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SUMBARY

The irradiation tests for onion conductecd for several years
in Hungary have already attained farm-level application.

The operation in 1979 of the irradiating ecuipment
installed at the Agricultural “Ré&kéczi” Production Cooperative,
and presently the assessment of storage losses in 198C have
justified the economic value of the method on a large scale.

The materials handling system modified on basis of
experiences attained during the previous years proved to be
feasible without leaves or short leaves irradiated in
September 1930. The onion harvested by the new technique presented
problems, because the onion was not completely freed from weeds
and the foliage was not romoved and therefors the flow by
gravity of the crop in the equipment was hamperecd and it stopped in
its motion.

In the knowledge of the imputs /Tables 1 and 2/ it has
become clear that this treatment could turn out to be economi-~

cally profitable only if the equipment had a sufficient capacity
or throughput., A good manpower and operation management could
results in an at least 80U ¥ capacity usage, and in this case,
the combined costs of the treatment will not exceed 10 | of

the current purchase price /3,20 Ft. /kqg./.

The experiments and tests proved that irradiation reduced
storage losses, but the occurring losses were Tound to be
depending on the initial quality.

The texture and density greatly affecting the
marketing quality of the treated meterial was better than the
untrecated one under the effect of irradiation, In the spring
months, a significantly greater force /P ==99.9 ,/ was
required to compress irradiated samples than untreated ones
/Table 2/, Density, which is a Tunction of .| texture was
also significantly diffcerent /P 99,9 !/ in favour of the irra-
diated sample /Table 6/. The investication of interdependence

between sprout inhibition, texture . and density also

indicated that irradiation over the period of storoue nroootaod




a favourable alteration of these features /Tables 7 and 2./

The disputed internal discoloration caused by irradia-
tion was shown to be exaggerated by our tests in comparison Co
previous experiments conducted abroad /Table 5/. The quality was
imppoved by the treatment because the discoloration of the fLop !
was minimal, whereas in the untreated onion, a vigorous altcra-
tio in colour was experienced, parallel with the inner bud
growth /Table 5 and Figqures 11 and 13./.

The favourable cualitative effcct of radiation treatoont
was also confirmed by the HUNGARGFRUCT Conpany,

Summing up, it may be stated that irradiation, in
addition to reduced storage losses, positively affects the
quality of treated sanples in the spring period, as compared
to untreated batches.

Based on experiments thus far, it is considered necessary
to repeat the investigations in 1980G-81 in the fTramework of
carefully prepared plans, before application on farm-level.




INTRODUCTION

Subsequent to the storagec experiments in 1980-81 and
their assessment, it appeared necessary to undertake recpeated
irradiation and storage tests on a partly farm-scale applica-
tion at Rakéczifalva, A

This was justified by the production cooperative having
altered its harwrsting technology; i.e mechanically picked
onion without lgaf removal was delivered for storage,

Onion with leaves harvest is also applied in the
Netherlands, but there the lenght of lqués never exceeds
60-70 mm, The repecated radiation experment was conceived to
to allow the colilection of data on storage losses in case
of onion harvested by large scale methods,

But the original objective had to he modif'ied for the
irradiation experiment scheduled for the fall of 19807, becausec
the onion harvested with leaves failed to pass through the
irradiating device hy its gyavity..Besides the whole lcaf
aspect, the problem was still enhanced by the material to be
radiated being greatly polluted with weeds and carth clots.
Thus, upon unloading from the transport tiltinc-type vehicle,
the onion fell in onec block into the hopper ¢f the receiving
part of the irradiator device.

Due to the above indicated problems, the irradiation and
storage of the envisaged 1000 tons of onion werec not undertaken,
and experiments in the period 1980-81 were rcpratadly performed
with manually defoliated and hagged onion. This resulted in
only about 15C¢ tons of onion being radiation-treated.




1, MATERIALS AND METHODS

1.1. Experimental material

For the experiment, the "R&kéczi® agricultural producti-
on cooperative provided seed grown onion of thc "Als6g6di”
variety.

The onion selected for radiation treatment was manualliy \
. picked and the leaves was cut the material was then delivered
for irradiation, packaged in bags of 20~25 kgs,

In the first week of September the weather was rainy over
the production area, which delayed the harvest and the radia-
tion treatment.

According to certificates of the cooperative and the
capacity measurements 150 Mg onion were irradiated and stored.
In the same conditions as for the treated onion, another lot
of 150 mg onion were also put in store.

1.2. Irradiation

The 150 Mg seed grown onion were readiation treated
from lst. September 1980 to 19th. September, with a prototype
onion irradiator device designed and installed by the Isotope
Institute of the Hungarian Academy of Sciences. In accordance
with experiences from 1979, certain modifications werec nade on
the iradiator and on its loading and unloading sectinn.

The onion arriving in sacks was first dumped into an
ELG-6 type mobile hopper, from which it was forwarded into
the irradiator device by means of a 12 m long ribbed conveyor
belt.

The radiation device was also modified on the basis
of findings from operations in the preceding years.
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Its purpose:

Since the irradiation equipment is installed in the oper
air, the following safety technoque installations were applied
in order to prevent access by unauthorized persons, to




permanently control protection efficiency, to rule out
by radiation, and to adjust and control radiation te

ccidents

nological
parameters,

Its major components:

1, safe distance and protection agains¥ intrusion by

unauthorized persons by wire fence and closegble iron gate.

2, System of signal lamps with re
at four points of the fence in such a wa

and green light located
as to render the
light signals visible along the entire/circumierence of the
irradiator, .
3, Safety lifter and operaidng automatic system located
outside the wire fence. '
4, Level dindicating gamy
on the container loading plag

inside the wire fence.

relay with Gk-tube mounted
T of the irradiator device,

5, Protective grouffding against lightning, connected to

the lightning conductor gfstem of the onion storage facility.

The automatic
at low voltage /24 V/

ntrol and signal lamp systems opcrate

Descriptionfof operation:

1. The paglock was removed from the K-1 main switch of
the switchboard £oase,and the device was put under voltage.
/The presence gf three phases is indicated by 3 red signal

lamps/.

2, fihe safety key of the control hLoard was inserted
into the Jock switch and the board was put into operation,
In a prgbsed down position, the key was turned to the rigiht,

which gould then be removed and the control table remaines
ional. There were green singlan lichts turned on on the
confrol table and on the fence. The lift-up of the radiation

rce is possible only when the iron gate is closed.

oper
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3, Before lifting up the radiation source, the
irradiator device was filled up with onion. The loader convayor
belt was started up, Trom the control table, and the process
of filling up was monitored by television.

Sinultaneously with the continual supply of onion, the
flow control unloader and removal transport belt of the
irradiator device was also started up.

4, The control of tie radiation source in radiating
position was performed as Tollows:

Pressing down the "Start” /N7/ button, the signal horn
sounded. This signal disappeared after 20+10 seconds, the
green light on the control board went out, and a yellow signal
lamp lit up instead, indicating that the nagnetic clutch of
the device moving the radiation source is induced; the radia-
tion source could then be lifted up into its irradiating
position. By turning the manual driving shaft to the right,
the radiation source was pulled up into its irradiating
position., At the moment the lifting apparatus was set into
operation, the greeh lights on the fence went out, and red
lights appeared instead. Tie yellow and red lights on the
control board were si,ultaneously gleanring.

The induction of the magnetic cloutch of the lifting
device went on for 20 seconds, during which time the radiation
source could be pulled up. In case it failed to be pulled up,
the whole starting up had to ve repeated,

Upon completion of the pull-up operation, the magnetic
lock grasped the source-moving wire rope device and kept it in
its irradiating position. /The radiation sources could only
be pulled up if the loader part of the irradiator device was
strated up by pressing the M-15 starter button./

5, At the termination of irradiation, the button
*radiation down® on the control board had to be pressed, and
thus the radiation source automatically went back to storing
position. Then, the onion transporting and feeding belts were
stopped. The safety key was inserted into the control table, it

was then turned left and removed. /The low current control
circuits were unloaded to no-voltage/,




The main switch on the switchboard was turned off
and the board box was locked again., The chief operator had to
keep on himself the padlock key of the switchboard, the key
of the control table, and the key to the iron gate of the
fence; he was in charge of quarding them.

Protection against failure

Should the radiation source not return to its storing
position /due to undesirable and excessive friction o7 the
torpedo/, then a specifically mounted steel wire strand moved
it to this position.

The safety automatism moved the radiation source into
its storing position in the following cases:

a./ if the "radiation sourcec” button on the control
table was pressed down /in case of end of irradiation or of
protection failure ageints/;

b./ if there was a failure in mains voltage;

c./ if the engine of the flow control or unloading
device broke down /protection against excessive radiation/;

d./ if the iron gate of the wirc fence was op=ned;

e,/ if any of the alarm buttons wcre pressed inside the
fence /i any of the alarm buttons is pressed during the
pull-up of the radiation source, the radiation soruce can not
be moved into its irradiating position/.

F./ personal dosimetric_and management_order

Gn the part of the Isotope Institute of the Huncarian
Academy of Scicnces, iir. Vilmos Stenger, was responsible for
the smooth performance of the active operation of the
equipment; he is in charge of the Section for Irradiation
Technique; he was aided by a liaison person appointed by the
agricultural production coopcrative of Nakéezifalva,
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1.3. Measuerement of radiaticir treatmeni dosage

The dosage of irradiation was controlled by a Fricke-
type dosimeter,

The measuring solutions applied in tihe measurements
were filled into plastic ampoules and the ampoules were sealed
by soldering.

) Tennis balls were filled with a 1 kg.dm™~ densitiy
material, with enough room left out for the desometric ampoules,
where the ampoules were inserted upon measurement.

The balls containing the dosimeters were put among the
onion passing through the irradiator., Dosages were measured
each hour in case of permanént operation.

1,4, Study of storage and losses

In planning the experiments, we considcred to use the
storage facilities of the agricultural production cocperative
wnich were operational by 1981; but due to those menticned in
the "Introduction” and to the.small quantity of the radiation
treated samplé, this alternative was abandoned.

The irradiated lot was dimped into a shed in bulk in
the autumn of 1981; the shed was adjacent to the treatment
equipment,

The artificial geration of the stored sample was not
resolved, and our quality tests indicated that as early as
the time of storing-in the irradiated batch comprised
15.3 % of damaged, spolied and valueless onion.

The same quality, untreated onion was stored in bags,

Quality tests on the experimental samples were undertaken
three times, while in early April of 1981 the “R&kéczi" agricul-
tural production cooperative sorted out and graded the irradia-
ted onicn by industrial methods and delivered it for marketing
to the ZULDERT Company in county Szolnok. No assesment of loss
was performed by the cooperative as regards the similar

quality, untreated batch diring the large-scale sporting and
grading. ’

e s e e




1.5. Texture measurement

Based on our previous investigations /KALIIAN, 1979,
a,b.; KALkAN, 198C, a,b./, it was estavblished that the
structure of tihe onion’s body is looscned up by the developing
bud in it and its structural constitution is thcorefore A
changed. In conmmercial marketing, onion with compacted and
solid strukture is of hctter quality; tihis proporty is ncasured
by specialists through compressing the onion,

In the experiment, we measured by instrument the force
required to compress the stored treated and untreated onion,
and thercby determined the density of various onions and thc
size of their innecr bud,

For texture neasurement, the "Instron 1140" tinn
instrument operated at the devclopment laboratory of the
Hungarian Refrigeration iIndustry was udad; the followinn
instrumental constants were applied in thec course of ueasuroc-

nents:
=1
Speed of the registrating paper 3.33 wmsce ;
: -1
Speed of the measuring head 2433 nusce
Spacing of measuring head 75, 8L and C5 un
o)

lteasuring ihicad applied v . 1ot and S

taxinum of sensitivity 9a.1, 491 and 221 i
In cach case, 5U, fully sound, first class quality
onions were used Tor the measuremenis as sanples.

The onion heads were &@ll conpressed to the limikt of
elastic deformation, at which point the samples collapscd.

From the data obtaincd, the ratio of tihe neasured
force and the path lenght covered by the measuring head was
calculated whose value provided the value of force required to
compress the sample by 1 mm within the range of elastic
deformation,

1.6. Densiby mecasurement

" The density of samples used for texture survey was
measured in each cose.




This measurement was carried out by the method specified
in the previious years /KALMAN, 1979.,a,h./, that is the weight
of the onion was measured and its volume was then deternined
by the volume of poppy seeds displaced.

1.7. Study of growth of the inner bud

A feature of the so-called first class, impeccable
onion suitable for sale is perfcctly closed at the neck part and
has no emerged shoot. .

But in springtime, the onion corresponding to the abuve
requirements might already comprise a very developed bud in its
interior whose size can not be neglected,

Even the most modern storage techniques can only slow
down the growth of the inner bud and not to prevent its deve-
lopment, On the other hand, the applied irradiation inhibits
the shoot growth, whereby in springtime, the growht of the
inner bud leading to reduced quality results in a favourable
trend in case of treated samples daring storage.

. To determine the size of the inner bud, a method deve-
lpped in KEKI /Central Research Institute for Food Industry/
has been applied /KALMAN, 1978.b./. Study was made into the
samples used for texture measurcement and into the samples used
for colur determination,

This was justified by our intention to prove the
interdependence between bud growth and.softening and the
interrelation between bud colour its size,

1.8. Colour measurement over the cut surface of the onion

Irradiation experiments and tests in Hungary and
abroad have already unanimously proved the Tact of sprout
inhibition induced by treatment and of its favourable effect
on loss reduction /ALLYM X SAWYER, 1959.a,b,; FRANKLIN, 1962;
FARKAS, 1971; SKOU, 1971; KALIIAN X KISS, 1971, KALMAL, 1974,
1975, 1976, 1977.a,b., 1973.a,b,c, 1979.c., 1981; LOATARANU,
1974; SUDARSAN, 1975; UMEDA, 1975/.
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In addition o the Tavourable loss reducing effect, the
discoloration of the growing part of onion causcd by the
trecatmont was described in a number of investications
/L AGQUEEN, 1065; FMAN & TELKTN-GURUDEISKI, 1963; NAIR et al.,
1¢ 73; GRUMEGALD, 1378./.

Haturally, the large-scale introduction of onion
ii-rardiation has nade it very important for us to consider the
accidentally obscrvable sprout discoloration for treated onion
brcause this fact micht present quality objections to this
treatment. The use of the NEQTEC colour neter was also raised

5 an idea, since the damage-frece method would have provided
a possibility to investigate the same samples in the entire
p~ocess of storage, But the possibility to use the NEOTEC
iastrument had to he dispensed with, due to technical problems,
The application of surface colour measurcment appeared to be
m'ich more convenient, but this involved that samples could be
neasured only once. GUur opinion was that if a sufficiently large
number of samples can be measured, results will be obtained with
aziequate accuracy.

tionthly samples were taken for the tests; 50-50 onions
were snlected in each case according to the law of random
numbers. The onion sampies téken for measurements corresponded
to our domestic, Tirst class commercial standard and were
53-70 mm across,

Tie colour mneasurement was performed with the tri-
stimelus colour mecasuring instrument available at the Scction
for Lieasure and Control Techninue of the KEKI. CGnions were cut
open aiong their axis through the neck and the base; colour
was then measured over the cut surfacc at points indicated

in Figure No, 1.

The colour of tunic leaves is indicated by point I,
the peak of the nescent bud by II, and the basecl part by point
TI1I, where the occasional occurrence of altered colour was
expected, The location of point II has naturally changed with
the advance of the sprouting process,
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The measuring attachment of the instrument lit bhe
surface of the onion through a diaphragm of 1C mm dia.
Parallel investigations were made in the course of colloup
determination in order to reduce random errors as rejards
bot the point of measurement and the instrument itsel?., The
inner bud ratio was also determined for each onion together
with the colour measurcment.

In evaluating measurement data, the inner bud ratio,
the value of colour difference, A E, betwecen the tunic leavas
and bud tip, and between the tunic leaves and the hase, as
well as the xy colour coordinates were calculated. In deterui-
ning colour differences, these features wcre chosen because
in of thc untreated sample, as the storage period advanced,

a discoloration of the bud tip, and in case oV the treated
sanple, a discoloration of the growing part was expccted,
Alteration in the colour of tunic leaves is, howover, expgcced
to be of such a small mecasure that it cdocs not affcct appreci-
ably either the quality of onion or the measurenent results.

From data obtained Tor the 50-50 onions, mean and
standard diviation were computed. For the evaluation such a
programme was compiled for an HP-97 computer through which the
actual & E values could be calculated by one single data input
and computer run; their average, standard deviation and the
average of the colour coordinates for each points were also
calculated in this same machine operation. These mean valucs

were then used to investigate the relations between' various
variables,

2, RESULTS

2.1. The technological and econemic assessment of
) radiation treatment

In the course of irradiation, keeping in mind the
required treatment dosage /50+20 Gy/, capacity measurcments
were conducted by the Isotope Institute of the Acadenmy,




The reoular performance measurements justified the
envisaged data because the treatment installation operated at
a capacity of 9.96 th'l, and the average irradiation dosage,
i1 this case, was 70,4 Gy on the basis of 114 measurements.

Bases on capacity data and the actual inputs, we have
s.imned up the costs of radiation treatments, and calculated
tie operational and handling costs of the irradiation treat-
m2nt installed in the storage line which operates as a service
unit,

The results and findings obtained with respect to the
ahove facts and considerations are tabulated in Tables 1, 2
and 3,

Table 1.
Tahle 2.
Table 3.

2.2. Storage loss aspects

The primary objektive of the experiment was to provide
information on the trend of storage losses. Data for this
arc illustrated in Table 4,

Table 4,

Investigation results measured at the date of treatment
and at the date of vigorous sprout growth are shown in Table 1;
the samc Table contains indications on losses of treated and
untreated samples which were further stored after industrial
grading and sorting as "commodity" quality. .

2.3. changina of texture

Table 5 and Figure 2 indicate results from instrumental
texture neasurements performed during the whole storage period.

Table 5.
Fiqure 2.
In Tablec 2, average valucs of the force needed to
compress the measured-onion samples by 1 mm and their standard
deviations in the course of storane are illustrated, while

Fioupe 2 shows the temporal trend of average values in a
a~aphical manner,
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2.4, Results from density measurements

Findings from densibty mecasurements conducted during
storage may be seen in Table 6 and Figure 3.

Table 6.

= R
Fiqure 3. . \

Average values of density measuremcnts and pertaining N
standard deviations are shown in Tabile 3 at the date of inves-

tigation, while Figure 3 illustrates the regression line for
the relation between density and duration cf storage,

It was considered necessary to find out the relation
hetween densitiy and stock at the date o7 investigation.
Figure 4. indicates the regression line bhetween the above
specified two physical features during storage.

Figure 4.

2.5, Growth of the inper bud

It has already been mentioned in reviewing the ecperi-
mental methods that the inner bud ratio was determined in our
investigations from samples of texture and density measure-

ments /I1/, as well as from the onions utilized /II/ for colour
measurements,

The mean values of the inner bud ratio for the two
sample populations and the related standard deviation values
are tabulated for convenience of a hetter compariscn,
/Iable 37/,

Table 7.

.Depending on the duration of the storage, the varia-
tions of the inner bud was represented graphically as well,
and the thus obtaindd regression lines ars shown in
Figs. 5 and 6.

Figure 5
Fiqure 6
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The ralation between texture and density heavily
a fecting quality and their relation to the size of the inner
brd is illustrated in Figs. 7 and 8 by drawing regression
lines,
Figure 7.
Figure 8.

2.6, Results from colour measurements on the cut swrface

of onion

The sunmerized rasults of the colour measturements conduct
are contained in Table 9,

Table 9.

In Table 5 the colour differences,d E, during storage
bztween the tunic leaves bud tip /Z!EBL_CS/, the tunic leaves

a1d the growing basal part AA‘EBL-T/' are indicated according to
the new CICLAD syston.

For a better visualization and evaluation of the
findings Tron colour neasurements, Fioures 9, 10, 11, 12, 13
and 14 were compiled,

Figure 9.

Figure 10,
Figure 11.
Fiqure 12,
Fioure i4,

Figure 9, 1, 11 illustrate the regression lines For
colour difference for the relation bhetween A ExL-cs and
storage period, betweenlﬁ-EBL_T and the storage period, and
batween EGT-CS and inner bud ratio,

-t
ti

iz Jdirection of colour altecration over the neasured
points of the onion surface is lllustrated by the colour
“ignale shown in Fins. 12, 13 and 14,

oF

Firure 12 showhs measurcd results ror tunic leaves,
Figure 12 thosge for the bud tip, while Fioure 14 those Tor the
crowing part, all of them during the storage of treated and
cntreated sanples.




CONCLUSIONS

Experimental results and Tindings obtained over recent
years in Hungary and abroad have already proved that ionizing
radiation inhihits sprouting in case of onion /DALLYNZSAWYER,
1959.a,b; HARTMAN,1971; FRANKLIN, 1972; KUAM I TEMKIN-GORUDEISHI, A
1968; FARKAS, 1971; KALMAN & KISS, 1971; SKou, 1971; VALMAR,
1974, 1975, 1977.a,b./.

llost of the investigations undertal:cn have, however,
searched only the occurrence of sprouting causcd by treatment
and its assumed causes, and only a few data reports were limited
to the technical performance of the treatment technology, to
the arising economic result, and to thc subseauent commercial
market-ability. '

The possibility of its introduction on an industrial
scale was analyzed primarily in Hungary and in Japan /UMEDA,
1975; KALMAN, 1978; KALMAN et al.; 1978; KALMAN, 1979.c.;
KALMAN, 1980./, the investigations performed examined the
technical and technological implemcntation from the viewpoint
of the economics of the method. '

The first experiment conducted with the prototype onion
irradiator installed at Rikéczifalva in 1979 was aimed at piving
answers to all the issues raised above, in spite of the fact
that no decision may be taken on the basis of one single
experiment in case of a farm-scale test.

The irradiation test conducted between 5 Sept. and 15 Oct,
1979 has sufficiently clarified one of thc fundamental issues
of the profitability of the method, i,e. to avoid any super-
fluous transport operation,

It has also become clear that in case of treaiment with
a well designed targeted irradiating device both the homogeneity

of the dosage and the utilization degree of available radiation
remain within the expected value,

After an adequate development of trcatment technology,
of a viable set-up of the loading and unloading system, the

specific handling cost may still be reduced in comparison to
the last year’s 0.59 Ft per kg level,
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In order to resolve the problems arieen during the
operation in 1979, the "Rikéczi® agricultural production
ccoperative made modifications on the loading or Teeding line
and a mohile hopper was installed of the type £MG 6 to receive
tle bulk of onion arriving for treatment. y

According to the original plan, the onion must have
bren mechanically harvested and it would have bcen delivered
fer treatment with short leaves /max, & cm/ and in bulk by
mr-ans of a tilting method, The delivery of onion with leaves
is very Tavourrable in view of labour shortage problens and
partly of its indcpendence on weather, and in this system the
diusiccation of the onions’ neck part occurs in tihe storage
facility after intensive aeration, This storing method, due to
its favourable effocts /ANNON 1978.,a,h/, is recommended for
procucers in the Netherlands with a developed onion producing
tichnoloyy and in other countries as well, such as U,K.

In the coursc of the experiment, the Ré&kéczi agricultural
piroduction cooperative tried to irradiate onion with leaves
but the flow-thirough of the crop come to a stop in the equipment
and a conplete vaulting occured in the interior, It could be
established that duc to leaves bulk and admixed weeds, the
rizcaived onion'got compacted or caked in large lumps an it
f:11 as one block into the rcceiving hopper when the delivery
vchicle was tilted over at 90° angle or so.

Fron the viewpoint of the experiment it is utterly
irportant that the mass of onion in the irradiator should have
a uniform and continual flow, which can scarcely be ensured by

directly picked onion crop with full {oliage and in many cases
centaining weeds.

There was no possibility for pre-cleaning in the supply
linec of the production cooperative at the location in question;
tius the irradiation of manually picked onions delivered in
bags was again udertaken,

Table 1, comprising costs by the cooperative, presents
a most unfavourablc picture in this case, but one should




- 18 -

consider the fact that the radiation source operated for a
maximum of only 19 hours instead of the envisaged 15-day long
continual working time.

Compared to the scheduled 108 hour long irradiation
duration, the actual 19 hours operation amounted to only
18 % of the envisaged period, which considerably raised the
level of specific costs.

Basides the quality of the received bulk onion, there
were naturally other problems as well which could be ascrived
to shortcomings in labour organisation and management.

Tabde 2, containing the total cost inputs involved by
the experiment, can also be assessed if attention is paid to
the above considerations.

Table 3, was also compiled on the besis of the actual
costs but here an 80 © utilization level was reckoned with as
regards operational hours and capacity. it can be clearly seen
that in case of a treatment price of 25 Fillers per kilogram
as service provision, even the inputs complcted with costs
arising in the storing company arc below 10 | of the purchasing
price /3,2 Ft.kg“l/.

Prior to thec experimeni under. stury here, tie
Commissioner advocated the opinion that in the repeated farn-
scale cxperiment the investigations should deal with variations
in the major qualitative features which are of creat importance
for the buyers. The assecssment perfornmed and the conclusions drawn

from the results are therefore ained at primarily considering
these points.

Maturally, the mcasurc of loss rcduction is inportant
for the storing company, but thec level of sales is mainly o
function of quality on both denestic and export narkets.

In our experiients in the current year we investigated
storage losses as well for both treated and untreated sauples.
The quality of the initial raw material was established to be
rather defective because almost 15 {; reject material was found in

the lot chosen for irradiation /Table 4/, After Tive months’
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storage, the percentual anount of rejccted material did not
a_ter appreciably, and one month latcr, the industrial scale
sortina and ¢rading by the cooperative led to nmuch the same
arount of disca:sd onions for treated and untreated alike,

Gubsequent to the industrial sorting and grading in A
April, the storage of about 300 kg of treated and untreated
onion want on in the cooperative, which was still of “commodity”
cuality in carly April, i.,e, suitable for marketing.

Investigation of the lot which was further stored was
undertaken in mid-May of 1981, and results indicated that from
the sanple which was still marketable in early April, 55,3 [}
for the untreated and 9.8 % for the treated onion were found to
be of reject quality, The investigation showed that for the
sample stored from early April until mind-tlay, the irradiation
treatment resulted in a loss reduction of 45,5 }j, in comparison
to the untreated sample, T

Te result of loss assessment in early March and early R
April was substantially deteriorated for treated samples by
the Tact that the initial quality of irradiated onion was very

bad and that the conditions of storage were also ectremely
unfavourable,

]),

As described earlier, for both irradiated and untféated
sanples, investigation was primarily made into the two major
variations from the viewpoint of marketing: adequate internal
texture and internal colour,

Gur previous studies confirmedthat an optimum choice
of the date of irradiation greatly affects the effect of sprout
errergence inhibition and influences the quality of the sprout
part in the onion body. In case of selling, the buyer judges
the product first by its external quality, but the internal
texture, the size of the bud in the onion body and the colour
o7 the internal onion body also of great importance.

¢imilarly to earlier findings, it was cstablished that
it spring months and for treated onions, the growth of the
irternal sprout presents a significant difference /P> 99.9 %/
as conpared to the untreated ones /Table 7/.

- 33 =



- 20 -

The relation between storage period and internal bud
ratios in Figures 5 and 6 visualizes in a nore striking way
the favourable effect of irradiation since the regression lincs
for treated onions indicate a sushstatially lower growth than
the lines for untreated samples.

variations in texture and dénsity in the coursz of
storage can be seen in Tablss 5. and 6, and in Ficures 2 and 3
Data prove that both texture and density arc better for
irradiated samples, and that in spring months the differcnce
is already markedly signiFicant‘/Pﬁi 99.9 "“/in comparison to
the untreated ones,

The findings thus far demonstrate the temporal evolution
of the various measured variables /inner bud, texture, density/,
while Figures 7. and 8§, illustrate interrelations betwcen
bud growth, texture, and density as a result of inhibited
sprouting.

In Figures 7. and 8, essentially the effect of redia-
tion treatment can be measured Tor texture and density in the
course of storage in comparision to the untrcated samples,

It appears excellently that for both cases the extensive
sprouting in untreated samples had an adverse effect on com-
pressibility and density and that this quality deteriorating
effect occurred more quickly as well

Table 8 represents the measured colour data on the cut
surface of onions, 1t can be seen that in comparision to the
more or less same colour of the tunic leaves, the bud tip
colour of untreated samples-has greatly changed, while that
of the irradiated samples remained about the same during
storage /Table 8./. The alteration of colour relative to that
of the tunic leaves in the base occurred for both treated and
untreated samples, and this alteration was more pronounced in
the spring months.

Figures 12, 13 and 14 illustrate the méasurement
data in colour trianles.for the duration of storage. Repre-
sentation in the colour triangle visualize very well the results
of colour deterninations on the cutting surface ot onion.
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Figurc 12 illustrates excellently that the colour of
tunic leaves did not change appreciably over the period of 4
storage for either treated or untreated samples, A

pased on our former observations, the colour alteration
oti tunic lecaves was not expected and for this reason, the colour A !
differences between bud tip and basal part were computed in our
work,

Figure 13 provides adequate information on the sxtent anc
direction of colour alterations accurring in the bud tip
during storage, and proves that the measured A £ tunic leaves
bud tip colour diffecrence Tor untrecated sauples results from
th.e apprarence of a greenish-yellow, ycllowish-grecen colour.
Dued tip colour Tor treated samples varies inappreciably betwecn i
ti-c beginning and ond of

storayge; this ‘s confirmed by the
v

Tmy e VBalue in Table 5.

NL-CS e ——

iFicurc 14 shows colour variations on the growing part
oi onion in the coursec of storace, There is 2 wininum colour
ci-anje towards tihe orange red on the arowing part for untreatac
senples, while the same change is nore pronounced for treated
samples,

Through the measuremicnts it could also he established
that the slightly orange-like colour for treated onion starts
to appecar arter Ilarch and it constitutes a maximum 2-3 mn thick
narrow stripe at the upper part of the base,

The effect of treatment can be very well neasured
tiirough the crowth of the inner bud; thus, the relation between
ftnic leaves hud tip colour difference A E and sprout growth
provides also data on colour channes under the effcct of
treatment Figure 11/,

It is strikingly apparent that bud growth in untreated
samples is vigorous and that the incrcasingly greeninsh colour
o7 the developing cuwbryo tip is closely related to size.

Variation in the A Ey, g Vvalue for treated samples is
srrall, which is related to the fact that the treatment induces
inhibition of sprouting,

]
(%)
)

i
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To summarize what has been said above, the following
conclusions may be drawn:

The farm-~scale experiment conducted in 198G-81 provided
information on very inportant issues and its findings should 4
be put to use in the future.

Harvested onion without leaves should bLe trcated with
the irradiating equipment; only onion with partial foliage and
free from weeds can be used in this process.

The latter consideration is further supported by the
requirement that the irradiator should constitute an integrai
part of the loading-conveyor line and that the treatment
device should follow the cleaning apparatus after the receiving
hopper.

This year’s experiences make it necessary that the
Isotope Institure of the Acadeny should develop the flow models
on- the basis of dry onion, and the farm-level equipnent should
be installed and designed accordingly.

It seems advisable to satisfy domestic demand for
irradiation on a service basis, which would require the dcvelop-
ment of a suitable organisational fTramowork,

Based on experiences in the current vear, an adeccuate
labour organisation is necessary on storage units demanding
the installation of irradiation eguipment in order to be able
to secure a minimum of 80 Y usage level for the operation of the
very expensive mechanical eguipment.

Irradiation considerably reduces storage-related losses
but in the occurrence of the actual losses and their magnitude
the decisive role is played by the initial quality and the
method of storage.

It has been unanbiguously proved that the treatment
has a favourable effect on the texture and density of onion in

the sterage period in comparision to the untreated control
samples;
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BDased on oolour determination examinations it could
bo established that in cese of treatment, no internal discolo-
ration occurred on the bud tip, while for untreated samples
a greening of the internal shoot appeared, which'was_related
to the size of the bud,

The previously described discoloration of the growing
nart for irradiated onion proved to be cxaggerated since its
occurrcnce arfected the usage value only to an inappreciable
degree. This statement is confirmed by the opinion of the
HUMGARCFRUCT Company which runs like this:

"'e are pleased to inforn you that all our onion
deliveries in April, but particularly the shipment from
the Treezer unit of Zalaszentgrét and the radiation
treated commodity from Ralbczifalva, were very well
received on the market and were competitive with the
recently produced overscas supply,’

On the basis of the considerations specitfied above, we
sugoest to repeat the large-scale experiment with onion of
adequate cuality, in the course of which the good quality
ssnples would be accommodated in the existing farm storage
Tacility.
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Table 1t ZInput outlys of the "Rakéeczi" Agricultural Production

Cooperative in relation to the onion irradiation in

1930.

Cost factor Cost /Ft/
1. \vages + 20 /3 communal and other taxes 11,376
2. Energy 4.551

3. Depreciation
a, cngineering installation, 8 {j 50.200
b. construction facilities, 4 12,800
4, Usage charge on sacks 7.200
5. Expendable items 5,300
6. Transport and haulage 48.000
Total: 139,427
General plant unit costs, 10 & ' 13.943
Total inputs: 153.370




Table 2: Total costs for the irradiation experiment in 1980
at R&kéczifalva., Costs by KEKI and the Isotope
Institute of the Hungarian Academy of Sceinces were
stated on the basis of the irradiation of the envi-

saged 1000 kig onion

Cost factor Cost /Ft/
1. Ré&kéezi Agricultural Production
Cooperative 153.370
2. KEKI 2006, 000
3. Isotope Institute of the Academy 330,000
Total inputs: 883,370

- P2 v2 -
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Tsble 3: Costs involved for the storage in bulk of 2000 g onion

end its irradiation at 80 % capacity usage. The calcu-
lations here under are based on basic data obtained
from the experiment in 1980 at Rékdczifalva, The treat-
ment is carried out on a service provision basis; du-
ration: 12 deys

Cost factor ‘ Cost /Ft/

1. Costs by the storing company

1.
2.
e

4.
S

Weges + 20 j communal etc, taxes 49,300
Energy 10.000C
Depreciation

a. constructional facilities, 4% 12.800
b. enginesring installstions, 8% 10,000
Expendable items . 10.500
10% as general on-plent costs after

items No. 1 and % 9.000

Total:

Il1. Costs by the body carrying out irrad. 99.600

Irradiation cost, 2,5 Ft/iig 500.000

Total inputs: 599.600

Irradiation costs for 1 Mg 300

- 45 -
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Table &: Losses in the onion irradiated between 1st and 19 th
A ————————

- 32

Sept. 1980 at the beginning of the experiment, when

vigorous sprouting started and at the end of the expe-
riment., Analyses in September end in kay were made

with two bags of samples. In liay, one bag was investi-

gated, from a sample which was taken from "cowmodi ty"

quality onion. This onion was industrially sorted and
further stored. During the psriod of atorage, the

samples were kept at a temperature identical to that
of the external enviromment

Date of Radiation | Guantity of | Loss /reject/ (Differerce
analysis | dosage the sample referred to the| betwesn
investiga=- gample studied |treated and
ted [weight o/ untreated
/k.g/ lots
/weight %/
10 Sept. 0 64 .50 11,20
- 4‘.10
1980 50 56.30 15,30
4, March 0 55 .90 17,17
14 Liay 0 283.90 55.30
108 +45,50%F%
981 50 270,10 9.80 °

XX = P> 99,9 % based on the Student "t" tess.

500y
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Table S: Results of stock and texture -measurements during
storage of the seed-grown, Alségdd variety onion which
wes irraediated between lst. and 19 September 1980 or
which was untreated. Storage was performed at the ex-
wernal air temperature. Significant differences for
treated and untreated lots were indicated for irradie- 1
ted samples. The values X present measurement averages,
and 3 are standard deviations from the averages

Date of | Radiation Humber of samples | Specific compressibility
analyees | dosage analysed /pieces/ -1
757 /N.mm
x 8

Septem— 0 5x10 470368 9-54'2
ber 1980 SC 5x10 45.7%4 10.863
October 0 5x10 49,525 7.916
1980 S0 5210 51.973 8.598
Necvember _ 0 5x10 40 .474 9.3569
January 0 5x10 *,768 8.338
1981 50 5x10 .- 42,094 6.931
February 0 5x10 36.320 5.890
1981 S0 5x10 37.572 6.511
Larch 0 5x10 24 .483% 6.510
1981 50 5x10 49,764%%% | 11,125
Lay o 5x10 29.181 6,598
1981 50 5x10 38.607%%% 64994

XXX = P} 99,9% based on the Student "t" test.
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Table 6: Average value /x/ and related standard deviation /é&/
during storage for the Alségddi variety of seed grown

onion and treated with radiation between lz=t and 19
September 1980 or untreated. The crop was stored at
external temperature, and'fhe significant deviations
between average values of density for treated and un-
treated samples are indicated under the irradiated
sample sections

Date of Radiation Number of samples Density
analysis dosage examined /pieces/ -3
73y /gem™“/
x 8
15-19 Sep- 0 5x10 0.926% 0.037
tember 50 5x10 0.926 0.037
1980
23=-27 Oc- 0 5x10 0.920 0.029
tober
1980 50 5x10 0.959 0.016
—
16-21 0 5x10 C.806 0.049
January XXX
1981 50 5x10 0.909**% ¢.036
February 0 5x10 0,755 0.057
17-27 3%
1981 S0 5x10 0.909 0,022
a-léh 0 5x10 0.878 0.030
‘“iga& 5C 5x10 0.906%*% ¢c.oz
14-20 May 0 5x10 0.720 0.C48
1981 50 5x10 0.889%%% 0,041 ' B
—
26=%0 0 5x10 0.872 0,037
November
1980 50 5x10 | 0.953** 0,022
X = P>95.0 ‘}5
xx = P299.0 %

XXX

P299,9 %
Basad oa the Student "t" test.

Y..1 \ ) # STARTING STATE
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Teble 7: Average values /x/ for inner bud ratio -ang
standard deviations for aeverages during storage in ca-
se of the Aledgdd variety for seed grown onion, for
its treated and untreated batches. The results marked
by I are samples for tcxturc and density measure- .
ment, and those marked by II are samples for colour 1
dsterminstion. Storage temperature coincided with the
external one, and significant deviations between trea-
ted an untreated samples are indiceted under the sec-
tion of irradiated samples

Date of Radiation| Number Inner bud ratio.
analysis dosage of
/Gy samples 1 11
exanined — p— ‘

piece%/ x s x 8
15-19 0 5210 [0.446 0.066 0.467 0.094
Sept.
1980 50 5x10 [0.427 0.051 0.467 0,094
23-27 (et 0 5x10 {0,511 0.056 0.541 0.119
1980 50 5x10 |0.376 0.056 0.422 0.076
26-30 Nov 0 5x10 [0.563 0.07L 0.563 0.080
1980 50 5x10  |0.455%F 0,074 0.475%% 0,088
16-21 0 5x10 (0.751 0.094 0.781 0.140
J anuary XX —
1981 50 5x10 |0.535 0,043 0.557 0.051
17-27 0 5x10 |0.754 0.094 0.72% 0.099
February zx -
1981 50 5x10 |0.513*%*% 0,038 0.560%%% 0,059
3-16h 0 5x10 |0.805 0.097 0.815 0.097
warc.
1981 . 50 5210 |0.567**% 0,047 0.572%**  0.036
14-20 ! 0 5x10 |{0.938 0.081 0,939 0.061
liay !
1981 i 50 5x10 10.581%*% 0,058 0.589%*F 0,049

xx = P<£99,0 %
xxXx = P<£ 99,9 % based on the Student "t" {est.

- .19 -
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Table 8: Results of colour neasuruvaents cduring storace ovor
the cut surface of Alsdgdd variety of seed crown onion
and irradiated betwecn 1lst and 19¢h Septaonber 1900,
The A EglL—cs values represcent colour diffcrences
between tunic leaves and hud %ip, whiloc A EDL—T ren-
resent ceclour differences Fourr tunic luaves oand
growing part. Storage temperature was ti:e saac as
the outdoor onc ‘

Date of | Rediation| Number orL Az, DRy .
analysis dosage measuremeints
/5y /pieces/ 5 s 5 a

15-19 0 5x10 [5.6026 2.,9308 |14.,0067 3.2422
Septe.
23=-27 Oct. 0 S5xl0 [8.5778 4.4290 [15.0352 2,6569
1980 50 5210 [7.5461 3.1914(13.2481 12,4693
26~30 0 5x10 [9.1816 4,.,2204|13.6305 3,2767
Novembher .
1980 50 5x10 [7.4051 3.,4913{13,2481 2,4693
16-21 0 5x10 14.1014 5.0644[10.7784 2,9578
J anuary
1981 50 5x10 |6.1611 2.6569{15.1678 3,5011
17=-27 0 5x10 14,5332 6.0697, 9.4045 5,.64€6
February
1981 50 5x10 | 645362 4,9455(17,5581 4,0518
9-16 0 5x10 17.6848 6.7739|12,1321 2,272
March
1981 50 5x10 | 6.7592 3.0732| 18.1404 3.8274
T114-20 0 5x10 (18,7422 5,9315| 11.2245 3,3451
May
1981 ' 50 5xl0 | 6.6941 2,1516} 19.4320 4.4256

X = 4tlag érték

8 = standard eltérés

e
- 50 -
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neasurencnt points over the cut surface

of onion in casc of colour deternination

1. lst. point of ncosurement = tunic leaves
2., 2nd. point of nmeasurcrniens = bud tip

3. 3rd. necasuercment point = growing
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Irradiation period: 1-19 Sept. 1980, The samples
were alwavs stored at the external air temperature.

Data for the inner bud are obtained From measurement
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Figure 8: Interrelation of inner bud growth and density
for treated and untrecated sanples of Als6gid
variety; onion stored until mid~Mayj treatment
i i o poriodz 1-19 Septomber, S Storage_tcmperaturc was

the same as that of the outdoor ambient air .
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treated and untreated Alsfgdd variety, onion storeri
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igure 12: The result of colour measurcment on the tunic lcaves during
storage of treated and untrecated, Alsoqgdd varicty onion:
. radiation trcatment period: 1-19 Sptomber 198C,
Storage was performed at the outdoor air temperature
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Figure 13; Colour changes measurcd on the hud tip of treated and

T eunbreated, As6yod varioty onion during storage; radiation |
trcatment period: 1-19 Scptember 1980, Storage temperature
was indentical with the ambient air tcemperaturc.
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variety onion: radiation treatment period: 1-19 Septeuber
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