREATED WITH ETHYLENE? 

Ripened 4 to 12 days after— Rating Rating Rating Rating Rating 
IN O{SLOTA RE so. hls A ss eek ee ae he ee 4.l a 4.0 ab 3.8 be 3268C 2.7 da 
2 WeekS@sStorages 4022s 2) ee ee ee 4.4 a 4.4 a 4.1 b 3-5 6 2.9 d 
Al weeksiistoraves 92022252252. 2). ee 4. 5a 4.5 a 4.4 ab 4.2 b 3.5 ¢ 

Stored 0 to 4 weeks before— 
Aidaysmripening: 2-228. cc 22252222 Son eee es eee 4.1 a 3.9 a 3.6 b 3.1 ¢ 2.5 d 
SidaysSunipening ===. 858.2 ee eee 4.5 a 4.4 a 4.3 a 4.0 b 3.0 ¢ 
T2edayse PIpPeNin gases een ee ee ee 45a 45a 4.4 a 4.1 b 3.10 6C 

INVET ASCE Re 2 oo tare ote ee ee 4.4 a 4.3 a 4.1 b 3.8 ¢ 3.0 d 

NOT TREATED WITH ETHYLENE 

Ripened 4 to 12 days after— 
INolstorage=) 2. 2-2 eee ee 40a 3.4 be 3.5 b 3.2 ¢ 2.8 d 
2 weeks’ storage___________________________________-_ 4.4 a 4.3 a 4.0 b 3.4 ¢ 2.9 d 
4 weeks’ storage______.____________________________ 4.5 a 4.4 a 4.3 a 4.0 b 3. 3°.¢ 

Stored 0 to 4 weeks before— 
4idays' ripening. ...2 322222292220) 2 4.0 a 3.6 b 3.3 ¢ 2.8 d 2.3 a 
Sidays ripening 222 soe ee ee ie Sees 44a 43a 4.2 a Hera) 3.2 ¢ 
L2Iday se Tripenin pases oe Wea nes aoe |e tne eee 45a 44a 4.3 ab AS itab SHC 

AV EVAR CG: 2S acc oiines Heke e So uae 43a Alb 4.0 b 3.5 ¢ 3.0 d 

1 Color determined by comparison with a California 
Bartlett Pear Maturity Standard Color Chart, with scale 
from 1 (completely green) to 4.5 (completely yellow). 

Any 2 means on a given line not followed by the same 

letter are significantly different from each other at the 
1-percent level. : f 

2 Treated with about 200 p.p.m. for 24 hours immediately 
before ripening at 59°. 



GAMMA RADIATION OF FRUITS TO EXTEND MARKET LIFE 

‘4 weeks at 32°, only the pears that had received 
300 or 400 krad colored more slowly at 59° than 
the controls. Dose response changed as ripening 
time progressed; within 12 days at 59°, those 
pears treated with 100 or 200 krad attained 
nearly full yellow color, but those treated with 
300 or 400 krad did not. The ethylene treatment 
stimulated color development slightly, but the 
ethylene stimulation was quantitatively much less 
than the radiation inhibition of coloring. Ethylene 
did not reverse the inhibition by radiation. 

Pears softened markedly during the irradiation 
process; however, this initial softening was masked 
by a subsequent radiation-induced inhibition of 
softening during storage and ripening (table 18). 
The inhibition was less when the pears were stored 
at 32° F. before ripening than when they were 
ripened without storage. As with coloring, the 
effect of 100 or 200 krad on softening was inhibi- 
tory rather than preventive, merely retarding the 
rate of softening. The ethylene treatment neither 
had an overall effect on softening nor did it 
interact with radiation (table 37). 

Late in the experiment, soft, watery breakdown 
caused by overripeness occurred in many fruits. 
Doses of 200 or 300 krad sharply reduced break- 
down (table 19), but the effect was once again one 
of inhibition rather than prevention. 

Radiation did not simply inhibit the rate of 
ripening, but rather, substantially altered ripening. 

1] 

Although 100 and 200 krad retarded overall color- 
ing by only a few days, the irradiated fruits perma- 
nently retained some abnormal green mottling. 
Irradiated pears were objectionably dry and 
mealy after 100 and 200 krad and unacceptably 
mealy after 300 or 400 krad; they also failed to 
develop the characteristic flavor of ripe pears. 

Strawberries 

Two varieties of strawberries, Shasta and Z5A, 
were obtained from Salinas and Watsonville, 
Calif. The berries were transported to Fresno in 
a refrigerated truck and irradiated the day after 
harvest. Samples were not sorted to remove 
injured or decaying berries before treatment. 
Thirty-six pints of Z5A (18 from Salinas and 18 
from Watsonville) and 18 pints of Shasta were 
irradiated with 0, 100, 200, or 300 krad. One lot of 
berries was held at 59° F. for 2 days to simulate 
air shipment, one lot was held at 37° F. for 5 days 
to simulate rail shipment, and one lot was held for 
12 days to simulate storage and rail shipment. 
At the end of these storage periods, half of the 
samples were examined for decay and appearance, 
and half were held 1 more day at 59° to simulate 
retail marketing. The experiment was replicated 
three times with berries harvested on June 27, 
August 7, and August 27. 

TABLE 18.—Firmness of Bartlett pears as a function of radiation dose and storage and ripening time! 

Length of storage at 32° F. and ripening at 59° F. 

Immediately after irradiation_________-___--------------- 
Ripened 4 to 12 days after— 

INOESLOLA Cet ae tke ee Se 2 ee ee eee 
DEWeeKSASLOIAg On sce- a2eeenen ass e] Se eee eee 
ARWECKSPSLOIAL se 8 soe eee Me See anes eee 

Stored 0 to 4 weeks before— 
Rapeninew4idays= =. 25252—5 55252 S.22 see eee 
Ripeninvrsidayemss. 2-25 Benen. 22 ete ee o see 
Ripening 2a yseess = 92s sean see oe eee 

0 krad 100 krad | 200 krad | 300 krad | 400 krad 

Pounds Pounds Pounds Pounds Pounds 
17.4 15.8 Ne yer 1 Ny gs) .8 

4.0 a 5.4 b cat b 6.4 b 7.6 ¢ 
3.3 a Bh 4.3 a 6.8 b 8.9 ¢ 
351 a 3310.8: 3.8 a 6.0 b 9.0 ¢ 

4.3 a 6.1 b Zeeui}ele) 9.3 ¢ 9.3 ¢ 
3.0 a Saad By a) 5.4 b 8.7 ¢ 
33:02, 3.004, Bee Aer 4.5 b 1 OMG 

1 Any 2 means ona given line not followed by the same letter are significantly different from each other at the 1-percent 

level. 

TaBLE 19.—Watery breakdown of Bartlett pears as a function of radiation dose, and storage and ripening 

time ' 

Length of storage at 32° F. and of ripening at 59° F. 0 krad 100 krad | 200 krad | 300 krad | 400 krad 

Percent Percent Percent Percent Percent 

Stored: 2 weeks, ripened 12 days_.-_..-.----------------- 100 100 69 0 0 

Stored 4 weeks and— ’ : 
IRA DETIe Ce S1C any See eee ee 2 eer ae ae 22 et o a 4 

Ripened 12idays-- 4. 2220-24502 none s=- eee 94 ¢ at 0 

1 Means on a given line that are underlined are sign ificantly different from the check (0 krad) at the 0.1-percent level 

by chi-square analysis. 
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Overall trailer dimensions-34’ long x 8’ wide x 12’ high 

Ground clearance-32” 

| 

DIMENSIONS AND WEIGHT 

| 
90,500 Ibs. 

Approximate tractor weight ———_____-. 16,000 Ibs. 

total 106,500 lbs. 

Bucket dimensions-15’’ long x 8’’ wide x 8’ high 

Approximate weight of facility and trailer 

LEGEND 

A Source-cobalt 60 K Powered entrance conveyor 

B Bucket height from ground at 

C Main shield rear door-82”’ 
D Removable end L Powered exit conveyor 
EES oureeniechanisi height from ground at rear 

door-67"’ and storage container 
F Source positioning handle M Portable powered loading 

G Drive for irradiation conveyor 

chamber assembly N Portable powered discharge 

H Drive for loading produce _ C°"Veyor 

into entrance maze 0 Control console 

| Entrance maze 

J Drive for discharging produce 
onto exit conveyor 

Ficure 1.—Schematic drawing of mobile irradiator used in these exp 
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SCHEMATIC DIAGRAM 

SHOWING PROGRESS OF 

BUCKETS INSIDE MAIN SHIELD 

The assembly inside the main shield rotates 

in a ‘ferris wheel’’ fashion carrying 4 sets of 2 

buckets around the cobalt 60 source. Each bucket 

completes two full circles around the source. 

The wheel stops after each quarter turn to permit 

a new bucket to enter and thereby push the bucket 

in position 5 onto the exit conveyor. 

MOBILE DEMONSTRATION 
IRRADIATOR 

ents. (Illustration courtesy of Atomic Energy of Canada, Limited.) 
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DIMENSIONS AND WEIGHT 

Overall trailer dimensions-34' long x 8 wide x 12° high 

Ground clearance-32" 

Approximate weight of facility and trailer-——90,500 Ibs. 

Approximate tractor weight 16,000 Ibs. 

total 106,500 Ibs. 

Bucket dimensions-15'' long x 8” wide x 8” high 

LEGEND 

A Source-cobalt 60 K Powered entrance conveyor 

Bucket height from ground at 

Main shield rear door-82" 

L Powered exit conveyor Removable end 
height from ground at rear 

Source mechanism mooaw 

and storage container door-67" 

F Source positioning handle M Portable powered loading 

G Drive for irradiation conveyor 

chamber assembly N Portable powered discharge 

conveyor 
=x Drive for loading produce 

into entrance maze 0 

Entrance maze 

Drive for discharging produce 
onto exit conveyor 

Control console 

Figure 1.—S 3 
1.—Schematic drawing of mobile irradiator used in th ese expelMents, 

GAMMA RADIATION OF FRUITS TO EXTEN 2 D MARKET LIFE 

EXIT 

SCHEMATIC DIAGRAM 

SHOWING PROGRESS OF 

BUCKETS INSIDE MAIN SHIELD 

The assembly inside the main shield rotates 

ina “ferris wheel’ fashion carrying 4 sets of 2 

buckets around the cobalt 60 source. Each bucket 

completes two full circles around the source. 

The wheel stops after each quarter turn fo permit 

a new bucket to enter and thereby push the bucket 

in position 5 onto the exit conveyor 

MOBILE DEMONSTRATION 

IRRADIATOR 

Illustrati (Illustration courtesy of Atomic Energy of Canada, Limited.) 
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Radiation reduced decay during storage and 
during most of the simulated marketing periods 
(table 20), the response being about the same for 

both varieties. The reduction of decay became 
more pronounced as holding time was extended, 
-and the significant interactions of radiation with 
holding periods (appendix, table 38) are due to 
rapid decay of unirradiated berries and slow decay 
of irradiated ones. Radiation extended the shelf 
life of the strawberries by several days. Three 
hundred krad was no more effective than 200 
krad in reducing decay, and berries were noticeably 
softened by 300 krad. No adverse effects were 
noted following 100 or 200 krad. 

Figs 

Fresh figs are highly perishable fruits, subject 
to attack by surface molds. To try to control 
these molds, Calimyrna, Mission, and Kadota figs 
were irradiated with 0, 100, 200, 300, or 400 krad. 
In one test, Calimyrna figs (22 fruits per sample) 
were irradiated, then stored at 59° F. for 3, 5, or 
7 days, or at 38° for 8 days plus 0, 2, or 4 additional 
days at 59°. In another test, Calimyrna (15 
fruits per sample) and Mission (28 fruits per sam- 
ple) figs were irradiated, then stored for 3 or 5 
days at 70°, or for 11 days at 38° plus 0 or 3 days 
at 70°. Kadota figs (24 fruits per sample) from 
both the Fresno and Brentwood growing areas were 
irradiated, then held for 0 or 6 days at 38° plus 2 

or 4 days at 59° before examination. When rating 
the fruits for decay, fruits with dark areas of in- 
cipient decay were considered as being decayed. 

Radiation significantly reduced decay of the 
fruits. Doses of 200 to 400 krad sharply reduced 
decay of Calimyrna figs for several days at 59° 
or 70° F. (table 21). The longer the fruits were 
held at 38°, the shorter was the radiation-induced 
extension of shelf life at 59° or 70°; radiation 
retarded but did not prevent decay. Two 
hundred krad_ significantly reduced decay of 
Mission figs, although 300 krad was more effective. 
Radiation reduced decay of Kadota figs, but this 
reduction was overshadowed by a severe radiation 
injury to the fruits. Within several days after 
irradiation, the surface of these fruits became 
unacceptably dark brown and dried out. Inci- 
dence of this injury was as follows: 

Percent of 
fruits 

Radiation dose: injured 

None “S322 3 se ee 1 
LOOMkrad 3 222. te ae 12 
200 krad= . S 3232222525. oe 55 
300 Krad. 3252 = 2s 5 Eos Se es 76 
A400 krad!. -= 2s = Se ee 73 

Kadota figs from both growing areas were injured 
by radiation, but the injury did not occur on 
irradiated Calimyrna or Mission figs. There was 
no apparent effect of radiation on flavor of any of 
the figs; even the Kadota figs that had surface 
browning retained a satisfactory flavor. 

TABLE 20.—Decay of strawberries as a function of radiation dose, variety, and storage temperature and time! 

Variety and conditions simulated 

SHASTA 

Air shipment—2 days at 59°____________________________ 
Pluseladay.aten9oi(retall)e == == 2 a= ee ee oe 

Rail’shipment—bidays abot -= s= = 5 ee oe ee 
Plus @igday.-ati592 \(retall) zee oss eo ne ee ee 

Storage—12 days at 37°_________----...-__--.-. 2 ___. 
Plus; 1 day at‘59° (retail) ..2_ ==. 0-25 25 --- 2 ee 

IAVCT ARC Seto tei ae ie Se eh a A 

Air shipment—2 days at 59°____________________________ 
Plus 1 day at 59° (retail) 

Rail shipment—5 days at 37° 
Plus 1 day at 59° (retail) 

Storage—12 days at 37° 
Plus 1 day at 59° (retail) 

Average 

0 krad 100 krad 200 krad 300 krad 

Percent Percent Percent Percent 
we 21a ir: 10a ek 
ot 47 a 23 b 12 b 6b 

BAS 14 a4 4a (On 6a 
ee 21a 8a 1a: 10 a 

= 63 a 33 b 17 b 13 b 
es 82 a 47 b 16 ¢ ll ¢ 

es 4l a 20 b 12 be 9e¢ 

See 9a 7a Hye) 3a 
Sgro 36 a 18 b 8b 4b 

(ea 4a 4a 3a 
—S 13 a 8a 5a 7a 

ee 37 a 16 b 7b 6b 
2a 36 b lle ac, 

ee 29 a 17 b 7¢ 5c 

1 Any 2 means on a given line not followed by the same letter are significantly different from each other at the 
1-percent level. 
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TABLE 21.—Decay of fresh figs as a function of radiation dose, va 

15 

reety, and storage temperature and time’ 

Variety and storage 

CALIMYRNA 

38° F. for 8 days 
Plus— 

2 days at 59° 

4 days at 59° 

38° F. for 11 days 

Plus 3 days at 70° 

38° F. for 11 days 

Plus 3 days at 70° 

38° F. for 6 days, plus— 
2 days at 59° 

AG CL Ay Shel ta Oyo ne ee eee ee ee ee a ee ec 

0 krad 100 krad | 200 krad | 300 krad | 400 krad 

Percent Percent Percent Percent Percent 
0 5 0 0 0 

82 73 50 23 14 
95 100 95 45 ‘59 

68 50 23 5 0 

100 100 95 55 5 
100 100 100 100 91 

100 93 60 13 | 53 

93 93 87 73 60 

47 27 7 0 0 

93 100 87 93 67 

86 75 46 0 7 
89 100 93 89 86 

82 57 on 4 4 
100 100 89 89 100 

19 6 9 0 0 
48 48 38 6 6 

42 56 10 6 2 

90 85 83 83 Zi 

1 Means on a given line that are underlined once are significantly different from the check (0 krad) at the 1-percent 
level by chi-square analysis; means underlined twice are significantly different at the 0.1-percent level. 

In an attempt to avoid or reduce the surface 
browning of Kadota figs, some fruits were irra- 
diated in low-oxygen atmospheres. These fruits 
were separated into 2 maturity classes, according 
to a green or a yellow color, and 24-fruit samples 
were placed in polyethylene bags, half of which 
were flushed with nitrogen before irradiation. 
The fruits were exposed to 0, 200, or 400 krad, 
following which all of the polyethylene bags were 
vented. The figs were held 4 days at 32° F. and 
1 day at 59° before examination. 

Irradiation in a low-oxygen atmosphere did not 
affect. surface browning, and had little effect on 
decay (table 22). Surface browning was not 
related to maturity. The test was not definitive, 
as the figs were of poor quality and atmospheric 
compositions were not strictly controlled. 
Nevertheless, the results discouraged further 

attempts to avoid injury by irradiation in low-O, 
atmospheres. 

Grapes 

Botrytis rot is a serious problem during the 
storage and marketing of grapes. Radiation was 
tested as a control agent on the Thompson and 
Emperor varieties. 
Thompson grapes were harvested on the day 

after a rain, and were irradiated the following day 
Duplicate samples of 4 to 5 kilograms each were 
put in vented polyethylene bags, irradiated with 
0, 100, 200, or 300 krad, and stored at 32° F. for 5 
weeks. One sample from each dose level was 

examined upon removal from storage, and the 
other sample was held at 70° for 1 day before 

examination. The percentage of grapes that were 

decayed was determined, and the firmness of 20 

sound grapes from each sample was measured with 

a Magness-Taylor pressure tester, using a ?{s-inch 

plunger. 
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TaBLE 22.—Surface browning and decay of Kadota figs as a function of radiation dose, maturity, and 
atmosphere during irradiation * 

Surface browning Decay 
Maturity and atmosphere 

0 krad 200 krad | 400 krad 0 krad 200 krad | 400 krad 

Green: Percent Percent Percent Percent Percent Percent 
OWAOXY Cena == = 2 eee a ee 0 63 50 33 

At erat 2 wie et ae ci ete Ways Set Se 0 9 42 71 46 29 

Yellow: 

OWAOkY Cel] see cess a= ae en ee 0 13 54 67 67 50 

DAT Ts tee Rn Ot Ly do Sate Ae 0 9 58 79 54 42 

1 Means on a given line that are underlined once are significantly different from the 0 krad at the 1-percent level by 
chi-square analysis; means underlined twice are significantly different at the 0.1-percent level. 

TABLE 23.—Firmness and decay of Thompson grapes as a function of radiation dose and holding time at 
10° Fs 

Criteria and holding time 

Runminess switel dil Gd ays eae ea ae eee ee ore pounds- - 
Decay: 

INogholding = 22 se ae ee eee percent__ 
RCL GMING a yee Se es ce ae ee ne dozen 

0 krad 100 krad 200 krad 300 krad 

3. la 2:32 2.0: a 2.0 a 

TL a 73 a 59 b 42 b 
83 a 86 a 72 b 73 b 

1 Any 2 means on a given line not followed by the same letter are significantly different from each other at the 1-percent 
level. 

Although radiation reduced occurrence of decay 
(table 23), all of the samples were too badly de- 
cayed to be of any value. In addition, the irradi- 
ated grapes, regardless of dose, were objectionably 
soft. 

It is difficult to treat prepackaged Emperor 
grapes with sufficient sulfur dioxide gas (SO) to 
control decay. Radiation was compared with 
SO, as a decay-control agent during a shipping 
test. The grapes were packed in 1%4-pound boxes; 
16 boxes of these were irradiated with 0, 200, or 
300 krad, and 16 boxes were fumigated with 1 
percent SO, for 20 minutes. The grapes were 
shipped at 35° to 40° F. by rail from Firebaugh, 
Calif., to Chicago, the shipment requiring 5 days. 
Upon arrival the grapes were held at 70° for 0, 2, 
4, or 6 days before examination. Four boxes 
from each treatment were inspected at each 
examination; decay was recorded, and 20 grapes 
from each treatment were tested with a Magness- 
Taylor pressure tester. 

Irradiation of the grapes was no more effective 
than SO, as a decay-control agent, although both 
treatments reduced decay in comparison with the 
untreated controls (table 24). However, decay 
in the check and SO,-treated samples was caused 
principally by Botrytis, while decay in the irradi- 
ated samples was due principally to Cladosporium 
spp. with very little Botrytis present. Irradiated 

grapes were softer than nonirradiated or SO»- 
treated grapes (table 24), and it was observed that 
radiation caused a darkening of the stems. 
Radiation was less satisfactory than the standard 
SO, fumigation for control of decay of prepackaged 
grapes. 

Oranges 

The effect of radiation on decay of oranges 
caused by Penicillium spp. was studied in two 
rail shipping tests using noninoculated Washing- 
ton navel oranges and in two holding tests using 
inoculated oranges. 

The oranges were shipped from Visalia, Calif., 
to Chicago, Ill., and from Sanger, Calif., to New 
York, N.Y. Commercially graded, waxed, and 
packed fruits were repacked into vented poly- 
ethylene bags, 20 fruits per sample, and were 
irradiated with 0, 50, 100, 150 krad. Eight 
cartons were shipped in each test, and each carton 
contained 1 sample from each dose level. Tem- 
peratures ranged from 35° to 40° F. during the 
5-day trip to Chicago and the 8-day trip to New 
York. After arrival, the oranges were held at 
70° to 75° for 6, 8, 10, or 13 days in Chicago and 
for 0, 3, 7, or 14 days in New York before examina- 
tion. Two of the eight cartons were inspected at 
each examination. 
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TaBLE 24.—Firmness and decay of prepackaged Emperor grapes as a function of radiation dose and holding 
tame ! 

Firmness Decay after the indicate . ays at 70° F eeacee eeamenl ecay after the indicated number of days at 70° F. 

examinations) 7 
0 days 2 days 4 days 6 days 

Pounds Percent Percent Percent Perce 
INOney(COnULON) eee a= se aan ae se ee lla Oa 6a : “20 a ay a 
Oo = ee ee ae reese oe Skea kook eee sk l3a Oa 2a 3 a 7b 

Radiation: 
PAULO) Su LAE se ee ee b Oa 4a 8 j eee g a a 16 b 
SOOM iS ese ee ee b Oa la 8a 9b 

! Any 2 means in a given column not followed by the same letter are significantly different from each other at the 
1-percent level. 

TABLE 25.—Decay of Washington navel oranges shipped by rail from California to Chicago or New York as 
a function of radiation dose ' 

Destination and transit and holding conditions 0 krad 50 krad 100 krad 150 krad 

: Percent Percent Percent Percent 
Chicago: 5 days at 35°-40° F., 6-13 days at 70°-75° F______-_- 4 
New York: 8 days at 35°-40° F., 0-14 days at 70°-75° F______ 2 i 3 3 

1 No difference between means is statistically significant at the 1-percent level. 

Decay was slight in both tests, and in neither 
was it reduced by radiation (table 25). The 
decay that occurred was caused by Penicillium 
spp., and most of it developed after at least a 
week at 70°-75° F. 

Pitting of the rind developed during the holding 

the nonirradiated fruits. Irradiation did not af- 
fect rind color. 

TaBLE 26.—Incidence and average severity of rind 
pitting on Washington navel oranges, shipped by 
rail from California to Chicago and New York 

periods. This disorder apparently resulted from City, as a function of radiation dose * 
exposure of the fruits to extended periods of cool, 
moist weather before harvest. Fruits showing the Criteria and destination 0 50 | 100 | 150 

pitting were sorted out before packing, but pits krad | krad | krad | krad 

continued to appear after packing. Irradiation of 
the oranges stimulated development of the pits — [ycidence: 
(table 26). Both the number of fruits affected Chicago_______- percent__| 3a|45b|43b | 43 b 

and the average severity of the pitting increased _ New York City---do.---| 30 a | 65 b 7b | 73b 

following irradiation, and all radiation doses had eee ae eating oom Bailes all toee 

the same effect. Pitting increased with time, but New Works City... -dou...|le9-a;|2.2 bl2-2.b.|/ 222) 

increased at a uniform rate among all the samples 
(appendix, table 39). 

Exposure to 150 krad significantly increased the 

number of soft fruits in the lots shipped to New 

York. The percentages of oranges that were no- 
ticeably soft were as follows: 

1 Any 2 means on a given line not followed by the same 

letter are significantly different from each other at the 

1-percent level. 
2 Rating scale: 1=slight; 2=moderate; 3=severe. 

In the laboratory tests, oranges were inoculated 

paation: haat with spores of P. digitatum harvested from colonies 

BO bad 2. |S erown on potato-dextrose agar. Inoculation was 
MOOMGaG 2 Sooo se sec cee aes 8 achieved by cutting the peel of the fruits to a depth 

150 krad_-------------------- 13 of 1 to 2 mm. with a circular saw whose blade 

However, bruising during shipment was not greater 

following irradiation. In the Chicago test, in- 

creased softening was not observed. Irradiated 

oranges shipped to New York, especially those 

exposed to 150 krad, had a poorer flavor than 

passed through a suspension of about 500 million 

spores in 100 milliliters of water. Two longi- 

tudinal cuts were made on opposite sides of each 

orange. Samples of 20 fruits each were packed 

in vented polyethylene bags after inoculation. 
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In the first test, the oranges were held at 70° F. 
for 24 or 48 hours after inoculation, and then were 
irradiated with 0, 50, 100, 150, or 200 krad. They 
were subsequently held for 5 days at 37° plus 2 or 
5 days at 65° before examination. 

In the second test, one set of samples was 
irradiated immediately after inoculation, and a 
second set was inoculated, held 24 hours at 70° F., 
and then irradiated. Radiation doses were the 
same as above. Following irradiation, the fruits 
were held at 37° for 7 days plus 1, 2, and 3 days at 
70°. All of the fruits were examined after each of 
these 70° holding periods. Included in this test 
was a set of samples that were not inoculated but 
which were wetted with tap water before 
irradiation. 

A chi-square test of independence made on the 
decay data showed that the two inoculations made 
on each orange behaved independently. There- 
fore, each sample consisted of 40 observations on 
20 fruits. 

The time that elapsed between inoculation and 

U.S. DEPARTMENT OF AGRICULTURE 

irradiation had a striking influence on the effect of 
radiation (table 27). Irradiation immediately 
after inoculation greatly reduced decay; 100 krad 
retarded and 150 krad prevented its development. 
When irradiation was delayed for 24 hours after 
inoculation, 100 krad had no significant effect on 
decay, and 150 or 200 krad only retarded it. <A 
delay of 48 hours was no more detrimental than 
one of 24 hours. Radiation was much more 
effective on spores than on established infections 
of P. digitatum. 

Increased rind pitting followed irradiation in 
beth inoculation tests. In the second test, after 
3 days at 65° to 70° F., pitting on oranges that 
were irradiated while wet was compared with 
pitting on an inoculated lot of fruits that had been 
irradiated while dry. Although the inoculated 
fruits in the 0- and 50-krad samples were com- 
pletely decayed by this time, the remaining fruits 
showed that irradiation of oranges while wet 
affected neither the incidence nor severity of the 
pitting (table 28). 

TABLE 27.—Decay of Washington navel oranges as a function of radiation dose, storage temperature and 
time, and time between Penicillium digitatum inoculation and irradiation ! 

Time when irradiated and length of storage at 37° F. and of 0 krad 50 krad 100 krad | 150 krad | 200 krad 
holding at 65° to 70° 

IRRADIATED IMMEDIATELY AFTER 
INOCULATION 

Stored 7 days and— Percent Percent Percent Percent Percent 
15 (2) Gh ICT eee se ee ca 98 70 0 0 5 
UE) (OPA (6 Fe foes ae Speman Ie ak 100 98 8 0 8 
Hel de sidaiy se ees eee a ey ae a reece er 100 98 43 0 8 

IRRADIATED 24 HOURS AFTER INOCULATION 

Stored 5 days and— 

Eleldioidaivest72 26 2 Aes oo eee fe ce ee 100 93 78 40 8 
Heldeh days: 225s. ahaa a re eee eS 100 98 98 93 68 

Stored 7 days and— 

Gland ay toe ee ee oe oes ao A ee eee ee 100 95 98 40 45 
Redo ses abate tte eet he as leek eee testes Phas 100 100 100 85 68 
leldig da ysec- 420 eee] ee ene ee 100 100 100 100 90 

IRRADIATED 48 HOURS AFTER INOCULATION 

Stored 5 days and— 

Held) 2 days cee" ace sce Saale one ee 95 78 58 13 8 
Field: Stdayse «ects ta uel 2. ee ee ee 98 100 98 95 68 

_ } Means on a given line that are underlined once are significantly different from the control at the 1-percent level by 
chi-square analysis; means underlined twice are significantly different at the 0.1-percent level. 
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TABLE 28.—Incidence and severity of rind pittin g of 
Washington navel oranges as a function of radi- 
ation dose and presence of water on the fruits 
during irradiation 

Criteria and condition 0 50 | 100! 150 | 200 
when irradiated krad | krad | krad| krad| krad 

Incidence: 
Diy eee percents =|5225|52-=5 50 | 65 70 
Wietiee cet sen ao doses) 15 40 65 80 65 

Severity: ! 
Diyos es ete rating _/----_|-2=.. 15) 1.6 129 
Wietieo see one, dorsal Me a 3 es 1.9 

1 Rating scale: 1=slight; 2= moderate; 3=severe. 

Apples 

Yellow Newtown apples are susceptible to 
internal browning when stored at temperatures 
below 40° F. Since it has been reported (6) that 
radiation reduced ‘core flush,” an internal brown- 
ing disorder of McIntosh apples, an experiment 
was conducted to learn whether or not radiation 
would reduce internal browning of Yellow New- 
town apples during storage. 

Apples were packed in paper bags (20 fruits per 
sample); irradiated with 0, 75, 100, 125, and 150 
krad; and stored at 32° or 41° F. in either ambient 
air or modified atmosphere. For modified atmos- 
phere storage, the samples were sealed in poly- 
ethylene liners, one sample from each dose level 
per liner; the atmosphere in these liners stabilized 
at about 6 percent CO, and 13 percent O, at 32°, 
and at 4 percent CO, and 14 percent O, at 41°. 
The apples were stored for 3, 4%, or 6 months before 
examination. Also included in the test was one 
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set of samples that were irradiated after wetting with tap water; these apples were stored in poly- ethylene bags for 4% months at 41° before exami- 
nation. 

Radiation did not affect the occurrence of in- 
ternal browning, core browning, or decay of the 
apples during storage (table 29). Internal brown- 
ing occurred only at 32° F., was slightly worse in 
modified atmospheres than in air, and increased 
as storage time lengthened, but its occurrence was 
not affected by radiation (appendix, table 40). 
Core browning occurred at both 32° and 41°, but 
was much worse at 32°; it increased as storage time 
lengthened, and was slightly more severe in air 
than in modified atmospheres. Decay, which was 
caused primarily by Botrytis and Penicillium 
species, increased as storage time lengthened and 
was slightly more severe at 41° than at 32°. 

The apples were only slightly softened by the ir- 
radiation process itself, but the irradiated fruits 
generally softened more rapidly during storage 
than the controls (table 30). Radiation-induced 
softening was quite severe in modified atmos- 
pheres, especially at 32° F. However, the soften- 
ing was of much less consequence in apples stored 
in air; in fact, at 32° the irradiated fruits were 
firmer than the controls. These data for air 
storage undoubtedly were influenced by moisture 
loss as well as by softening, for radiation greatly 
increased shriveling of the apples in air storage 
(table 31). Although more fruits exhibited shrivel- 
ing at 41° than at 32°, the severity of shriveling was 
much worse at 32° due to a lower humidity in this 
storage room than in the 41° room. The greater 
loss of moisture during storage in air following 
irradiation probably accounted for the significant 
interaction of radiation and storage atmosphere on 
firmness (appendix, table 40). 

TaBLE 29.—Internal browning, core browning, and decay of Yellow Newtown apples during storage, as a 
function of radiation dose ' 

Disorder 0 krad 75 krad 100 krad 125 krad 150 krad 

i i By k Internal browning__________________- rating ?__ 321 3.2 Sol 3.2 
Core browning. _________________---- percent _- 45 47 a be ae 
Incidence of decay____________________- deen 28 30 Fe a5 
Severity of decay___________________- rating 3__ 1.5 13 1.3 ; : 

1 No difference between means on a given line is sta- 2Scale: l1=none; 2=trace; 3=slight; 4—=moderate; 
tistically significant at the 5-percent level. . 

Decay and core browning occurred at both 32 and 41 
F., while internal browning occurred at only 32°. 

5=severe. 
3 Seale: 1=slight; 2= moderate; 3=severe. 
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Tas_eE 30.—Firmness of Yellow Newtown apples as a function of radiation dose, storage atmosphere, 
temperature, and time ! 

Storage atmosphere, temperature, and time 0 krad 75 krad | 100 krad | 125 krad | 150 krad 

Pounds Pounds Pounds Pounds Pounds 
IN O:StOlage ses aoe ons oe aa See ee ee eee 20 20 20 19 

Air storage at— 
32°: 

SisTN OMG See ee ee ee ee Sr ee ee 15 a 16 a le (ata) 16 a 16 a 
ASD eMONthS = See wee eee ee eee 13 a 15a 15 a 15 a 15a 
Ganon ths ee ee ee eee 13 a 15 a l6a 15 a 15 a 

AVelPage.2 oe. 2 Seles Sse ee eae eee 14 a 15 b 16 b 15 b 15 b 
41° 

Bi dao) a fas y ga = ey ee ae eh 13 a 13 a 12a, 13 a 13 a 
A SENTING ERS ees a =r ee eee 13 a 13 a 12a; 12 a 123 
Gamnonths: es" ee eee ee eee 14a 13a 13 a 12 a 12 a 

Averages. 2-0-2 = eee ee ee eee 13 a 13 a 12 b 12 b 12 b 

Modified atmosphere storage at 2— 
2 an 

F300 0009 1 asf a oe ee ey a ee 18 a 17 a 16 a ay 16 a 
4-5\MOnUNS 22s. 2eeeeas-o. Gas sewaeeee een eee ae 17 a 15 ab 14 ab 13 ab 13ebi # 
GemMonths Bae ee ek ee ee ee eee eee 19 a 15 b 14 be 12 be lle 

AV CLE Pe = ee eee See eee Seas oes ee eee 18 a 16 b T5scC 14d 13d 
41°F 

RTL OTL GIS Hee ore tee te ae eee Rr ch pee 16a 16 a 14a 14a 14a 
ADF MONtNS: sae esas = Sete ee ee ee eee ea 14a 13°a 1372) 13 a 12 a 
GTO TAG 11S ea ee ee re ra ee ee ee aNSyie Vb5ma ra: 14a 13 a 

AV. CTA 0 Care eee een ee oe ee Sea 15a 15a 14 b 14 b 13 b 

1 Magness-Taylor pressure tester with %.-inch plunger. 
Any 2 means on a given line not followed by the same 

letter are significantly different from each other at the 
1-percent level. 

TABLE 31.—Shriveling of Yellow Newtown apples as 
a function of radiation dose and storage temperature ' 

Storage 0 75 100 125 150 
temperature krad krad krad krad krad 

Percent|Percent|Percent|Percent|Percent 

2 Atmospheres in the sealed liners stabilized at about 6 
percent CO, and 13 percent O; at 32° F., and at 4 percent 
CO, and 14 percent O, at 41°. 

flesh was tested with a Magness-Taylor pressure 
tester, using a %.-inch plunger. 

In the first test, all radiation doses reduced the 
rate of fruit softening (table 32). During the 

TaBLE 32.—Firmness of Fuerte avocados, as a func- 
tion of radiation dose and ripening time at 70° F. 

SYA Ie eee a | 28 ab 43 b 48 b 53 b 
41S he: Ss 35 a | 53 ab 78 b 70 b 78 b Ripening time 0 50 100 150 200 

krad krad krad krad krad 

1 Any 2 means on a line not followed by the same letter he) | Sine ees | he 
are significantly different from each other at the 1-percent Test 1: Pounds| Pounds| Pounds| Pounds| Pounds 

level. 2 days_____- 13 a | 23 ab | 25 b | 24 ab 20 ab 
: ‘ ; il 

The irradiated fruits seemed sweeter than the el aaa a . A a a ab as b 15 ab 
controls, but they lacked the characteristic varietal Sidays_ tase 3.a.| 7ab-|) 7 abil Tipp 17 b 
flavor which developed in the controls. Average.--| 8a|14b |16b | 18b | 17b 

Apples irradiated while wet responded the same | | | | 
as those irradiated while dry. 0 10 20 30 40 

krad | krad krad | krad krad 

. 2 days==s2—= 16 ab 9a |17 ab} 21 b 15 ab 
In tests with Fuerte avocados, samples of 36 adaysooso== l4a 3b}| Tab) 7ab|/ 9 ab 

fruits were irradiated and held for 5 days at 45° OCEN SSS oo Bf) se ig Wel) 2) Hee 
F. before ripening at 70° for 2, 4, 6 8d SSB aac Zoe od ee a8 ate : Ipening a or 4, 4, 0, OF ays. Average___| 10 a 5 by} ‘8:abu| elk a 9a 
Doses of 0, 50, 100, 150, and 200 krad were used 
in one test, and 0, 10, 20, 30, and 40 krad in a 
second test. Nine fruits were examined after 
each ripening period, and the firmness of the 

1 Any 2 means on a given line not followed by the same 
letter are significantly different from each other at the 
1-percent level. 
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8-day ripening period, fruits exposed to 150 or 
200 krad softened slightly, those exposed to 50 
to 100 krad softened moderately, and those not 
irradiated softened to a buttery consistency. 
However, at each examination all of the irradiated 
avocados showed severe internal discoloration. 
The vascular strands were brown and the flesh 
was gray, and the discolorations rapidly worsened 
after the fruits were cut. In addition, the skin 
of the irradiated fruits became black during the 
ripening period; this was noticeable following 50 
krad and was severe following 100 to 200 krad. 

In the second test, lower doses were used to 
learn whether or not they would retard softening 
without causing discoloration. Doses of 10 to 
40 krad did not retard softening (table 32). In 
fact, avocados exposed to 10 krad softened more 
rapidly than the controls. Furthermore, all doses 
caused browning of the vascular strands in the 
fruits. Flesh discoloration was severe following 
20 to 40 krad, but not after 10 krad. Slight 
par cening of the skin resulted from 20 to 40 

ad. 
These results are very similiar to unpublished 

data of Beraha (personal correspondendence) * for 
irradiation of Walden, Booth 8, and Lulu avocados 
from Florida. 

Olives 
Decay is sometimes a problem during cross- 

country shipment of fresh green olives. Duplicate 
samples (3.5 kilograms per sample) of Large and 
Jumbo Barouni olives were exposed to 0, 100, 200, 
300, or 400 krad. Following irradiation, 20 

5 L. Beraha, Market Quality Research Division, Agri- 
cultural Research Service, Chicago, Ill. 

Jumbo-sized fruits from each dose level were 
tested with a Magness-Taylor pressure tester, 
using a %6-inch plunger; the remainders of the 
samples were stored at 50° F. for 2 or 4 weeks be- 
fore examination. 

Olives were softened by radiation and were 
made more susceptible to decay during storage 
(table 33). Decay was caused primarily by 
Cladosporium and Aspergillus species following 
200 or 300 krad, and almost entirely by Clado- 
sporium following 400 krad. — 

Radiation caused external and internal dis- 
coloration of the fruits. All doses caused external 
yellowing, and 200 or 300 krad stimulated red- 
dening both externally and internally, especially 
of the Jumbos. Following 400 krad. the skin of 
the olives became brown. Internal discoloration 
was moderate following 200 krad and severe 
following 300 or 400 krad, and it was worse in the 
Jumbo than in the Large olives. 

TABLE 33.—Firmness and decay of Barouni olives 
as a function of radiation dose and storage time } 

| | 
| 

200 | 300 | 400 
krad | krad | krad | krad | krad 

Criteria and storage time | 0 100 
at 50° F. 

Firmness; no storage 
pounds__| 17 15 14 12 12 

Decay: | 
2 weeks’ storage 

percent __ 1 2 8 30 23 

4 weeks’ storage_do____ C 8 23 54 92 

1 Means on a given line that are underlined are signifi- 
cantly different from the control at the 0.1-percent level 
by chi-square analysis. 

DISCUSSION 

Of the 11 kinds of fruits that were irradiated, 
only strawberries and Mission and Calimyrna figs 
gained significant extension of market life without 
impairment of quality of the fruits as a result of 
irradiation. The shelf life of these fruits was 
extended by several days through reduction of 
decay. Low populations of the brown rot orga- 
nism on peaches and nectarines were controlled 
by radiation, but even low doses caused some 
softening of the fruits. Higher populations of 
brown rot organism require higher doses for 
control (12), and it remains to be determined how 
much control can be provided without seriously 
injuring the fruits. Radiation reduced decay of 
grapes, but the reduction was no more than that 
obtained by standard control methods and it was 
accompanied by a marked softening and change 
in texture of the fruits. 

Radiation increased the susceptibility of some 
fruits to certain decay organisms. Clado- 
sporitum was much more prevalent on irradiated 
than on nonirradiated grapes and strawberries. 
Rhizopus rot on Cardinal peaches was increased 
by radiation, apparently resulting from radiation 
injury to the skin of the fruits. Irradiation of 
olives resulted in greatly increased decay by 
Cladosporium and Aspergillus species. Similar 
results have been noted by others (10, 14), and 
have been attributed at least in part to increased 
permeability of tissues following irradiation (11). 

Ripening of Bartlett pears was inhibited by 
radiation, and this inhibition could be used to 
extend the shelf life of the fruits by several days. 
However, inhibition by doses of 100 and 200 
krad rapidly diminished during storage of the 
fruits at 32° F., and even these doses resulted in 
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blotchy ripening, mealy texture, and poor flavor. 
Perhaps the most damaging effect of radiation 

on fruits is the failure of the fruits to develop their 
characteristic flavor during ripening. An actual 
loss of flavor following irradiation of ripe fruits 
was noticed only with oranges. However, radia- 
tion prevented normal flaver development during 
subsequent ripening of peaches, nectarines, plums, 
pears, and apples. Radiation did not reduce 
sweetness; in fact, irradiated apples were notice- 
ably sweeter than the controls, and irradiated 
Santa Rosa, Eldorado, and Laroda plums con- 
tained a higher soluble solids concentration than 
the controls. What was missing was the subtle, 
characteristic flavor for which fresh fruits are 
prized. Any use of radiation must be restricted 
to doses that will not impair the flavor of the 
fruits. 

During these tests, irradiated fruits frequently 
were found to be softer than the controls. Many 
fruits soften during the irradiation process (2, 16). 
In our tests, peaches, pears, apples, and olives 
were sampled shortly after irradiation; of these, 
only apples were not markedly softened during 
treatment. Such softening could increase bruising 
of some fruits during transit and marketing. Al- 
though radiation did not increase bruising of 
grapes or oranges in the shipping tests reported 
here, these fruits are not very bruise-susceptible. 
Radiation also influenced the rate of softening 
during the holding periods. Irradiated plums and 
apples softened more rapidly than the controls 
during storage and ripening. However, irradiated 
Late Le Grand nectarines and Bartlett pears 
softened more slowly than the controls during 
ripening. The effect of radiation on softening of 
avocados depended on the dose applied—10 krad 
increased softening, 20 to 40 krad had no effect, 
and 50 to 200 krad reduced the rate of softening. 
There was, therefore, no consistent pattern to the 
softening effect of radiation on fruits. 

The effect of radiation on color development 
during ripening was also variable. The red blush 
of peaches and nectarines was enhanced by radia- 
tion, and formation of red color on and in olives was 
stimulated. Development of blue color on Laroda 
and Eldorado plums was inhibited by radiation, 

and on Santa Rosa plums it was prevented. The 
change of ground color from green to yellow oc- 
curred more quickly following irradiation of 
peaches, nectarines, and olives, but occurred more 
slowly following irradiation of pears. 

The diversity of the responses suggests that 
they were influenced by many factors. One 
source of variation was inherent varietal dif- 
ferences. Individual varieties of peaches and figs 
responded quite differently, but variety was not a 
differentiating factor in tests with nectarines, 
plums, strawberries, and grapes. Another source 
of variation was the condition of the fruits when 
irradiated. Moisture on the fruits during irradia- 
tion caused spotting of the skin of peaches but did 
not affect oranges or apples. Radiation intensified 
a spotting disorder on oranges that had begun in 
the field. Pears (8) and tomatoes (7) of widely 
different maturities have been shown to respond 
differently to radiation. In our tests, however, 
peaches, nectarines, plums, and figs were separated 
into the different maturities included in com- 
mercial harvests, and the effects of radiation were 
the same within this range of maturities. 

The stage of growth of the pathogens on the 
fruits also affected the radiation response; spores 
of Penicillium on oranges were controlled, but 
established infections of the same organism were 
not. 

The material in which fruits were packed also 
altered results. Packaging fruits in polyethylene 
rather than paper bags reduced moisture loss, 
which often was greater following irradiation, and 
thus also affected shriveling, firmness, and sugar 
concentration. 

Irradiation of fresh fruit does not appear to 
have broad commercial applications. The only 
crop that has consistently responded well to radi- 
ation is strawberries. The promising results with 
figs are tempered by the small size of the fresh 
fig industry. Use of radiation to control brown 
rot of stone fruits needs further evaluation under 
a wide range of environmental conditions. Under 
certain conditions other fruits might benefit from 
radiation, but potential injury to the fruits will 
impose severe restrictions on radiation usage. 
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APPENDIX 

TaBiE 34.—Peaches: Statistical significance of the effects of radiation, fruit maturity, packaging material, 
storage time and temperature, and of certain vnteractions of these factors on 5 quality criteria | 

Criteria and variety Radiation | Maturity | Packaging] Storage RxM REX, RxS 
(R) (M) (P) (S) 

DECAY 
Cardin ea eee ee eee (**) (GES) | See ease n.s TES 37) | EARS SRE SSR eine, 
iE bertaas 26 oe See ae See (**) nS. n.s n.s (**) n.s n.s 
lalloweensess 2 es sees 2-2 ae eee (**) (*) n.s n.s n.s n.s n.s 

WEIGHT LOSS 

LR M=Yo la (0) oe yee a ee ee a ee (**) Soy |e (¥*) NS eee ees (*) 
SUNCKCS bee aes eee nee ee ee nS. n.s. (**) (**) ns. n.s. N.S. 
Menta e sersa= 256 sate eee ee (¥*) n.s *#) n.S n.S (*) (*) 
ialloweenees= == aes an 2 eee (*) n.s (¥*) (*) n.s n.s n.s 

FIRMNESS 
Cardin aa wee *) MEGes |e ae * MSs ese = es n.s. 
Ried slobemes ane = ee oes oe ge aye (*¥*) (S)o bse eae ae (**) TiS}, |S ees n.s. 
SUN CheS (epee eee ee ee n.s (**) n.s (**) n.s ns n.s 
TDM eyes res © ee ee ee gee a (**) n.s sherk n.s n.s (*) (*) 
Mialloweenes a2 eae = es eee (*) n.s (**) (*) n.s n.s ns. 

GROUND COLOR 

Ried clobessaes san. see poe eee (¥*) S25) ey ee cht NS aes eee (**) 
RID Er tae Sera se ener eas nS. (**) n.s. (**) n.s. n.s. n.s. 
IEfalloweenaseem ae se am eee eer (**) (**) (**) n.s n.s n.s (*) 

RED COLOR 
Red globee 28 beset e esos ees = (**) (C53) Ve [aoe em ns. Ness alae ees nS. 
lbertaeie ssa es a eee n.s (**) n.s (**) n.s n.s n.s 
Eta Ow.ee nea os eee See (52) (**) (**) n.s n.s n.s (*) 

1 The level of statistical significance is denoted as follows: 
n.s.=no significance. 

*= significance at the 5-percent level. 
**— significance at the 1-percent level. 

TaBLE 35.—Nectarines: Statistical significance of the effects of radiation, waxing, fruit maturity, storage 
time and temperature, and certain interactions of these factors on specified quality criteria } 

Variety and criteria Radiation | Waxing | Maturity | Storage Rx W RxM RxS8 
(R) (W) (M) (S) 

LATE LE GRAND 

Weight loss_______..-____________-_ (*) cats)) el |e =e Tse |e ae n.s 
IER NESS sees ere ee er (**) (CES) |S ees (**) Mesh |e eee (*) 
IREGIC OO ree ent eee ene rn s (GE) | Se eee s (CB AN Ses zee n.s 
Ground color____--.---________-_- **) (ce) ee | ree ee (**) TSS oe eee n.s 
CCAY 2 eee nee oe ae ee eee (G23) 1 || eee al ee (Bus (cee @ eS ae | ee Re ee n.s 

SUN GRAND 

Wieightlossi22 22. see se eee eee (i | eee (*) (5) | ee n.s. n.S. 
Hinminessie =e see eee ee eee TOES 395) | eee eee (**) (C525) i | eee eee nS. ns. 

1 The level of statistical significance is denoted as follows: 
n.s.=no significance. 

*=significance at the 5-percent level. 
**— significance at the 1-percent level. 
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TABLE 36.—Plums: Statistical significance of the effects of radiation, initial color, specific gravity, storage time and temperature, and certain interactions of these factors on 4 quality criteria} 

Gre ainarite edie Tal Specific | Storage | Ripen- 
iety ion color | gravity at ingat | RxC|RxG/]RxS | RxT ®) | © |" | 34° R. | 59°F. i ‘ : 

(S) (T) 

FIRMNESS 

Santa Rosa, Test 1__--_________ (5) EE jl eee ae ek 
Santa Rosa, Test 2__-__________ (**) ae (FR) | (RR) te tee eee (*) Ey 
Santa Rosa, Test 3__-__________ (**) n.s. (5)i |S eeoess (** ons. n.s. n.s 
Eldorado MES Sep Sa eee GES) |S n.s (*) Gat) un eee eee es ns, (RR) ae 
Wicksonese sa tee 2h we ee *) ct) an | eee n.s ok TSo, |e s n.s ARO Sewie sheen nue Sees ok (#*) (**) (**) (**) (#*) ns ns. | (**) (**) 

SOLUBLE SOLIDS 

Santa Rosa, Test 1_____________ (#*) ht) I | eee aa | eee * Santa Rosa, Test 2.--__________ (*) oe (**) (#*) (4) ed aera Gee ns. a 
Santa Rosa, Test 3__-_---_-____ n.s. (**) (a | See (*A) | ons. ns. : (#*) 
MlderadO60 9-222 l. ec. os eon (RR) | (**) s.| (**) | - ns.| ns. ns 
Wackson= 2853 2200 e 2k ee see n.s. TA Seal eee (**) 11.8: Nes |2 eee n.s. ns; 
Waroddes a4) ese be 8 (*) (**) (*) (*) n.s. n.s. mis: (*) (3) 

COLOR 

Santa Rosa, Test 2_____________ (t5)0 See e a ee ok n.s. stu) || |e .S. is .S. Bildorados fees 22-2 ea en (25); Pees. te (**) (es) ST} oats | a |e 
Watodaes 228 22 28 oe eee eae (#*) (¥*) (**) n.s. (#*) N.S. n.S. N.S: (**) 

INTERNAL BREAKDOWN 2 

Santa Rosa, Test 2__-_.________ (GE) a | eer clone ee 3 es) | |e eee | eee ear) (EF) Eldorado_.._.._______________. Geta ed nn eK ee) ll te ##K) (**) 
Wiicksones ste eo (GEES) a ee ee otic) | ese ee r* 6) (CER) eee tee |e (FF*) n.s 
PATO Gala eto oe Se (F"%) (***) (#**) (4) JipL Leek (*) hee | fee ee (ee ee 

1 The level of statistical significance is denoted as follows: 2 These data were analyzed using the chi-square con- 
n.s.=no significance. tingency table method. 

*=significance at the 5-percent level. 3 Breakdown occurred only after 4 and 6 weeks of storage. 
**— significance at the 1-percent level. 4 Breakdown was found only at the final examination. 

*** — significance at the 0.1-percent level. 

TaBLE 37.—Pears: Analyses of variance of color and firmness 

Color Firmness 
Degrees 

Source of 
freedom Mean Signifi- Mean Signifi- 

square cance ! square cance ! 

So (al ae ee ee he hs Se de a ee SES Ohi | hee Sees Sten eee vee eee te | eee 

UAC AIO Neng mer teeny. on life Ripe T slate 4 4.97 sat 76. 06 ES) 
tH thy lene seas sen ae te a oO ee ee 1 32 ok 1. 06 s 
SbOnAg Cre Uso 2 geese weno eee pee ee ee 2 2. 80 ee 4. 39 ee 
Ripening atroQs whe. 26 ae oe eee eeepc ook eenene aoe 2 6. 56 (**) 73. 34 (**) 
Radiation x Ethylene... .2.2....--.2--.-25--.-------- 4 03 n.s. . 81 s 
Radiation x Storage. _____._._--.._--..-----.=---------- 8 Ai: ey 3. 63 sah 
Radiation x Ripening______________________-__--------- 8 15 (**) 4. 20 (¥*) 
Storage x Ethylene______________________-__------------- 2 04 n.s . 38 n.s 
SLOPAGeXPRANenin ps sa Se eye Pee 4 71 C55) 9. 53 it 
Wthylene=xwRipening= 22... 222255222 eee see e nese 2 zit (*) 2. 82 Gs) 
EEO ee ee Beene a oe eh eee tae 52 03 ease es FAT os ee ee 

1 The level of statistical significance is denoted as follows: 
n.s.=no significance. 

*— significance at the 5-percent level. 
** — significance at the 1-percent level. 
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TABLE 38.—Strawberries: Analysis of variance of decay 

Source Degrees of | Mean square | Significance ! 
freedom 

Totale ew@ oe ae sbi eee ae oe se seen ne Seer a eee eee 210s) 7 it SoS ee ee eee 
Replicationsies0.2 22 2o5.5=- 6 =e eee eee a ee ee ee 2 2, 105. 2 (**) 
Treatments 2. 2+ 32 So nae oe ee eet eee cena oe eas ee eens esas 71 894. 1 (**) 

RAGIAtIONSSee = ae ae oe See en eee ee eee ee eee 3 7, 852.3 (7e*) 
EET eee elie ES REIS, ARE Re Reaiice Neca AN ee SR ee 2 1, 194.1 (**) 

Shastaivs ZOAS= 2222 ee oe Se ee ee ese eee ee See 1 2,310.8 (**) 
Z5A from ditterent- areas. = 2 22-22-22 32222 ee See ee 1 77.4 n.s 

Simulated) transit. .-= = =42 52.2252 0025 S222 cee ne cee eae ae eee 2 7, 689. 6 (*) 
Simulatedsretalll period! 22 2222=222— 4 sence ee ee sae e ae oa eee eee 1 3, 271.3 (**) 
Ra diationex, (hans) bs a2. ae ee ee ee ee ee ee eee 6 2, 044. 2 GS) 
Radiation -x retail, period=-< = 2-22. 22.0 222 See eee eee ee eee 3 646. 3 (**) 
Otherinteractionss] 22-2 === ae = er a ee ee 54 109.7 n.s 

PEAGTET CO Te ot ee se pra Ay oe Bec ype ee ea 142 1 VAY fia ee ee 

1 The level of statistical significance is denoted as follows: 
n.s.=no significance. 
** — significance at the 1-percent level. 

TaBLE 39.—Washington navel oranges: Analyses of variance of the incidence and average severity of 
rind pitting 

Incidence Severity 
Source Degrees of 

freedom 
Mean square |Significance !/ Mean square | Significance ! 

if Lo) 2) Eee a oat a Bee Rn RE TS RS a AE ea oll Avene Nee 2 <2 2s eee eee een | ee ee eee |e ae 

Radia tions (R) pe ae ee ae 3 491.9 (**) 1.03 * 
Examinations (E)...........-----_._-----___- 3 61.1 (**) .14 (*) 
WD eStin a tlON y= = ee ee ee 1 820. 1 (*) 2.69 (¥*) 
TERESA oes oe Fea ae tents en me eS ee 9 8.2 n.s . 04 ns 
TT OL ee ee ce ee ee eee ee ae 15 OFS 4|Reaee eee eee (17 59 ee eee ee 

1 The level of statistical significance is denoted as follows: 
n.s.=no significance. 

*= significance at the 5-percent level. 
**— significance at the 1-percent level. 
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TaBLE 40.—Yellow Newtown apples: Statistical significance of the effect of radiation, storage conditions, 
and certain interactions of these factors on 6 quality criteria ! 

Criteria 

Incidence of decay____------------ 
Severity of decay__---._---.------- 
HiTMNeSShas eee ee sa ee 
Internal browning----------------- 
Core: browning... ---.--------=----- 
Shrivelings: 22.25.2522 st. 5o5es005. 

Radiation 
R) Time (S) 

n.s. (**) 
n.s. (**) 

(#*) (*#) 

n.s. **) 
n.s. (**) 

(**) (**) 

Storage 

RxS8 
Tempera- | Atmos- 
ture (T) | phere (A) 

n.s n.s n.s 
*) n.s n.s 

CS) (*) n.s 
Bee bes (**) n.S 

**) (*) n.s 

(GA): Wee eee | Soe 

Rx Tt RxA 

n.s n.s. 
D.s n.s. 
n.s (**) 

Re eye n.s 
n.s n.s 

1 The level of statistical significance is denoted as follows: 
n.s.=no significance. 

*=significance at the 5-percent level. 
** — significance at the 1-percent level. 
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