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S U M M A R Y

GENERAL INFORMATION

The Governing Board of ITAL met five times; the Management Committee of
the Association EURATOM-ITAL met twice.

Important subjects of discussion were:
- the participation of the Association in the research programmes of the

Commission of the European Communities and other International
Organizations;

- the progress of research at the Institute;
- the programme proposal 1979-1981; the related personnel situation and

budgetary matters;
- the situation with respect to the foundation of the International Facility

for Food Irradiation Technology.

The members of the l.S.A.C. met once. Main topics of their disucssion.
were the 1977 project reports, the 1978 progress reports (July 1978) and
the programme for 1979•

The Institute's personnel council met monthly during 1978. The group
functions as an advisory body to the management on matters of personnel,
administration, budget and research. Important topics of discussion were
the future programme of the Institute; the situation of personnel recruited
on a temporary basis; aspects related to the working out of staff reports
of individual members of the personnel; the functioning of the Institute
considering various administrative, service and research aspects; intro-
duction of new members of the personnel; legal structure of the personnel
organization.

The work in the different research groups has been discussed during
monthly seminars at the Institute and in several working groups.

Scientists of the Institute participated in symposia, workshops, con-
gresses, discussing topics related to thei rdiscipl i ne and visited developing
countries for advice and training (see travel reports).

In 1978 again many scientists from western and eastern European countries,
from the U.S.A., and from developing countries visited the Association's
Institute for short or longer periods.

One scientist, A. Daelemans, in the course of 1978, presented his
Doctoral Thesis, prepared at the Institute.

Much of the programme for 1978 has been carried out in cooperation with
other Scientific Institutes and Organizations "in the Netherlands, countries
of the European Community and elsewhere in the world. Some examples of this
collaboration are:

- the application of nuclear energy in the working groups of the European
Society of Nuclear methods in Agriculture (ESNA);

- cooperative studies on pollution, radioactive and other, mainly with
institutes in the Netherlands, Belgium and Germany;

- analysis of radiation effects (European working group for Microdosimetry);

- standardization of absorbed dose and dose distribution measurements
(European Late Effects Project Group, EULEP);
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- studies on food irradiation, radiation effects on living and synthetic
materials, liquid waste treatment on the basis of the Cul tural Agreement
of the Netherlands with several eastern European countries;

- projects on the testing of irradiated food and wholesomeness (Organization
for Economic Cooperation and Development (OECD) and the IAEA);

- genetic control of insect pests, coordinated in the Netherlands within
the working group on "Integrated control of Insect Pests" and in the
joint European working group of the "Organisation International de la
Lutte Biologique" (O.I.L.B.);

- programmes of the joint IAEA/FA0 Division on e.g.: mutation breeding of
vegetatively propagated crops, radiation dosimetric aspects, fertilizer
efficiency, food irradiation.

RESEARCH

Contamination

An X-ray dosimetry intercomparison for partial body irradiations has been
performed among a number of laboratories cooperating within EULEP. The
dose and dose distribution in lung and liver equivalent material have been
measured with dual thermoluminescent dosemeters. Six out of the eight
participating institutes obtain dose values which differ by more than 5%
of the standard dose. Large dose gradients (up to 67%) are measured for
unilateral exposures. After consultation four institutes indicated the
cause for their deviating results. This work has shown the need for improve-
ments in dosimetry procedures for partial body irradiations.

After revision of the lyoluminescence (LL) read out system irradiated
glutamine samples were measured at various time intervals diuing storage
over 40 days at different temperatures. The LL signal of the samples stored
at a fixed temperature was found to be constant with a standard deviation
of 2 to 3%. The relative LL responses of the samples stored at different
temperatures showed a 13% variation. With a short thermal treatment of 5 h
75 °C + 90 h 20 °C before read out this variation can be reduced to 6%,
but the optimal treatment is aimed at 2 to 3%.

The radiation-physical properties of a new batch (5) of HX dosimetry pers-
pex has been studied in relation to the storage temperature and time. Even
though the optical density at 305 nm remained stable at 20 °C, this is not
the optimal wavelength as irradiation at higher temperatures gave up to 10%
difference in response. These higher temperatures are often encountered in
large commercial irradiation facilities. A start was made on the potentio-
metric measurement of the ceric-cerous sulphate dosimeter.

The repair of sub-lethal damage (dose rate effect) and the repair of
potentially lethal damage (delayed plating effect) was demonstrated in
Haplopappus gvaeilis cells. A large repair (±70%) of potentially lethal
damage was found to occur in stationary phase cells in a period of 30 hours,
the repair was expressed as an increased survival. The repair of potentially
lethal damage was found to be temperature dependent and proceed more slowly
at lower temperatures even though the amount of damage eventually repaired
was not remperature dependent at Ik h.

It has been possible to induce phenylalanine. ammonium lyase (PAL) activity
in colonies grown from free unirradiated cells.
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lt was previously found that low doses of X rays caused an increase in
plating efficiency above that of the control and it was suggested that this
"stimulation" effect was associated with an increase in volume of the low
dose irradiated cells which led to an improved plating efficiency.
Previously this effect was not found after fast neutron irradiation but new
measurements at low doses of neutrons have revealed that the same sort of
"stimulation" effect is also induced by neutrons.

The relative effects of a pre-dose of neutrons and X-rays on the stimulated
repair process in Saintpaulia epidermal cells has been studied indicating
that the amount of stimulated repair is dose dependent and that X rays
appear to induce a greater repair. The effect of stimulated repair and
delayed cultivation on the shape of the "survival" curve has been studied.
The stimulated repair requires time to develop and delayed cultivation
permits the repair process stimulated by a dose of radiation to act in
repairing some of the damage caused by that dose.

The resulting effect reveals itself in a flattening of the shoulder of
especially the X ray curve and this means that the neutron RBE value is
not only increasing with decreasing dose but also with a larger delayed
cultivation period. The stimulated repair process was found to be built up
to a maximum at +_ 2k h and to decrease slowly up to k days after the pre-
dose.

The analytical model used to study radiation effects has been developed
further to analyse the combined effects of UV and radiation on cell
survival. It has been shown that in combination UV and radiation interact
synergistically to induce cell killing. This is interpreted in the model
to arise from the interaction of sub-lethal damage (DNA single strand
damage) induced by the two agents. Experimental data was shown to satisfy
the rigid mathematical predictions which arise from the analytical model.

The self-incompatibi1ity system of Oenothera organensis has been used to
analyse the frequency of S-gene mutations induced by low doses of X rays
and fast neutrons. Three different effects have been scored, the number of
seeds produced, the number of plants produced and type of S-mutations in-
duced. Although the number of pollen grains scored is rather low (+ half a
million) the data suggest that low doses of X rays and fast neutrons do
induce S-gene mutations.

f _radioactWe_and_ngn-rad[oact]_ve_Bg].]_utants_i_n_so^si_sedi_ments

A theoretical investigation to the return to the biosphere of radioactive
waste products, stored in a salt-dome in the north-eastern part of The
Netherlands, has been carried out. It was not completely possible to ex-
clude the possibility that radioactive isotopes might return to the bio-
sphere after 250.000 years, but most probably the isotopes would remain in
the salt dome for several million years. If the radioactivity really should
return to the biosphere its contribution to the radiation dose of the
general population would be small and the exposure would be restricted to a
limited number of people in a small area.

In connection with last year's research programme on the migration of
cesium in the field, the migration of cesium in soil columns and the dis-
tribution of cesium between the solid and liquid phases has been studied.
It can be concluded that the studies on the distribution and leaching of
the cesium give in general useful information on its behaviour. In onlyone
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of the combinations of soil-artificial soil solution which was studied, the
result of the calculated migration was disappointing. The 90Sr-content of
six of the soils which belong to this project was measured for six layers,
each of 5 cm thickness. The measured values will be used to evaluate the
90Sr-model for soil. A first series of 239Pu and 21f0Pu measurements have
been completed. The measured values indicate that a slight enrichment of
plutonium occurs in the sediments in the Biesbos. More results are required
before a definite conclusion can be made.

The migration and the accumulation of a number of heavy metals, present in
the effluent from a rubbish dump, has been studied by applying such an
effluent to soil columns using k different types of soil. The effluent was
applied for one year. It appeared that Cr, Fe and Zn were not accumulated
by sand. Zn was accumulated in the other types of soil whilst Ni was not
accumulated by any type of soil. Cr and Fe exhibited a behaviour which was
intermediate between that of Ni and Zn.
Organic material was not easily accumulated. A number of experiments were
carried out to reduce the organic material microbiologically. These
experiments have been successful so far.

Leaching experiments using soils which has been routinely irrigated with
waste water for a long time, demonstrated that the availability of Cd in
these soils depended upon the availability of Cd which have recently been
applied to the soi1.

Several experiments have been carried out to study the reduction of the
availability of metal ions which can be achieved when the metal ions are
complexed with tetrin and the complex is then absorbed to illite. With
respect to the complex formation a competition occurs between Cu (model
for a bivalent ion) and Fe (model for a transition metal ion).

As was expected tetrin reduced the availability of Cu in sandy soil much
less than in clay and as a result of this the production of dry matter on
a clay soil treated with 350 ppm Cu was hardly influenced compared with the
control. On the sandy soil, on the other hand, treatment with 350 ppm Cu
caused a drastic reduction in the production of dry matter.

The uptake of 55Zn from contaminated soil columns was investigated for
tomatoplants. Contamination was started at various stages of frui t formation,
and lasted till ripening commenced or was completed.
The 65Zn distribution in the fruits was remarkably stable, and the relative-
ly high contamination levels of seeds and peel, reported before, were
confirmed, as was the strong retention in the stem.
Experiments on the relative accumulation of various radiopollutants, e.g.
60Co, 65Zn, 13ItCs and 5tfMn were started. The contaminants were mixed to-
gether and administred to the plants by infiltration in the soil columns,
and analysis will be done by y-spectrometry. In parallel an autoradio-
graphic study was started on the relative mobility of these contaminants
in the plants. The first results showed 51*Mn to be more mobile than 65Zn
in tomato plants, the distribution pattern of these elements in the plants
remained different even after more than 7 h uptake.
The dependence of the zinc accumulation in the edible parts of spinach
plants on zinc supply in a nutrient solution can be described by a third
degree polynomial, for various plant ages. It was shown that these data
may be used to calculate the 65Zn concentration in the shoot after
contamination with G5Zn at a known specific activity. The relative trans-
fer to the plant (transfer coefficient) increases for decreasing solution
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concentrations.
The zinc concentration in the edible part depends on plant age, and even on
the stage of development of the individual leaves. This phenomenon under-
lines the need for a cautious interpretation of plant mineral content data
for radiation protection purposes.

The observed anomalies of the ratio of the two cesium isotopes (134Cs and
137Cs) in uptake studies with plants have been studied in simple exchange
systems. Experiments with exchange columns filled up with glass pearls of
which the exchange sites were brought in the W^-form did not indicate
deviations of the isotopic ratio. Cut Cyperus papyrus stems, submitted to
an analogous procedure of protonation offer possibilities to study the
ratio in non-equilibrium conditions. In this way the isotopic ratio within
the "activity front" running through stem can be determined.

The study of the cation exchange equilibria in the xylem vessels of the
model system (cut stems of Cypevus papyrus spec.) has established an order
of selectivity for the divalent cations. Work on columns with synthetic ion
exchange resins has been started for comparison. The hypothesis that the
driving force for calcium transport into young and non-transpiring organs
is given by an extension or desaturation of the exchange sites in such an
organ, was supported by the results of an experiment with intact tomato
plants. The work on silver mobility in cut flowers (Collaboration H. Veen,
CABO) has been finished. A continuation elsewhere (Collaboration CABO and
Research Station for Floriculture) has resulted in a procedure for the
improvement of flower longevity which is already in commercial practice.
At the request of a manufacturer of agricultural chemicals a preliminary
test was made on the feasibility of using a calcium-fatty acid compound for
the prevention of "bitter pit" in apples. A comparison with CaCl2 resulted
in a negative judgement.

Further studies of the root uptake of cadmium by tomato plants showed that
a discrepancy exists between the uptake measured with radioactivity and
that measured with an ion selective electrode. The multiphasic shape of the
uptake was confirmed, but showed to be dependent on the experimental
procedure. Different possible explanations are being investigated.
The in vivo characteristics of cadmium-cysteine complexation were further
established.
The Experimental Soil Plant Atmosphere System (ESPAS) has been equipped
with a modified CO2 concentration to be maintained at any level between
200 and 2000 ppm (+ 10 ppm). ESPAS is presently being used for experiments
on reduced availability of radiocontaminants and heavy metals. Possibi1ities
for plant analysis have been improved by automatizing the Nessler reaction,
thus complementing the continuous flow chemical analysis system to include
now: total nitrogen, total phosphorus, calcium, magnesium, sodium and
potassium determinations.

Plant nutrition - soils

t}2$l?I§I2Y.£lS5;;biology_ °f nitrogen
Efforts were made to improve the existing model for the description of the
microbiological N and C cycle in soil. In cooperation with Dr. Paul (Sas-
katoon) the correlation between soil biomass weight and soil biomass volume
was studied in order to quantify the microbiomass more correctly. A system
was developed to measure the release of N2O and nitrous oxides to the
atmosphere resulting from denitrification of soil nitrates. To measure the
total nitrogen losses by nitrification from soil, one of the intermediate
staps of the denitrification is blocked by the application of acetylene,
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the intermediate product again being N2O which can be measured. A direct
test of the model was carried out on the basis of nitrogen data collected
on an experimental field of the Rijksdienst voor de IJsselmeerpolders.
Results were rather good, but it is still not yet possible to use values
which are determined independently for all parameters in the model; this
is still a real disadvantage. The N cycle was also studied in relation to
short rotation forestry. From an economical point of view short rotation
forestry is not yet very promising, anyway it can only compete with food
production if optimum yields will be produced. Nitrogen fertilizer
dressings of 100 to 200 kg N ha~1a"1 will be required in such a case.
Calculations showed that despite the high fertilizer inputs (and con-
sequently energy inputs), the gain of energy is considerable,
The investigation of the fate of methyl bromide were concluded in 1978.
Studied were the volatilization of methylbromide, the conversion of methyl-
bromide in bromide ions, the leaching of bromide ions, the availability of
recently formed bromide ions compared to bromide ions already present in
soil for a long time, and the influence of the quality (airtightness) of
the plastic cover (used during the fumigation) on all these processes.
Theoretical calculations showed that even small failures of the cover
drastically reduce the methylbromide efficiency.

Properties of crop plants

Nutrient uptake and_^re)distribut|gn

Investigations into'the utilization of nitrate by nitrogen-depleted dwarf
bean showed that nitrate-free leaf material contains substantial levels of
nitrate reductase activity (NRA). It was found that the initial high NRAis
caused by exogenous NO3 during the enzyme test only and that the actual
nitrate reduction is initially negligible.
The concentration-dependence of nitrate transport into beanroots was
measured and analysed in cooperation with Prof. P. Nissen in Norway. It
was shown that nitrate, like the ions K, Rb+ and Cl" has a multiphase up-
take pattern with at least 3 separate phases below 300 yM NO3. One of these
phases has an extremely high affinity for NO3 which makes the uptake rate
practically independent of concentration within the pertaining concentration
range.
Experiments, in which the fate of 15N in plants was traced during or after
15N03 uptake confirmed the inducible nature of the nitrate uptake process
and the finding that NO3 uptake proceeds at a constant rate over a wide
concentration range. Accumulation of labelled nitrogen in roots always
preceded accumulation in the shoot. In an experiment in which a k h ^NO^
pulse was chased during subsequent ^NO^ nutrition, it was shown that
considerable quantities of 1 5N are effluxed to the nutrient medium.
Exudation experiments showed that secretion into the xylem of excised roots
is not a good estimate for xylem deposition in roots of intact plants.

In the symbiotic nitrogen-fixing system of AzoVla pinnataR.Br. andAnabaena
azollae Strasb. a nitrogenase activity of the intact system was measured
of 3.2 - 6.9 nmoles C2H/|-mg protein"1-min"1. This amounts to a nitrogen
fixation of h.2 - 9.0 mg N-g dry wt"1 Azolla using a conversion factor
C2H2 : N2 = 3 : 1. Under these conditions the doubling time (generation
time) of Azolla was 2.7 - 5.5 days.
High light intensities inhibited the N2 fixation of Azolla. This is
apparently an adaptation to natural conditions, since Azolla is generally
screened from direct sunlight by a rice-leaf canopy. The nitrogen fixation
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capacity of Azoll'a shows a gradient in the successive leaves of the stem.
Maximal nitrogen fixation occurred at leaf number 8 and 9 from the plant's
apex and here also the highest heterocyst frequency of the blue-green alga
Anabaena azollae was found. At the higher leaf numbers nitrogen fixation
capacity decreased although the heterocyst number remained constant. Pro-
bably the heterocysts at the higher leaf numbers showed symptoms of
senescence. Temperature experiments indicated that tropical Azolla (A.
pinnata R.Br.) showed a higher optimum for N2 fixation than Azolla from
temperate regions [A. filiciCloid.es Lam.).

The dry matter production of Viaia faba L. was different in the various
varieties. The specific nitrogenase activity of the root nodule of Viaia
faba changes during its growth cycle. Maximal nitrogenase activity was
measured at a plant age of 3~h weeks (vegetative phase) and 10-11 weeks
(seed-filling phase). The contribution of nitrogen fixation to the total
N uptake of the plant was estimated in the various varieties. It was shown
that this is different in the various varieties and that it also depends
on the growth phase of the plant. During the growth of Viaia faba, nitrogen
from the upper parts is translocated to the pods and later from the pod
walIs to the seeds.
Twenty Rhizobixm legianivosamm Frank strains were isolated from the root
nodules of various varieties of Viaia faba and brought into pure culture.
A number of these strains have been tested by the Foundation for Agri-
cultural Plant Breeding (S.V.P.) at Wageningen for their efficiency in
nitrogen fixation.

Gene mutations - chromosome manipulation

Role_of_gerox^dases_in_the_reguUt]_gn_of_ggl^en_tube_grgwth

Since in N. alata styles the transmitting tissue serves as the medium
through which pollen tubes grow en route to the ovules it was important to
know which peroxidase isoenzymes occur in this tissue. Starch gel electro-
phoresis of the peroxidases in extracts of dissected transmitting tissue
showed that 2 isoenzymes occurred in the tissue, namely No. 12, a major one
which was specific for this tissue, and a minor one, No. 7» that was also
found in the cortex. Irradiation-induced inactivation of isoenzyme No. 12
was accompanied by a reduction of compatible pollen tube growth. The
peroxidase isoenzyme No. 10, which has previously been suggested to be in-
volved in the regulation of pollen tube growth occurs only in the cortex
of the style, thus indicating that it influences the pollen tube growth
indi rectly.

A study has been carried out to find out the occurrence of any correlation
between the S-genotype and the isoenzyme or protein pattern of a style. No
specific correlation between S-genotype and peroxidase or esterase iso-
enzyme patterns could be established. Comparison of the protein patterns of
the stigmas in the inbred and cross progenies of N. alata by means of iso-
electric focusing revealed the presence of 3 unique bands each ascribable
to the S2, S3 and S6 alleles respectively. The results may provide
experimental evidence that the incompatibility proteins are al ready present
in the unpollinated styles.

Genetic analyses of plants regenerated from in vitro cultures of anthers
in Lyaopersiaon peruvianum Mill, have shown that both constructive and loss
mutations at the S-locus (new S-alleles, S-allele reversions and SC
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mutations) were induced during in vitro growth and differentiation, in-
dicating the potential of in vitro techniques in generating new genetic
varaibility in plant breeding.
Inbreeding of OO6-S1S2 of L. peruvianwn Mill, has not produced any new S-
alleles in the progenies so far tested.
In Niaotiana alata Link et Otto ethyl methanesulphonate (EMS) treatment of
pollen mother cells induced no S-locus mutations, namely pollen-part
mutations leading to self-compatibility on constructive mutations leading
to a change in incompatibility specif icity inspite of screening approximate-
ly 8 million pollen grains, while after the given EMS treatments 1 in 6
pollen grains showed a mutation at the chlorophyll loci. These results in-
dicated that the S-mutations in N. alata Link et Otto can not result from
point mutations at the S-locus.

Procedures for the selection of biochemical mutants of H. gvaailis have
been developed (Cycloheximide-resistance and Emitine-resistance) or are
being developed (chlorate resistance).
Synchronisation of the suspension cultures in order to have large numbers
of cells in metaphase (production of chromosomes) was only partly success-
ful.
Protoplasts were produced from suspension cultures of H. graaitis.
Procedures for the biochemical characterization of cell suspensions of H.
gradtis were studied in order to have a means to check transplantation
products.
In potato protoplasts were isolated from leaves and regeneration of cells
to plants was initiated.

Besides normal plants, almost exclusively solid (non-chimeric) mutants
have been produced in potato and Begonia. After irradiation and through
in vitro adventitious bud techniques (as has been proven earlier in chry-
santhemum) in carnation an in vitro propagation procedure also seems pro-
mising for mutation breeding. In Musoari an in vitro propagation method
has been further optimalized and will be evaluated with respect to its
significance for mutation breeding in due time. In Forsythia and Euphorbia
the development of in vitro propagation techniques is in progress.
The comparison between the diploid Saintpaulia cultivar Eva and its auto-
tetraploid form, with respect to the mutation frequency and spectrum, has
been continued, so far without conclusive results. In the meantime two
other cultivars were selected to be used for similar investigations.

Myta^|on_sge^tra_after_X3r^y_a^d_fast_neutron treatments

It has been found that fast neutrons and X-rays appear to have different
mutation spectra when tested on Arabidopsis and barley.
In order to check if this is indeed a consequence of differences in
radiation quality and not of other factors, the following points have been
studied in 1978.
1. M3 check of mutants selected in the M2 generation.
2. The effect of radiation treatment and radiation dose on the mutant

segregation ratio.
3. The estimation of the mutation frequency per cell.

ad 1. Not all the deviations recorded in the M2 generation manifest them-
selves in the M3 generation. In order to verify the mutant types,
the progenies of all the selected mutants are being tested.

ad 2. No significant effects of radiation source, radiation dose and DTT
treatment have been found on the frequency of mutants in the
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segregating lines. In barley it has been found in M3 lines that the
average segregation ratio (f = 0.20), differs significantly from 0.25-
Because no decreased viability of the mutant plants compared to non
mutant plants was observed, it is concluded that the deviation of
the expected segregation ratio (f = 0.25) is due to certation. In
Arabidopsis the average segregation ratio in segregating M2 lines is
f = 0.18, which also differs significantly from 0.25. Because the
data on the segregation ratio in the M3 lines of Arabidopsis are not
yet available, we cannot say the deviation in this case is also due
to certation.

ad 3- The overall mutation frequencies per cell have been calculated. In
the dose range applied, comparable mutation frequencies are obtained
for the different radiation treatments. The mutation frequency in-
creases linearly rather than curvi1inearly with dose, since departure
from a linear regression is not significant.

^iriY_a.E!£Lfa.s.t_neutron_ treatments

In experiments designed to study the expression of genetic effects
accompanying the induced chromosome aberrations, primarily as the fitness
of translocation homozygotes after X-rays and fast neutron treatments in
barley, rye and Arabidopsis, the doses that were low enough to give very
limited damage have been selected based on the mutagen sensitivity studies
in the M-| . It has been found that fast neutron treatments aremore efficient
than the X-ray treatments in inducing high frequencies of chlorophyll
mutations in the M2. Screening of the 1M2 segregating plants of barley for
translocations has begun. In Arabidopsis 531 partially sterrle plants
found in the M-| after X-ray and fast neutron treatments have been screened
in the M2 and several semi-sterile lines were selected for scoring trans-
locations in the M3 by a recently developed cytological method. Eleven
translocations isolated from fast neutron and X-ray treatments have been
selfed, back-crossed to the parent genotype and crossed to another cultivar
to eliminate other possible types of radiation-induced damage, i.e.
mutations which are loosely linked or not linked to break-point locus.

Crop protection - Genetic control

Homozygosing for 4 translocations in which homozygous individuals had been
identified was continued. It became apparent that in these lines the homo-
zygotes were not viable as adults or else they had a very low fitness,
therefore no further work was done with these lines.
In a field cage experiment with a homozygous line (T14) it was shown that
the karyotype frequency in the adult flies after a generation was as ex-
pected. Unexpectedly it was also demonstrated that all the pupae reared in
the field had entered diapause. Further research into diapause has resulted
in the selection of a line which is diapause resistant.
The male-linked translocation was made dieldrin resistant and f-jrther
radiation will produce a "genstic sexing" method for the onion fly.
Finally, interesting observations were made on the positive effect that a
relatively larger excess number of females can have on fecundity, and on
the production of useful banding patterns for ADH and esterase following
eiectrophores is.

The main aspects of the work in 1978 on the genetic control of the two
spotted spidermite, Tetvanyehiis urticae Koch, were the preliminary ex-
periments on the induction of temperature sensitive mutants by ionizing



radiation or ethylmethanesuiphonate and the screening of chromosome
mutation lines on their population displacement abilities. Indications
were obtained that fast neutrons might induce temperature sensitive lethals
in mature sperm. The initial technical difficulties with the chemical
mutagen has been overcome and actual mutation induction has been initiated.
The screening in population displacement experiments of lines, homozygous
for a structural chromosome mutation, yielded 2 lines with good properties
for genetic control. Negative heterosis of a structural chromosome mutation
is not always the only cause for displacement of one karyotype by the other
in a mixed population. After the development of a sexual barrier between
two lines, competition (for food and/or space?) can result in full dis-
placement of one line by the other.

Product treatment - Disinfection-Disinfestation

Gamma-irradiated nucleic acid constituents have been tested for potential
mutagenicity with the Ames test. Negative results were obtained with the
nucleic acid bases and nucleosides. For 2-deoxy-D-ribose and deoxy-
ribonucleosides a clear mutagenic response was noticed on strain TA 100
(base-pair mutations). Two important radiolytic products have been also
tested. Hydrogen peroxide causes a slight increase of the number of
revertants with both tester strains, but is highly cytotoxic for strain
TA 98. Malondialdehyde did not show a mutagenic effect.

With the Ames mutagenicity test water extracts of irradiated and non-
irradiated soupgreens were tested, before and after cooking.
None of the four extracts exhibit mutagenic activity. In tests with ex-
tracts and positive controls (mutagens) in the same Ames plate-assay it
was shown that the mutagenic expression of sodium azide and ethidium
bromide could be suppressed by the extracts. The mutagen Furylfuramide
(AF2), however, was not affected by the extracts.

Chemical changes in irradiated food caused by al tered biochemical activities
have been studied on the base of two potato varieties: Eba and Bintje. With
respect to the contents of specific fluorescent phenolic compounds im- .
portant differences have been found between these two varieties.
Accumulation of fluorescent phenolic compounds takes place at higher dose
levels of gamma irradiation (3000 Gy) and reaches a maximum level after a
14 day storage period at 10 °C, 90% RH. Furthermore some relevant phenolic
compounds were tested with the Ames bacterial mutagenicity test and no
effects were observed till 200 ug/plate,

Studies on the radiosensitization of microorganisms by selective inorganic
radicals were continued. The radiosensitizing action fo Brji on M. radio-
durans and S. typhimuriiim was extraordinarily large. The Dio~values for
Esohevichia coli. and Salmonella typhimurium in minced meat were 465 Gy and
653 Gy.

Frozen products sometimes have a poor microbial quality. Research with non-
blanched frozen silverskin onions shows that an irradiation treatment with
1.4 to 1.8 kGy reduces the microbial count in such a way that the products
amply conform to the so called "Conex Standard". The sensoric quolity is
not adversely influenced by the above mentioned dose.
The research with the combined treatment to inactivated fungi is being
continued. It appears from research in witvo that a combination of heat
and irradiation gives a synergistic effect with regard to the inactivation
of fungi spores, resulting in a reduction of the irradiation dose by a
factor of 2 to 3.
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Waste_|rrad|at|on

Research into disinfection and the conditioning of sewage sludge by ionizing
radiation was continued because of the potential benefits of recycling for
agriculture. The dramatic enhancement of the lethal effect of gamma
irradiation on Streptoaoaaus faeaatis in the presence of Br~ anions in a
phosphate buffer was compared with the enhanced lethality caused by ir-
radiation in the presence of Br" in a natural environment such as waste
waters and sewage sludge. The results of the investigations indicated that
Br" in an interesting sensitizer for specific systems such as process water
or waste water systems, which have a small scavenging power for OH radicals
and not for other systems such as sludge which have a high scavenging power
for OH radicals.
Earlier investigations into the conditioning of sewage sludge by ionizing
radiation indicated that the radiolytically formed OH radical is the active
primary species, which improved the dewatering properties of sludges. The
implications of these findings was explored. In the presence of N2O that
normally converts the e^n into OH radicals resulting in an approximate
doubling of the concentration fo OH radicals, the conditioning effect of
irradiation was enhanced but not doubled. Apparently the sludge system
competes adequately with N2O for the solvated electrons. Results of
particle size distribution analysis indicated that sludges consisting
mainly of small particles, which have a relatively large specific surface,
are more likely to be affected by radiolytically generated OH radicals than
a sludge with relatively large particles. The scavenging power of the solid
phase of sludges was determined, using a non-linear model derived from
competition kinetics and employing the results of pulse radiolysis and
steady state irradiation experiments.

External services

In 1978 several projects were started in cooperation wi th breeders concerning
the following ornamental crops: Amarine, Bouvavdia, carnation, Chrysant
(3x), Evphovbia fulgens, Streptocavpus and Vuylstekeara. In cooperation with
the Institute for Grape Research at Geisenheim (W. Germany) a project with
grapes was started.
The total number of projects started reached 218 (vegetatively propagated
crops) of which 93 {hl%) are still running or have resulted in the production
of commercial mutants. The number of mutants released, as the result of these
cooperative projects, was 9^ on 1-1-1979-

The trial marketing of irradiated fresh fish fillets has developed very
successfully. During a 16 months period this irradiation application has
proved to be technologically feasible, but the firm involved decided to
terminate this activity because of the lack of commercially interesting
perspectives.
The already existing commercial radiation decontamination of spices and
herbs has shown a satisfactory development.

In 1978 the usual courses have been organized, viz. a General Radionuclide
course, a Liquid Scintillation course and a Health Physics course.
Much time has been spent on the development of applications of micropro-
cessors to research.

We have cooperated with many other institutes for the development of methods
on e.g.:
- residence time measurements of food in the stomach of a sheep,
- residence time measurements of soya in an extruder,

1
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measurements of the vertical velocity of grain in a pneumatic transport
system,
soi l movement as a consequence of the pressure of the wheels of heavy
agricultural machines,
mult iple, accurate, automatic measurements of temperature.
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C O N T A M I N A T I O N

PRIMARY RADIATION EFFECTS

Development and improvement in accuracy and reproducibi1ity of dosimetry

systems for X-ray intercomparison, neutron and high level gamma irradiation

K.J. PUITE, K.H. CHADWICK, W.F. OOSTERHEERT.

1. Dosimetry intercomparison for partial body X-irradiation of rats

In close cooperation with Drs. J.J. Broerse and J. Zoetelief (Radio-
biological Institute TNO, Rijswijk an X-ray dosimetry intercomparison for
partial body irradiations has been performed among eight laboratories co-
operating within EULEP (European Late Effects Project Group) using mailed
rat phantoms. The dose and dose distribution in lung and liver equivalent
material have been measured with dual thermoluminescent (TL) dosemeters:
LiF and CaF2:Mn. The doses from scattered radiation in shielded parts of
the phantom have also been assessed (Fig. 1).

In the first instance large discrepancies (up to 36 per cent from the
standard value) were observed for the dose values delivered by the
participating institutes. For some participants considerable differences
have been determined between the doses given to the lung and 1 iverequivalent
material. For six of the eight groups the doses in lung and/or liver differ
by more than 5 per cent from the standard dose. In previous studies only
differences smaller than +_ 5 per cent were considered to be acceptable.

For unilateral irradiations dose gradients between *»0 and 70 per cent have
been measured over the total depth of 3 cm of liver equivalent material.

PERCENT DEVIATION WITH RESPECT TO STANDARD DOSE

B C D E F G

before consultation

lung exposure

I I liver exposure

after consultation

Percent deviation with respect to standard dose.
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These inhomogeneities in dose distribution over organs with thesedimensions
are unacceptable for radlobiological experiments. The same conclusion holds
for irradiations of the lung at relatively small focus to skin distances.

The initial results of the intercomparison have been disseminated among the
participants. After consultation, four institutes indicated the cause for
their deviating dose values and quoted results which are closer to the
standard value. This project has indicated the need for repeated inter-
comparisons and for improvements in dosimetry procedures for partial body
irradiations.

2. Lyoluminescence studies

In order to improve the reproducibi1ity of the lyoluminescence measure-
ments the read out apparatus has been revised.

Glutamine samples (Merck), irradiated with 500 Gy to 20 kGy of 60Co gamma
rays and stored after irradiation at 37, 20 and 2 °C were 111, 100 and 97=
respectively. There are indications that not only the temperature, but also
the humidity and oxygen conditions of the sample during storage are
responsible for this variation in LL signal.

A short thermal treatment of 5 h 75 °C + 90 h 20 °C reduces the variation
from 13 to 6%. The optimal treatment should aim at maximum a 2 to "}>%
variation.

3- Clear perspex system

A few samples of a new batch of HX dosimetry perspex were received from
the National Physical Laboratory for preliminary testing before issue.
Several results on the instability of the HX perspex arising from this
programme have been taken into consideration by the UK Panel on Gamma and
Electron Irradiation in developing the new batch. The batch has a thickness
of 1.75 mm and can be used to cover the dose range 2 kGy (200 krad) to
50 kGy (5 Mrad).

Measurements have shown that the sensitivity and dose response curve at
305 and J>\h nm are very similar to other perspexes but that contrary to
the usual behaviour of previous batches the new batch does not show any
build up of OD at 305 nm during the first 2k hours after i rradiation either
at 20 or 35 °C. This build up of OD which was temperature dependent was
responsible for much of the inaccuracy of the previous batches. In addition
it has been found that the diffusion of oxygen into the new batch, which
causes a fading of the OD at all wavelengths proceeds very slowly. At 31*4
nm the samples faded in air in the dark at hS °C only 5% in the first 2k
hours. Samples held in vacuum in the dark at k5 °C after irradiation to
30 kGy (3 Mrad) showed no change in 00 at 31^ nm over a period of 9 days,
and a sample irradiated to 30 kGy (3 Mrad) at 45 °C over a period of 10
hours gave the same response at 31*t nm as the samples irradiated at 20 °C
in 3 hours. At 305 nm the same sample gave an OD reading which was 10%
higher than that found for samples irradiated at 20 °C in 3 hours and gave
a dose estimate 12% too high. This indicates that whilst measurement at
305 nm results in a reasonably stable OD at 20 °C during and after
irradiation, it is unsuitable for use when samples are irradiated at
higher temperatures for longer times as often occurs in the commercial
irradiation facilities.
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A study of dose effect response and the interrelationship between cell

survival, mutation and chromosomal aberrations in plant cells

K.H. CHADWICK, H.P. LEENHOUTS, P.A.TH.J. WERRY, K. SREE RAMULU.

1. Haplopappus gvac-ilis (Nutt.) Gray - cell cultures

A. Sury|yal__studi,es

The replating technique, developed in 1976 was used to study the effect
of dose rate (repair of sub-lethal damage) and the effect of delayed
plating (repair of potentially lethal damage) on survival of free
Haplopappus gracilis cells after irradiation with X-rays and fission
neutrons. The free cells used in this study were collected from cultures in
the stationary phase of growth. These cells, when kept in their own growth
medium, have no mitotic activity, thus longer irradiation time (low dose
rate) and holding in medium before plating (delayed plating) are probably
not affected by progression and changes in radiation sensitivity in the
cell cycle.

a. effect

Figure 2 shows the effect of dose rate on the dose effect relationship for
cell survival following X-irradiation. At a dose rate of 0.5 Gy-mm"1 the
increased plating efficiency due to the irradiation (the "stimulation
effect") overrules the cell inactNation effect up to doses of about 10 Gy.
At a dose of 12.5 Gy the survival of free cells is improved by a factor of
5-5 and 8.5 for the dose rate of 1 Gy-mm"1 and 0.5 Gy-mm"1 respectively as
compared to the dose rate of 3 Gy-mm"1.

Figure 3 shows the effect of dose rate on the dose effect relationship for
cell survival following irradiation with fission neutrons. It may be
concluded that repair of sublethal damage occurs during the irradiation,
however, a contribution to the observed effect by the repair of potentially
lethal damage cannot be excluded.

0.1

0.05

0.03

0.02

O.5 Gy.min"1 -

1.O G .min"1

3.1 Gy.min"'

5 10 15 20 dose (Gy)
F i g u r e 2 " E f f e c t of dose r a t e on s u r v i v a l of f r e e c e l l s of Haplovappus

grae-il-is.
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Figure 3

Effect of dose rate on survival of free
cells of H. graeilis after irradiation
with fission neutrons.

0.0001

0 2 4 8 10
dose (Gy)

b.
Figure k shows the effect of delayed plating on free cell survival
following X-irradiation. It appears that the "stimulation effect" is
absent after holding the cells for 2k hours before plating. For higher
doses the delay of plating results in an increase of survival. Figure 5
shows the kinetics of repair of potentially lethal damage after a dose of
15 Gy at different temperatures during the delay. The ultimate extent of
repair (after a delay of 2k hours) is not influenced by temperature,
however, the rate of repair is temperature dependent. This indicates that
enzymatic activity is involved in the repair of potentially lethal damage.

As can be seen in figure 2 at low doses of X-rays the plating
efficiency of free cells is increased, whereas the phenomenon seems to be
absent after irradiation with fast neutrons. (See also Ann. Report 1977).
However, since the cell killing effect of fission neutrons is much more
drastic than that of X-rays it was supposed that such a stimulation
phenomenon would occur at very low doses of fission neutrons.

Figure 6 shows the effect of low doses of fission neutrons - at a dose rate
of 5 rad-min"1 - on the plating efficiency of free H. graailis cells
compared to previous results with X-ray irradiation. It is clear that the
stimulation-effect can be caused by both fission neutrons and X-rays. The
RBE of fission neutrons for this effect is about 5. This value is in
accordance with the RBE for cell killing of fission neutrons, which is
3 - 5 .
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Figure k - Effect of delayed plating on dose effect relation m.p.
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Figure 5 ~ Effect of delayed plating on survival of free cells of
Haplopappus gracilis. Effect of temperature.



- 7 -

1.4
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0 0.25 0.50 0.75 1.00Gy(fission neutrons)

Figure 6 - Increased plating efficiency of free Eaplopappus graailis cells
after irradiation with law doses of X-rays and fission neutrons.
Fission neutron irradiation: 5 rad-min"1

X-ray irradiation: 312 rad-min"1.

Successful induction of PAL activity in colonies, resulting from free
cells after the replating procedure has now been achieved. The difficulties
in this respect have been overcome by replacement of 2.k D by NAA and
Kinetin in the growth medium. The plating efficiency in the modified
medium is identical to that in the original B5 medium. Irradiation studies
will be conducted soon.

2. Saintpaulia ionantha, var. Utrecht

The cytological method to determine the capability of Saintpaulia
epidermis cells to regenerate has been used to continue the study on the
radiation sensitivity of these cells, and especially the radiatiom
stimulated repair.

The effectiveness of neutrons was compared with that of X-rays in the
induction of this stimulated repair. Various first doses of X rays and
neutrons were followed 2*4 hours later by 10 Gy neutrons. In general the
effect was less than the sum of the effects of the first and the second
dose, but the difference was larger when X rays were used in the first
dose than when neutrons were used in the first dose. Figure 7 shows the
repaired fraction in this experiment as a function of the first dose; the
maximum repaired fraction for neutrons was less than half of the maximum
for X rays.
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Figure 7 - Repaired fraction.

I f we now consider the situation in which the epidermal eel Is are irradiated
but cultivation is delayed, then it is possible that this radiation
stimulates the development of the repair process in the period between
irradiation and cultivation and that this repair acts on the damage
induced by the same radiation dose.

Results of experiments on delayed plating indeed show that the effect of
the irradiation decreases with delay of cultivation and the decrease is
maximal at the same dose as found in figure 7- The effect of delayed
cultivation is greater for X rays than for neutrons in accordance with the
results of the first experiment; as a consequence the radiobiological
effectiveness (RBE) for neutrons increases with delay of cultivation.
Figure 8 shows the RBE values derived from an experiment with 0, 1, 2 and
k days delay between irradiation and cultivation. It can clearly be seen
that the RBE value increases at 2 and k days delay, indicating that some
time is required for the development of a biological process which enables
the cells to repair the radiation damage.

In a separate experiment the dependence of the repair on the time between
the first and second dose was studied. The repair process increases with
time, reaches a maximum with 8 - 30 hours between the first and second
dose and decreases until finally at k days the repair process has almost
completely vanished.

3. Interaction between UV and ionizing radiation

The theoretical model developed to analyse radiobiological effects
assumes that DNA double strand breaks are the initial lesions which lead
to cell death. On this assumption it can be expected that a synergistic
interaction may occur between radiation and other agents which also cause
damage to the DNA molecule.

Figure 9 presents schematically a proposal for the mode of synergistic
interaction. Ionizing radiation induces single and double strand breaks,
the double strand breaks are supposed to be responsible for the biological



RBE

100

10

0.1

- 9 -

time between irradiation and cultivation

+ 0 days
O 1 days
A 2 days
D 4 days

. . . I

10 100

neutron dose (Gy)

Figure 8 - The RBE of fast neutrons in Scdntpavlia ce l ls as a funct ion of
neutron dose for 0, 1, 2 and 4 days cu l t i va t ion delay.

JI0N1ZING RADIATION]
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INTERACTION
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HA

RAOIATION EFFECT TOXIC EFFECT

o;'k'XD|

I
TOTAL EFFECT: qD + (3O2+ a'k'XD + kX2

Figure 9 - Schematic representation of the action of radiation and a
possible action of other DNA-damaging agents on cells, and the
synergistic interaction.
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effect and the single strand breaks are normally repaired. If a second
agent which can also induce single strand damage is combined with radiation
then it is possible that the single strand breaks caused by the radiation
may interact with the single strand damage caused by the agent to
additional number of double strand lesions,
possible to derive a series of mathematical
form of interaction.

Radiation effect (survival S)
S = exp - p (ao0+&oD

2)

Agent (UV) effect

Using these arguments
equations to describe

induce an
it is
this

Radiation +
exp - p

UV effect

(kX2)

S = exp + p (ooD+3oD
2 + ct'k'XD + kX2)

These equations have beeri used to analyse the combined effect of UV and
radiation (data from Han and Elkind, Int. J. Radiat. Biol. 31 (1977) 275).
and the results are shown in figure 10.

The first part of the figure shows the X ray sensitivity with and without
UV pretreatment. The curves have bv?en fitted using the linear-quadratic
equation, where 3 has been held constant for all three curves, as predicted
In the theoretical model. The synergistic effect results In an increase in
the a coefficient which increases with increasing UV preexposure. (See
Fig. 3, upper left part). The second part of figure 10 shows the UV
sensitivity with and without X ray pretreatment. The UV curve has been
fitted with a pure quadratic equation, the combined treatments have been
analysed using a linear-quadratic equation using the same quadratic
coefficient as found for the UV exposure alone. The a coefficient increases
with increasing X ray predose (Fig. 11, upper right part). The theoretical
treatment predicts that in the absence of repair the pa'k1 term from the
interaction should be a constant independent of the order of the two treat-
ments. Figure 11, lower part, illustrates the four values of paJk' derived
from the four different treatment schemes.

\
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3. »-'(rM;i-'H »)> 5 :.raJc i ^ r '

10 20 30
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Figure 10 - Survival of Chinese hamster V79 ce l l s for combined treatments
of X-rays and UV (data from Han and Elkind, 1977) analysed
using the l inear-quadratic equation S = exp - (aD + gD2).
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I
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Figure 11 - The dependence of the a coefficient on the pretreatment of UV
(ct = pcrk'D) and the independence of the normalized interaction
term p(ct'k') on pretreatment.

UV exposure induces pyrimidine dimers in the DNA of cells as single strand
lesions and the coherence of this analysis provides support for the
assumption that the ONA double strand break is a critical radiation
induced lesion. This synergistic interaction can be anticipated with ohter
DNA damaging agents and as it leads to an increase in the linear initial
slope of the biological effect relationship, it may have important
implications for radiological protection.

k. Genetic effects of very low doses of X-rays and fast neutrons on the S-
locus of Oenoihera organensis Munz.

The self-incompatibility system in Oenothera organensis (clone I I l-'t,
SjSij) is used to analyse the frequency of S-gene mutations induced by very
low doses 0.025, 0.05, 0.1 and 0.2 Gy (2.5- 5, 10 and 20 rad) of X-rays
and fast neutrons. Because of rigorous incompatibility, i.e. complete
absence of environmental pseudo-fertility in this species, a close agree-
ment exists between the two methods of determining mutation rates, i.e.
pollen tube growth and seed-set. The irradiation treatments were applied
to meiotic buds. The buds in pre- and post-pachytene stages were marked.
At anthesis the pollen collected from each flower was used to pollinate
four flowers of the control plants of the same clone (S3Sij). Two of these
flowers were utilized to score the pollen tubes and the other two left for
seed-set.

The data given in table 1 show that the pol1 en-abortion increased with the
increasing dose of fast neutrons. The percentage abortion following treat-
ments with fast neutrons was higher than that found after the treatments
with X-rays.

The semi—in vitro screening method, developed in 1977, has been used to
analyse the frequency of compatible pollen tubes which grew in the styles
following the treatments with low doses of radiation. The number of
compatible pollen tubes gives a maximum measure of the porportion of pollen



- 12 -

grains with a changed incompatibility reaction, including those with an
inviable sperm nucleus. From the in vivo analyses on seed-set and progeny
obtained after irradiation treatments (table 1), three different types of
effects cou'd be distinguished: 1) the number of seeds produced, which
give? . n estimate of the number of pollen grains with a mutated S-gene and
havir.,_ at the same time a sperm nucleus which is able at least to stimulate
the initiation of a zygote; 2) the number of plants produced, that gives an
estimate of the S-mutations, which are fully viable and 3) the type of S-
mutations induced. In connection with this last point, tests are underway
to determine the type of S-mutations. Although the number of pollen grains
scored to this date has been rather low (on average half million pollen
grains from 132 pollinations per dose), the data given in table 1 suggest
that the low doses of X~/ays and fast neutrons induce S-gene mutations.

Table 1 - Percentage pollen abortion and frequencies of pollen tubes,
capsules, seeds and plants for treatments with the low doses of
X-rays and fast neutrons in Oenothera organensis Munz.

Treatments

Control

X-rays
0.025 Gy
0.05 Gy
0.1 Gy
0.2 Gy

Fast neutrons
0.025 Gy
0.05 C/
0.1 Gy
0.2 Gy

%
pollen

abortion

9.5

10.5
10.8
11.it

8.7
11.7
13.0
15.5

In vitro test

No. o f
p o l l i -
nat ions

205

69
96

105
10 A

68
120
128
179

No. o f
po l l en
tubes

5

it
7
7
8

3
6
7
8

No. of
pol1i -
nations

184

113
177
171
151

130
97

108
119

In vivo test

No. of
capsules

5

5
10

it

3

1
5
2
2

No. o f

normal

it

5
10
10
5

0
3
2
2

seeds

smal 1

1

2
5
1
0

2
6
0
0

No. of
plants

1

0
3
2
1

0
2
1
0
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BEHAVIOUR OF RADIOACTIVE AND NON-RAP I PACT 1VE POLLUTANTS IN SOILS,

SEDIMENTS AND PLANTS

R a d i o a c t i v e c o n t a m i n a n t s

Migration of 90Sr, 137Cs and Pu in s o i l s . Ve r i f i ca t i on of a computer model

on the behaviour of these radiocontaminants in soi ls of Western Europe

M.J. FRISSEL, P. POELSTRA, N. VAN DER KLUGT.

Modif ications have been introduced in the procedure for the determination
of 90Sr in so i l s , resu l t ing in considerably higher recovery of the added
car r ie r (stable Sr) . Recovery of up to 90% was obtained, thus resul t ing in
more re l i ab le 90Sr values. With th is new method, the 90Sr content as a
funct ion of soi l depth has been determined in 6 of the so i ls belonging to
the pro jec t . The results are shown in table 2.

Table 2 - 90Sr content in s o i l s , as a funct ion of soi l depth (mCi/km2).

"Location

Layer ^ \ ^
0- 5 cm
5-10 cm

10-15 cm
15-20 cm
20-25 cm
25-30 cm

Alblas-

0.2
10.6
8.0
5.9
4.9
—

Amersfoort

4 . 2
10.1
6,1
8.3
2.9
1.7

Hi Wersum

6.0
5-3
6.1
5-0
3-4
4.5

Schoonebeek

4.2
5-1
4.1
2.7
2.0

-

Hannover

12.3
15-7
11.9
7-9
4.6
1.7

Amiens

18.2
10.7
14.3
7.8
3.2
1.7

The data of table 2 w i l l be used for the ve r i f i ca t i on of the computer model
for the prediction of the behaviour of 90Sr in so i l s .

In 1977 such a ver i f i ca t ion study was carr ied out for 137Cs in s o i l . From
this study i t was concluded that a pseudo residence time, i .e . a simpl i f ied
chroma tographic mode, could be used for predict ion purposes. In view of
th is resul t a study was carried out to investigate whether adsorption/de-
sorption measurements wi th 137Cs could be used for predict ing the chromato-
graphic behaviour of Cs in so i l s .

Adsorption/desorption measurements with d i f fe ren t a r t i f i c i a l soi l solutions
(NaCl 0.015 N, CaCi2 0.015 N; NaCl 0.012 N, CaCl2 0.012 N, KC1 0.005 N) and
three types of soi l ( loess, clay and peat) were made. Besides t h i s , leaching
studies were carried out on undisturbed so i l columns. Leaching rates amounted
to 2.5 cm per day, the leaching was continued for about a year.

The so i l types and solutions are given in table 3. The exchange constant,
calculated from the adsorption/desorption measurement was so high that for
2 of the 3 soi ls no s ign i f fcant migration could be expected (see table 3) .
This expectation was v e r i f i e d . For the peat soi l migration over a few cm
was expected. This could be ver i f ied also, although the agreement for the
combination peat soil - NaCl'CaCl soi l solut ion (Na:Ca = 50:50) was d is-
appointing. The general conclusion was that by using adsorption/desorption
measurements i t is possible to predict the behaviour of Cs in so i l reason-
ably well .

- 27 - 1
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Table 3 ~ Comparison between actual Cs migration in the columns and the Cs
migration which can be calculated from adsorption/desorption data.

Soil

Loess

Clay

Peat

System

Na:Ca = 50:50
Na:Ca:K = 1*0:40:20

Na:Ca = 50:50
Na:Ca:K = 40:40:20

Na:Ca = 50:50
Na:Ca:K = 40:40:20

Expected migration

0.08 cm
0.8 cm

0.05 cm
0.3 cm

18 cm
4.2 cm

Observed migration

**
n o n e**
none

**
none
none

1 cm
2.3 to 7.5 cm

**
Values of duplicate column 1.5 to 8 cm.
'A migration of less than 0.5 cm cannot be observed due to the uneven-
ness of the soil surface.

The results of these studies are given in a paper: "The verification of
models for the behaviour of fallout Cs in soi1s" by M.J. Frissel, P. Poelstra
srj K Smierzchalska, which has been submitted for presentation, by the second
o./.!-,--, at the 2nd International Symposium of Radioecoiogy at Cadarache
(ns..ce), 19-22 June 1979-

A survey of the concentration of Pu, Am and radioactive metals in soils of

the Rhine river delta

P. POELSTRA, N. VAN DER KLUGT, M.J. FRISSEL.

Plutonium concents have been determined in soils and sediments at four dif-
ferent locations, as shown in figure 12. Location No. 1 is a sandy soil
near Amersfoort, used as a permanent pasture. The 239»2l*0Pu content amounts
to 310 pCi per m2 and is an average of 4 replicates. Location No. 2 is a
foreland soil of the Rhine river, also used as a permanent pasture, and
situated near Valburg. It is sometimes flooded by riverwater. It shows an
average 239,2*t0pu content of 560 pCi per m

2. Locations 3 and 4 are both
sediments taken from the Biesbos area. Location No. 3 was sampled up to a
depth of about 20 cm. The 239,2It0Pu content amounts to 4400 pCi per m2.
Location No. 4 could be sampled to about 10 cm. It shows an average 239,240pL1
content of 1320 pCi per m2.

These preliminary results seem to confirm the expectation that some Pu
accumulation might occur in the deposits of the Biesbos. A definite
conclusion can only be made when more results, i.e. measurement of Pu in a
function of depth (locations 1, 2 and 5) are available. Details are shown
in table 4.

The reproducibility of the Pu-analysis for all locations is excellent,
therefore the procedure used for Pu-analysis in soils and sediments seems
to be reliable. It will, however, be further tested by intercomparison
measurements and determinations on standard samples in cooperation with the
Laboratoire de Geologie, ENS, Paris, the CEN, La Hague (both in France and
with the CEN/SCK at Mol, Belgium.

In cooperation with the Delta Institute at Yerseke a start has been made
with the sampling of sediments of the Western Scheldt and Eastern Scheldt.
The vegetation (if any), the 0-10 cm layer and 10-20 cm layer from 7 dif-
ferent locations will be analysed for Pu.

1
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'"•-». A

Rhim

Figure 12 - 1. Sandy soi 1, never flooded : 310 pCi 2 3 9» 2 4 0Pu m"2 (layer 0- 5 cm)

2. Foreland soi 1 river Rhine,
sometimes flooded : 560pCi 2 3 9, 2 4 0Pum" 2 (layer 0- 5 cm)

3- Sediments river Rhine,
recently deposited : H 0 0 pCi 239'21t0Pu nf2 (layer 0-20 cm)

k. Sediments river Rhine,
recently deposited : 1320 pCi239»2tf0Pu m"2 (layer 0-10 cm)

i r
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Table 4 - Results of Pu-analyses.
The columns 4 and 5 show the recovery of 236Pu and 2lf2Pu which
were added to the samples to calculate correct ion factors for un-
complete recovery.

Location

Amersfoort
(location No.
layer 0-5 cm

Valburg
(location No.
layer 0-5 cm

Biesbos
(location No.

Biesbos
(location No.

Biesbos
(location No.
layer 0~5 cm

1)

2)

3)

4)

5)

pCi

8
9
7
9

16
15
17
15

23
21
21
23

12
12
14
12

15
15
14
16

-"Opu
/kg

4
.9
• 7
.1

.1

.2

.1

.1

.0

.0

.8

.6

.8

.6

.7
• 7

.1

.0

.8

.2

238pu

pCi/kg

0.6
0.6
0.6
0.7

n.d.
n.d.
n.d.
1.2

n.d.
n.d.
n.d.
n.d.

1.5
1.6
1.4
1.7

1-3
1.7
n.d.

1-7

Recovery

64
46
65
65

26
42
49
44

26
26
38
14

37
35
49
28

57
48
67
64

Recovery
242pu %2

not measured
not measured

91
86

87
100
100
100

97
100
100
100

86
97
100
93

not measured
not measured

92
94

1 236pu w a s added to the soi l before digestion of the s o i l , the recovery
concerned the complete analysis.

2 2tf2Pu was added to check i f the el ectrodepos i t ion of Pu (last step of the
analysis) was su f f i c ien t l y high.

n.d. Not detectable because of too much overlapping of spectra.

Immobilization and reduction of the ava i l ab i l i t y of radiocontaminants in

soi Is

F. SMEULDERS, J. SINNAEVE, M.J. FRISSEL, P. P0ELSTRA, A. RING0ET.

The beneficial effects of metal ion complexation with tetraethylenepenta-
mine (tetren) on the availability of transition metals in soil for uptake
by plants were described in previous reports. During the past period the
uptake of tetren by plants has been determined using 3 weeks old maize
plants {Zea mays spec.) on a Hoagland Arnon I (HA I) nutrient solution
containing 0.01 mM 1!*L-label led tetren. After a 48 hours absorption period,
the plants were harvested and the roots were washed with either deminerai-
ized water, a 1 mM tetren solution or a 100 mM tetren solution. About 5%
of the absorbed lkC was translocated to the shoot. The meristem tissue

T r
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contained two times more lhC than the leaves with the highest transpiration.
Washing of the roots with the solutions mentioned previously resulted in a
release of equal amounts (in all cases about 11& of the root content) but
the rates of the release were very different (100 mM » 1 mM >> water).

Prior to the determination of the ratio of absorption of tetren and
complexed metals, an uptake experiment with 115mCd was carried out with three
weeks old plants for 48 hours. About 50% of the Cd content of the roots was
washed out: 80% of it by an EDTA washing (EDTA being a competitive 1igand)
end the other 20& was independent of the sequence, equally divided between
an HA 1 and a water washing (all treatments 5 m in 200 ml).

In the annual report 1977, the influence of successive complexation of Cu,
Zn and Mn within a normal HA I solution (with EDTA) and with foliar
application of Fe (without EDTA in the HA 1 solution) was described. A
reduced uptake of the elements, specially in the absence of EDTA, was
observed. The reduction of the uptake of a transition metal has now been
determined with an increasing metal concentration in a complete HA I
solution or with foliar application of Fe. For practical reasons, Cu has
been taken as a test metal ion, but the conclusions also hold for 5I+Mn,
65Zn and 6 0Co, as well as for heavy metals (Cd, Pb, etc.). The relative
growth rates (u) a-id the Cu-content of root and shoot (ug-g"1 dry material)
are given in table 5. With EDTA in the solution, the relative growth rates
of the treatments with an increased Cu-concentration are much smaller than
the one of the control, and the Cu-contents of root and shoot reach toxic
levels. For the Cu-tetren treatment, the Cu will be partially in the Cu
EDTA form and in the Cu tetren++(H)+ form. This combination of ligands
in the solution is not adequate to decrease the uptake of copper. Although
the Fe-content of the leaves was sufficient {+_ 70 ppm), the plants were
chlorotic.

Table 5 - Relative growth rate (y) and copper concentration of the plant
material (yg-g"1 dry material) of plants as a function of time.

A. Plants grown on an HA I nutrient solution (Fe as Fe EDTA) with Cu-
concentrat ions of 3.1.1Q"7 M (control), 12.4.10"7 M Cu + + (A) and
12.410"7 M Cu-tetren (B)

Age
(days)

11
18
25
32
39
46

Copper concentration in the solution

Control

Shoot
16
12.6
11
10.4
5.2
4.8

Root
79
58
82
31
22
21

A

Shoot
20
19-4
28
22.2
15.3
17.6

Root
275
338
483
370
192
149

B

Shoot
24
20.8
18.9
16
16
17-6

Root
414
362
388
218
217
163

Relative growth rate y (d"1)

0.16 0.105 0.10

r i
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3. Plants were grown on an HA I medium without Fe-EDTA (foliar application
of Fe as FeSO^). The Cu concentrations in the nutrient solution are
3.1.10"7 M (control), 7-75-10"7 M Cu++ (A), 7-75-10~7 M Cu-tetren (B),
1.55.10"6 M CU++ (C) and 1 .55-10~6 M Cu-tetren (D).

Age
(days)

11
14
17
20
23
26
30

Control

Shoot Root
14.4 73-5
11.9 138
19.3 398
19-8 284
16.1 172
14 185
16 185

Copper concentration in the solut

A

Shoot
31.6
27.8
40.2

31-3
24.5
19.1

Root
569
657
919
738
665
625

B

Shoot
25
27.8
27.3
30.6
15.5
14.1

Relative growth rate y (d

0.135 0.16 0.

Root
64
72
81
99
46
33

on

C

Shoot
37-7
29-7
32.8
33.8
18.1
14.4

-1)

18, 0.

Root
936
1089
1258
1164
1090
956

16.

D

Shoot
35.6
36.5
27
29
23-3
21

0.17

Root
134
123
127
134
96
83

-

In the case of a foliar application of Fe (as FeSO/j), the relative growth
rates of all copper treatments are higher than that of the control. The Cu-
treatments show strongly incrcease Cu-contents of the roots. For the Cu-
tetren-treatments, the Cu-content was drastically reduced. The copper
concentration of the shoot was similar for all treatments but for younger
plants slightly higher than for the control plants.

Complexation of the transition metals in natural soils was studied with a
clay soil (CEC of 28 meq.100 g"1) and a sandy loam so i 1 (CEC of 8 meq-100 g" 1).
The metal concentration was varied between 0 and 600 ppm.

Figure 13 gives the yield of 40 days old plants (mean of 8 replicates) as a
function of the Cu-concentration in a 10~2MCa(N0^)2extract (soiI/solution
ratio of 1/20). In the clay soil, copper concentrations up to 700 ppm do
not cause toxicity symptoms when the soil is treated with tetren. Without
tetren, the yield decreased very sharply and toxicity occurred.
For the sandy-loam soil, a tetren treatment delayed the appearance of
toxicity but a serious yield depression was observed. Obviously, admixing
of a clay fraction is necessary to obtain more beneficial effects. This is
being studied in a quantitative way by the determination of adsorption iso-
therms. For both soils, the adsorption isotherms of the Zn-, Ni-, and Cd-
tetren/Ca have been carried out. The metal-ion concentrations in the
equilibrium solution of the clay soil are reduced to very low levels.
However, due to the lower stability constants of the complexes in solution,
the total metal/tetren ratio is a very important parameter.

For the sandy loam soil, the affinity of the organic substances for the
metals strongly interferes with the complexation by tetren. This follows
the sequence Cu > Zn > Cd > Ni.

The microbial stability of the 1igand or the complexes to a large extent
determines the applicability of the method. A long term incubation
experiment with 14C-labelled tetren under different conditions (humidity,
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nutrient additives, type of soil, occupation degree of the CEC) was started
and this study still continues. The results of the first six months of
incubation are given in table 6.

3 |
1.8

1.6

1.4

1.2

1.0

0.8

0.6

0.4

• Cu-tetren
. Cu*+

5 6 7 8 9 10
jig extractable Cu.g-1 soil

* Cu-tetren
— a — Cu*+

50 100 150 200 250
extractablfi Cu.g-'soll

Figure 13 - Yield of maize plants (Zea mays) at 40 days as a function of
the copper concentration in a 10"2M Ca(NO3)2 soil extract (ug
extractable Cu.g'1 soil, liquid-soil ratio 1-20).

A. Clay soil (28meq/100 g ) : the total Cu-concentration in the
soil for points 1 to 4 is respectively 3, 200, ^00 and 600
ppm Cu.

B. Sandy loam soil (8 meq/100 g ) : the total Cu-concentration
in the soil for points 1 to 4 is respectively 7i 180, 360
and 540 ppm Cu.

Table 6 - Microbial breakdown of the tetren under different conditions. The
figures give the % of the initial tetren mineral ized to ̂ C C ^ after
6 months (25 °C)

Type of Complex

Degree of occupation

Type of so i1

Low humfdlty

High humidity

Protonated tetren

5
Clay
soil

6.

14.
5

3

%
Sandy
loam

17.2

24.6

Clay
soi 1

1-3

1.6

20%

Sandy
loam

12.7

17-2

5%
Clay
soi 1

3

5

3
2

Cu-tetren

Sandy
loam

14.2

20.7

Clay
soi 1

1.0

1.3

20%

Sandy
loam

9-8

10.7

T
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A reduced breakdown due to the adsorption of the clay minerals is clearly
demonstrated when comparing the results for the clay soil and the sandy
loam soil.

It also can be seen that degradation decreases with increasing occupation
degree of the CEC of the soil. This suggests an area of non-linearity
between the rate of breakdown and the concentration. More experimental
evidence will be needed to ascertain whether the degradation (rate) at an
occupation degree of 20% is the Vmax or a decreased rate due to toxic effects.
For both soils, the Cu-tetren complex is degraded at a slower rate than the
tetren. This leads to the conclusion that complexation and adsorption delay
the degradation. Increased humidity results in an increased breakdown of
the ligand. However, the pF values are influenced by the % of occupation of
the CEC by tetren. Unreported results showed an increased degradation after
addition of dextrose and a decreased degradation after addition of ureum.
Under natural circumstances (lower temperature, non-optimal humidity) the
rate of degradation is expected to be slower than reported here. This sub-
stantially increases the applicability of the method in cases of localized
soil contamination with radiocontaminants.

Scheme for decontamination of agricultural areas after severe nuclear

accidents

F. VAN DORP, R. ELEVELD, M.J. FRISSEL, P. POELSTRA, A. RINGOET.

Part of the studies in 1977 consisted of the calculation of maximum accept-
able deposition levels for the first few weeks after contamination of agri-
cultural land. The pathway grass - cow - milk is the most critical one
during these weeks (see Annual Report 1977)-

During the first months of 1978 the maximum acceptable soil concentrations
for longer periods after contamination, when the pathway soil - plant -
food - man is the most critical, were calculated.

It is via this route that radionuclides deposited on the soil are incorpor-
ated into tha soil, absorbed by plants and finally, after storage, prepar-
ation, etc. of intermediate products, find their way into the food. Taking
into account the time necessary for these processes, we supposed that the
shortest period between the accident and the consumption of food from the
pathway soil - plant would be approx. 150 days. Therefore radionuclides
with short half-lives were excluded from the calculations; some daughter
nuclides with short half-lives were taken into consideration when their
concentration depended on the concentration of the precursor nuclide (see
table 7).

The hypotheses used in the model for the uptake of radionuclides by plant
roots were already described in the Annual Report 1977, pp. 21, 22. We
supposed that an "average E.E.C. diet" consists of 0.205 kg cereal products,
0.230 kg potatoes, 0.270 kg vegetables, 0.070 kg beef and 0.300 kg dairy
products per day (all expressed in fresh weights: pork is not included
because pigs are mainly fed with products from elsewhere.

To obtain a reference level of contamination, maximum acceptable soil
concentrations (M.A.S.C.) of the selected radionuclides were calculated.
This M.A.S.C. is defined as the upper concentration limit of the radio-
nuclide in a soil, at which the ICRP dose limit for the public is not sur-
passed in the "average E.E.C. diet".
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Table 7 - Selected radionuciides for the pathway soi l - plant - man.

group 2
a lka l i metals , 1 3 7 C s -

group 3
alkaliearth metals 89Sr, 90Sr - 90Y

group 4 (1)
rare elements + V,
Zr, Nb 9 1Y, 95Zr, 95Nb,

155Eu

, 147Pm,

group 4 (2)
actinium series

group 5
(noble) metal

elements

2 3 3 P a , 2 3 8 P u , 2 ^ P u , 2^2Cm, 21t4Cm

, 9 9 T c , 1 Q 3Ru -, 55Fe,
106Ru _ 106Rh

group 6
chalcogen elements
+ In, Tl 1 2 3Sn, 125Sb> 125mTej 127mTe-

129mT e - 1 2 9 T e

group 7
halogens 129 |

The parameters necessary for the calculat ion of the M.A.S.C. were estimated
after an extensive review of l i t e ra tu re . Subsequently the re la t i ve radio-
logical r isks (R.R.R.) were established as R.R.R. ( i ) in km2 = (amount of
radionuciide ( i ) in the reactor core) / M.A.S.C. ( i ) (see table 8 ) .

Table 8 - Relative radiological risks for the considered reactor typeswith
a power of 1000 MW(e) and the d i s t r i bu t i on over the groups of
radionuciides

Group

2
3
4.1
4.2
5
6
7

Totals

PWR-U

km*

5.78x10^
2.77x106

2.03x103

5.78x102

2.01x10^
1.09x10"
3-74x102

2.86x10s

%

2.0
96.8
0.07
0.02
0.7
0.4
0.01

100

PWR-Pu

km2

5.25x10"
1.'66x106

1.74x103

1.35x10"
3-36x10"
1.61x10**
4.80x102

1.78x10s

%

3.0
93.4
0.1
0.8
1.9
0.9
0.03

100

HTGR

km2

7-32x10^
4.22x106

1.90x103

2.30x102

3-13x103

1.37x10"
5.00x102

4.31x106

*

1.7
97.9
0.04

< 0.01
0.07
0.3
0.01

100

LMFBR

km2

9.53x103

9.34x105

1.33x103

7.90x1Q2

3.56x10^

2.05x102

9.95x105

%

1.0
93.8
0.1
0.08
3-6
1.4
0.02

100

In a period of about 150 days af ter release from the reactor core, the total
ac t i v i t y has decreased due to radioactive decay by more than 85%. This
decrease is very pronounced fo r actinides l i k e 239Np and 2 3 7 U , and for 1 3 1 1 .
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The calculat ion of the R.R.R. confirmed that 90Sr (group 3) consti tutes
the largest potential hazard. For the soil*—• plant - food pathway the
potential hazard of actinides (Pu, group k (2)) is l imited compared to
9°Sr.
Possible decontamination schemes for the pathway grass - cow - milk - man
were described. Stal l ing of cows and the use of uncontaminated feed is one
of the best possible measures. For 1 3 1 I , the dominant radionuclide in th is
pathway, the production of milkpowder from contaminated milk and storage
of this powder t i l l 1311 ( h a l f - l i f e 8 days) has decayed, is feas ib le. The
administration of preparations to decrease the transfer of 1 3 1 I and of
radiostrontium and radiocesium are not considered as a very promising
method.

Procedures to reduce the transfer of radionuclides to man w i l l be studied
for the pathway soil - plant - food - man.

Behaviour of nuclear wastes in geologic salt formations; computer model

F. VAN DORP, R. ELEVELD, M.J. FR1SSEL, P. POELSTRA.

In June 1973 the f inal report for the "Energieonderzoek Centrum Nederland"
(ECN, Petten) and the Committee of the European Communities, describing
long term risks of nuclear waste stored in a saltdome in the north-east of
the Netherlands, was made avai lab le. A summary of th is report is presented
below.

Attention was also paid to the consequences of water entering the storage
room via ruptures.or water permeable layers in the sa l t although th is
process is highly impropable.

Summary of the results obtained:

The consequences of the storage of highly radioactive waste, embedded in
glass, from 105 MW year (e lec t r ic ) nuclear power production in a sa l t dome
in the north-east of the Netherlands, are described. The potential radiat ion
doses to individual members of a future population, l i v ing wi th in the region
around the sa l t dome, are calculated using d i f fe ren t models. The assumptions
used in the models maximizes the estimated radiat ion doses caused by the
ingestion of contaminated food and drinking-water, the inhalation of
contaminated a i r and the external radiat ion.

Calculations by the National Ins t i tu te for Water Supply showed that radio-
nucl ides from the waste cannot reach the biosphere unt i l 250 000 years
after storage. The most important parameter, in th is case, is the rate of
diapyrism of the salt dome. Although a mean rate of 0.05 mm r ise per year
is to be expected, a rate of 2.5 mm per year cannot be excluded. Our
calculations are based on the la t te r rate.

Many changes in climate, e.g. ice ages, and changes in sea level can be
expected to occur over a period of 250 000 years. The highest radiat ion
doses for individuals may ar ise i f the contamination caused by the waste
is confined to a small area. The radionuclides which contribute most to the
internal radiat ion dose a f te r 250 000 years, are the ones which are also
present in the natural environment; the most important being 226Ra. The
concentration of 226Ra in so i l and water can reach the same order of
magnitude as found in certain areas of the world due to natural radio-
ac t i v i t y . Under the most unfavourable condit ions, the radiation doses to
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people consuming contaminated food (agricultural or fish products) or water,
or inhaling contaminated air, can reach a level which is still acceptable
for individual members of the population, according to ICRP-standards. In
the worst case the radiation dose caused by external radiation could
exceed, for a limited number of people, the ICRP-standards by at the most
a factor of 10.

It can be concluded that the storage of high level radioactive waste in a
salt dome in the north-east of the Netherlands, could cause an increase in
radiation doses for a limited number of people. This could only occur in a
small area and not until 250 000 years after storage. The concentrations
of radionuclides in soil and water, which could arise in this area, are
comparable to those which arise in certain areas of the world which have a
high level of natural radioactivity.

Behaviour of radionuclides in biological and non-biological processes at

very low concentrations

J. SINNAEVE, S.C. VAN DE GEIJN, M.J. FR1SSEL, N. VAN DER KLUGT.

Earlier reported absorption experiments with tomato plants (Lyaopersicon
esaulentim Mill., cv. Marette VF) indicated different behaviour of two
radioisotopes of cesium (13I*Cs and 1 3 7Cs) at extreme activity ratios. The
aberrant behaviour was mainly found for plant roots which have a low cation
exchange capacity. The absorption experiment with tomnto plants grown on
an ion exchanger substrate (reported last year) ha^ been repeated. The ab-
normal ratios observed for the first isolated sample of the equilibrium
solution of the resin could not be confirmed. The existence of the anomaly
reported last year between the isotopic ratios of the solid and liquid
phases still has to be determined for this experiment.

To test whether different behaviour at the solution-resin interface and/or
at the solution-root interface might occur, exchange chromatography
experiments with glass pearls having a low cation exchange capacity have
been carried out. A lucite column (height 30 cm, diameter 1 .k cm) was fi1 led
with glass pearls (diameter 2.7 mm). The exchange sites of the glass were
brought in the H+-form by 24 hours percolation withi NHCl. Two experiments,
the first one with additional stable cesium and the second one without
stable Cs, were carried out (table 9 ) . With carrier (1.8x10"^) in the
labelled solution (experiment 1), activity was detected in all percolated
samples including the first, whereas without carrier (experiment 2 ) , 35 ml
of solution was passed through the column before count rates acceptable
for gamma spectrometry were reached. The z-ratios (131fCs/137Cs in the
sample over 13l*Cs/137Cs in the solution) of all percolated samples were
normal.

Desorption with a 0.1 N HC1 solution proved that the ratio of adsorption
on the glass pearls also was normal. A drawback of such chromatographic
experiments may be the establishment of equilibrium conditions on the
adsorber by passage of an excess of labelled solution. Anomalies of the
activity ratio on the adsorber may be observed within the "activity front"
running through the column. Detection thereof would necessitate a
sectioning of the exchange column before the front reaches the top. Al though
not impossible it i= difficult to realize with this approach, and the use
of a "biological exchange column", as described below, was preferred for
biophysical reasons. Details of the cation exchange properties of plant
stems have been described before (Ann. Rep. 1977).



Tab-le 9 - Percolation experiments with glass pearls (z-ratios based on the
796 keV and 605 keV photopeaks of 1 3 MXs and standard deviation)
(*: no detectable activity in the samples).

Experiment
No.

1

25 uCi-JT1

137Cs

0.05 uCi.J."1

13^Cs

1.8 10"* M
stable Cs

2

25 uCi- lT1

137Cs

0.05 uCi - iT 1

Percolation
flow

(ml.h"1)

0.32

7.20

column
drainage

7.20
(0.1N HCl)

7.20

7.20
7-20

column
drainage

7.20
. (0.1N HCl)

Fraction
volume

(ml)

2.5

5.0

5.0

2.5

2.5

5.0
5.0

5.0

2.5

Number
of

samples

5
21

4
20

4

3

10

8
2

6

' 10

z-rat ios

796 keV

1.01 + 0.06
1.00 + 0.04

Q.97 + 0.07

1.00 + 0.05

0.97 + 0.03

0.99 + Q.10
*

*
0-95 + 0.19

0.96 + 0.03

0.96 + 0.04

605 keV

0.97 + 0.11
1.02 + 0.11

1.10 + 0.11
1.02 + 0.10

1.00 + 0.1

1.05 + 0.06

*

1.05 + 0.10

0.98 + 0.05

0.99 +. 0.09

Cut papyrus stems (Cyperus papyrus L. spec.) with a cation exchange capaci ty
of the vessels of about 8.10"7 eq. cm"1 and a length of about 90 cm were
used. Transpiration (4-12 ml/h) provokes the intake of the label led solution
and the "front of activity" is detected by semiconductor radiation detectors
positioned along the stems (a first detector at about 20 cm from the base,
a second detector at half height). At harvest the stem was cut in 5 cm
segments and the samples were counted by gamma spectrometry.

The majority of the exchange sites of the transport vessels is occupied by
divalent cations, and only a small fraction is available for the monovalent
cesium ions. To increase the adsorption of the monovalent cations an analogous
procedure as used in exchange chromatography, was adopted.

Prior protonation (passage of an excess of a 10~2NHNC>3 solution) resulted
in a more than doubled cesium retention. A protonated and a non-protonated
stem were placed in a solution containing 250 pCi 137Cs-!l"1, 1 yCi ̂ ^Cs-JT1

and ]Q~^ M stable CsCI. The computed z-ratios are given in table 10. They
are all within the statistical accuracy of the z-ratio at this extreme
activity ratio. However, the absorption period was too longasthe activity
reached the leaves of the Cyperus papyrus stem. Furthermore, an aberrant
behaviour of one of the isotopes might have been masked by a 1 imi ted exchange
of Cs with protonated exchange sites.. To overcome these difficulties, a
second series of experiments was carried out in which the protonated stems
were submitted to a passage of a 10"2 N KOH solution prior to the labelled

1
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solution. The exchange sites partly being in the K4" form a Cs-K exchange
can be presumed. Two stems were allowed to take up the labelled solution
(see before) until detection of the tracer by the second detector. In both
cases, the lower 5 cm segments of the stem all have acceptable z-ratios
(table 11). Both 134Cs photopeaks were detected for the upper segments of
stem 1. The z-ratios, specially those based on the area of the 796 keV
photopeak, are acceptable. For stem 2, the 796 keV photopeak of segments
1** and 15 could not be detected. For segments 16 and 17 (upper 2 cm), only
the photopeak of 137Cs was detected and the z-ratio could not be computed.
A background counting revealed a small 137Cs photopeak (area less than
2.5% of the area computed for the sample with the lowest count rate),
whereas no 131tCs photopeaks were detected. However, some photopeaks of the
background spectrum in the energy range of both 134Cs photopeaks and with
areas of the same order of magnitude as those expected for the 13tfCs photo-
peaks of segments 16 and 17, were found. The only way to overcome this is
to increase the count rate of segment samples in the activity front. Ex-
periments with carrier-free labelled solutions but with the same potassium
concentrations as the stable cesium in preceding experiments, have already
been carried out. The counting of the samples is in progress.

A joint absorption experiment in collaboration with Prof. Myttenaere (Phy-
siologie vegetale, U.C.L., Louvain la Neuve, Belgium) and Prof. Apers (Ra-
diochimie, U.C.L., Louvain la Neuve, Belgium) is in progress.

iable T.d-Exchange experiments with a Cyperus papyrus stem (z-ratios based
on the 796 keV and 605 keV photopeaks of 131fCs and standard
deviation ) * No detectable activity in the sample.

Segments
(from

to

stem

stem

stem

stem

leaf

leaf

leaf

base
top)

(5 cm)

(5 cm)

(5 cm)

(5 cm)

(5 cm)

(5 cm)

tops

Number
of

samples

5

5

5

3
4

4

1

Non-protonated

796

0.97

1.02

0.98

1.00

0.91

0.97

1

keV

+ 0.06

+ 0.05

+ 0.05

+ 0.08

+ 0.04

+ 0.06

.01

605 l-

0.98 +_

1.05 +

1.02 +

0.90 +

1.05 +

0.98 +

i :

ceV

0.07

0.09

0.10

0.09

0.13

0.06

31

796

1.01

0.99

1.00

0.95

0.96

1.00

Protonated

keV

+ 0.09

+ 0.07

+ 0.07

+ 0.09

+ 0.07

+ 0.04

*

605

0.94

1.02

0.92

0.96

0.96

0.99

keV

+ 0.09

+ 0.05

+ 0.05

+ 0.07

+ 0.08

+ 0.09

*

T
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Table 11-Exchange experiments with a Cypenis papyrus stem submitted to a
sequence of protonation, exchange with potassium, exchange with
cesium, (z-ratios based on the 796 keV and 605 keV photopeaks of
134Cs and standard deviations)
* no photopeak detected at 796 keV
+ no photopeaks of ukZs detected; photopeak of li/Zs detected.

Segments
(from

to

stem

stem

stem

stem

stem

stem

stem

stem

base
top)

(5

(5

(5

(5

(5

(5

(5
(2

cm)

cm)

cm)

cm)

cm)

cm)

cm)

cm)

Number
of

samples

4

4

4

1

1

1

1

1

796

1.02 *

0.91 j

stem
keV

• 0.18

- 0.05

0.92 + 0.08

0

0

0

0

90

98

.96

.99

1

0

1

1
605

.10

• 97

• 05

4

•t

1.

0

1

0

Z-ratios

keV

_ 0.08

_ 0.12

: 0.06

18

98

30

.82

/y

0.97

0-99

0.99

stem
6 keV

+ 0.04

+ 0.05

+ 0.03

0.92

*

.*

+

+

1

1

1

2
605 keV

.05

.09

.13

+ 0.

+ 0.

+ 0.

1.01

0.80

1.36

+

+

07

13

06

Root and foliar uptake of radioactive contaminants by crops; theirtransport

and redistribution towards different plant organs (e.g. edible parts, re-

productive organs)

G. OESMET, J. SINNAEVE, S.C. VAN DE GEIJN, A. RINGOET.

Transport and accumulation of 65Zn after root uptake.

1. Uptake of 65Zn by tomato plants from solid substrates

The work on accumulation of 55Zn in tomato fruits after a contamination
of the soil at different stages of plant growth and fruit development was
continued. Six plants were grown on soil columns as described before, but
with a daily irrigation of 100-150 ml/plant to avoid the drought symptoms
observed in earlier experiments. The soi1 columns were contaminated in pairs
with 0.75 mCi S5Zn/column released in equal amounts at 5 cm depth spacings
in the soil profile. The first two plants were contaminated when the first
fruits appeared (2-4 mm diameter), the next 2 weeks later, the largest fruits
then measuring 25~35 mm diameter, and the last two plants again 2 weeks
later, each plant then bearing 6 fruits larger than 20 mm in diameter. The
contamination period lasted till ripening of the first fruits commenced (48,
30 and 16 days after contamination respectively) or till ripening was com-
pleted (61-43 and 29 days respectively). At harvest time each plant carried
between 150 and 200 g fresh weight of fruit.

In spite of the precautions taken to avoid the drought symptoms mentioned
in earlier reports, the plants were again showing serious necrosis of the
leaves at the end of the experiments. This may have affected the results of
the experiments quantitatively, but some results of the analysis are worth
mentioning for their qualitative meaning. Table 12 shows that there is a

T
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influence of stage of development on the amount of 55Zn entering the fruits.
The strong reduction of the 65Zn-import in the fruits partly parallels the
reduction in import in the plant, which may be related to the change from the
vegetative to the generative stage.

An important observation is the relatively stable distribution pattern of
652n in the fruit, independent of the duration of the contamination or
stage of development of the fruits. The relatively high levels of 65Zn in
seeds and peel, reported before, were confirmed.

The strong retention of 65Zn in the lower part of the stem was also con-
firmed: 40-50% after 48 and 61 days, and even 702 of the total 65Zn in the
aerial part after 16 days. These results emphasize the need for a further
comparison with data obtained on nutrient solution, as the large deviations
could give rise to misinterpretation of data, collected for radioprotection
purposes.

Table 12 - 65Zn-content of tomato plants, fruits and fruit-fractions after
various contamination periods.

Plant

1
2
3

5
6

Contam.
period
(days)

61
48
43
30
29
16

Smallest
initial
fruit at
contam.
(mm)

buds
buds
6
8
12
22

Mean weight
gai n of
fruits
{% of final
freshw.)

100
100
93
76
61
54

65Zn
in

plant
(nCi)

10304
13268
2190
2934
1340
1325

S5 Z n

in
fruits
(* of
total)

13
13
7.4
9.3
7.1
4.8

Mean cone.
in fruit
(nCi/g.DM)

133
142
28
26
10

9

Mean cone.
in seeds
(nCi/g.DM)

200
246
50
38 .

17
15

2. Comparative retention of 65Zn, 5hHn, 6 0Co, l3hCs

By using a modified culture technique on limited soil volumes, plant
senescence during fruit formation could be reduced. This procedure was used
to make comparative accumulation studies of 6 0Co, 65Zn, 131tCs and 54Mn after
root uptake. At the beginning of fruit formation, the soil of three plants
was contaminated with 250 uCi goCo, 175 pCi S5Zn and 75 yCi 13l+Cs and another
three plants received 25 uCi 6°Co, 17.5 ̂ ci 65Zn, 7-5 pCi 131+Cs and 12.5
tiCi 51+Mn. All plants were harvested at partial ripening of the fruics. The
relative accumulations of the different radiocontaminants in the plant organs
and fruits is being determined by gamma spectrometry at present.

3- Autoradiographic evidence for differences in the distribution of 65Zn
and bltMn ~ ~ ~ ~

To facilitate extrapolations of some of the contamination studies in this
project, an autoradiographic study was started on the kinetics of distribution
of the most important radiopollutants. Comparisons will be made of the
distribution pattern after 10 and 30 min, 1, 2, 3, 5, 1\, 16 and 31 h of
contamination in light, and 31 h, followed by 5 days of growth on a non-
polluted nutrient solution.

The first results with S 5Zn and 51tMn in 29 days old tomato plants showed
S4M to be more mobile than 6 5Zn.
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This is apparent from the autoradiographs after short uptake periods, but
also for contamination periods of 7i h and longer differences prevail. The
65Zn seems to be restricted much more to the vascular system (stem and leaf
veins) than the 5l+Mn. The latter is spread more uniformly throughout the
leafblade. Also near the root-tips differences exist, S5Zn being present in
larger quantities in the root cap than 5I+Mn.

k. Accumulation of 65Zn in the shoot of spinach plants

The work regarding the accumulation of radiocontaminants, in particular
5 5Zn, in leaves of spinach plants {Spinaasa oleraaea L. var. Verbeterd
Breedblad) has been continued. In order to describe.quantitatively the
transfer of zinc from a nutrient substrate to the leaves, the relation
between Zn supply and accumulation in the edible parts has been investigated.
The plants were harvested after 5, 17 or 29 days of growth on various zinc
concentrations (nutrient solution: Steiner; a modified Hoagland), and the
zinc content of the total shoot was determined. The relationship between
zinc concentration in the shoot and in the solution can be described by a
third degree polynomial.

As the zinc concentration in the shoot increases only slowly with the
solution concentration (from 1.2 nmol/gDM at 1.76 10"7M to 2.8 ymol/gDM at
1.76 10"5M), the "transfer coefficient" or "concentration ratio", defined
as the quotient of shoot concentration and solution concentration is about
inversely proportional to the concentration in the solution, i.e. the lower
the concentration, the higher the relative transfer to the plant. The use-
fulness for radioprotection purposes of the data on stable zinc concentration
in the edible part of the spinach plants has been verified in a series of
experiments, ir which the nutrient medium was contaminated throughout the
complete growth period. The S5Zn content was determined at various ages, in
cotyles, first and second leaves. No significant difference was observed
between the 6^Zn concentration ratio and the concentration ratio calculated
from the third degree polynomial expression mentioned above. This can be
expected, as the quantity of stable zinc, introduced in the non-contaminated
seed is small compared to that taken up, even for rather short growth periods.
The 65Zn concentration in the leaves depends on plant age (figure lh) and
shows a maximum which is reached at different times for the cotyles and
the individual leaves. The phenomenon, which can be understood as a "growth
dilution", underlines the need for a cautious interpretation of plant
mineral content data. Further attention will be given to this aspect of the
radiocontamination problem.
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Figure \k - Relation between the age o f the individual leaves of a spinach
shoot, and the S5Zn concentrat ion: c, in coty les; p,
in f i r s t leaves; s, in second leaves.
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N o n - r a d i o a c t i v e p o l l u t a n t s

The contamination of vegetation, surface water and deep qroundwater

(drinkinq water) by heavy metals unintentionally released into soils

P. POELSTRA, M.J. FRISSEL, N. VAN DER KLUGT.

The study of the purification capacity of k different soils for anorganic
and organic compounds released from a refuse dump has been continued.

The experimental set up was as follows:

Undisturbed soil columns were leached with effluent from an existing well
controlled refuse dump under anaerobic conditions. For each soil type, six
columns were used and treated equally; after 2 months the leaching of the
first column was stopped and it was cut into slices. After another 2months
the second column was stopped, etc. Since there were six columns per soil
type the experiment lasted exactly one year for each soil. A seventh
column is used as a control to ascertain the initial distribution of the
compounds investigated over the soil column. The effluent from the soil
columns was collected and every 2 months analysed for TOC, pH and a number
of compounds. The soil column slices and the influent (the influent from
the refuse dump) were analysed for the same characteristics and compounds
in order to compose material balances. The flux was 1 cm per 24 h.
The h soils used are a poor sandy soil, a medium textured clay soil, a
heavy textured clay soil and a peaty soil. The experiments on the first 2
soils mentioned have been terminated, the experiments on the last 2 soils
will be terminated in May 1979- The data obtained so far have been col 1ected
in the appendix and grouped together per compound measured. A thorough
evaluation of this experiment can only be made at the time all data are
available.

Considering the results obtained sofar, it appears that the metais initial-
ly present in the soil were not mobilized within the leaching period, with
the exception of Mn and Ca. Mn was, however, retained within the peat soil.

Together with the effluent Cr, Fe, Ni and Zn were added to the different
soils. The sandy soil showed a very low retention capacity for all four
ions. The three other soils have a much higher retention capacity, although
Cr and Fe were released eventually. It took several months, however, before
equilibrium between the Cr and Fe concentration in the influent and the
effluent was reached. Fe is not released from the peat soil. Ni remained
mobile in all k soil systems and was easily released.

Zn was accumulated in the soil columns and hardly released (except for the
sandy soil as is mentioned above); apparently it was immobilized. The
purifying capacity for organic compounds was very low. All h soils show a
considerable break-through. From the N, PO4 and SOl, measurements it could
also be concluded that most of the organic compounds were not retained in
the soil columns.

To verify the results of this experiment under circumstances closer to
natural conditions of refuse dumps, a preliminary experiment was made with
an undisturbed soil monolith of the poor sandy soil.
The soil monolith had a length of 50 cm, the refuse having a layer of mixed
household refuse on top of it, was 100 cm. The top 20 cm of the refuse was
mixed with salts containing Fe, Zn, Ni, Cu, Cr, and Cd. The whole system
was made anaerobic and leached with a very dilute salt solution during one



year. For reasons of comparison a second column of 100 cm length, filled
with household refuse only, was treated similarly. The metals added to the
refuse column were not retained except Cu, but the soil retained nearly
all the Ni and Cd and showed a breakthrough for Cr, Zn and Fe. The organic
compounds were not retained, neither in the refuse layer nor in the soil
monolith (measured total N, SO^, PO^3", COD and fatty acids).

To investigate the possibility of converting part of the organic compounds
to methane by microbiological processes, part of the columns were prepared
for this purpose. A number of combinations of soil, refuse material,
effluent of a refuse dump, lime and activated sludge were set up. In a few
columns it appeared indeed possible to produce methane; a slightly acid
environment and the inocculation with activated sludge are important for
starting the microbiological process. A typical example of the gas release
is N2 30%. CH4 50% and C0 2 20%, with a production rate of about i 1 of gas
mixture per 5 kg of refuse material. Preliminary results indicate that de-
composition occurred mainly in the fatty acids.

Investigations will be continued, accent will be on the reduction of the
organic matter (TOC + fatty acids), not on the methane production itself.

The experiment with soil columns taken from the sewage field at Braunschweig
(F.R.G.), which were leachad with a dilute salt solution under aerobic and
anaerobic conditions in order to investigate the mobility of Zn, Cd, Cu,
Cr, Pb, Fe, Mn and PO^, was terminated. Zn, Cd and Cu were released
immediately after the start of the experiment, but this release was gradual
ly reduced under anaerobic conditions. Cr and Pb were not released under
both conditions; Fe and Mn were released only under anaerobic conditions
and P04 was readily released under both conditions.

An evaluation of all the results obtained requires a careful study of the
relationship between redox potential, pH and the chemical form of the
compounds studied. Presumably this needs further investigations, i.e. the
construction of adsorption isotherms under varying pH and redox conditions.

For Cd such studies have already been performed, the release of Cd was in
agreement with the adsorption/desorption studies which were reported last
year. This indicates that the availability of the Cd in the soil of the
sewage field at Braunschweig (which has already been in use for a long
time) is equivalent to the availability of rather recent addition of Cd).

The mineral nutrition of agricultural crops. Uptake via the roots and

translocation within the plant of heavy metals and related elements

J. SINNAEVE, F. VAN DORP, M.J. FRISSEL, S.C. VAN DE GE1JN, D. KETEL.

1. Cation transport in plants
a •

Based on the hypothesis, developed in the preceding period about the
divalent cation transport, experiments have been started to detect day/
night rhythms in the direction of calcium and cadmium transport. According
to the shown cation-exchange transport, the plant can be considered as a
branched exchange column, where each branch (leaves, meristem, buds, fruit)
is in competition with the others to cover its need for e.g. calcium. An
important part of the calcium flux moves to the transpiring leaves in order

L
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to provide a charge equilibrium (for instance with NO3) and is arrested
there, in some cases in calcium phosphates or oxaiates. The lower
transpiration at night would thus mean a reduced competition with the
other "branches" or "sinks" for calcium, and thus an enhanced import into
low-transpiring organs like growing apical meristems, fruits, etc. This
deduction from the hypothesis has been tested in experiments with tomato-
plants and maize, using calcium as well as cadmium. First results are in
agreement with the expectations.

The work on the cation exchange properties of the xylem in cut stems of
papyrus {Cyperus papyrus spec.) as a model system has been continued. A
series of experiments has given information on the order of selectivity
for the displacement of cations from the exchange sites in the xylem. For
this purpose the change in the shape of a 115Cdm-label led pulse, preceded
and followed by other metal nitrate solutions of the same concentration
(5x10~3fl), was determined. Preliminary results give as an order of select-
ivity: (Pb, Cu) > Ni > (Cd, Zn) > Ba > Ca > Mg.

c. Sy_ntheti_c_|on_exchange_resins

A synthetic ion exchange resin with a carboxyl group as the active group
(DOWEX CC R2) was chosen for studies of the kinetics of ion exchange in a
non-biological system. Problems posed by swelling and shrinkage of the
resin which occur in a column when different ionic species are used in
sequence were solved. As a next step optimum flow rates and concentrations
for the simulation of the exchange transport in plant stems will be
determined.

f _§ilY.§r_in_cut_ca rnat|ons

The work on silver movement in cut flowers (collaboration H. Veen, CABO)
has been finalized as far as flower longevity is concerned. Results have
been published and presented in a poster-display session. The very strong
binding of stiver in the plant stem might make its use in further studies
on the nature of the exchange and binding sites of great interest.

Related to the establishment of preventive measures for a physiological
desease (bitter pit) in apple, a comparative test was made of the penetration
into apples of calcium, applied as a chloride or a fatty acid compound
("Ferrocal"). The supposition underlying the experiments was that the fatty
acid compound would stick firmly to the skin, and slowly release the calcium
as the pH in the skin dropped below about pH 5. A request for such a test
was received from the chemical industry developing this product (FerroB.V.).
Because of limitations imposed on the field experiments with radioisotopes,
the test was made on detached apples in a growth cabinet. Daily sprays were
used to simulate rain.
Results did not confirm the supposition. On the contrary, the amount of
calcium taken up after a calcium chloride treatment was higher, and the
attachment of the fatty acid compound to the skin of the fruits was not
very firm, as an important fraction could be drained off after spraying.
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2. Characterization of cadmium uptake and accumulation by roots

Related to a hypothesis (G. Verfaillie, 1976) for explaining the multi-
phasic shape of Cd-absorption by intact tomatoplants attention has been
paid to the complexing characteristics of cystein and cadmium.
Earlier technical difficulties of measuring Cadmium at low concentrations
with the Cd-electrode have been solved. The complexing behaviour between
cystein and cadmium was determined in vitro at different pH levels and
cadmium cystein ratios (see figure 15). These data are indispensable for
the understanding of the complete picture of cadmium uptake by roots.

Absorption experiments were made with tomatoplants (Lycopersiowi esauten-
tum Mill, cv. Moneymaker) in Hoagland nutrient solution without Fe-EDTA at
a constant pH. The rapid initial uptake was followed using the Cd-electrode
in three types of experiments at several cadmium concentrations (1.1O"5M -
2.10"^ M CdfNOj^). Each concentration run lasted about twelve minutes. In
the first experiment six plants and six different cadmium concentrations
were used, so that each plant received a different cadmium concentration.
In the second experiment also six different cadmium concentrations were
applied to one plant. The total concentration applied was 2.10"^ M CdfNO^^.
In the third experiment cadmium was added continuously at a constant rate
until the same total amount of cadmium was applied as in the previous
experiment.

In all experiments the initial disappearance of cadmium from the solution
was taken to be representative for the uptake of cadmium by the roots. The
uptake was plotted against the initial concentration. In accordance with
the results of Ch. Petit (1976) a multiphasic shape was established. This
area was most clear in the first experiment and less clear in the third
experiment. The results appeared to be dependent on the experimental
procedures mentioned above.

In a separate experiment a substantial difference in apparent uptake was
observed using the Cd-electrode and using 1 1 5Cd m when it was measured
simultaneously. Experiments are in progress to investigate the cause of
this difference between the two kinds of measurements.

Cadmium complexed

1 2 3 i 5 6 7 8 9 10 11 12 13 1i 15 16 17

^y s t e i n ratio[|Cd**U6.10'5M)
Cadmium

Figure 15 - Cadmium complexation dependent on the cystein-cadmium ra t i o at
d i f fe ren t pH levels .



3. Experiments with the Experimental Soil Plant Atmosphere System (ESPAS)

The ESPAS growth chambers have been equipped with an automatic system
for the control of the carbon dioxide concentration in the shoot compart-
ment. The original design was not satisfactory as the fluctuations about
the preset carbon dioxide concentration were too large (100 ppm).
Introduction of a deviation-dependent ampl if ica'tfon factor improved "the
accuracy of the regulation (amplitude of 40 ppm). Based on experience, a
module was developed to make the ampl if ica'-.on of the correction a function
of both the absolute deviation and of the speed of the correction. It is
now operational and allows the determination of growth curves of the plants
while maintaining the ambient carbon dioxide concentration (+_ 10 ppm) at
any level between 200 and 2000 ppm. The ESPAS growth chambers are actually
used to study the reduced availability of radiocontaminants and heavy
metals.
The influence of polyamine additions to the soil on microbial activity of
the soil (respiration) and on metabolic activity of the plants (net photo-
synthesis and respiration) are presently being measured.
The continuous flow chemical analysis system has been adapted for the
mineral analysis of digested plant materials. Simultaneous measurement of
the concentration of total nitrogen, total phosphorous, calcium, magnesium,
sodium and potassium is actually possible. We succeeded in automatizing the
Nessler reaction (total N determination) by addition of a complexant.

Hethylbromide in soils and plants

A. 0AELEMANS, M.J. FRISSEL.

In May of 1978 the study of the behaviour of methyl bromide and its
decomposition product bromide in soils and plants was terminated. Results
were worked out in a Ph.D.-thesis and two publications are in preparation.

Summary and main results of the study:

In a greenhouse, two soil fumigation experiments with methylbromide were
carried out during autumn and winter. Some trial-plots were leached. All
plots were cultivated with lettuce (Laatuaa sativa L. cv. Amanda Plus).
Total and watersoluble concentrations of bromide in soil were determined
by a gaschromatographic method. Under the experimental conditions, 1% to
11% of the methylbromide applied was converted into watersoluble bromine,
from which 15% to 90S was leached out by a ̂ 0 cm layer of water. The total
concentration of bromine in the soil before fumigation amounted to 0.1
pmol g"1 in the top soil and to 0.03 umol g"1 in the subsoil. Ten percent
of the bromine in the top soil was waterextractable; extractabi1ity
gradually increased to 100% for the lowest layers. The amounts of methyl-
bromide volatilized, converted into bromide ions and remaining in the soil
after 6 days were ~Jh%, 12% and \k% respectively, calculated as a I of the
dosage applied; after 14 days these values were 83%, lk% and 3% respective-
'y-

In let tuce, 92% to 98% of the to ta l percentage of bromine was anorganic
bromine. Leaching of the fumigated plots reduced the concentration of
bromide taken up in the lettuce-leaves to a level below the permissible
level of 0.5 umol g " 1 fresh weight.

The concentration of bromide in the second crop obtained from fumigated-
leached plots and control p lo t s , did not d i f f e r from concentrations of



- 35 -

b.omide in the first crop grown under identical conditions.

A number of model calculations were set up taking into account fumigation,
decomposition of methyl bromide to bromide ions, and leaching of bromide
ions. Measured and calculated concentrations of bromide have been compared.
It appears that the diffusion coefficient for methylbromide in soil which
must be used to obtain a good agreement between observations and calculations,
is well within the range of diffusion coefficients published in the
literature; the adjusted diffusion coefficient is, however, much more
accurate than the published ones.

In a number of model calculations the effects of soil moisture, organic
matter content, temperature, dosage, permeability of the plastic cover,
and cover time were considered. As far as the climatic effects are
concerned, soil moisture content has the greatest influence on the
penetration of the gas into the soil. The conversion to bromide ions is
mainly controlled by the temperature. Theoretically a *tO cm layer of water
should be sufficient to leach out all the bromide from the soil profile.
In practice it appeared that the concentration of bromide in lettuce from
a disinfected soil was somewhat higher than for lettuce from control plots;
apparently the leaching efficiency is overestimated. Gaps and tears of the
covering sheet, sheet density (̂  permeability) and temperature strongly
influence the escape of methylbromide during the cover time. Up to 60% of
the dosage of methylbromide applied may escape through commercially
available low density polyethylene sheets during the two days of covering.
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P L A N T N U T R I T I O N - S O I L S

MODELS - CYCLES - BIOLOGY OF NITROGEN

Experimental analysis and computer simulation of nitrogen cycling in atmos-

phere - so i l -p lan t in te r re la t ion

J.A. VAN VEEN, M.J. FRISSEL, J . J . OLIE, J.H. BECKING.

Research reported here has par t ly been carried out by J.A. van Veen during
the last period of his stay at the Saskatchewan Ins t i tu te of Pedology (Prof.
E.A. Paul), University of Saskatchewan, Saskatoon, Canada.

N-model

The recent version of the N-model (see Annual Report 1977) including
mineralization, immobilization and transport processes was tested with ex-
perimental data from a fallow soil in the IJsselmeerpolders having a high
organic matter content. The data were determined by the Rijksdienst voor de
IJsselmeerpolders. The fit between the model output and the experimental
data is satisfactory as shown in figure 16 for mineral N in the upper 20 cm.
Sensitivity analysis clearly shows the microbial turnover as effected by
the decay of microbial cells and subsequently growth of microbes on the
products released to be the main mechanisms controlling the behaviour of N
in soil. Figures 17 and 18 show the effect of the values of the decay rate
constant of the biomass (KM), the decomposition rate constant of microbial
products absorbed on or entrapped in clay minerals (SPERAB) and the leaching
efficiency on the mineral N-behaviour and biomass content respectively.
Calculations show that the use of 15N permits a better evaluation of
parameters which determine leaching of NO^" and biomass turnover than in

' — — 1*" is used as shown in figure 19-case when no 15N

C-model

The C-model presented in figure 20 has been developed to get an understanding
of man's impact on the soil organic carbon content of virgin grasslands by
cultivation. Cultivation is considered to result in a decomposition of grass
roots, a changing moisture and temperature regime, a breakdown of soil
aggregates and a change in the annual input of C. The model includes the
protection of organic matter by adsorption on clay minerals. Cultivation is
then supposed to decrease this protection as it is reported in literature.

The output of the model shown in figure 21 agrees in a qualitative way with
findings from Canada and the USA. The model has been tested with data on
different cultivation practices from two sites in Saskatchewan, Canada,
which also differ in climatic conditions and history. Preliminary results
were good; for instance, the model predicts for one particular site a
decrease in organic C of 25% after 20 years of cultivation, while Martel S
Paul (Soil Sci. Soc. Amer. Proc. 3§_, 501-506, 197*0 found a 28% loss.

Conversion factors biovolume-biomass

Direct microscopical measurements of biomass in soil require conversion
factors for the calculation of the mass of microorganisms from the measured
volumes. These factors have been determined for two bacteria, five fungi
and a yeast, all of them isolated from soil. To simulate the various
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moisture conditions which occur in s o i l , organisms were grown in two media
in shake cui tures, on agar plates and at 0.33. 3.25 and 13-75 atm osmotic
under pressure. The conversion factors, i .e . the rat io between dry weight
and the volume, generally increased with increasing moisture stress from
0.11 to 0.41 g.cm"3 with an average of 0.33 g-cm"3 for fungi and from 0.38
to 1.4 g.cm"3 with an average of 0.8.g.cm"3 for bacteria and yeast as shown
in table 13. Moisture stress affected the C-, N- and P-content of the various
organisms d i f fe rent ly with the ash-content increasing with increasing
moisture stress. The high values of the conversion factors of bacteria and
yeast could not be explained by the shrinkage of cel ls due to heat f i x i n g .
Although further work is necessary to obtain accurate data on the value of
the factors used to convert biovolume to biomass of soi l microorganisms,
this study clear ly shows that exist ing data on the specif ic grav i ty , water
and nutr ient content of microorganisms grown in shake cultures should be
corrected when used to quantify soil microbiomass.

Table 13 - Conversion factors for determining biomass from biovolume for
A. globiformts, E. aevogenes, C. albidus and T. harzianum for
d i f ferent growth condit ions.

Growth conditions

Shake cul ture lab med.

Shake cul ture SE

3-25 atm lab med.

3.25 atm SE

13.75 atm lab med.

13.75 atm SE

Agar plate lab med.

Agar plate SEA

Convers

A. globifovmis

0.6

0.8

0.9

0-9

1 .0

1.3
1.2

1.4

+ 0.1

+ 0.2

+ 0.3

+ 0.3

+_ 0.2

+ 0.3

+ 0.3

+ 0.3

ion factor (g.

E. aerogenis

0-7

0-7

0-9

0.6

1.2

0.7

1.0

1.0

+ 0.2

+ 0.1

+ 0.1

+ 0.1

+ 0.2

+_ 0.2

+ 0.2

+ 0.2

cm"3)

C. albidus

0.5 +

0.38+

0.8 +

0.9 +

1.1 +

0.7 +

1.4 +

1.0 +

0.2

0.04

0.2

0.2

0.2

0.2

0.2

0.2

T. harzianurr

0.23

0.11

0.30

0.19

0.41

0.3

0.18

0.21

+ 0.03

+ 0.02

+ 0.1

+ 0.04

+ 0.1

+ 0.1

+ 0.01

+ 0.05

Note: Lab medium is nutr ient broth (or agar) for E. aerogenes and potato
dextrose broth (or agar) for C. albidus. SE means Soil _Extract.

Den i t r i f i ca t ion in soi ls

To study the microbiological den i t r i f i ca t i on in so i ls and to measure the
release of nitrous oxides and N2O from soi l to atmosphere 3 perspex boxes
(0.4 m3) without bottoms, have been constructed, which were buried in 3
di f ferent so i l s , a heavy clay, a sandy and a peat s o i l . Some soi l
characterist ics are shown in table 14.
When the boxes were buried sample-chambers were instal led at d i f ferent depths
in the soi l p ro f i l e beneath and outside the box (see figure 22). The boxes
were closed with a cover. The N20~concentration in the sample-chambers was
measured before and after 20 hours flushing with a mixture of a i r and
acetylene (about 1.5% acetylene). At the same time the acetylene-concentration
was also measured (see f i gu re23) . Itappeared that the acetylene-concentrat ion
at 30 cm depth was higher than the required minimum concentration for in-
h ib i t ion of N20-reduction. The figures in the graphs 24A and 24B are
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relative measurements of N2O and acetylene expressed as percentages of
their concentrations in the inlet-air because at that time there was no
N20-standard available. In addition data from literature indicated that
apparent fluctuations in the N2O concentration in the ambient air are
caused by fluctuations in the temperature of the Electron Capture Detection.
The box was flushed with 1 1 of gas mixture/h. The pressure at the outlet
of the box was 1 cm of water. A comparison before and after flushing with
acetylene showed increasing N20-concentrations at 30 cm depth and there
was a concentration-profile. The ^O-concentrations of the outlet air are
about twice the inlet-air. This means that there was a diffusion out of
the soil. The accuracy of this method depends highly on the diffusion-
characteristics of the soil used. The diffusion depends also on the soil-
temperature, which was not constant during the experiment.

A leaching experiment was performed to study the behaviour of several
substrates in an undisturbed and disturbed sandy soil and the influences
they have on the pH, Eh and the percolation of nitrate (see figure 25).
The graph shown is an example of the first layer (0-19 cm) of a forest soil
from Vorden, which was homogenized before it was pushed into the column.
The substrates in the influent were Ca(NCU)2 (900 ug NOj/ml); 0.1% yeast
extract (containing 130 yg NOo/ml); Artificial rain and (NHz^SOi, (O.63 g/
ml). The different levels of NO?-concent rat ion of the influent are
indicated by the bold line in figure 25.
The effluent concentration was scattered around 900 yg NO^/ml. Such a
concentration was added to the column only during the first 40 days, so it
must be concluded that mineralization of soil organic matter occurred. This
level of mineralization seemed hardly influenced by the type of substrate
within the influent.

Table 14 - Some characteristics of the soils used.

Soi1 type

Heavy Clay soil

Sandy soi1

Peat soil

Water-
content
in %

29

10

18

Total water
extractable
N in mg N/
g dry soil

1

0

1

Biological nitrogen fixation

A
.6
A

pH-KCl

7
7
4

of Azolla

6

.6

4

in

Exchangeable
NO3 in ymol/g
dry soil

rice

3-3

2.6

3-1

fields

Exchangeable
NO;; in pmol/g
dry soil

4.3

1.0

1.9

An overall calculation was made of the total N input of Azolla pinnata
R.Br. fronds in the soil-plant system of rice soils. These calculations
were based on experimental data of growth rate (doubling time), nitrogenase
activity of the fronds and the influence of the light intensity and the
day-night cycle.
It was found that under optimal conditions Azolla pinnata can produce a
N-input of 335 kg N-ha^-a"1. This occurs under conditions of continuous,
unlimited growth with a continuous supply of mineral nutrients. Rice is,
however, not cultivated the whole year round and moreover a complete cover
of the water surface by Azolla is never achieved, also because of space
limitations with the rice plants. When these factors are taken into account
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the value for unlimited growth should be corrected to 25% and 50% cover,
giving a nitrogen f i xa t i on of 62 - 125 kg N-ha^-a"1 . However, there is
also a dark f ixa t ion of about 20 - 30% during the night period, which w i l l
give as a best estimate for the N-input of Azolla a value of 103 - 162 kg
N-ha^.a" 1 .

Study of N-cycle wi th respect to short ro tat ion forestry for energy purposes

In close cooperation with the Dorschkamp Research Ins t i tu te for Forestry and
Landscape Planning, Vageningen and the Agr icul tural Economics Research
Ins t i t u te , The Hague, a study was started on the poss ib i l i t i es of short
rotat ion forestry for energy purposes. A preliminary study carried out by
the Agricultural Economics Research Ins t i t u te had shown that short rotat ion
forestry with poplars (Populus spp.) can only compete with other agr i -
cu l tura l products i f a production close to the optimum wood production of
18.000 - 25.000 k g - h a " 1 ^ " 1 is achieved and the energy prices are twice as
at present. Such high production levels can only be obtained i f rather high
amounts of f e r t i l i z e r s are applied. Table 15 shows that, depending on
complete removal of the bark of the wood and leaving the bark on s i t e ,
between 100 and 200 k g - h a " 1 ^ " 1 are removed (Note: harvesting of wood is
supposed to occur every 3 or k years, data presented are averages). Besides
nitrogen i r r iga t ion may be required. .
So the key-question ar ises: is i t real ly worthwhile from an energy point of
view to boost the production to a very high leve l , because the nitrogen
f e r t i l i z e r s which are required for this production also use energy? From
table 15 i t can be estimated that to increase the wood production from
18.000 to 25.000 kg about 200 kg of addit ional nitrogen f e r t i l i z e r w i l l be
required. (Estimated nitrogen f e r t i l i z e r ef f ic iency over last increment
30%). The energy requirement to produce 200 kg of nitrogen f e r t i l i z e r is
estimated at 10.000 MJ. This input, together with other inputs, is l is ted
in table 16, which should be considered as being preliminary. The value
which has to be at t r ibuted to the depreciation of machinery ( for harvesting,
f e r t i l i z a t i o n and i r r iga t ion ) is very approximate. For the highest product-
ion leve l , the energy required during the growth period ( f e r t i l i z a t i o n ,
i r r iga t ion) w i l l be high. Desalinization of i r r iga t ion water has not been
considered. Transport costs are estimated at 500 MJ per 1000 kg. There is
only one output, the heat of combustion, which is produced with an ef-
f ic iency of 35%- Despite the high energy inputs i t can be concluded from
table 16 that with short rotat ion forest ry , high nitrogen dressings are a
means to gain energy.

Table 15 ~ Output levels of forestry systems (kg.ha"1-a"1) .

Production
system

No rma1

Short rotation
f 0 res t ry

Short rotation
forestry

Dry matter

Total

12.000

32.000

Vf.000

Wood

6.000

18.000

25.000

Bark

3.500

10.500

15.000

Leaves

3-000

3-500

4.000

Nitrogen

Total

97

209

280

Wood

Ik

72

100

Bark

28

8k

120

Leaves

ks

53

60

Ni t rogen contents o f wood, bark and leaves respec t i ve ly O.k, 0.8 and 1.5°
(These values are es t ima tes , no actual data o f such f a s t growing poplars
are a v a i l a b l e ) .



Tab 1e 16 - Rough estimate of energy inputs in short rotation forestry.

Production level

INPUTS

Fuel, electricity

Fertilizers, chemicals

Depreciation of equipment

Other costs (irrigation incl.)

Transport

Total

OUTPUT

Combustion

NET OUTPUT

18.000 kg/ha

3-000 MJ

5.000 MJ

7.000 MJ

3.000 MJ

9.000 MJ

27.000 MJ

100.800 MJ

73-800 MJ

25.000 kg/ha

4.000 MJ

15-000 MJ

8.000 MJ

6.000 MJ

12.500 MJ

45.500 MJ

140.000 MJ

94.500 MJ

kg mineral. N/ha-1

1_1_1976 1_1_1977

Figure 16 - Calculated ( ) and observed (a) mineral nitrogen in the upper
20 cm of a soil from the Usselmeerpolders. The calculated
curve serves as a reference in figure 17.
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Figure 17 - Mineral ni trogen versus time fo r the 0-20 cm layer of soi l
o observed values

reference case, Kn = 0.08, SR = 0.004, Le = 0.7
case study with Kn = 0.04
case study wi th SR = 0.006

. - case study wi th Le = 1
(For explanation of symbols see t e x t ) .

kg N ho" in biomass

200

150

100

50 • 1 i i i * • » ' •

1_1_1976 1J.1977

Figure 18 - Nitrogen in microbial soil biomass versus time for the 0 - 2 0
cm layer of soi1.

reference case, KQ = 0.08, SR = O.OOif, Le = 0.7
case study with KQ = 0.04
case study with SR = 0.006

The curve of the case study with L e = 1 coincides practically
with the reference curve.

T



kgN hcf1in biomass

200

100

ha"1 in biomass

- 20

10

1_1_1976 1_1_1977

Figure 19 - Nitrogen in microbial soil biomass versus time for the 0-20 cm
of soil. Reference conditions, but 100 kg of *5N was assumed to
be applied at 1 November 1975-
- • — N, reference case, Le = 0.7 (left hand scale)

15N, reference case, Le = 0-7 (right hand scale)
N, case study with Le = 1 (left hand scale)
15N) c a s e stucjy wjth Le = 1 (right hand scale)

Figure 20 - Scheme of model describing C turnover in grassland and effects
of cultivation.
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2.2
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time after cultivation (years)
0 SO 100

! • I
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It me (years)

Figure 21 - Calculated organic matter versus time for virgin and cultivated
grassland.
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Figure 22 - Scheme of f i e l d equipment in heavy clay so i l
B()f B] and B2 locations for a i r sampling
1-13 Sample chambers
S Sprinkler for water app l icat ion
T1-T3 Temperature probes.
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Figure 23 ~ Diffusion of acetylene in heavy clay soil after 20 hours flushing
with air-acetylene mixture (about 1.5? acetylene).
Bi is concentration at in le t point. (Note that samples 11, 12
and 13 are taken outside of the lucite box).
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Figure Ik - A. N20-concentrations in heavy clay soil before flushing with
the air-acetylene mixture. B^ is concentration at inlet point.
(Note that samples 11, 12 and 13 are taken outside of the
lucite box).

B. N20-concentrations in heavy clay soil after 20 hours flushing
with the air-acetylene mixture.
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Figure 25 - NO^-concentrations in percolate of the f i r s t layer (0-19 cm)
in a forestry soil from Vorden as result of different substrates.



P R O P E R T I E S O F C R O P P L A N T S

N U T R I E N T U P T A K E A N D ( R E ) D I S T R I B U T I ON

Nitrogen nutrition of plants in relation to energy balance and accumulation

of ami no acids and protei n_s_

H. BRETELER, CH.H. HANISCH TEN CATE.

In the annual report* ; f 197^ and 1977 we have reported on initial nitrate
utilization by nitrogen-depleted nod'ild-free dwarf bean {PhaseoZus vutgaris
L., cv. Witte Krombek). Some of our findings have been investigated in more
detai1.

1. Initial reduction of nitrate in nitrate-free dwarf bean leaves has been
measured by an in vivo test for nitrate reductase activity (NRA).
After vacuum infiltration of leaf discs with a nitrate-containing phosphate
buffer at pH 7-5, nitrite is released to the medium linearly with time.
This release of nitrite depends completely on exogenous NO? and is prevented
by a short heat treatment (100 °C, 1 minute). Preloading of plants with
tungstate, a competitive inhibitor of molybdenum incorporation into nitrate
reductase molecules, lowers the initial rate of NOji release by 85 per cent
at most. These data suggest that a molybdoprotein, probably nitrate
reductase, is responsible for initial nitrate conversion. During the first
12 h of nitrate nutrition, leaf NRA remains constant, whereas root NRA
increases continuously. These observations raise two questions (a) what is
the function of initial NRA? and (b) what is the relationship between
initial in vivo NRA in leaves and in situ, reduction of nitrate? Practical
implications are that an answer to these questions might facilitate the
understanding of the substrate (NO^) inducible processes of uptake and
reduction of nitrate and that the field test for NRA in crops can be
improved.

By inclusion or exclusion of NO3 in the incubation buffer, NRA is separated
into actual NRA (only endogenous NOj) and potential NRA, measured with both
endogenous and exogenous NO3. Figure 26 shows that actual NRA is initially
very low in leaves and increases to a value of 80 per cent of the potential
level after about 12 h. In contrast, shortly after nitrate supply, actual
and potential NRA become equal in roots, indicating no substrate (NO3)
limitation in roots and a slight nitrate deficit in leaves.

The initial potential leaf NRA is light-dependent, since plants grown in
darkness for 24 or 48 h show only 21 and 11 per cent, respectively, of NRA
in leaves of control plants, kept in the light. Initial "light-induced"
potential NRA in leaves bears no relationship to actual reduction and may
serve as a N0£ generating system to induce actual NRA by authentic enzyme
induction. Nitrite has been reported to be an inducer of nitrate reductase
in several species, including Fhaseolus vulgaris.

Increase in potential leaf NRA coincides with a saturation of actual NRA at
a level of 80 per cent of potential NRA. Administration of nitrate directly
to the transpiration stream of excised stems results in a ratio of (actual/
potential) NRA that equals unity after 6 h (Table 17). In contrast, this
ratio is 0.4 in leaves of intact plants, indicating that nitrate entry into
leaves limits the development of actual NRA in leaves of intact plants.



Table 17 - Ratio of actual (endogenous NO3) : potential (exogenous NO3)
nitrate reductase activity in primary leaves of dwarf bean after
6 h of NO3 supply (5 mM) to intact plants, excised stems ana
excised stems with vacuum infiltration (10 min, 10 mbar)
immediately after NO3 supply. Control plants were grown without
N-sc^rce. Data are given +̂  1 SD, n = k.

Control

Intact

Excised

Excised

stems

stems + vacuum infiltration

NRA actual 1f1n

NRA potential 'c ' U

1 + 0

45 + 6

86 + ^h

92 + 17

NRA (nmol NOj <Jlse-V) ° NRA (jjmol g"1 h " ' ) . (actual NRA /potential NR A) * 100

60

40

©

2°r -- T ,-

—Y/-1—Y
• roots
a leaves

10

4 8 12 16 20 24
timt (h)

100

80

60

40

20

fr+t -U 1

• " ' " ' * — ' - ' •

12 16 20 24
time (h)

Figure 26 - Potential nitrate reductase activity (A) and ratio (actual :
potential) NRA in primary leaves and roots of dwarf bean(B).
Nitrate added at t = 0, 0.1 mM.
Experiments with 5 mM NO3 yielded identical results. Actual
NRA = with endogenous NOj, potential NRA = with exogenous NO3
during incubation. Bars on the abscissa represent the dark
period. Data are given + 1 SD, n = 5.



2. Kinetics of nitrate transport into roots of dwarf bean and barley (in
cooperation with Prof. P. Nissen, Bergen, Norway).

Roots of nitrogen-starved dwarf bean and other species develop a constant
nitrate uptake rate after several hours of nitrate nutrition. This rate is
maintained for many hours, even when the plants deplete their medium over a
wide concentration range, e.g. 300-100 iiM. This observation is at variance
with most of the Michael is constants reported for NO3 in the literature and
prompted a thorough investigation into the concentration-dependence of
nitrate transport. After cultivation on a nitrogen-free nutrient solution,
dwarf bean {Phaseolus vulgaris L.) and barley (Hordeum vulgare L.) were
subjected to nitrate uptake trials. Nitrate uptake was measured by
continuously monitoring of the uptake solution at 20.6 nm inanLKB Uvicord
111 absorptiometer.
In order to compare data obtained by the techniques of tissue accumulation
and medium depletion, the transport of phosphate (H232P0iJ) by excised low-
salt bean roots was also examined. Phosphate shows a wel1-documented multi-
phasic uptake pattern. The uptake of phosphate was measured in a liquid
scintillation counter equipped with a flow-cell.

Nitrate uptake showed three phases in the concentration range below 300 uM
(figure 27). The phases are separated by distinct transitions, and phase
characteristics are listed in table 18. The low concentration phases A and
B strictly follow simple Michael is-Menten kinetics.
The apparent Km at phase C is well below the concentration range in which
phase C is operative, thus rendering an accurate assay of its affinity im-
possible.
The existence of a phase with a very high affinity has been demonstrated in
the phase C concentration range for K*", Rb+, Cs+ and Cl" in barley roots
(K,,, sometimes < 1 \iH) and other tissues by Nissen and other authors.
(Table 19).
Since the l^ values and Vmax ratios do not differ greatly between the two
species examined (table 18), it is likely that the phase pattern for ni trate,
just as for other nutrients, is a universal characteristic of absorbing
cells. A separate phase A does not occur in the phase pattern of other ions
with a high affinity phase, similar to phase C.

Our results show phase transitions to occur at fixed concentrations (cf.
B-A transition in table 18) even when plants deplete their medium in short-
term experiments. Kinetic patterns, obtained by accumulation techniques are
therefore not experimental artefacts, but govern the uptake of ions under
conditions where plants exhaust their environment as well. This conclusion
is supported by the similar phase pattern for phosphate uptake below 100 \iH
by either technique (cf. figure 23).

3. The study of the distribution pattern of nitrogen in dwarf bean using
15N was continued. In some experiments the effect of the nitrate
concentration in the nutrient solution on the distribution of 15N was
analysed. 0.1 or 5 mM 15N03 was given to 10-day-old nitrogen depleted plants,
leading to an exponential increase of 15N contents during the first 6 hours,
after which the 15N content increased linearly (figure 29). During the first
hours of nitrate nutrition i5N was mainly found in the roots, after 6 hours
the accumulation in the shoot, especially the primary leaves, surpassed the
accumulation in the roots (Fig. 29, Table 20). The nitrate uptake rate and
pattern was independent of the nitrate concentration in the medium (Fig. 29,
Table 21).



When the uptake system had already been induced by 18 hours of nitrate
feeding, the subsequent 15NQ.3 uptake was linear with time. 15N accumulated
mainly in roots during the first 6 hours followed by increased accumulation
in the shoot (figure 29). These accumulation results also confirm previous
data obtained by measurements of the uptake rate using nitrate depletion
of the nutrient solution as parameter.

The fate of absorbed nitrate-15N was analysed in a pulse chase experiment.
Induced bean plants were: fed withA^NO^ : four hours of 15N0j were followed
by different periods of ^NO^ nutrition. After the four hour period of 15N
nutrition hO per cent of the 15N in the plant had already accumulated in
the shoot. This shoot accumulation continued to over 70 per cent after 12
hours. (Table 22). This partition of 15N corresponds with that of dry
matter and total nitrogen in 10 days old bean plants, both varying between
70 and 75 per cent. Total 15N content in the seedlings (calculated per g
dry matter to compensate for different weights of plants) decreased
continuously after the 15N pulse, suggesting a considerable efflux of 15N
during ^NO^ uptake (table 22).

The transfer of nitrate and nitrogen-15 from roots to shoots was analysed
in exudation experiments, which led to the conclusion that exudation of
excised roots is not representative for events, occurring in intact plants.
Only 3 per cent of the absorbed nitrogen-15 is transferred to the bleeding
sap during the first 2h hours of nitrate feeding, whereas in intact plants
60 per cent of the absorbed 15N is recovered in the shoot (table 23, 2k,
figure 29). However, when induced bean plants were excised, nitrate
exudation was similar to NO^ uptake during the first six hours of exudation.
Thereafter nitrate exudation declined significantly (table 25). These
results suggest that the shoot and the induction of nitrate uptake in the
roots play an important role in the transfer of nitrate to the xylem.

V~1(AU)

Q.Q2 0.04 0.06

Figure 27 - Lineweaver-Burk p lo t of n i t ra te uptake by barley. V = uptake
rate (arb i t rary u n i t s ) , S = substrate concentration.
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Table 18 - Characteristics of nitrate transport into dwarf bean and barley.
The data represent the range observed in at least 3 independent
experiments. Concentrations in yM. The phases A, B and C are
indicated in Fig. 27-

Beans

Barley

Transi t ion

C-B

77-91

67-93

B-A

42-49

54-57

Michael is constant

A

7-14

1-25

B

16-111

17-118

C

< 0.1

< 0.1

vmax r a t i o

B/C

1.4-2.4

1.3-2.3

A/B

0.4-0.6

0.3-0.8

A/C

0.8-0.9

0.8-1.1

Table 19 - Characteristics of the high affinity phase, similar to "nitrate
phase C", for other tissues and ions, concentrations in uM. Re-
analysis by Nissen (Physioi. Plant., 1973).

Ion

K*
K+
l<+
K*
c i -
cr
cr
B(OH)3

Cs+
Rb+

Material

Barley roots
Barley roots
Barley roots
Tal1 wheat-grass
Barley roots
Barley roots
Maize roots
Sugar cane leaves
Barley roots
Barley roots

MO
3.9
0.5
0.7
3-1
2.6
4.6
5.9
8.1
0.7
9.3

Range

50 - . . .
16 - 150
16 - 140
50 - . . .
36 - 360
50 - 810

200 - . . .
20 - 810
25 - . . .
50 - . . .

Authors

Elzam & Epstein, 1965
H i a t t , 1967
H ia t t , 1963
Epstein, 1969
Elzam et at., 1964
H i a t t , 1968
Maas, 1969
Bowen, 1968
Bange & Overstreet, 1960
Bange & Meyer, 1966

0.3

0.2

0.1

0 0.01 0.02 0.03 0.04
[S(JJM)]

-1

Figure 28 - Lineweaver-Burk plot of phosphate uptake by dwarf bean roots.
Depletion experiments.
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jjmol N/ plant
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+ 5.0mM N03

total
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^ • ^ * ^ » * " rQot

12 18 24
time (h )

Figure 29 - Distr ibut ion of 15N in 10-day-oid nitrogen depleted dwarf bean
plants in re la t ion to time af ter appl icat ion of 5-0 or 0.1 mM
K15NO3 (96.5 at %) at t = 0.

Table 20 - Dis t r ibut ion of 15N over bean plants. Ten day-old nitrogen
depleted bean plants were fed with 1.0 mM K 1 5 ^ (96.5% at
excess) at t = 0.

Time

2 h

h h

6 h

Organ

root
stem
primary leaves
growing point
total

root
stem
primary leaves
growing point
total

root
stem
primary leaves
growing point
total

Enrichment
% 15N excess

0.79
0
0.05
0

1.67
0.14
0.21
0.09

2.93
0.41
0.56
0.33

Content
umol 15N/plant

1.20
0
0.11
0
1.31

2.99
0.22
0.68
0.04
3-92

5.18
0.62
1.25
0.16
7-21

Concentration
umol 15N/gDM

11.4
0
1.0

26.0
1.4
4.6
2.9

48.5
4.7
9.2
10.2

T
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Table 21 - Uptake rate, calculated from 15N content in bean plants ex-
pressed in ymol^N-g"1 dry matter roots (DMR)-h"1 during
different feeding periods with 0.1, 1.0, and 5.0 mM K15NO3 to
roots of intact plants.

(NQp

0.1 mM (NO3)

1.0

5.0

Uptake rate

4 - 6 h

22.0

16.3

18.3

6 - 24 h

26.5

26.6

Table 22 - Fate of absorbed nitrogen-15 during the subsequent time of
nitrate-14 nutrition in bean seedlings. 10 day old bean seedlings
were pretreated with 1 mM 14N03 for 18 h. At the beginning of the
experiment the nutrient solution with ^NO? was replaced for four
hours by 15N02 (96.5 at % excess). This labeling period was
followed by different periods on ^

Time

4

6

8

24

48

h

h

h

h

h

Organ

Shoot
Root
Total

Shoot
Root
Total

Shoot
Root
Total

Shoot
Root
Total

Shoot
Root
Total

15N content
ymol15N/gDMR*

83 +
124 +
207 +

96 +
83 +
179 +

106 +
72 +
178 +

115 +
45 +
160 +

92 +
32 +
124 +

7
19
26

2
11
13

15
3
13

7
6
12

12
7
5

% of 15N
in shoot

40 +

54 +

59 +

72 +

76 +

2

3

5

1

11

Amount of 15N as per cent of
the 15N amount after -4 h

100

86

86

77

60

DMR = dry matter roots.
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Table 23 - The content and exudation of 15N by exuding and non-exuding
roots of 10-day old nitrogen depleted bean plants after a 24 h
period of feeding with 0.5 mM K15N03 (96.5 at % excess).

exuding roots
exudate

non exuding
roots

15N at excess %

10.2 + 0.7
31 +3

10.1 + 0.7

umol15N/gDMR

178 + 10
61 + 0.3

161 + 5

ymol 15N/plant

28 + 3
0.94 + 0.02

20 + 2

Table 24 - Exudation of nitrate by 10 day old nitrogen depleted bean seed-
lings. At t = 0 roots were excised, and 0.1 or 5.0 mM nitrate was
added to the basal medium. Exudate was gathered after the
indicated periods.

0.1 mM NO;
0 - 6 h
6 - 24 h
24 - 32 h
0 - 24 h

5.0 mM NO;
0 - 6 h
6 - 24 h
24 - 32 h
0 - 24 h

Concentration
(umol NOj/ml)

6.6 + 0.5
15.1 + 3-4
12.9
12.9

8.8 + 4.5
19.1 + 6.0
16.7
14.5

0_uanti ty
(umol/gDMR)

2.3 + 1.4
30.5 + 4.1
14.5
10.9

3.0 + 2.1
35.8 + 25.2
7-7
14.7

Rate
(ymol/h.gDMR)

0.30 + 0.28
1.8 + 0.4
1.8
0.45

0.45 + 0.25
1.5 + 0.4
0.96
0.61

Table 25 " Exudation of nitrate by 10 day old induced bean seedlings. NOj
(0.2 mM) was added 18 h before the start of the experiment.
At t = 0, roots were excised and 0.1 or 5-0 mM NO3 was added to
the basal medium. Exudate was gathered after the indicated
periods.

0.1 mM
0 - 6
6-24
24 - 32

5.0 mM
0 - 6
6-24
24 - 32

h
h
h

h
h
h

Concentration
(ymol/ml)

42 + 6
26 + 7
11+4

36 + 4
26 + 4
15 + 4

Quanti ty
(umol

63
50
14

66
65
7

/gDMR)

+ 1
+ 15
+ 3

+ 11
+ 25
+ 6

Rate
(ymol/h-gDMR)

10.6 + 0.1
2.8 + 0.8
2.0 + 0.4

11.0 + 1.8
3.6 + 1.3
1.0 + 0.8



Symbiotic nitrogen fixation, including selection of Khizobivm strains

J.H. BECKING

1. Experiments on nitrogen fixation by Azolla spp.

With regard to the symbiotic ni trogen fixation of Azolla pinnata R. Br. a
calculation was made of its nitrogen input into the soil-rice system, using
experimental data. The generation (doubling) time of Azolla was estimated
experimentally, together with N-content and its dinitrogen fixing capacity.
These calculations were based partly on field experiments done in
Indonesia in 1977 (a 5-month stay in Indonesia was made possible by a grant
of the Netherlands Foundation for the Advancement of Tropical Research),
and partly on growth experiments under artificial conditions performed at
the Association's Institute. In the latter experiments use was made of a
climate room with constant temperature, light intensity and humidity.

In the field (Indonesia), but also under laboratory conditions, a nitrogen-
ase activity of Azolla fronds of 3-2 - 6.9 nmoles Zz^h P e r m9 protein per
min was measured using the acetylene reduction assay. At an average N-
content of the plants of 3.1% and protein at N x 6.25, a nitrogen fixation '
of 37-2 - 80.2 pmoles ^^k P e r 9 d rY weight per hour, or l.h - 5-2 umoles
Ĉ Hij per g fresh weight per hour was estimated. With a conversion factor of
3 : 1 for C2H2 : N2. this would give a nitrogen fixation of 350 - 750 ug N
per g dry weight per hour or k.2 - 9.0 mg N per g dry weight per day. Using
this value and the formula of exponential growth, a doubling time of 2.7 -
5.5 days can be calculated. The variation observed is due to the difference
of nitrogenase activity of the fronds. Experiments are new in progress with
15N2 to determine the conversion factor C2H2 : N2 under the same exper imental
conditions, since in the above mentioned calculation the theoretical value
of 3 : 1 has been used.

The inhibition of nitrogen fixation (acetylene reduction) of Azolla by high
light intensities was studied in the field during a diurnal cycle and the
effect of some shading such as that provided by a greenhouse was also
studied. The measurements showed a considerable variation of light intensity
(1 - 130 klux) during the day. As shown in figure 30 the C2H2 reduction rate
of A. pinnata plants is considerably reduced when light intensities of 80 -
90 klux are reached at noon. Some shading under the rice canopy will there-
fore be beneficial for the nitrogen-fixation activity of Azolla.

The nitrogenase (C2H2) activity of Azolla fronds showed a typical gradient
along the axis from the apex. A typical nitrogen fixation pattern is given
in figure 31. Maximal nitrogen fixation was observed in leaf number 8 or 9
from the apex. In these leaves the heterocyst frequency reached its maximal
value. At the higher leaf numbers the heterocyst frequency is maintained,
but the N2 ase (C2H2) activity is lower probably because of senescence of the
heterocysts.

The nitrogenase activities of A. pinnata (a tropical species) and A. fili-
culoides (a temperate species) were compared at different temperatures at
constant light intensity (15 klux). Both species were grown on a N-free
medium at 29 °C prior to the experiment. As shown in figure 32 the nitrogen-
ase activity of A. pinnata reaches a maximum at about 30 °C, but even at kQ
°C there is still an appreciable activity. In A. f-ili.ciA.loid.es, however, the
graph (see figure 32) is somewhat shifted to the lower temperatures, since
at 10 °C and 20 °C the relative nitrogenase activity of the A. filiav.loid.es
fronds is higher and at ^0 °C lower when compared to A. pinnata tested under
the same conditions.
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In Indonesia it was observed that the occurrence of AzoVla decreased in
intensively managed, irrigated rice fields. This might be an effect of
herbicides and pesticides or combined nitrogen application. Eight herbi-
cides or pesticides used in rice cultivation were tested in the concentrations
usually applied in agricultural practice, i.e. carbofuran (100 mg/l),
dimecron (80 mg/l), basudine 0»0 mg/1), thiodan (**0 mg/l), 2,k D-Amine (67
mg/1), DDT (50 mg/l), dithane (33 mg/l), and MCPA (1 mg/l). Using the
acetylene-reduction test as parameter (10 vol.& C2H21 28 °C, 12 klux) none
of these compounds caused a significant reduction of the acetylene reduction
rate over k8 h. This result may be due to the fact that the algal symbiont
living in the leaf cavity of the aerial leaf is not in direct contact with
the nutrient solution containing the chemical.
However, when the plants were submerged or sprayed with 2,k D-Amine, the
plants change colour to yellow and completely desintegrate in 2 days.

Experiments with combined nitrogen and .4. filiculoides using a Crone medium
containing 0.5 g KNO3 per litre showed little effect of the combined N on
the nitrogenase activity of the fronds in short-term experiments. Prolonged
nitrogen dressing may reduce the occurrence of AzoVla in rice soils, but
this has not yet been investigated.

2. Experiments on growth and nitrogen fixation by Viaia faba L.

Growth and physiological experiments were conducted to establish the contri-
bution of nitrogen fixation to the total dry matter production and N-content
of Viaia faba L. plants. The experiments were performed with three Vieia
faba varieties: Wierboon C.B., Minica, and Maxime. The plants were grown in
a N-poor soil und the total dry matter production, the N-content, the bio-
mass of root nodules and the specific nitrogenase activity of root nodules
(with the acetylene reduction assay) was measured weekly.

The yields of the plants are given in table 26. In tables 27 and 28 the
nitrogenase activity and the nodule biomass is given in relation to the age
of the plants for the Vicia faba varieties Wierboon C.B. and Minica, respect-
ively-. As evident from the data, during the growth cycle of Viaia faba two
peaks of optimal (specific) nitrogenase activity of the root nodules occur-
red, i.e. at the age of 3-i» weeks and at an age of about 10-11 weeks. In
figure 33 the specific activity of the root nodules is presented in relation
to the growth phase of the plant. As is evident from this figure the second
peak of activity occurred in the phase of seed filling, while during the
flowering phase of the plant the nitrogenase activity of the root nodules
gradually decreased.

The contribution of symbiotic nitrogen fixation to the total nitrogen content
of the plant, as determined by the specific nitrogenase activity of the root
nocules and nodule biomass, was different for various varieties of Viaia
faba L. As is evident from table 29 in Wierboon C.B. maximal N2 fixation
occurred at an age of 7 weeks, while in Minica at an age of 11 weeks (seed-
filling phase).

During the growth of Vicia faba a considerable redistribution of N occurred
(figure 3*0 • The nitrogen content of the upper parts of the plants decreased
during growth, whereas that of the sub-soil parts remained constant. A
considerable quantity of N was translocated to the pods, but part of the
nitrogen present in the pod walls was later transferred to the seeds. The
nitrogen content of the root nodules showed fluctuations which were related
to their nitrogenase activity.

A large number of Rhizobiian legvminosamm Frank strains (20) were isolated and
brought into pure culture. They were obtained from the root nodules of Vicia
faba varieties Wierboon C.B., Maxime, Minica, and Beryl. A number of strains

T - 69 - r



were given to the Foundation for Agr icu l tu ra l Plant Breeding (S.V.P.) for
t he i r experiments and n i t rogen- f i xa t ion ef f ic iency t es t s .
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Figure 30 - Acetylene reduction rate of A. pinnata intact plants as affected
by light intensity during time of day ( o = full sunlight,
A = dark; after 30 minutes exposure the dark period is started).
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Figure J>\ - Nitrogen f i xa t ion pattern in successive leaves from the apex
along the main axis of 11 leaves in Azolla cax'oii.niana W i l l d .
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Figure 32 - Nitrogenase (C2H4) activity of Azolla pirmata R.Br. and A. fili-
culoides Lam. fronds grown at 29 °C in relation to temperature.
Solid line A. filieuloides, broken line A. pinnata.
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Table 26 - Dry matter production (g/plant) of three Vieia fdba varieties
grown in two low-nitrogen experimental plots at the Association's
Institute.

Plot No. 1

Wierboon C.B.

Minica

Maxime

Plot No. 3

Wierboon C.B.

Minica

Maxime

Total

41.42

32.97

34.57

32.69

29.08

34.88

Plant
upper parts
(vegetative)

28.08

10.19

18. Ik

23.88

13.90

20. M»

Plant
subsoil parts

6.85

5.16

6.50

7-M
7.02

6.01

Pod
wa 11 s

2.16

3.62

3-92

0.86

3.07

3-̂ 2

Seeds

4-33

14.00

5.41

0.54

5.09

5.01

Seed yield
(kg/ha)

866

2800

1082

108

1018

1002

Plot 1: peat soil, pH (H20) = 5-6
Plot 3: sandy soil, pH (H20) = 6.9

Table 27 -
growth period.

fixation of Vioia faba L. var. Wierboon C.B. during the

Age of
plant
(weeks)

2

3

4

5

6

7

8

9

10

11

12

13

Average
nodule

fresh weight

0.22

0.26

0.47

1.21

1.68

1.70

2.38

3-32

2.04

2.64

2.23

2.10

nmoles C2Hi,/
g fr.wt. nodule/h

6771

20325

24910

19142

16932

5870

6230

6751

12970

24726

4822

1900

N2 fixation
mg N/pl/week

2.34

8.29

18.36

36.32

74.60

15-65

23-25

35-14

41.49

102.35

16.86

6.26

Cumulative
N2 fixation
mg N/plant

2.34

10.63

28.99

65-31

109-91

125.56

148.81

183-95

225.44

327-79

344.65

350.91

Conversion factor 3 : 1

T
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Table 28 - N2U2H2) fixation of Viaia faba L. var. Minica during the growth
period.

Age of
plant
(weeks)

2

3
4

5
6

7
8

9

10

11

12

13

Average
nodule

fresh weight

0.17

0.22

0.33

0.67

Q.85

0.70

0.80

1.29

1.83

1.33

1.08

1.15

nmoles C2HI4;
g fr.wt. nodule/h

38717
66549

6817.2

24764

37374

16579
20428

12458

17868

24158

9565

592

N2 fixation
mg N/pl/week

10.32

22.96

35.25

26.02

49.81

18.20

25.62

25.20

51.27

50.38

16.20

1.07

Cumulative
Hi fixation
mg N/plant

10.32

33-28

68.53

94-55

144.36

162.56

188.18

213.38

264.65

315.03

331.23

332.30

Conversion factor C2K2 : N2 = 3 : 1

Table 29 ~ Proportion of symbiotic nitrogen fixation (%) in the total
nitrogen uptake of two varieties of Vieia faba L.

Age of plant
(weeks)

3
4

5
6

7
8

9
10

11

12

13

Total contribution

Vicia faba variety

Wierboon C.8.

23

48
44
48
60

33
34
30

34
32

32

av. 38.0 + 10

Minica

41

47
61

57
46

49

69
54
84

43
41

av. 53-8 + 13

1 T
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GENE M U T A T I O N S - CH R O M O S O M E MANIPULATION

Studies on the self-incompatibility gene of higher plants for understanding

the processes involved in the generation of functional alleles and for im-

proving methods in mutation breeding

K. SREE RAMULU.

The research during the last year has been described under two headings.
1. Spontaneous mutations in Lycopersieon peruvianim Mill.
2. Induced mutations in Nicotiana alata Link et Otto.

In both the studies attempts have been made to induce constructive mutations
at the S-locus (new S-alleles).

1. Spontaneous mutations in L. peruvianum Mill.

a. Anaiy.§is_of_g]jnts_derj^ed_after_mbreedmgj: Previous data (Ann. Rep.
1977) indicated that out of the 55 plants obtained after inbreeding of
SjS2 stocks, 50 had no changes at the S-locus. The other five plants
were characterized by a general inhibition due to strong inbreeding. The
pollen in these plants carried only the parental alleles, but the style
showed an incompatibility reaction after crosses with compatible tester-
stocks. However, during certain phases of the life cycle, the styles ex-
hibited weaker reaction and allowed some pollen tubes of tester-stocks
to grow in the styles and to fertilize the ovules. The analysis of the
progeny plants showed that these five plants also carried only the
parental alleles, thus indicating that no new S-alleles have been
generated in the 55 inbred progenies.

b. Ana^y_si_s_of_P.Iants_regenerated_f£om_in_vitro cuHures_gf_anthers : Genetic
analyses were made of the plants regenerated from the in vitro cultures
of anthers in Fl3 - S12S13 and 3 - S^S3 of L. peruvianumttf 11. The tri-
partite self-incompatibility locus was used as a marker gene to detect
the genetic changes which had occurred during in vitro growth and dif-
ferentiation and to establish the origin of the regenerated plants.
Previous data (Ann. Rep. 1977) indicated the occurrence of new S-alleles
in the plants derived from in vitro cultures. To determine the type and
frequency of S-alleles generated in the clone 9 - S-j S3, the progenies
were analysed by a series of test-crosses.

c* §l2lIe.Ie._r.§v.e,r.§i2DSi The mother clone 9 - S-| S3 used for the anther
cultures was derived after inbreeding of another clone 006 - S-| S2 (de
Nettancourt et at. 1971. Theoret. Appl. Genet. kU 120-129). The
analysis of 38 plants derived from the anther cultures of 9 - S^S3
showed that in the first generation 16 carried the S2 allele which was
functional only in the pollen. However, in the next generation the S2
allele was functional in both the pollen and style. The S2 allele
generated in the plants derived in vitro was characterized by a
different background and/or constitution from that of the S2 allele
present in the original clone 006 - S ^ , because its behaviour after
self- or cross-pollinations was different from the original S2 allele.
- after self-pollination of the plants derived in vitro, the pollen
carrying the S2 failed to grow, in spite of the fact that the style
carried S-\ and S3 alleles. However, the same pollen with the S2
allele grew in the style of the mother clone which carried Si and S3
alleles.

J



- several homozygous S2S2 individuals have formed in the progeny from
the crosses 9 - Si S3 x in vitro derived plants (S-| S2) -

- none of the 51 progeny plants analysed from the crosses 9 - Si S3 x
in vitro derived plants contained the Ŝ  allele. These, and the other
related data indicated that a selection mechanism operates against
the formation of the S]S2 genotypes when the S2 allele with a dif-
ferent background combines with the S-alleles of the mother clone
9 - S-| S3. However, no selection mechanism operates when the same S2
allele combines with another genotype S\S\ .

New_S_ia_II§l£S.i Progeny tests have indicated that 1 out of 16 plants
derived from the anther cultures of F13 - S-j2S13 a n d 1 o u t °f 38 plants
derived from the anther cultures of 9 - S1S3 i

13
contained new S-alleles. In

9 -
yet

S,S
to

two other plants suspected of having new S-specificities are
e confirmed.

In addition to the occurrence of S-aliele reversions and new S-specific-
ities, temporary self-compatibility mutations (revertible mutations)
were generated in the plants derived from the anther cultures. By
contrast, not a single case of S-mutations occurred inplants regenerated
from the stem internode cultures. Hence, not only the long callus phase
involved in the anther cultures, but also the physiological specificity
of the tissue cultured and the general genetic and environmental back-
ground to which the tissue or cells were subjected during in vitro
growth and differentiation might have induced favourable conditions for
the appearance of S-allele reversions, new S-specificities and SC
mutations.

With respect to the origin of plants regenerated from the anther cul tures
53 plants were derived from the somatic tissue of the anthers and 1 from
a microspore.

2. Induced mutations in N. atata Link et Otto

|1u_ta£ejiic_i_ty_ojf_ ̂MS_: Experiments were carried out to induce S-gene mutations
after EMS treatments (16 mM and 2k mM) of pollen mother cells in OWL - S2S3
of N. alata Link et Otto. The mutagenicity of the given EMS treatments was
ascertained by scoring chlorophyll mutations, a widely used biological
parameter for screening of mutagens.

a- §19§n.§_mytati.gns£ The data presented in table 30 show that the rare
cases of fruit respectively seed-set did not give rise to seedlings in
any of the EMS treated series indicating that no S-mutations were in-
duced.

b* £!3l2E2Eb̂ Il_!!!y£5ii2D§l As c a n be seen from the data given in table 31 >
both 16 mM and 7k mM EMS treatments were highly effective in inducing
chlorophyll mutations.

The results obtained show that out of 102 Mi plant progenies, 18 segre-
gated for chlorophyll mutations, each segregating M-| progeny deriving
from an independent mutational event in a single pollen grain. This
means that after EMS treatment, 1 in 6 pollen grains showed a mutation
at the chlorophyll loci. Assuming that in a genome at the "maximum"
1000 loci control the "chlorophyll" character, it can be expected that
under the present treatment conditions at least 1 in 6000 pollen grains
should show a mutation at a given locus, provided that all the loci are
equally sensitive to the mutagenic treatment. By contrast, not a single

T
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case of S-locus mutations, namely pollenpart mutations .leading to self-
compatibility or constructive mutations leading to a change in in-
compatibility specificity occurred after EMS treatment inspite of
screening approximately 8 million pollen grains from 79** pollen pol-
linations. Probably, these S-mutations may not result from point
mutations at the S-locus.

Table 30 - Results of crosses between untreated S2S3 plants, used as female
parents and EMS-treated S2S3 plants in Ni.coti.ana alata Link et
Otto.

Treatments

Control

16 mM

2k mM

Stage treated

Pre-meiotic buds

Meiotic buds

Pre-meiotic buds

Meiotic buds

Pre-meiotic buds

Meiotic buds

Number of
pol1inations

73
81

211

206

193
184

Number of
fruits

0

1

1

0

2

1

Number of
seeds

0

1

1

0

3
2

Number of
plants

0

0

0

0

0

0
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Table 31 - Frequency of chlorophyll mutations in the M2 after EMS treatments of PMC's in a self-incompatible
clone of Niootiana alata Link et Otto.

Treat-
ments

Control

16 mM

2h mM

Number of
pol1i nations

10

11

17

M̂  generation

No. of
o

M-| plants
studied

513

735

800

No. of
chloro-
phyll
mutants

0

0

0

M2 generation

No. of M] progenies studied

Stage of treatment

pre-meiotic

11

17

35

meiotic

13

15

35

total
no.

2k

32

70

Mean progeny size
(no. of M2 seed-
1 ings analysed
per an M-| progeny

150

102

109

No. of M] progenies
segregating for chlo-
rophyll mutations

pre-
meiot ic

0

3

8

meioti c

O
 

C
M

 
LA

total
no.

0

5

13

= Pollen developed from treated PMC's (pre-meiotic and meiotic) of S9S3 plants was applied on untreated

s6s7 ?.
= From part of the seeds of crosses, untreated S^ST O X treated S2S3 (treated series) and untreated
x untreated S S ( o n t l )x untreated S2S3 (control)

= Derived from bud-pollination of randomly selected M̂  plants.
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Biochemical research on sel f - i ncompatibi l i ty in Ni.coti.ana alata Link et

Otto

G.M.M. BREDEMEUER.

1. Role of peroxidases in the regulation of pollen tube growth

In the previous studies on peroxidase activity and its possible in-
fluence on pollen tube growth in N. alata styles, no data have been re-
ported on a possible tissue-specific distribution of the isoenzymes in the
style. A knowledge of the distribution pattern of various peroxidase iso-
enzymes is basic to an understanding of the role which they play in the
regulation of pollen tube growth.

Starch gel electrophoresis showed that two peroxidase isoenzymes occur in
the transmitting tissue, namely No. 12, a major one which was specific for
this tissue and a minor one, No. 7 that was also found in the cortex. The
fact that the transmitting tissue was the only part of 217. alata plants
which contains the peroxidase isoenzyme No. 12 suggests at least that the
role of this isoenzyme is correlated with the physiological function of the
style. Irradiation-induced inactivation of peroxidase isoenzyme No. 12 was
accompanied by a reduction of the compatible pollen tube growth.
The peroxidase isoenzyme No. 10, which has previously been suggested to be
involved in the regulation of pollen tube growth occurs only in the cortex,
thus indicating that it influences the pollen tube growth indirectly.

2. Detection of incompatibility genotypes

A number of studies have been carried out to investigate the occurrence
of any correlation between the incompatibility (S)-genotype and the iso-
enzyme or protein pattern of a style.
With respect to the correlation between the S-genotype and the peroxidase
isoenzymes in N. alata the results obtained are contradictory. The finding
of Pandey (1967) that each S-allele in N. alata styles has its own specific
peroxidase isoenzyme bands could not be confirmed with the starch gel
electrophoresi s.

Thin layer polyacrylamide isoeiectric focusing appeared to be a useful
technique for separating the esterase isoenzymes from the stylar extracts of
217. alata. Zymograms of different S-genotypes were compared, but no specific
correlation between the S-alleles and the esterase isoenzyme patterns could
be observed.

The differences observed in the progenies obtained after inbreeding and
after crosses were due to differences in genetic background, but not related
to the S-genotype.

The application of isoeiectric focusing for S-genotype detection work was
very successful in the case in which a general protein stain was applied.
Isoelectric focusing of stigmatic extracts revealed the presence of numerous
bands ranging from pĤ t to pH 9. A comparison of the protein patterns of the
stigmas in inbred plants on OWL-S2S3 of 217. alata revealed the presence of
one band ascribable to the S2"allele and one ascribable to the S3-allele.
These bands occur also in the progeny of clone OWL (S2S3) x clone OB-2
(S6S7). Similarly the Sg allele was characterized by a specific protein band.
The results concerning S7 are still uncertain; the different bands were found
to be located so close to each other, that it was difficult to identify pre-
cisely the protein band specific for the S7 allele.

T - 81 -
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The present results may provide an experimental evidence that gameto-
phytically determined incompatibility proteins are already present in the
unpollinated styles. This is in contradiction with Van der Donk's theory
that these proteins are only synthesized after pollination. Further research
may indicate if the S-specific proteins found in our material are really
involved in the incompatibility reaction.

Methodological aspects of mutation breeding in agricultural crops

C. BROERTJES, S. ROEST, G.S. BOKELMANN.

1. Development of micropropaqation techniques

a.

Stem segments were isolated at regular intervals from vegetatively
growing stock plants of the chrysanthemum cultivars Bravo and Super
Yellow, and cultured in vitro to demonstrate the potential of the in
Vitro adventitious bud technique for both vegetative propagation and
mutation breeding.

Solamm_tuberqswn I.

Via the in vitro formation of adventitious shoots on non-irradiated and
irradiated rachis, petiole and leaflet-blade explants of the potato
cultivar Desiree and subsequent root formation of subcultured shoots,
more than 3000 plantlets have been produced at the Association's Insti-
tute and transferred to IVP (Department of Plant Breeding of the Agri-
cultural University at Wageningen).
Since these vM-|-plants were not grown simultaneously, no final comparison
could be made between the plants developed at different times in the ex-
periment with respect to morphological characteristics of upper and lower
plant parts. Therefore, tubers from vM-|-plants were harvested and planted
simultaneously in spring 1978, giving rise to vM2-plants. Preliminary
observations indicate that a large number of the mutants were solid (non-
chimeric). In order to arrive at a final evaluation of the significance
of the in vitro adventitious bud technique for mutation breeding, VM3-
plants will be examined in 1979. In addition, and also in cooperation wi th
IVP, experiments were carried out with 6 monoploid and 3 homozygous di-
ploid potato lines. Plantlets were produced via adventitious shoot
formation on in vitro cultured rachis, petiole and leaflet-blade explants
of all the monoploid and 2 of the diploid potato lines. A cytological
observation of the regenerated plantlets revealed that all of them had
spontaneously become diploid or even tetraploid, giving homozygous di-
ploids and tetraploids. It must be emphasized that homozygous plants are
of great potential value for potato breeding.

Begonia_x_hi8malis

After irradiation and through adventitious shoot formation on in vitro
cultured leafblade explants of the begonia-clones S0-| and Schwabenland
Red, and an additional subculture of leafblade explants excised from in
vitro produced adventitious shoots, hundreds of flowering plants of both
clones were produced in 1978. Apart from normal plants, almost exclusive-
ly solid non-chimeric mutants were produced. Plants, originating from the
same subcultured leafblade explants were frequently found to be all non-
mutated or identically mutated.
Some interesting and attractive mutants of both clones are being pro-
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pagated vegetatively in order to assure a better select ion and comparison
with the original genotypes next year.

d. -Q-i
Nodal stem explants of carnation developed mult iple shoots in vitro
through ax i l la ry and adventitious shoot formation. The subsequent root i ng
of isolated sabcultured shoots resulted in the production of 2220 plant-
lets from hori-irradiated and irradiated explants of 6 d i f fe ren t cu l t i va rs .
The plant lets were transferred to IVT ( i ns t i t u te of Hor t icu l tura l Plant
Br'eeding__at Wageningen) fo r fu r the r cu l t ivat i o n t i 11 flower i ng and eval uation
of' tfe~mutation breeding aspect.

e. !-hbsa'cmi armeniaoum
- , - — — - , w-w _ — — — _

i iytro (sub)cultured leafblade explants, excised from leaves of a di-
plosd cultivar and its autotetraploid, regenerated adventitious shoots
quite rapidly. Plantlets can be produced both through root formation of
subcultured shoots and through in vitro produced bulblets. Hundreds of
plantlets, originating from unirradiated material, have been produced
and were successfully transplanted to soil. After the determination of
the radiosensitivity of the diploid and its autotetraploid, this in vitro
adventitious bud technique will be used for the comparison of the mutation
frequencies and spectra at the diploid and the tetraploid level.

In spring, young vegetative buds of Foraythia developed into shoots when
cultured under in vitro conditions. A subculture of leafblade explants,
excised from in vitro developed shoots, led to the regeneration of
adventitious shoots and, after root formation of isolated shoots, to the
first production of plantlets.
Stock plant material was maintained in vitro throughout the year, which
means that in principle plantlets can be produced at any time. The whole
procedure of vegetative propagation has to be optimalized, however, be-
fore this method can be used for mutation breeding. The in vitro re-
generation of plantlets in trees and shrubs is generally rather difficul t
and this method looks very promising for micropropagation and mutation
breeding of other woody perennials.

g. Euphorbia viiloherrima

Stem explants, excised from vegetatively growing stock plants of poin-
settia cv. Anette Hegg, initiated numerous adventitious shoots in vitro.
So far, however, a very restricted number of the shoot initials developed
into shoots. Attempts are being made to improve shoot development by the
application of gibberellic acid to the culture medium.

2. The comparison of dipioids and autotetraploids

As has been reported considerably different mutation frequencies were
obtained after the irradiation of diploids and the respective autotetraploid
forms of Aahimenes, in the sense that the latter produced an almost ^0 times
higher mutation frequency compared to the former.

To test this interesting phenomenon, leaves of the diploid and later also
of the autotetraploid form of Saintpcailia cv. Eva were irradiated with a
series of X-ray or fast neutron doses. We have determined the survival,
production, mutation frequency and mutation spectrum of the diploid, as well



- 70 "

as survival and production of the tetraploid but so far no definitive data
have been obtained because of the slow growth of the plants, partly due to
unfavourable light conditions.

In the meantime the best 20 - 30 Saintpaulia cultivars have been tested in
order to select one or two cultivars which may be suitable for a similar
experiment as has been done with the cultivar Eva. Two were selected, name-
ly No. 33 (a selection of Holtkamp, Germany) and cv. Heidi (a commercial
cultivar of Fisher, Germany). No. 33 has an extremely wide mutation spectrum
with very distinct and easy recognizable mutant genotypes, as was revealed
by a small scale test-irradiation. An autotetraploid form of it is being
made at present. Although we do not know the mutation rate of the spectrum
of the cultivar Heidi, it has a very interesting autotetraploid form. Both
diploids and autotetraploids will be used in irradiation programmes when
enough leaves are available from the clonal propagation.

Somatic cell genetics in plants

P.A.TH.J. WERRY, S. ROEST, G.M.M. BREDEMEIJER.

1. Haplopappus gracil-is

a. Biochemical mutations

For the purpose of rapid biochemical selection of genetically altered
cells attempts were made to select (induce) cell lines having amutation
affecting the sensitivity of the cells for cycloheximide, emetine and
chlorate. The decisive reason for the choice of these mutations (cyclo-
heximide resistance, emetine resistance and nitrate reductase less) is
that their molecular basis and general genetical qualification (dominant
or recessive character) are known from literature.
Until now conditions have been defined for the selection and induction
of ChR and ER mutants using the replating technique developed in 1976.
With respect to the NR~ mutation experiments are currently being carried
out aimed at the development of a medium which contai ns ammonium as the sole
nitrogen source, in contrast to the normally used Be; medium which con-
tains nitrate as the sole nitrogen source.

b. Synchronization

V/e intend to use isolated metaphase chromosomes for the transfer of
genetic information from one cell to another. To obtain large numbers of
metaphase chromosomes it is necessary to synchronize cell cultures with
respect to mitotic division.

Cytological observations have led to the preliminary conclusion that when
cells from cultures in the stationary phase of growth are transferred to
fresh medium one or two "waves" of mitoses occur - the first wave at
about 19 h after inoculation - before the suspension proceeds into asyn-
chronous growth. This phenomenon will be used as the starting point in
the search for a method to synchronize cell suspension cultures.

Protoplasts were successfully produced from cell suspension cultures a-
long the experimental lines described further on in section II.

Protein and isoenzyme patterns of H. gracilis cell lines will be in-
vestigated in order to find characters that can be used to check whether
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transplanted chromosomes are functional.

Preliminary experiments indicate that the methods used for extraction
and electrophoretical separation of peroxidase isoenzymes from Nicotiana
alata styles can also be applied to calls of Haplopappus gvacilis from
suspension cultures. Peroxidase could also be detected in the culture
medium. The isoenzymes changed both qualitatively and quantitatively
during the culture cycle.

2. Solanim tuberosum L.

a- £a!Ius_i.nductjpon

The induction and the culture of calluses from the colonies arising from
cells in suspension which are used in cell genetics is essential.
In the tetraploid cv. Bintje, the monoploid potato-line (MH 39 x), its
homozygous diploid (MH 39 2x) and its homozygous tetraploid (MH 39 ̂ x ),
conditions suitable for optimum induction of callus on stem, petiole and
leaflet-blade explants were investigated. Up to now the best callus in-
duction was obtained on Gamborg's B5-medium (macro-, microelements and
vitamins), supplemented with agar 0.8%, sucrose 2% and BA (6-benzylamino
purine) and NAA (a-naphthaleneacetic acid) at 10~5 g/ml, and after in-
cubation at 27 °C in continuous darkness.

b.

Research was also directed towards the isolation of protoplasts from
leaflet-blade pieces of cv. Bintje. A procedure has been developed en-
abling the isolation of protoplasts at densities of 106 - 107 per g leaf
tissue. The conditions for optimum isolation of protoplasts of cv. Bintje
differed from the procedure described for the isolation of protoplasts
from mesophyll cells of the potato cv. Russet Burbank (Shepard & Totten,
^977)> with respect to the conditions for optimum cultivation of the
stock plants and the concentration of the enzymes.

Experiments will now be conducted in order to achieve colony formation
from plated protoplasts, shoot regeneration and subsequent plantlet
formation.

The effect of fast neutrons, as compared with X-rays, upon mutation spectrum

and mutation frequency in Avabidovsis thaliana (L.) Heynh. and Hovdewi

vulgare L. in relation to evaluation of the BARN-reactor

L.M.W. DELLAERT.

1. AraMdopsis thaliana (L.) Heynh.

Preliminary results, comparing the fast neutron to the X-ray induced
mutation spectrum in Arabidopsis showed a non equal distribution of the in-
duced viable mutants over the mutant classes (Progress report 1977) •

The number of mutants found per mutant class per dose were, however, still
too small to study the effect of irradiation dose on mutation spectra. For
this reason the irradiation treatments were repeated in 1977 and 1978. The
viable mutants were selected in the M2"generation, manifesting themselves
in a wide scale of changes in the habitus of the plant and the individual
organs (rosette, leaves, inflorescences, flowers, pods).

The progenies of the segregating N^-lines have been tested, in order to:
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- verify the mutant origin of the deviations recorded in the [^-generation;

- study the relative survival rate of the mutant compared to non-mutant

plants;

- compare the fertilizing ability of the gametes having mutated genes with

the normal gemates.
Research in this respect is in progress. It has been found that not all
deviations recorded in the M2~generation manifest themselves in the M3-
generation.

In the (^-generation, the effect of the irradiation treatment is measured
in terms of mutation frequency per cell. (Table 32).

A method suggested by Stam (personal communication), based on the variation
in M2~line size and number of observed mutants has been used to calculate
the confidence limits of the mutation frequency. It has been found that in
the dose range applied, comparable mutation frequencies are obtained for
the different radiation treatments. In order to test if the increase in
mutation frequency is linear rather than curvilinear, the observed number
of total M2~plants and mutant plants are divided by the average mutant
cluster size and the obtained "transferred" data are treated as forming a
bivariate frequency. (Table 33)•

The linear regression coefficient, b, of mutation frequency and irradiation
dose and its variance V ^ ) are calculated. The component of chi-square due
to linear trend is given by b 2/V^) .
Departure from regression is obtained by subtraction the component of chi-
square due to linear trend from the overall chi-square (Everitt, 1977)- It
is seen that there is a significant increase in mutation frequency with
irradiation dose for the dose range (of the different irradiation treat-
ments) in question, We can further say that the increase is linear rather
than curvilinear since departure from linear regression is represented by
non-significant chi-square values. The regression coefficient b depends on
irradiation treatment, b is significantly larger for fast neutron irradiation
treatment than for X-rays, and the dithiothreitol (DTT) treatment gives for
both irradiation sources, a significantly lower value of the regression
coefficient, b.

The segregation ratio in the segregating M2~lines has also been calculated
for the different irradiation treatments. A correction has been applied for
bias due to small progeny size (method Mantel and Li, 1968). Chi-square
analysis shows that in the M2"generation, the segregation ratio is independent
of irradiation source, irradiation dose, and DTT treatment (excluding 6 krad
Nf. H2O). The average segregation ratio, f = 0.18, differs significantly
from f = 0.25.

For recessive mutants, with a viability equal to that of non-mutant plants,
and with a fertilizing ability of mutant gametes equal to that of non-
mutant gametes (no certation), the segregation ratio f = 0.25 is expected.
Deviation of f = 0.25 can also be expected when the M2-Iines are originating
from chimer.ic tissue. The factors which cause the reduction in segregation
ratio in the M2-lines of Arabidopsis, can only be given when the M3 data
are available.
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Table 32 - a. The effect of fast neutrons, as compared with X-rays, upon
mutation frequency per cell in Arabidopsis thaliana (L.)
Heynh.

b. The effect of pre-irradiation treatment with dithiothreitol
(DTT) upon mutation frequency per cell in Arabidopsis thali-
ana (L.) Heynh.

Dose
krad

Treatment

1 rradiation
source

control

14
23-3
32.6
42

2
3.3
4.7
6

X-rays
X-rays
X-rays
X-rays

Mf
Nf
Nf
Nf

control

28
46.6
65.3
84

4
6.7
9.3
12

X-rays
X-rays
X-rays
X-rays

Nf
Nf
Nf
Nf

%
DTT

0

0
0
0
0

0
0
0
0

1.2

1.2
1.2
1.2
1.2

1.2
1.2
1.2
1.2

Number of
M2"

progenies

649

398
285
339
155

389
340
339
307

546

389
341
190
41

344
326
161
99

Number of
M2

plants

4898

3112
1964
2485
859

3036
2476
2627
2232

4165

3080
2433
1306
231

2812
2306
1041
805

Number of
viable
mutants

45

162
126
190
85

113
126
155
225

31

123
175
148
30

149
186
120
106

Mutation
frequency/eel

2.90

20.71
25-09
31-36
37-83

14.06
19.72
23.45
42.40

2.14

15-21
29-25
46.06
41.76

20.83
33-09
45.89
51.43

x 10-2

< 4.59 <

< 26.03 <
< 32.08 <
< 38.23 <
< 49.48 <

< 18.61 <
< 25.44 <
< 29.50 <
< 50.40 <

< 3.72 <

< 19-97 <
< 35.96 <
< 56.66 <
< 64.94 <

< 26.49 <
< 40.33 <
< 57.64 <
< 65.84 <

1*

7

32
40
46
62

24
32
36
59

6

25
43
68
91

33
48
70
80

.23

.36
• 38
.01
.89

.36

.41

.65

.08

.42

.91

.66

.11

.24

.28

.48

.40
• 74

95% confidence limits (z = 1.96) for segregation ratio f = 0.20



Table 33 ~ Bivariate frequency table and chi-square analysis of the effect of irradiation treatment on mutant
frequency in Avabidopsis thaliana; the values in parentheses are the average mutant cluster sizes.

Irradiation treatment

Source

1. X-rays

1 1. Neutrons

III. X-rays

IV. Neutrons

%
DTT

0

0

1.2

1.2

Oose
(krad)

0
14
23.3
32.6
42

0
2
3.3
4.7
6

0
28
46.6
65.3
84

0
4
6.7
9.3
12

M2 plant:

3243.71
2099.59
1785.45
1690.48
773.87

3243.71
2282.71
1794.20
1876.43
1924.14

2722.22
2281.48
1802.22
1053.23
256.67

1111.11
1912.93
2040.71
806.98
449.72

M2 mutants

29.80 (1.51)
108.72 (1.49)
114.55 (1.10)
129.25 (1.47)
76.58 (1.11)

29.80 (1.51)
84.90 (1.33
91.30 (1.38)
110.71 (1.40)
193.97 (1.16)

20.26 (1.53
91.11 (1.35)
129.63 (1.35)
119.35 (1-24)
33-33 (0.90)

20.26 (1.53)
101.36 (1.47)
164.60 (1.13)
93-02 (1.29)
59.22 (1.79)

Chi-square statistics

Source of variation df x2

Linear regression 1 168.46 p < 0.001
Rest 3 7.17 non siqn.

4 175.63 p < 0.001
b = 0.19 x 10~2

V(b) = 0.0002 x 10"
4

Linear regression 1 210.28 p < 0.001
Rest 3 10.01 0.01 < p < 0.025

4 220.29 p < 0.001
b - 1.25 x 10"2

V(b) = 0.0074 x ]Q~
h

Linear ingress ion 1 225.78 p < 0.001
Rest 3 3.40 non siqn.

4 229.18 p < 0.001
b = 0.14 x 10~2

V(b) = 0.00008 x 10"1*

Linear regression 1 221.56 p < 0.001
ftest 3 1.56 non sign.

4 223.12 p < 0.001
b = 0.97 x 10"2

V(b) = 0.0043 x 10"
1*

transferred data.
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2. Hordeum vulaare L.

In 1978 the progenies of segregating f^-Hnes, harvested in 1977, were
tested. The segregation ratio in the segregating M3-Iines has been calculated
for the different mutant classes and irradiation treatments. No significant
differences in segregation ratio between irradiation treatments is found.
The average segregation ratio, f= 0.20, differs significantly from f = 0.25.
No significant differences were found between the number of surviging plants
in segregating and non-segregating M^-lines. Therefore it is concluded that
the deviation in segregation ratio from f = 0.25 is due to a decreased
fertilizing ability of the mutant gametes, i.e. certation.

3. Comparison of selection methods for specified mutants in self-ferti1izing
crops

A theoretical model has been constructed, which can serve as a basis for
the comparison of selection procedures in mutation breeding. As in index
for the efficiency of a selection procedure, the obtained mutant yield is
considered. Special attention is given to the efficiency of a selection
procedure for extracting lines mutated for a specified character, in an
otherwise undisturbed genetic background.

The different selection procedures considered are:

a. tiller, branch or plant M-j-progeny testing
b. mass bulk M-j
c. single seed bulk M̂
d. single seed M-|-progeny testing + spare seed of M^-progenies.

It has been found that the number of independent mutants, which can be ob-
tained depends on the selection procedure and the mutagenic treatment.
The most efficient selection procedure for extracting independent m.itants
with an otherwise undisturbed genetic background is procedure d: single
seed M^-progeny testing + spare seed of M-|-progenies. This procedure may
result in a hundredfold increase in efficiency (depending on M-j-progeny-
size : spare seed) of the mutation breeding programme.

Comparison of fast neutrons and X-rays in respect to genetic effects ac-

companying induced chromosome aberrations, in relation to evaluation of the

BARN-reactor

K. SREE RAMULU.

Experiments were carried out to study, after fast neutrons and X-ray treat-
ments, the expression of genetic effects accompanying the induced chromosome
aberrations, i.e. mutations at the break point, closely linked to the break
point and not linked to the break point, primarily as a function of the fit-
ness of transiocation homozygotes in the self-fertilizers, barley (Hordeum
vulgqre L. cv. Aramir, 2n=1*0 and Arabidopsis thaliana L. cv. Landsberg
erecta (2n=10) and the cross-fertilizer, rye {Secale cereale L., an inbred
line, 2n=l4).

M-j generation

Mutagen sensitivity studies in the M] were made on germination and seedling
growth (14 days after sowing) and survival (at maturity) to select the doses
of X-rays and fast neutrons that should be low enough to give very limited
damage.' The seed treatments were given in such a way that the X-ray induced
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physiological damage is minimum and the effects of fast neutrons and X-rays
can be compared. In barley and rye, after presoaking on wet filter paper at
2 °C for 12 h, the seeds were submerged in water during 2 h at 22 °C prior
to irradiation. In Avabidopsis, after 5 days on wet filter paper at 2 °C
and redrying on filter paper for 2k h at 2k °C, the seeds were also sub-
merged in water for 2 h at 22 °C prior to irradiation. Since the frequency
of mutations in the M1 plants raised from seeds sown widely spaced - a
condition which greatly increases tillering - will be lower, care was taken
to raise the H-] plants from close spaced sowing under controlled conditions.

The data given in table 3^ show that the X-ray doses ranging from 20 to 120
Gy (2 to 12 krad) did not affect the germination of seeds. However, the
percentages of survival and seedling growth were very much reduced at the
higher doses (80 and 120 Gy). The treatments with fast neutrons caused no
decrease in germination and survival. There was, however, an increased re-
duction in the height of seedlings with an increase in the dose.

The X-ray doses 20, kQ and 60 Gy and the fast neutron doses 1, 2 and k Gy
were selected for scoring chromosome translocations in the M2 generation.
The_: percentage spike fertility (No. of M2 seedlings per Mi spike) had de-
creased with an increase in the dose of X-rays and fast neutrons.

Ry_e

The percentage germination in the control was about 90- The X-ray treatments
at 10 to 60 Gy caused no marked effect on germination (table 3*0- The per-
centages of survival and seedling gorwth were reduced at higher doses. The
fast neutron treatment with k Gy was highly toxic when compared to treat-
ments with 1 to 3 Gy. The X-ray doses 10, 20 and 30 Gy and the fast neutron
treatments at 1, 2 and 3 Gy were also selected for scoring translocations
in the M2 generation.

Since the frequency of chromosomal aberrations as well as the frequency of
mutations will be higher in the first-formed tillers, the primary tiller in
each Mi plant of barley and rye was marked and the spike selfed by bagging.
At maturity, one seed per Mi spike was harvested to grow M2 plants for
scoring translocations.

Argbidggsis

The doses of X-rays and fast neutrons were selected based on previous ex-
periments on radiosensitivity of Avabidopsis seeds.
The irradiation treatment with X-rays at 140 Gy resulted in 90 per cent
survival, while 233 and 326 Gy caused about 70 per cent survival. The fast
neutron treatments (20, 33 and k~] Gy) also gave a high percentage of sur-
vival, i.e. over 80.

At flowering, Muller's embryo test was applied to score the non fertilized
ovules and to select the partially sterile plants. The seeds were harvested
from the main shoot of the selfed partially sterile plants to analyse
segregation for semi-sterility in the M2- Altogether 531 partially sterile
Mi plants were selected from the six doses of X-rays and fast neutrons.

M2 generation

BaHey_

Chlorophyll mutant phenotypes were scored in the M2 population grown under
controlled conditions to evaluate the mutagenic efficiency of the given
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treatments of X-rays and fast neutrons. The spectrum of chlorophyll mutants
included alb-Cm.-, xantfaa, ahloriva, vividis, striata, alboxantha, aVbovivid-is
and vir-idoxantha.
As can be seen from the data on chlorophyll mutation frequencies (M2 plant
basis) (table 35), the treatments with fast neutrons were more efficient
than the treatments with X-rays. Although the overall mean fertility of the
segregating M-| spikes was equal in both the fast neutron and X-ray treat-
ments, the average M2 -agregation ratio was higher in fast neutron treat-
ments than in the treatments with X-rays. The data obtained suggest that
the average size of the mutated sector was higher in fast neutron treatments
when compared to that after X-ray treatments.

From a total of 17^3 M\ primary spikes (= \\\ plants) scored in the M2 for
chlorophyll mutations, 60 segregated from both the X-rays and fast neutron
treatments. The average spike fertility of the segregating M̂  plants was
75?;. About 600 M2 plants of the segregating M] lines were transplanted in
greenhouse for scoring translocations.

From each semi-sterile M-j line, \h plants were grown in the M2. Muller's
embryo test was applied to score the number of non fertilized ovules,
because there is a correlation between this and pollen sterility, and more-
over it is a rapid test for preliminary screening of semi-steriles and
normals. The pollen sterility test was applied as a confirmatory test to
select finally the semi-sterile plants.

Several semi-stariles have been isolated and their selfed seeds were
harvested to score translocations in the M3. The results indicate that the
semi-sterility in the M2, as determined from the number of non fertilized
ovules may partly be due to radiation-induced genie changes and/or back-
ground mutations, and partly due to chromosome translocations.A cytological
method was developed, which allows us to obtain sufficient number of meta-
phase cells in meiosis 1, and enables an easy detection of translocations.

M3 generation

So far 21 M2 semi-sterile lines have been studied in the M3. Among these,
19 segregated in semi-steriles and normals. Eleven translocations isolated
from fast neutron and X-ray treatments have been selfed, back-crossed to
the parent genotype and crossed to another cultivar to eliminate possible
types of radiat ion-induced damage, i.e. mutations loosely linked or not
linked to the break locus.
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Table 34 - Effect of X-rays and fast neutron treatments on germination,
survival and seedling growth in the M-| of barley and rye.

Spec i es

Barley

Rye

Treatments

X-rays 20 Gy

40 Gy

60 Gy

80 Gy

120 Gy

Fast neutrons

X-rays 10 Gy

20 Gy

30 Gy

40 Gy

60 Gy

Fast neutrons

1

2

4

1

2

3

4

Gy

Gy

Gy

Gy

Gy

Gy

Gy

Means

Germination

98.3

97-8

97.7

97.2

95-7

99.8

99.1

98.6

95-3

94.8

93.6

88.1

87-1

96.2

92.0

90.4

78.3

in per cent

Survival

100.0

94.0

83-6

16.3

10.8

98.2

96.3

94.5

98.1

87-7

80.5

68.6

65.9

100.0

91-4

78.3

38.8

of control

Seedling height

97.4

77.2

60.9

15.1

11.9

93-1

81.7

52.9

95.7

90.8

81.6

72.0

60.2

87-3

73.0

70.0

31.8

Table 35 ~ Percentage Mi spike fertility and frequency of M2 chlorophyll
mutations after treatments with X-rays and fast neutrons inbarl-ey.

Treatments

Control

X-rays 20 Gy

40 Gy

60 Gy

Fast neutrons 1 Gy

2 Gy

4 Gy

No. of
Ml

spikes

316

333

295

257

377

323

158

No. of
M 2

plants

4185

3456

2810

2352

4095

2718

846

%
W\ spike
fertility
(i n per cent
of control)

100.0

78.32

71.97

69.34

82.18

64.73

41.16

Frequency of M2 chlorophyll
mutations

M-| spike basis

0.32

1.80

3-39

3.11

1.86

7-12

3.80

M2 plant basis

0.02

0.43

0.40

0.38

0.37

1.88

1.77
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C R O P P R O T E C T I O N - G E N E T I C C O N T R O L

Genetic control of Hylemya antiqua Meigen by structural chromosome re-

arrangements

C. VAN HEEMERT, A.S. ROBINSON.

1. Translocation research

a. HomozYgoz|ng

T 33 " Following a second sib-crossing using progeny derived from T/+ x
T/+ matings [F$), two fully fertile matings were identified which pro-
duced only T/+ larvae. The parental constitution was T/T x +/+. However,
in this generation (Fg) no T/T x T/T mating was identified. Further sib-
crossing, with the avoidance of inbreeding was carried out in the F-jg +
F-| -j generation in an attempt to increase the frequency of T/T individual s.

The lack of sufficient matings involving T/T individuals indicates that
the T/T has serious fitness difficulties. In the next generation (F12)
males and females descending from T/+ x T/+ matings will be checked to
see if the T/T is viable in both sexes.

T 52 - Following a first si.bcross out of 23 mat ings showing high steri 1 i ty,
12 were identified as T/+ x T/+ matings. Using progeny from these mat ings
a second sibcross was performed and all the matings snowing normal
fertility were +/+ x +/+. The T/T was not viable as an adult.

T 5*t - Following a first sibcross, matings with the highest sterility
were selected and examined cytologically. In only 1 out of 7 matings
could a single T/T larva be identified. It was concluded that the T/T
larvae were inviable.

T kj - Following a first sibcross (F5), out of 11 matings showing high
sterility 2 had T/T larvae. The progeny of these were further sibcrossed
but all the fully fertile matings (10) were +/+ x +/+. The T/T was in-
viable as an adult.

It has been established from 57 reciprocal translocations that the break-
point distribution is not random. If one accepts that the number of
breaks in a chromosome is dependent on its length, then it appears that
chromosomes 2 and 6 are more sensitive than the other chromosomes as the
frequency with which they are involved in a translocation is much higher
than would be expected from the product of the lengths of the chromosomes.
No difference in breakpoint distribution was observed between X-rays and
fast neutrons.

X-linked: T/+ fathers can normally only give T/+ daughters and no T/+
sons. However, we observed T/+ sons in several single pair matings of
T/+ fathers with normal white eye females. We have not yet found an ex-
planation for this feature. Clearly the position of the eye-colour locus
could be located distally of the translocation breakpoint in the long
arm of chromosome 3-
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Y-linked: The fertility of the Y-1inked translocation (T61) males was
compared with the percentage of alternate orientation during meiosis
following cytological analysis of Mil cells and of young embryos.
Average fertility in single mat ings was 79% while in mass mat ings it
was 96%. This latter corresponds well with the percentage of alternate
orientation measured in the Mil cells (.Skt) . Measured in the young
embryos it was 83%, which could be due to interpretation faults in the
embryo preparations.

d. Fi§Id_cage_exgetM merit

Two field cages were set up with 100 T/T individuals and 100 +/+ indi-
viduals, the sex ratio was 1 : 1. Al1 eggs were collected, counted (+_
2000 from each cage) and returned to the field for larval rearing. At
the same time a sample of eggs was taken and allowed to develop in the
laboratory and the karyotype of the adults was determined (table 36).
It agreed very well with the expectation (no negative influence by the
T chromosome), there was a slight excess of heterozygotes.

From the ̂ 000 eggs returned to the larval cage about 600 pupae were
obtained. They were left to emerge in the field but no flies appeared.
Dissection of a sample of the pupae revealed that about 10% were para-
sitized and the rest appeared to be in diapause. This hypothesis was
confirmed as after 6 weeks storage of the pupae at 2 °C over 90% of the
pupae emerged. The karyotype frequencies will be assessed in these
emerged flies and the following generation is being reared in the laboratory.
The production of T/+ in this generation has lead to a 50% reduction in
the population fertility.

The increased sensitivity to diapause of this strain is a serious draw-
back to its use in genetic control.

Table 36 - Karyotype frequency in the F] progeny.

Observed

Expected

Nos

f req.

TT

16

0.203
P2

19.75

|T|2P=

T/+

0.620
2pq

39.5

0.513

+/+

]h

0.177
q2

19.75

|+| = q = 0.

Total

79

1.0

487

2. Diapause research

In the context of developing conditional lethal genes a selection procedure
for a non-diapausing strain has been developed. Beginning with a strain
of flies from IPO (Research Institute for Plant Protection) and using an
environment of 10 °C and no light for larval rearing the percentage of
larvae not entering diapause has risen from 3% within about \k days in
the first generation to 86% in the fifth generation. We will continue
this selection to reach the maximum level. A sample of 269 pupae (G5)
which was placed at 2 °C for 6 weeks to break the remnant diapause gave
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an eclosion of 95%. This indicates that the maximum level is not yet
reached or other factors play a role.
Another indication for the improvement in the selection is that relative-
ly fewer flies emerge after 14 days in consecutive generations. In the
Gi, G2 and G3 the data for emergence were respectively 136 days: 23-1%,
122 days: 54.2% and 51 days: 53.8%.
A first crossing between the (normal) diapausing and selected non-dia-
pausing strain-has-been made-and the hereditary-of^the-diapause trait
will be analysed to know if it is polygenous or not.

b • Can_the_cont rgl__stram_s ti]_l__

The results from the field cage, see above, proved that the control
strain was certainly able to enter diapause. A comparison with the wild
strains under rearing conditions of 10 °C and no light induced almost
complete diapause in both strains (table 37).
Data from literature indicated that rearing conditions of 18 °C and 8 h
light period induced about 50*. To check on the sensitivity of the
control strain this rearing regime was used and surprisingly nearly 100%
of pupae were in diapause. The control strain is extremely sensitive to
diapause induction (table 40). Unexpectedly the IVT F5 exhibited also
almost complete diapause induction. It appears that sensitivity to dia-
pause develops extremely rapidly under laboratory conditions.

Table 37 - Diapause induction in two strains of Eylemya antique:.

Rearing condi

Temperature

10 °C

18 °C

tions

Li
L

0

8

ght
: D

: 24

: 16

Strai n

Control

IVT (FT)

Control

IVT (FT)

Total
pupae

124

659

781

266

No. pupae
in diapause

109

576

778

260

% non
diapause

12.10

12.59

0.38

2.26

Table 40 - Mean number of eggs/female/day : effect of density and sex ratio
(2 cages per item).

Density

30

60

90

Sex ratio

o"?
1:2

11.85
13.27

10.94
11.83

9.04
11.55

*?
1:1

11.86
12.12

11.45
12.75

11.37
10.84

*?2:1
13.29
13.90

13-87
13-29

12.72
13-73



- 82 -

3. Insecticide resistance research

a. Resistance studies_on_d]_fferent_geograghiicaji_strajns

Using strains from different geographical origins, dosage mortality 1 ines
were established for Oieldrin, Carbofuran, Diazinon and Dichlofenthion.
As expected most strains showed resistance. Two Dieldrin susceptible^
strains were identified, one from France and one from Canada. Since it
is known that in the onion fly Dieldrin resistance/susceptibility is a
one locus system and there are susceptible and resistant strains avail-
able, the Dieldrin system will be further used.

b. Genet|c_se>dng_SYStem

Since we have a conditional lethal gene (Dieldrin) and a male linked
translocation we have deloped a plan to produce a genetic sexing system.
The Y-linked translocation stock (T 61) appeared to be susceptible to
Dieldrin. Therefore we have backcrossed T 61 with the Dieldrin resistant
stock from Canada. After two generations of backcrossing we have now the
resistant T 61 material ready for irradiation. It appeared that on the
basis of segregation the Dieldrin locus is not on chromosome 2 and
probably not on 3. After irradiation of T 61 males they will be crossed
with susceptible females and subsequently the progenies of crosses of
F] males with susceptible females will be analysed for linkage between
maleness and resistance. If found this would be due to the induction of
an extra translocation.
The discrimination dose between dd and Dd is about 5 vg according to
the dose-mortality relationship.
At the moment, insecticide treatment is performed using the adults. For
maximum efficiency this should be brought back to as early stage as
possible. Therefore experiments have been started with neonate larval
treatment. The just emerged larvae were placed on filter paper made wet
with different concentrations of Dieldrin and left for 2k h. Thereafter
they were transferred to artificial medium and after 7 days the number
of 3rd instar larvae was counted. The results of the experiment were
inconclusive (table 38) as in both controls there was an unacceptably
high mortality. Nevertheless the technique will be further developed
and the high mortality eliminated.

Table 38 - Effect of Dieldrin treatment in neonate larvae

Larval treatment

Water control

Ethanol control

0.0005 ppm

0.005 ppm

0.05 ppm

0.5 ppm

5.0 ppm

No. larvae
treated

50

50

50

50

50

50

50

No. 3rd insta
larvae recovered

15

13

19

5
7
2

7
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k. Other topics

a. |ffect_gf_sex_ratio_gn_egg_grgduction

The development of a genetic sexing technique could lead to a situation
where a distortion in the sex ratio might occur during mass rearing. It
was decided to investigate the effect of sex ratio and also density on
mating, survival, egg production and egg fertility.
Three density levels were chosen: 30, 60 and 90 flies/cylindrical cage
(20 cm high, diameter 12.5 cm) and three sex ratios 1 : 2, 1 : 1 and
2 : 1 males and females. Each treatment was replicated twice. The mean
number of eggs produced/female for each cage is shown in table 39. A
three-fold increase in density leads to a slight reduction in ovi-
position. However, as the sex ratio decreased in favour of the females
there was a clear increase in the number of eggs/female. This effect
was most apparent at the highest density. It would be interesting to
reduce even further the proposation of males to try to maximize this
effect.

For the number of eggs/o/day (table 40) increasing density had no
effect, however, there was here again a positive increase in the ov?-
position rate when the sex ratio was distorted in favour of the males.

Table 39 - Mean number of eggs/female: effect of density and sex ratio
(2 cages per item).

Density

30

60

90

Sex ratio

1:2

265.05
236.30

15^.23
175-10

1^5.55
167.93

V.I
254.60
233-80

198.41
155-57

162.22
188.31

cfo
2:1

236.60
271.30

230.35
223.30

200.06
224.30

Three ways of applying 32P were tried in order to establish whether a
non-destructive method could be developed to determine mating.
32P was given in the drinking water, or in the larval medium or injected
in the case of houseflies. Only when male flies drank water + 32P we
could establish that in 69% of the females analysed both the label and
sperm were present. This is not sufficient for routine mating studies.
Besides this there is the problem of internal and external contamination
of the females.

B°lY.mor.E!3' SB?
A project was started in September with the aid of a temporary
assistant. Two techniques were started to investigate whether electro-
forese could be used for the analysis of the enzym polymorphism.
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Starch geJ e)ectrophoresis appeared to be Jess suftable, more time con-
suming and gave less discrimination between bands than the isofocusing
technique based on a pH range on the gel. We have studied enzyme patterns
of several stocks for several enzymes. Different developmental stages and
different bodyparts were analysed for the patterns as well. Esterases,
alcohol dehydrogenase (A.D.H.) with propanol and octanol as substrate,
glutamate dehydrogen3se, 6-P.G.D. and M.D.H. were investigated. Esterase
banding patterns are useful for surveying the quality of the lab-reared
populations. The A.D.H. pattern is very suitable for further genetic
analysis. Three different patterns were obtained corresponding to three
different genotypes AA, AD and DD. Isolation of the two stocks homozygous
for the two alleles is in progress.

i - - •

• * • «•*» • * » < * *

n n
ft T
AA.A0 Di

Figure 35 - Isozyme pattern for onion fly - A.D.H. with the iso-electro-
focusing technique. Note the three different genotypes: AA,
AD and DD.

1
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Genetic control of the two-spotted spidermite Tetranychus wetioae Koch

A.M. FELDMANN.

1. Displacement of the wild-type karyotype by a karyotype containing a
structural chromosome mutation (S.C.M.) in an experimental population

In addition to the three lines which were previously tested on their
capacities for population displacement, a further 11 lines were studied
in 1978. The experiments were performed in triplicate, using initial re-
lease ratios of 13 S.CM.-females to 7 wild-type females as representative
for the experimental population on whole beanplants. From those 11 lines,
2 exhibited very good population displacement characteristics. It appeared
that for one line (No. 31) population displacement was not only resulting
from the effect of negative heterosis of the S.C.M. but also by competition
(competitive displacement). This process has been described before by
Malogolowkin-Cohen as follows: "When two races are sympatric and where
hybrids are sterile or at a disadvantage, natural selection will tend to
strengthen sexual isolation1.1. The development of sexual isolation was shown
in the experiment by a descent in the expected frequency of hybrids in
relation to the frequency of the two types of homozygotes. The lines with
good population displacement properties are maintained further and will be
tested in the future on other aspects within the framework of genetic
control.

2. Temperature sensitive mutants
a*

Determination of egg production and survival is important as control
data for experiments on the induction of temperature sensitive mutations
(T.S.-mutations).
Eggs which were produced at-28 °C and 35 °C respectively were collected
from a significant number of virgin females. The results showed that no
significant differences existed in the survival from egg to adulthood
under the two temperature regimes. One and a half times the number of
eggs were produced at 35 °C compared with 28 °C. The standard error of
the number of eggs per female at 35 °C was twice the corresponding
standard error estimated at 28 °C. No statistically significant
indications were obtained of spontaneously occurring T.S.-mutations in
the control populations.

b. induct2on_of_t§mp_erature_sensi_tj.ye_mutatjons

For the application in genetic control, it is mandatory that theT.S.-
mutation has a 100 per cent linkage relationship with the S.C.M.,
which "carries" the mutation in the pest population. Radiobiological
work on T. wticae showed that following a given dose of ionizing
radiation on sperm,' a high frequency of S.C.M.' s 1 inked with recessive
lethals were obtained. Preliminary experiments, which are continuing
demonstrated that some of these recessive lethals may have temperature
sensitive properties.

- _l_ndu£tkm £f_T_1S_L-niuta_ti£ns_ £y_e_th^lniethaji£s.ul£h£n£te]
Ethylmethanesulphonate induces recessive lethals in drosophila sperms,
a high percentage of which prove to be temperature sensitive. The
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administration of the mutagen to males of T. ta>tiaae Is, however,
problem which led to the following design of the experiments

feedi n£ of 2

The only feasible method of administering a mutagen to such a small
organism Is the feeding technique. Artificial feeding on membranes,
using a defined synthetic diet and bean-leaf homogenate, was
attempted for males- Difficulties were encountered in the following
aspects: Adapting the physical-chemical properties of the membranes
(collodion and parafilm) to the demands of the males; migration of
the males from the membranes because of their inability to reach
the diet or to use it because the nutritive and phagostimulating
properties of the artificial diet were inadequate. It was not pos-
sible to solve these problems.

.Lea_f feeding of T. urtioae

This method has certain disadvantages because of the phytotoxicity
of the mutagen and the possible reduction of the hydrolysis half-
life of ethylmethanesulphonate in the leaf. 3H-labelled ethyl-
methanesulphonate with a specific activity of 0.5 uCi/ymol was used
at a concentration in the medium of 20 mmol. It was observed that
the males took 1 nanoliter in k8 hours from leaf discs, placed on
an unbuffered medium with mutagen. The haemolymphe concentration
was about 0.006 mol ethylmethanesulphonate.
Crosses of these males with untreated females were performed showing
that the majority of males suffered a reduction in verility and
failed in the transfer of sperm to the receptaculum seminis of the
females. The F-|-females sired, were sterile or infertile. The muta-
genic solution caused also severe phytotoxic effects after the leaf
discs had been exposed for about 40 hours at 28 °C to the medium.
In the future experiments lower concentrations of the mutagen dis-
solved in a phosphate buffered medium at pH 7.0, will be used.
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P R O D U C T T R E A T M E N T

D I S I N F E C T I O N - D I S I N F E S T A T I O N

FOOD IRRADIATION

Wholesomeness testing of irradiated food based on radiation-chemical

changes and short-term in vitro biological studies

J.G. VAN KOOIJ, J.W.G.M. WILMER, H.B. LEVELING.

A. Radiation-induced changes in nucleic acid constituents and their bio~
logical activity (J.W.G.M. WILMER)

Radiolysis of aqueous solutions of nucleic acid constituents was per-
formed with a 60Co-gamma source at a dose rate of 1^0 Gy (Ik krad) per
minute, as determined by ferrous sulphate dosimetry. In the course of the
experiments the dose rate dropped to 125 Gy (12.5 krad) per minute. Before
and during irradiation oxygen was passed through the solution. Doses ranged
from 0 to 10 kGy (0 - 1000 krad). Immediately after irradiation, samples
were analysed for peroxides by means of the titaniumsulphate method.
Generally, the yield of peroxide increases linearly with the absorbed dose
up to 5 kGy (500 krad). Initial G-values for the production of peroxides
in irradiated solutions of nucleic acid constituents were calculated from
the linear part of dose yield plots and are presented in table ki. Such a
dose yield plot for irradiated nucleic acid bases is given in figure 36.
G(-) values for the destruction of nucleic acid constituents werecalculated
from their U.V. spectra and are also shown in table 41. A linear decrease
of the concentration versus the absorbed dose has been observed for both
nucleic acid bases (shown in figure 37) and nucleosides.
After a radiation dose of 10 kGy (1000 krad) the stabi1ity of the peroxides
in irradiated solutions was studied during storage at k °C under sterile
conditions. Table kl shows the concentrations of peroxide and the half-
lives of peroxide breakdown in irradiated solutions of nucleic acid
constituents. The slow decomposition in irradiated solutions of adenine,
adenosine and deoxy-adenosine confirms the hypothesis that adenine forms a
rather stable adduct with hydrogen peroxide based on polyfunctiona] hydro-
gen bonding between oxygen and nitrogen atoms in the two molecules.

The interesting results obtained with irradiated nucleic acid constitu-
ents in the Ames-test (see under 3) have led to the hypothesis that, as
far as mutagenicity of irradiated constituents could be shown, mutagenic
radioiytic product(s) originate(s) from 2-deoxy-D-ribose. Analytical
examination of irradiated 2-deoxy-D-ribose (0.01 M in 0.05 M phosphate-
buffer pH 7) by thin-layer chromatography and U.V. Spectroscopy reveals 6
radiolytic products. Attempts have been made to identify these products.
The U.V. spectrum of irradiated 2-deoxyribose shows an intensive absorp-
tion at 265 nm, which is not present in the non-irradiated solution. This
peak shifts from X = 265 nm (pH 7) to 240 nm (pH <3). Increasing the pH
to 12 does not cause a shift to another wavelength, but markedly increases
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the intensity of the peak (see figure 38). These spectral changes indicate
the presence of (a) compound(s) forming a keto-enoiic-enolate equilibrium.
Combination of these data with the results of thin-layer chromatography
and specific colorimetric experiments (methylindol and thiobarbituric acid
method) show that the above mentioned U.V. absorption can be ascribed to
malondialdehyde (CHO-CH2-CHO) - which is suspected to the mutagenic - or
to a substituted dialdehyde (such as CH2OH-CHO-CH2-CHO). Analyses for
malondialdehyde - assuming that it is an important radiolytic product with
possible mutagenic properties - have been extended to irradiated (doses
1, 5» 10 and 20 kGy) deoxyribonucleosides, ribonucleosides, D(-)ribose and
ONA. Table 43 shows the results obtained with the methyl indol method. The
concentration of malondialdehyde decreases in the following way:

2-deoxy-D-ribose > deoxyribonucleosides > DNA.

Negligible amounts (less than 0.25 vg/rnl) were found in irradiated D(-)
ribose and ribonucleosides. The correlation between the concentration of
malondialdehyde and the mutagenic effect of irradiated nucleic acid con-
stituents will be discussed under section 3-

Table 41 - G values for production of peroxides and destruction of nucleic
acid constituents in O2 saturated irradiated solutions.

Nucleic acid constituent

adeni ne

thymine

cytosi ne

uraci1

adenosine

cytidi ne

uridi ne

deoxyadenosine

deoxyguanosine

deoxythymidine

deoxycytidine

deoxyuridine

mixture of ribonuc1eosides

mixture of deoxyribonucleosides

ribose

deoxy-ribose

G(peroxide)

2.2

1.8

1.9

2.0

2.3

1.2

0.8

2.2

1.3

1.2

1.4

1.0

1.1

1.2

1.3

1.5

G(-)

1.5

4.0

3.4

3.5

1.7

3-8

3-4

1.4

1.1

3-5
3-0

2.2
-

-

-

-

concentration 0.01 M in 0.05 M phosphate buffer.
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peroxide
(x10"*M)

10 12
dose (!<Gy)

Figure 36 - Effect of radiation dose on production of hydrogen peroxides in
02-saturated solutions of nucleic acid bases.
Concentration: 0.01 M in 0.05 phosphate buffer pH 7
• • uracil : o 0 adenine
t3 Q thymine (same curve for cytos ine)
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cone .nucleic acid base
(x1O"3M)

10 12 14
dose (kGy)

Figure 37 " Effect of radiation dose on breakdown of nucleic acid bases in
02-saturated solutions. Concentration of the bases: 0.01 M in
0.05 M phosphate buffer.
o o adenine a a thymine
• • uracil A A cytosine
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Table hi - Concentration of peroxide and half-life (T^) of peroxide break-
down in irradiated solutions of nucleic acid constituents

Nucleic acid constituent

adenine

thymine

cytos ine

uraci1

adenosine

cytidine

uridine

deoxy-adenos i ne

deoxy-guanosine

deoxy-thymidine

deoxy-cytidine

deoxy-uridine

mixture of ribonuc1eosIdes

mixture of deoxyribonuc1eosides

ribose

deoxy-ribose

Peroxide (x 10"1* M)

19-7

lit.8

15-7

20. k

16.1

7.6

6.2

16.2

9.8

8.7

10.3

7.6
10.2

12.7

13.4

15.6

Ti(days)

> 20

20

8

11

> 25

3
1

> 15

8

7
6

it

20

15

1.5
it

Radiation dose 10 kGy (1000 krad)
Concentration 0.01 M in 0.05 M phosphatebuffer pH 7-

T
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I i ^?--^—a—A—A—,a—£^g—-1_
200 220 240 260 280 300

A(nm)

Figure 38 - U.V. spectrum of irradiated (10 kGy) 2-deoxy-D-ribose at
different pH's.

pH = 7

-B pH > 12

-x pH < 3
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Table ^3 " Malondialdehyde contents of irradiated3 2-deoxyribose, deoxy-
ribonuc1eosides and DNA.

Dose (kGy)

2

5
10

20

Malondialdehyde (yg/ml)

2-deoxy-D-ri bose1

0.7^

1.28

1.81

2.39

deoxy r i bonuc1eos i desl

-

0.¥>

0.79

1.57

DNA2

-

0.57

0.80

0.95

1 Concentration 0.01 M in 0.05 M phosphatebuffer pH 7
2 Concentration 0.1? in 0.05 M phosphatebuffer pH 7.k
3 Irradiation in 02-saturated solutions.

3. Mytagenic|t^_testmg_of_]irradi[ated_nucliei,c_acid_constiituents

According to the procedure described by Ames and McCann (Mutation Re-
search _3J_ (1975) 3^7-36*0 the •Salmonella typh-imuiHvm' mutagenicity assay
has been applied to irradiated nucleic acid constituents. Most frequently
the strains TA 100 (base-pair mutations) and TA 98 (frameshift mutations)
have been used. The mutability of the tester strains was regularly checked
with strain specific mutagens, like sodiumazide, ethylmethane sulphonate,
styrene oxide, furylfuramide and ethidium bromide. The toxicity of test-
compounds was evaluated by determining the bacterial survival with an
appropriate dilution (10"^) of the bacterial inoculum on minimal medium
plates - enriched with histidine. The results of the mutagenicity assay
and survival test with hydrogen peroxide (a radiolytic product in irradiated
solutions) on the strains TA 100 and TA 98 are shown in figures 39 and kO.
A slight increase in the number of His+ revertants was found in TA 100.
Cytotoxic effects were observed above 50 pg/plate. With TA 98 a small
mutagenic response of H2O2 was noticed. In the applied concentration range,
however, hydrogen peroxide showed an appreciable dose-related toxic effect
upon the bacterial cells.

For concentrations of malondialdehyde ranging from 5 up to 100 yg/plate
there was no significant effect upon TA 100, 98 and 1538 either with or
without rat liver S-9 mix (see table kk).
Different amounts of gamma-irradiated (dose-range from 2 up to 10 kGy) of
nucleic acid constituents have been tested for potential mutagenicity on
TA 100 and TA 98 in the absence and in the presence of the metabolic
activating system (S-9 mix). Table k5 summarizes the results for a radiation
dose of 10 kGy and 0.4 ml of the irradiated solution per plante. Dose-
related cytotoxic effects, which can be ascribed to hydrogen peroxide, were
observed on strain TA 98 (without S 9).
Addition of catalase to the irradiated solutions, or performing the Ames
test in the presence of S 9 mix, removes the cytotoxic effects completely.
On strain TA 100, a significant mutagenic response was noticed for
irradiated 2-deoxy-D-ribose and, although smaller, for deoxyribonucleosides.
The response is the same with and without S 9 mix and not affected by
addition of catalase to the solution.
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Figure 39 - Effect of hydrogen peroxide on strain TA 100
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Figure *tO - Effect of hydrogen peroxide on strain TA 98
• * Mutagenicity assay
x x Bacteria] survival.
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Table kk - Effect of malondialdehyde on strains TA 100, TA 98 and TA 1538
in the absence of S-9 fraction2.

Amount
(ug/plate)

0

5
10

25
50

75
100

TA

138

138
124

132

140

151

145

His+

100

+

+

+

+

+

+

+

6

25
11

7
6
8

11

revertants on

TA 98

22 + 6

17 + 3

22 + 6

17 + 1

15 + 6

16 + 2

19 i 6

strains1

TA

10

8
8

10

13

9

13

1538

+ 2

+ 3

+ 3
+ 1

+ 3

+ 6

+ k

1 Values are averages +_ standard deviations of three replicates
2 With S~9 mix no significant differences were found.

Table kS ~ The effect of gamma-irradiated (10 kGy) nucleic acid constituents
on the reversion frequency of different histidine-requiring
mutants of Salmonella typhimuriim.

Testcompound1

Nucleic acid bases

Nucleosides

Mixture of nucleosides

Deoxy-r i bonuc1eos i des

Mixture of deoxy-
ribonucieosides

D(-)ribose

2-deoxy-D-r i bose

DNA (0.1%)

Strain TA100 (base-pair)

-S9 +S9 +catalase

Strain TA98 (frameshift)

-S3 +S9 +catalase

cytotoxic

cytotoxic

cytotoxic

cytotoxic

cytotoxic

cytotoxic

cytotoxic

cytotoxic

1 Concentration 0.01 M in 0.05 M phosphatebuffer 7
2 0.4 mL per plate has been incorporated
The response (x) is expressed as the quotient of the induced number of
revertants divided by the number of spontaneous revertants.
- : no response
+ : x = 2
++ : 2 < x < 3

x > 3

1



- 97 -

Figure Ai demonstrates a strict linearity between the different amounts of
2-deoxyribose and the number of induced revertants per plate.
Figure kZ shows the mutagenic response of irradiated 2-deoxyribose versus
the absorbed radiation dose for three amounts and three doses. Obviously,
the curves flatten out above a dose of 5 kGy, probably due to breakdown of
the mutagenic product(s).

The mutagenic response as found with irradiated solutions of 2-deoxyribose
and deoxyribonuc1eosides and the lack of response with nucleic acid bases and
nucleosides suggests that the mutagenic product is probably the same. The
negative results obtained with malondialdehyde indicate, furthermore, that
another radiolytic product must be responsible for the mutagenic effect.
More chemical analytical work is necessary to confirm this.

TA100

His*
rtvtrtants/plate

600

500

400

300

200

100

10 Gy

! C y

0.1 02 03 0.4
ml/plate

Figure ^1 - The influence of irradiated 2-deoxy-D-ribose on the frequency
of his"1" revertants in Salmonella typhtmurivm TA 100 in the
absence of S-9 mix.

0 kGy (control)
kGy
kGy

10 kGy
Points indicate average values plus standard deviation of
three separated experiments.

T
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300

200

100

2 5 10
dose CkGy)

Figure hi - Effect of the radiation dose on the mutagenicity of 2-deoxy-D-
ribose in Salmonella typhimurivm TA 100.

0.1 ml per plate
0.2 ml per plate

-A O.k ml per plate

Points indicate average values plus standard deviation of
three separated experiments.

3. Mutagenicity testing of irradiated food by the Ames test (J.G. VAN K00IJ
and H.B. LEVELING)

The Ames mutagenicity test has been applied to extracts of a mixture of
vegetables (soupgreens) non-irradiated and irradiated with a dose of 3 kGy
(gamma-rays from 6 0 C o ) . Extract preparation and preliminary results are
described in Food Preservation by Irradiation Vol. II, pp 63-71, 1978. The
main conclusion was that irradiated and non-irradiated soupgreens do not
exhibit mutagenic activity in the Ames test. In testing complex chemical
substances Schubert suggested in Food Preservation by Irradiation Vol. II,
pp 3-29, 1978, the use of positive controls so as to have a "built-in"
measure of sensitivity and responsiveness. The incorporation of positive
controls viz. substances which cause back-mutation (revertants) in selected
strains of Salmonella typhimurium, has shown a number of interesting
results. Table 46 summarizes the characteristics os the positive mutagens
used in our experiments.

1



- 99 -

Table 46 - Characteristics of the positive mutagens used in combination
with extracts from soupgreens.

Compound

Sodium azide

Ethidium bromide

Furylfuramide
(AF-2)

Mutagenic action

Base-pair substitution

Frameshift

Base-pair substitution
and Frameshift

Metabolic
activation

not needed

necessary

not needed

Tester
strains

TA 100
TA 1535

TA 98
TA 1538

TA 100
TA 98

In all experiments with extracts the mutability of the tester strains is
verified using directly acting strain-specific mutagens, cf. table 46. For
each concentration of the mutagens 3 plates are usually incubated.

The results of table 47 indicate that sodium azide, ethidium bromide, and
furylfuramide exhibit mutagenic activity in specific tester strains. There-
fore, the interactive effect of aforementioned mutagens with soupgreens-
extracts was further investigated.

Preliminary results have shown that the induction and expression of muta-
genesis by sodium azide and ethidium bromide in TA 100 and TA 98 mutant
strains respectively decreased with increasing amounts of freezedried
extract (FDE) from soupgreens, while increasing levels of evaporated
extract (BE) from boiled greens suppressed the number of revertants in TA
98 in the presence of ethidium bromide, but exerted little influence on the
mutagenicity of sodium azide in TA 100.

Additional experiments (cf. table 43 with FDE) in combination with sodium
azide and ethidium bromide resp. in tester strains TA 100 and TA 98
confirmed earlier results. Larger amounts of FDE usually resulted in a
greater loss of mutagenic response. Furylfuramide, however, is not de-
activated by freezedried extract of soupgreens.

Evaporated extract (BE) clearly suppressed the mutagenicity of ethidium
bromide in TA 98 and TA 1538; this is in agreement with earlier results
(Food Preservation by Irradiation Vol. II, pp 63-71, 1978). The interactive
effects of sodium azide and furylfuramide with BE are different. The fol-
lowing observations can be made:

- incorporation of BE increases the number of spontaneous revertants in
tester strain TA 100;

- this increase is comparable with the interactive effect of BE with 0.5
yg sodium azide, but 0.4 ml of BE clearly potentiated the mutagenic
effect of 1.0 pg sodium azide per plate. (Table 49);

- it is apparent from the same table that the number of revertants induced
by furylfuramide is either reduced or not affected by BE in TA 100.
Larger amounts (0.05 ug/plate) exceeded the deactivating capacity of BE.

The observed anti-mutagenic action of freezedried extract and of evaporated
extract from boiled soupgreens with respect to ethidium bromide is of great
interest. Comparable results are described by De Flora in Nature vol. 271,
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pp ^55-^56 (1978) and by Kada in Mutation Research, 53, pp 351-353 (1978).
Further studies are related to a characterization of the anti-mutagenic
factor in the vegetable extracts. These studies may be useful to show
whether vegetable products can neutralize the toxicity, associated with
mutagenicity, of compounds naturally present in our food, or produced ,in
food by preservation techniques.

Studies on changes in phenolic and alkaloidal compounds in irradiated

potatoes during post harvest storage

W.W.A. BERGERS, J.G. VAN KOOIJ.

Chemical changes in irradiated food commodities are being investigated
in order to obtain final clearances and acceptance. Besides changes
resulting from radiochemical events, the chemical changes caused by specific
biochemical activities in stored metabolizing irradiated products have to
be taken into account. These changes are of particular importance from a
toxicological point of view in those commodities, known to contain small
amounts of naturally occurring toxic compounds such as the potato.

With regard to the glycoalkaloid contents, it has already been found that
doses up to a level of 3000 Gy caused no significant changes in potatoes
during storage. However, it was found that in gimma irradiated potatoes
fluorescent phenolic compounds may accumulate during post irradiation
storage. This phenomenon is different in the two investigated potato
varieties Eba and Bintje. The results of U.V. absorbance at 325 nm for
Bintje and Eba (figures k3a and b) show an increased level ofU.V. absorbing
compounds for Eba potatoes irradiated at 3000 Gy compared with lower dose
levels and the Bintje variety.
The relative fluorescence values of these alcohol extracts indicate an in-
crease of specific fluorescent phenolic compounds, particularly at the
3000 Gy level which develop for th days at 10 °C, 90% R.H. after irradiation
to a maximum level (see figures kha and b). Investigations into the nature
of these fluorescent phenolic compounds indicate glycosidic coumarine
derivatives such as scopolin.

The mutagenic potential of some relevant phenolic compounds was studied
using the Salmonella typhymuriian assay of Ames. Results for coumarin,
aesculetine and caffeic acid in two typical strains (base pai rsubstitution
and frame shift mutation) as well as after addition of liver homogenate
enzymes indicate no mutagenic properties of these compour"1-; positive
controls were induced (see table 50).

In cooperation with the toxicology department of the Agricultural University
at Wageningen extracts of unpeeled non-irradiated potatoes have been
investigated as a part of an integrated search for mutagenic compounds in
common plant foods. No clear mutagenic effects with the Ames assay were
obtained; also the specific alkaloidal compound of the potato, a-solanine,
was negative in this assay.

1



Table 47 - Effect of various concentrations of mutagens on tester strains. The induced number of revertants at
various concentrations of the mutagens was divided by the number of spontaneous revertants. The mean
of the quotients '» indicated by x, and the number of experiments by n. S is the Standard deviation.

Compound

Sodium azide

Ethidium bromide

Furylfuramide

Tester
strain

TA 100

TA 1535

TA 98

TA 1538

TA 100

TA 98

Concentration in pg/plate

0.02

x = 3.42

n = 4

0.05

x = 6.10

n = 4

.§_= 1-Z5
x = 5-40

n = 3

s = 2.79

0.1

x = 7-95
n = 2

s = 0.07.

x = 11.18

n = 4

s = 5.87

0.2

x => 23.85

n = 4

S = 11.66

0.25

x = 2.18

n = 6

S = 0.53

x = 11.0

n = 4

S = 0.34

0.5

x = 3.11

n = 23

s = 0.67

x = 19-1

n = 14

S = 4.84

1.0

x = 4.79

n = 14

S = 1.12

x = 39.9

n = 8

S = 7.93

x = 7.48

n = 7

x = 5.37

n = 3

S = 1.93

2.5

x = 18.64

n = 5

S = 6.87

5.0

x = 15.34

n = 4

S = 6.68

x = 17.07

n = 3

S = 8.68

I

CD

I
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Table 48 - Interactive effect of mutagens with freezedried extract (FDE)
(Figures indicate number of revertants).

Tester
strain

TA 100

TA 100

TA 100

TA 1535

TA 98

TA 98

TA 1538

TA 100

TA 100

TA 98

TA 98

Concentratio
FDE/plate

0 mg
20
40

0 mg
20
40

0 mg
20

9 mg
20
40

0 mo
20
40

0 mg
20
40

0 mg
20
40

0 mg
0
20
40

0 mg
20
40

0 mg
20
40

0 mg
20

Concentration of Sodium azide
0 0.25 0.5

114
120
138

119
108
125

90
88

18
37
39

200
33
42

227
134
152

353
133
124

354
206

372
51
44

in pg/plate
1.0

315
152
148

522
290
187

481
413

Concentration of Ethidium bromide in pg/plate
. 0 1.0 2.5

38
41
34

15
26
38

36
26
28

262
71
20

205
224
59

273
51
22

661
113
27

393
218
73

823
148
22

Concentration of Furylfuramide in yg/plate
0 0.02 0.05 0.1 0.2

127
90
130
143

107
108
125

13
12
12

18
35

496
402
397
385

300
280
314

830
755
733
743

535
510
544

112
126
98

63
80

1020

243
286
268

165
155

512
528
522

315
395
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Table 49 - Interactive effects of mutagens with evaporated extract (BE)
from boiled soupgreens. (Figures without brackets indicate total
number of revertants; Figures between brackets are the numbers
of revertants obtained after subtraction of the spontaneous
revertants).

Tester
strain

TA

TA

TA

TA

TA

TA

TA

TA

TA

TA

TA

100

100

100

100

1535

98

1538

100

100

98

98

Concentration
of BE/plate

0 ml
0.2
0.4

0 ml
0.2
0.4

0 ml
0.2
0.4

0 ml
0.2

0 ml
0.2
0.4

0 ml
0.2
0.4

0 ml
0.2
0.4

0 ml
0.2
0.4

0 ml
0.2
0.4

0 ml
0.2
0.4
0 ml
0.2

Concentrat
0

147
181
216

114
162
181

119
140
176
90
166

18
28
36

1.47*

1.59

1.48

ion
0

200

520

Concentration <
0

38
34
29

36

1

262
46
25

273
54

Concentration c
0

90
156
178

107
140
176

13
13
24

18
22

1.98

1.64

0.

402
423
446
300
305
280

of Sod
.25

(182)

(464)

af Eth

ium
0

485
500
740

227
346
346

353
483
545
354
561

372
580
640

i diun
2.5

661
60
25

823
50
20

azide in
.5

(338)
(319) 1.
(524)

(113)
(184) 1.
(165)

(234)
(343) 1.-
(369)

(264)
(395)

(354)
(552)
(604)

n bromide

)f Furylfuramide in
02

(312)
(267)
(268)

(193)
(165)
(104)

0.

755
824
837

535
561
600

112
104
108

63
76

05

(665)
(668)
(659)

(428)
(421)
(424)

tig/plate
1.

55

46

58

315
530
560

522
655
950

481
777

0

(201)
(368) 1.88
(389)

(403
(515) 1.92
(774)

(391)
(611)

in yg/plate

pg/plate
0.1

243
252
209

165
140

0.2

512
483
436

315
334

see text.
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UVabsorbance at 325nm

0.8-

Q6

Q4

O2

10 50
days after irradiation

100

Figure 43a - UV absorbance at 325 nm of alcohol extracts of irradiated and
control potatoes of Bintje variety during storage. The extract
(50 ml) obtained from 10 g freezedried potato powder was
diluted (30x) in 80% aqueous ethanol. 9-0 Control; A—A 100Gy;
n-a 500 Gy and o-o 3000 Gy (symbols also for 2, 3. 4).

UVabsorbanca at 325nm

0.8

0.6

0.4

10 50
days after Irradiation

100

Figure 43b - UV absorbance at 325 nm of alcohol extracts of irradiated and
control potatoes of the variety Eba.
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relative fluorescence

1001-

10

10 50 .
days after irradiaten

100

Figure kha - Relative fluorescence values of alcohol extracts of irradiated
and control potatoes of the variety Bintje. The extract (50ml)
obtained from 10 g freezedried potato powder was diluted (25x)
in phosphate buffer pH = 7• Excitation wavelength 355 nm and
omission wavelength 450' nm.

relative fluorescence

100

10

10 50
days after irradiation

100

Figure khb - Relative fluorescence values of alcohol extracts of irradiated
and control potatoes of the variety Eba.
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Table 50 " Ames mutagenicity assay of coumarin, aesculetine and caffeic acid. Sodium azide, quercetine and
ethidium bromide have been tested as positive controls.

TA 100

Compound

Coumarin

Aesculetine

Caffeic acid

Sodiumazide

Quercetine

Control

ug/plage in
0.2 ml DMSO

2

20

200

1

10

100

2

20

200

0.5

1

20

0.2 ml DMSO

0.2 ml H2O

his Revertants/plate a)

- S9

97

98

93

82

3k

99

93
81
95

287

439

153

89

109

+ S9 b)

110

83

119

98

109

118

106

96

103

—

334

—

TA 98

Compound

Coumarin

Aesculetine

Caffeic acid

Ethidium bromide

Quercetine

Control

yg/plate in
0.2 ml DMSO

CM
 

O
 

O
C

M
 

C
D

CM
1

10

100

2

20

200

1

2.5

40

0.2 ml DMSO

0.2 ml H2O

his Revertants/plate

- S9
28

25

23

22

20

26

26

21

34

—

290

19

33

+ S9

28

33

30

32

34

36

38

35

230

700

481

-

a) mean of triplicate assay.

b) addition of liver enzymes from Arochlor induced rats.
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Studies concerning complementary effects of Irradiation and other pre-

servation techniques on micro-organisms for improvement of food hygiene

H. STEGEMAN.

Radiosensitization by selective inorganic radicals

Studies with the Br2 and (CNS)^ radicals have shown that the amino acid
tyrosine is crucial for the survival of Streptococcus faecalis. The aim of
the present investigation, also in cooperation with Dr. J. Schubert,
Professor of Environmental Health Sciencess Hope College, Michigan, U.S.A.
was to expand these experiments further, using Micrococcus radiodurans, an
organism that is extremely resistant to the lethal effect of ionizing
radiation, and using Salmonella typhimurium, a pathogenic organism. The
results are summarized in figures *t5> *•& and ki, and in table 51. The
radiosensitizing action of Br2 on M. radiodurans and on S. typhimuriim was
as on S. faeoalis, extraordinarily large. The (CNS)2 radical did not
function as an OH scavenger as found for 5. faecalis, but did increase the
radiosensitivity of M. vadiodiaxms and S. typhimurium. The radiosensitivity
action of Br2 on M. radiodurans aboven pH 8 did not decrease sharply as
found for S. faecalis', the radiosensitizing action of (CNS)2 radical at
pH 6 and pH 9 decreased. The effect of pH on S. typhimuriumwas not studied.
These results suggest that tyrosine maybe also crucial for the survival of
M. radiodurans and S. typhimuriwn.

Minced meat

Dr. D. Jaworek, a visiting fellow from Poland, determined the radiation
resistance of a nalidixic acid-resistant Escherichia coli K12 and Salmonel-
la typhimurium- '\n phosphate buffer and in minced meat (50% pork, 50% beef).
The minced meat was, before a radiation treatment at 2 °C, artificially
contaminated with 10s cells per gram. The D^g-values of E. coli K12 and 5.
typhimurium were about k times higher in meat than in phosphate buffer. The
DiO~values for E. coli K12 and for S. typhimurium were 465 Gy and 653 Gy
in minced meat. It was found that the radiation dose requirement was
scarcely influenced by reducing the initial level of Salmonella in minced
meat from 106 cells to 100 cells per gram. The D^n-value was 681 Gy for
100 cells per gram minced meat.

Table 51 ~ The radiation sensitivity of S. typhimurium as affected by dif-
ferent radicals, expressed in terms of the D-jo-values. The
bacterial suspensions (107 per ml) were present in 0.067 M
phosphate buffer at pH 7-0.

System

N2O/O.I M Br"

N20/0.1 M CNS"

N2O

N2

N20/2 M ethanol

Major rad ica ls

Br^

(CNS)?

OH

iaq,0H

010
(daGy)

1.5

13

56

70

120

T



- 108 -

N O/EtOH

0.001

0.0001

0 J00 200 300 400 500
dose (daGy)

Figure kS - Survival curves of irradiated M. vadiodupans (107 cells/ml) in
phosphate buffer (pH 7.0, 0.067 M) plus designated additives:
•--• N2+ 2 M ethanol; k—l N2; x--x N 20; •--• N20 + 0.1 M KCNS;
o — o N20 + 0.1 M NaBr.

survival
•/.
100

0 10 20 30 40
dose (daGy)

Figure 46 - Effect of pH on the survival of irradiated M. radiodurans in
N20 saturated 0.067 M phosphate buffer, containing 0.1 M NaBr.

1
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survival
V.

100

10

0.1

0.01

0.Q01

0.0001

N 2O/CNS

100 200 30C 400 500
dose (daGy)

Figure 47 - Effect of pH on the survival of irradiated M. radiodurans in
N2O saturated 0.067 M phosphate buffer, containing 0.1 M KCNS.

Application aspects of food irradiation to improve food hygiene

D.IS. LANGERAK.

1. Quality research of frozen siiverskin onions

Non-blanched frozen siiverskin onions have a high microbial count. This
high count causes quality losses during processing. In relation to this
problem the following topics were studied:

- the effect of a gamma irradiation treatment on the reduction of the
microbial count without loss of sensoric quality;

- the rise of temperature of the frozen product during the irradiation
treatment (one hour) at room temperature.

The product was treated with a dose of 0, 0.9, 1.4, 1.8 and 2.7 kGy. The
average dose rate was 90 Gy min"1.

The results of the irradiation treatment on the microbial quality are sum-
marized in table 52.

It appears that an irradiation treatment gives a small reduction of the
total viable count in frozen food. However, a dose of 1.4 kGy is sufficient
to reduce the microbial count below the so called "Conex Standard".
According to this Standard the product was classified as "good". At the
above mentioned dose, the Enterobacteriaasae, yeast and moulds were also
eliminated.

The organoleptic tests showed that the sensoric quality was not affected
below a dose of 2.7 kGy; thus an irradiation treatment with a dose of 1.4
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to 1.8 kGy can be used.

Temperature measurements in the frozen silverskin onions packed in carton
boxes indicated that over a period of one hour the temperature in the
product rose from -20 °C to -11 °C. This rise in temperature could partly
be avoided by shielding the boxes with styrofoam sheets.

Table 52 - Effect of irradiation on the microbial quality of non-blanched
silverskin onions. Average count per gram of 3 samples

0 kGy

0.9 kGy

].k kGy

1.8 kGy

2.7 kGy

Viable
count

7.3 x 106

1.7 x 106

3.8 x 105

k.k x 105

2.8 x 103

Entero-
baoteriaaeae

3.2 x 104

2.0 x 102

3.7 x 101

< 10

< 10

Escherichia
aoli

neg.

neg.

neg.

neg.

neg.

Staphyloaoaaus

aurens

< 10

< 10

< 10

< 10

< 10

Yeasts and
moulds

l.k x 103

2.k x 103

< 10

< 10

< 10

2. Combi ned heat and i rradiation treatment to control mould contamination in
fruit and vegetables

During storage of hard- and soft fruits, decay appears, caused by mould
infection. This decay may partly be prevented by using fungicides before
or after harvesting. The use of fungicides, however, increases the chemical
burden of food. An alternative treatment to prevent mould infection is the
application of irradiation. However, for an effective control, an
irradiation dose of more than 1 kGy is necessary. This dose causes damage
to the peel of the product. For this reason research has been started using
the combination of moderate heat and irradiation with the aim to lower the
irradiation dose. In the framework of the in vitro and in vivo experiments
the following topics were studied.

Using Penioillivm expansion the effect of heating (temperature x time)
and irradiation on the inactivation of spores was studied. The spore
suspension was heated in the range of kS °C to 55 °C during 2.5, 5 and
10 min respectively. The irradiation dose was 0, 0.25, 0.5, 0.75 and 1.0
kGy.
The effect of a heat treatment on the inactivation of spores is given in
figure k8.
The results show that below 51 °C there is only a very small effect of
heating on the inactivation of Penioillium expansion spores, even at a
heating time of 10 min.
However, a considerable inactivation of spores is found at a temperature
treatment of 51 °C and higher, depending on the heating time: with a
decreased heating time the inactivation starts at a higher temperature.
In combination with irradiation the inactivation of spores starts at
h5 °C. A suspension of 106 spores ml"1 was totally inactivated by the
combination 10 min ^5 °C + 1 kGy (figure 49a).
With a heat treatment of 10 min at 51 °C the same spore concentration was
inactivated with 0.5 kGy (figure )

1
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Figure 48 - Effect of heating at various temperatures and heating time on
the inactivation of Peniailliian expansion spores (log n).
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i i
25 5

45°C (a)

10'

51°C(b)
ii i

25 5 10 heating timeimin)

1.0 0 05 1.0 dose(kGy)

Figure kS - Effect of heating at 45 °C (a) and 51 °C (b), heating time
(H), irradiation (I), and the combination of heat and
irradiation (H+l) on the inactivation of Veni-ciZZvum expansion.
{% survival).
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Furthermore it appears from these results that the combination of heat and
irradiation has a synergistic effect on the inactivation of fungi spores;
that means that the effect of the combination is larger than the sum of
both components would predict. -.
This synergistic effect, expressed in the quotient •—, is given in figure
50. Dj = D10 value of the irradiation treatment, Dc = D10 value of the
combined treatment. When the quotient ^1 = 1, no synergistic effect is
present. c

Figure 50 shows that the synergistic effect of the combined treatment in-
creases with a longer heating time and a higher temperature. However, the
increase between a heat treatment of 5 and 10 min is smaller than between
2.5 and 5 min. Comparing figure 48 and figure 50 it appears that the
synergistic effect has its optimum in the lethal phase of the heat treat-
ment. As a consequence of the synergistic effect it is possible to reduce
the irradiation dose by a factor 2 to 3.

synergistic effect

aof-

2.5

ZO

1.5

1.01

45 50 55 temp.(°C)

Figure 50 - The effect of various temperatures (kS - 55 °C), heating time
(2.5,5, 10 min) and various irradiation doses (0 - 1 kGy) on
the synergistic effect (21) of the combined treatment.

Di = Dto value of the irradiation treatment; Dc = D10 value
of the combined treatment.

I 1
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In practice it is often impossible to give an irradiation treatment im-
mediately after the heat treatment. For this reason the effect of a post-
poned irradiation treatment on the synergistic effect has been studied.
Peniaillium expansion spores were heated for 7.5 min at 45 °C and sub-
sequently irradiated with 0.25, 0.5, and 0.75 kGy after a time interval
of i, 1, 2, 3, 4, 5, 6 and 24 hours respectively.
The results are summarized in table 53-

This data shows that the irradiation treatment has to be carried out as
soon as possible after the heat treatment. During the first 2 hours, the
synergistic effect is maintained but it disappears after 4 to 5 hours
(•S-i- approaches to 1). This means that the irradiation treatment has to
carried out within 4 hours of the heat treatment.

to be

Table 53 ~ influence of various time intervals on the D-jo value (Dc) and
the synergistic effect (EL) of the combination 7-5 min 46 °C
+ irradiation

Time intervals in hours
after heat treatment

i

1

2

3
4

5
6
24

n
uc

21-3

22.2

22.7

24.4

26.3

30.3

34.5
35.7

Di
Dc

1-34
1.28

1.26

1.17

1.08

0.94

0.83
0.80

D; = 29-0 = D10 value of the irradiation treatment.

- Effect of_cgrnb]_ned_treatment gn_

To check the available in vitro results in vivo, the following items were
studied on pears "Conference":
- methodology of an artificial infection of this fruit by Penioillium
expansion spores;

- effect of a heat and a combined heat and irradiation treatment on the
decay in artifice!ly infected spots of the fruits.

It appeared from the methodology that the following handlings give the
best results:
- disinfection of the product in 50% ethanol (15 sec);
- perforations (5 mm diameter, 3 mm depth) into the surface of the fruit
on both sides;

- infection of the damaged spots with about 103 spores of Penicillium
expansion;

- time interval of 2 hours between infection and heat treatment.
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To study the effect of a combined treatment on decay the pears were
heated for 7-5 min at k5 °C and consequently irradiated with 0, 0.5 and
0.75 kGy. The product was stored at 15 °C and 85% R.H. The control did
not receive a heat treatment.

The results show that the infected spots on the control fruits were
spoiled for 90% after 9 days. A mere heat treatment delayed the decay:
after 22 days 55% of the spots were rotted. However, a combined treat-
ment, using 0.5 kGy prevented decay completely. A combined treatment at
lower irradiation doses will be studied.

1
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WASTE IRRADIATION

Disinfection and physical and chemical changes in waste waters, sludge, and

agricultural wastes

A.F. GRONEMAN, H. STEGEMAN, W.F. OOSTERHEERT.

Research into disinfection and conditioning of sewage sludge by ionizing
radiation was continued because of the potential benefits of recycling for
agriculture.

Investigations on the radiation sensitization of micro-organisms by means
of Br~ have been successful for specific synthetic systems. As reported
earlier in the annual report 1977 results of research performed in co-
operation with Dr. J. Schubert, Hope College, Michigan, USA, demonstrated
a dramatic enhancement of the lethal effect of gamma irradiation on Strep-
tocoaous faeaalis in the presence of Br" an ions in N2O saturated phosphate
buffer at pH 7- The radiation sensitization of Br" was much greater than the
radiation sensitization of oxygen. The enhanced lethality of irradiation by
Br^ was recently and independently confirmed by Becker et at. (Radiation
Research, January 1978) for T7 phage and Br" was denoted as "hypersensitizer".

Experimental evidence indicated that the crucial aminoacid in the radiation
inactivation of S. faeaalis was a tyrosine residue.

Investigations were performed to explore whether or not the hypersensitizer
Br" could be applied for the disinfection of sewage sludge to be used for
recycling. Experiments were carried out with raw sludge from Bennekom with
2.5% by weight of suspended solids and containing about 5 x 10 5 cells per
ml of the faecal streptococcal group. This group was identified by first
inocculating into azide dextrose broth and then confirming the positive
results by inocculating into ethyl violet azide broth.

The Most Probable Number (MPN) technique was used for counting the cells.
Figure 51 shows that, when 0.1 M NaBr was added to a N2O saturated natural
system such as raw sewage sludge, the effect of Br" is practically
eliminated. The presence of 0.1 M NaBr with a scavenging power for OH
radicals of 0.1 M x 1.1 x 109 M^sec" 1 = 1.1 x 10 8 sec"* had no effect on
the radiation inactivation of the faecal streptococcal group. Results
indicate that the solid phase and to some extent the initial solutes in the
sludge system compete efficiently for OH radicals with a "scavenging power"
as high as 10 1 0 sec"1.

Figure 52 shows that one can obtain significant sensitizing effects by Br"
in sludge but only at such high concentrations that application for re-
cycling becomes unpractical.
A concentration as high as 1.8 M NaBr was needed to obtain a ten fold ir-
radiation induced reduction of the surviving fraction of the faecal strep-
tococcal group. Our work, that is submitted for publication, indicates that
Br" is a sensitizer only for certain specific systems, such as process
water or waste water systems with a low scavenging power for OH radicals
and not for other systems such as sludge with a high scavenging power for
OH radicals.

Earlier investigations into the conditioning of sewage sludge by ionizing
radiation reported in previous annual reports had indicated that theradio-
lytically formed OH radical is the active primary species, which improved
the dewatering properties of sludges. This OH radical is a powerful oxy-
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dizing agent. The initial yields of the two main primary species e a q and
OH are approximately equal (within 10%) in aqueous systems. However, the
yield of OH radicals can be almost doubled in pure water in the presence
of nitrous oxide. N 20 converts the eaq to hydroxyl radicals by the reaction:

N 20 + eaq •> N 2 + OH" + OH

and the value of the reaction rate constant K(N20 + e a q ) = 8 . 7 x 10 9M" 1sec" 1.

The N 20 technique is a means to obtain an approximately uni-radical system,
wherein the OH radicals are by far the major radical component (about 90%).
To exploit the implication of these findings, experiments were performed
with raw sludge from Bennekom that had not yet responded to irradiation
treatments. This sludge was irradiated in the presence and absence of N 20
and the irradiation effects on the specific resistance to filtration were
compared with the effects of irradiation with anaerobically digested sludge
treated under similar conditions.

Results presented in figure 53 are typical. Dewatering properties of raw
sludge from Bennekom are not improved by irradiation in the absence of
nitrous oxide. When N 20 was present, however, a si ight but clear conditioning
effect of irradiation became apparent. The irradiation treatment of
anaerobically digested sludge from Zeist was also more effective in the
presence of N 20. This confirms the hypothesis that the OH radical is the
species, that improves the dewatering properties of both sludges. The
conditioning effect of irradiation can apparently be improved by choosing
proper experimental conditions that result in greater yields of OH radicals.
However, figure 53 clearly shows that the cond itioning effect of irradiation
was far from doubled in the presence of N 20. This suggests that N 20 in-
creases the OH yield but is not adequate enough in converting eaq in OH
radicals. Apparently the sludge system competes with N 20 for the solvated
electrons. eaq adds quite rapidly to organic substances such as for example
most aromatic compounds, carboxylic acids and disulphides. Rate constants
can be as high as about 2 x 101" M ^ s e c " 1 for small molecules.

In a way the data presented in figure 53 are also typical for the results
of a series of experiments where the irradiation treatment improved de-
watering properties of anaerobically digested sludges to a constant level
in which the final specific resistance ranged approximately from 6 to
10 x 10 1 3 kg m"1 although the initial resistance to filtration varied from
20 to kO x 10 1 3 kg m"1, depending on the slugde age. These observations led
to another approach and studies on particle size distribution were initiated
with a Havei—Boecker sieving machine. A method was developed to characterize
different sludges by determining the particle size distribution, within the
size range k to 1000 urn and to evaluate the effects of a variety of treat-
ments on the distribution.

Summarized results in figure 5** show that the particle size distribution of
raw sludge from Bennekom differs considerably from the particle size
distribution of the anaerobically digested sludge from Zeist. The major
weight fraction (50%) consisted of small particles of 32 to k ym in the
sludge from Zeist, whereas raw sludge from Bennekom, that has normally a
distinct flocculated appearance, contained much less of this small fraction
(5%). The latter demonstrated also better initial dewatering properties.
From the data it is apparent that a sludge, consisting mainly of small
particles is more likely to be affected by radiolytically generated OH
radicals which change surface properties, than a sludge with larger particles
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because the specific surface increases drastically with decreasing dia-
meter of the particles.
A gaschromatographic investigation programme was performed to determine
the nature of organic compounds that are detached by a radiation treatment
from the solid phase of the siudge system

Results indicated that the solvated organic compounds were not short chain
hydrocarbons.

The OH radical, being a powerful oxidizing agent, reacts with solutes in
the liquid phase, L, or with compounds of the solid phase, P. Addition of
an OH-scavenger, S, is a way of increasing the competition of solutes in
the liquid phase compared to the competition of compounds in the solid
phase. From competition kinetics it follows that the probability of an OH
radical reacting with the solid phase, P, which results in an improvement
of dewatering properties, is:

k3_
[sj + k2 k3 [pj

where k p
l

and are reaction rate constants of OH radicals with the
molar concentration of the OH scavenger [sj, the solutes of the liquid
phase, L, and with the solid phase, P, respectively.

A computer regression programme for this non-linear model has been
developed to assess the value and the variation of the scavenging power of
the solid phase and to determine if it is altered by irradiation treat-
ments. Results of steady state irradiation experiments and pulseradiolysis
experiments, that were performed in cooperation with the Department of
Molecular Biophysics of the University of Utrecht were employed in the
computer programme.

A preparatory investigation programme had to be carried out to select the
proper OH scavenger for this work.

These findings and considerations from polymer radiation chemistry lead to
a considerably refined understanding of mechanisms involved in the con-
ditioning of sewage sludge by radiation treatments.
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F | g u r e 51 - Survival curve for a faecal streptococcal group in N20
saturated raw sewage sludge from Bennekom (2.5% by weight of
suspended solids) without a, and with o 0.1 M NaBr.
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Figure 52 - Effect of NaBr on the survival of a faecal streptococcal group
in N2O saturated raw sewage sludge with 2.5% by weight of sus-
pended solids. Survival is expressed as the fraction surviving
an irradiation treatment of 400 krad.

1
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Figure 53 - Effects of nitrous oxide and gamma irradiation on the specific
resistance of anaerobically digested sludge and raw sludgewith
both 2.6% suspended solids.
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F ' 9 u r e 5^ - Particle size distribution of raw sludge from Bennekom (a) and
anaerobically digested sludge from Zeist (o), summarized in
three particle size classes.
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E X T E R N A L S E R V I C E S

Coordination of mutation breeding in veqetatively propagated crops

C. BROERTJES.

Mutation breeding in vegetatively propagated crops has become a fully
accepted method to improve outstanding cross-breeding products of important
food crops and specifically of economically important ornamentals. This is
demonstrated by the continuously increasing number of cooperative projects
as well as by the rapid growth in the number of commercially introduced
mutants.

In 1978 the following crops were added to the list of projects: Amavine,
Bouvardia, carnation, Chrysanthemum (3x), Euphorbia fulgens, Streptoaarpus
and Vuylstekeara (an orchid), all being ornamentals as well as grapes (in
cooperation with Prof. Becker of the Institute for Grape Research at
Geisenheim, W. Germany).

During 1978, we have evaluated the results of almost 20-years of activity
of our Institute in this field and as can be seen from table 5^, the
number of projects started since 1-1-1959 is 218 for vegetatively propagated
crops (and 43 for seedpropagated crops, bringing the total to 261).

The number of projects, which have either resulted in commercial mutants
or which are still being continued, is 93 in vegetatively propagated crops,
the vast majority being with ornamentals. The total number of mutants re-
leased as the result of these cooperative projects is now Sh, all are
ornamentals. This does not mean that mutation breeding cannot be used in
other crops. One must remember that the time needed to induce, select and
test new genotypes in such crops is much longer than that required for many
ornamental potplants and cutflowers.

Included in the 9^ mutants released since 1-1-1959, are 1 Malus, 5 Chry-
santhemum and 6 Streptooarpus mutants, released in 1978.

Commercialization of food irradiation for preservation purposes

H.G. HEINS, O.IS. LANGERAK.

Spices and condiments

Previous association with a leading firm who is specialized in the
processing and sale of this type of product, has led to the irradiation of
'+600 kg of onion powder.

In 1978 the total amount of commercially irradiated spices and herbs was
10.650 kg (1977: 7000 kg).

Trial-sale of irradiated fish fillets

The marketing of these products (cod, haddock, whiting, coalfish and
plaice) was started in September last year, by a major national wholesale
company delivering to institutional buyers. After a modest start, a slight
decline occurred in the amount sold, mainly due to competitive prices of
the non irradiated commodity, that had unexpectedly become available to
most of the buyers involved. In fact, in the long run, it appeared that
this development resulted in a steadily decreasing turnover. It was there-



Table 5k - Cooperative mutation breeding projects, in vegetatively propagated crops, with the Association's
Institute, since 1-1-1959-

Tuber and bulb crops

Potato

Ornamental crops

Bulbs l)
Floricultural plants 2'

Arboricultural plants3)

Fruit crops *•)

Forestry crops 5'

Apomicts

Poa pratensis

Totals

No. of
projects
started

5

127

23

9

3

k

218

No. of
projects

still active

2

16
59

12

3
1

93 (̂ 2%)

No. of
commercial
mutants

(1-1-1979)

-

1
92

1

_

Crops of which commercial mutants were released

(Number of mutants)

Lilium (1)
Achimene's (10), Alstroemeria (1A), Begonia (3),
chrysant (35), dahlia (17), Streptocarpus (13)•
Malus (1).

(World total is 227 mutants on 1-1-1979)

1' Amaryllus (2), Anemone (1), Chionodoxa (1), Croons (1), Endymion (1), Gladiolus (1), Hyacinthus (7),
Iris (6), Lilium (7), Muscari (2), Narcissus (2), Ranoneulus (1), Soilla (3), Tulipa (12).

2> Aohimenes (2), Alstroemeria (7), Amarine (1), Anthurium (i), Arum (1), /5saZea (2), Begonia (6), Bougain-
villae (1), Bouvardia (2), Campanula (1), Canrca (1), carnation (7), chrysant (19)> Cupressus (1),
Cyalamus (1), Cymbidium (1), Cyperus (1), Dahlia (5), Euphorbia (7), Freesia (3), Fuchsia (1), Gerbera (5),
Gloriosa (1), Hibiscus (2), Impatiens (1), Kalanchoe (5), Malvaviscus (1), Miltonia (1), Nerine (3)» Pelar-
gonium (3), Peperomia (1), roses (5), Saintpaulia (6), Sinningia (Gloxinia) (3), Stephanotus (1),
Streptocarpus (8), Tritonia (1), Varens (1), Vuylstekeara (1), Watsonia (1), Zantedeschia (1).
Delphinium (2), Liatris (2), P7zk>x (1).

3) ylsaZeia: (2), Calluna (1), Clematis (2), Forsythia (1), Potentilla (1), AfaZws (1), Prunus (1), roses W ;
various conifers (+ 10)

fo

I
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fore decided to terminate this trial at the end of the year, because of
lack of commercially interesting perspectives. A small inquiry that was
set up half-way through the experiment, has shown that from a technological
point of view this trial sale has proved to be very successful. Over a
period of 16 months, no complaints were lodged concerning the quality of
the commodity. This is very satisfactory as the fillets were inspected and
prepared by critical experts in hospitals and old age homes. The trial-
sale has demonstrated that the irradiation of prepacked fresh fish fillets
in order to realize a shelf-life at 3 - 5 °C of at least 10 days, is
technologically feasible. A total quantity of approximately 13 tons was
sold.

Quality evaluation of Hungarian luncheon meat

At the request of Hungarian colleagues attempts have been made to have some
samples of Hungarian luncheon meat containing ingredients irradiated with
5 kGy evaluated. This product was processed at different FQ values, in
order to find the optimum heating with respect to the required commercial
sterility and the product characteristics obtained.

Meat specialists of the Central Institute for Nutrition and Food Research
will carry out a routine sensory evaluation of these samples in the near
future.

Irradiation and storage of onions on commercial scale

One of the most important onion merchants in this country had a quantity
of 25 tons of onions irradiated by the Pilot Plant. This lot has been
stored in the traditional way, and is intended for sale abroad at the end
of the season, i.e. next March-April. The trial is also being attended by
experts of the Foundation Dutch ONion-Federation (SNUiF).

Private storage of irradiated potatoes

A yearly increasing quantity of irradiated potatoes is being ordered by
exployees of the Association's Institute for private storage and consumption.
This increase is obviously caused by a growing number of relatives and
others who became acquainted with the advantages of this irradiated product.
A total quantity of 8750 kg was sold this season.

Overseas shipments trial

At the end of the year an air-borne shipment of irradiated papayas and
strawberries was evaluated at the request of the Atomic Energy Board of
South Africa. Detailed data are not yet available, but it appears that the
results with the papaya samples are promising. The applied radiation treat-
ment also showed an improved preservation of the strawberries, but a sub-
optimal packaging reduced the total effect of the radiation treatment.
A Cuban working temporarily at the Association's Institute on an IAEA
fellowship, was given assistance in preparing a shipment of irradiated
potatoes and onions destined for Havanna. This trial shipment with a total
weight of 925 kg was dispatched in December.
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Development, improvement and promotion of application of nuclear and related

physical and chemical methods in biology and agriculture

J.F. STOUTJESDIJK, J.G. DE SWART, W.F. OOSTERHEERT, A.F. GRONEMAN,
M.J. FRISSEL.

1. Courses

A general Radionuclide course has been organized (9 - 27 January) with
21 participants, of which six were members of the Association's
Institute's personnel and one, a guestworker at this Institute from
Poland.

A Liquid Scintillation course has been organized (13 - 2k February) with
Ik participants, of which three were members of the personnel of the
Association's Institute.

t!e.a.].£!2_P.!]Y.sic.s_course

In cooperation with the Health Physics Department and the Dosimetry
group a Health Physics course of two weeks has been organized between
March 29 and April 21 with 17 participants, of which three were members
of the personnel of the Association's Institute. The course was concluded
on May 11, 1978, with an official examination under the auspices of the
Ministry of Health and Environmental Protection and the Ministry of
Social Affairs.
Of the 17 participants, 15 took part in the examination, 11 wi th success.
Two other candidates, who had failed the examination in 1977 at the
Institute, also passed the examination. The three Insti tute's participants
were successful.

SpecjaJ short Radionuc]^de_course

A special Radionuclide course has been organized (8 - 12 May) for 15
students and three teachers of the Dr. Struycken Institute at Breda, a
school for analysts. In five days, fourteen radiological experiments
were performed.

2. Evaluation of nuclear and related physical and chemical methods

To avoid damage to the very expensive Ge(Li) detector caused by warming
up when there is a shortage of liquid nitrogen, an alarm system has been
developed and two of these alarm units have been installed on our semi-
conductor detectors.

Due to the present low prices of micro-processor systems, complex, but
flexible measurement- and control installations can be developed more
easily.
To gain experience in this field, the Association's Institute has bought
an Intel M.D.S. 800 microcomputer development system. Interfacing of
several peripheral devices has been realized.
As first practical applications the development of a microcomputer
calendar clock for incorporation in our large-computer system and a
special display terminal have been completed. A new intelligent control
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system for the soil column scanner-ll and "smart periferais" for our
communication network are under development.

The liquid waste load was determined for one week, in order to assess
the correct amount of pollution tax to be charged to the Institute for
1978.

r.a.iL§!:i2n._f2r._r.e.£Y.c.IiQ9_£!I2c.§ss_water were given to Thomassen S Drijver
- Verblifa N.V. at Deventer. The technological and economic feasibility
of the use of ionizing radiation for recycling cooling- and washing
water in the processes of the canning industry were considered.

(Cooperation with Ir. P.I. Haartsen of the Institute of Agricultural
Engineering (IMAG) at Wageningen.

The dispersion of stinking aerosols from poultry farm stacks can be
determined by adding tracers which can be activated to the aerosols at
the stack and collecting air samples of precipitation at different
distances from the stack. Dysprosium has been chosen as tracer: it
contains 28.18? of 161*Dy, which can be easily activated by neutrons
(a = 2620 x 10"28 m2) to 165Dy with a half life of 139-2 min.
It emits several B's and Y' S and c an easily be measured by y~spectro-
metry.
The stable Dy was collected at several places using stationary sample
collectors, coated with vaseline. These were wiped with tissue paper,
after which the paper was irradiated with thermal neutrons in the
nuclear reactor of the Association's Institute. In earlier experiments
the sodium, which is always present, gave difficulties because of the
activation product 21tNa, which caused too high a background in measure-
ments with Nal(TI) scintillation detectors. The use of a Ge(Li) semi-
conductor detector gave better results, the background in the region of
the Sk keV photopeak was about 5 cpm. A net countrate of the 1G50y of
1 cpm corresponded with about 0.25 ng of Dy.

A field experiment has been performed in which Dy20"3, hexachlorine
ethane and aluminium powder were used to produce an aerosol of DyCl3
(Kuhn etat'., Pyrotechnical ly produced activable aerosols as tracers for
measurements in the atmosphere, Proceedings IAEA International Symposium
on the Development of Nuclear-based Techniques for the Measurement,
Detection and Control of Environmental Pollution, Vienna, 1976).

The sample collectors were put at thirteen different places downwind of
the Dy source, to a distance of 70 m.
They were removed 30 min after ignition of the source and the deposited
Dy w^s quantitatively determined. The backgrounds in these samples were
appreciably higher than in the laboratory experiments, viz. about ^20
cpm. This may be caused by sand and other compounds which precipitate
on the glass plates and contain elements which produce y-activity after
neutron activation. Nevertheless Dy could easily be detected and deter-
mined in amounts varying vrom k to 260 ng on all plates. Due to
difficulties encountered during the first trial no conclusions can be
drawn about the agreement of the observed Dy deposition and the Dy con-
centrations in the air at the sampling places, calculated according to
the formula of Sutton using the values of Pasquill for the standard
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deviations of the concentration distribution. The experiments are being
continued.

3. Cooperation with other institutes

Coogerat|on_with_Dr::_Wi_Norde_and_Mrs_._Pi_Bgsnian of the Department of
Physical and CoTToid Chemistry of the Agricultural University of Wage-
ningen on the uptake of ions in the protein'layer absorbed at interfaces.
Interactions between ions and proteins at interfaces play an important
role in the functioning of biological membranes. The ions prevent the
formation of high electric potentials in the protein layer.
To prove that ions are concentrated in the interface between solutions
and air, the uptake of ^Ca-ions by serum albumine molecules adsorbed
on an air-water interface was studied with the help of a scintillation
detector with a thin plastic crystal. Only very small amounts of 't5Ca
were taken up by the protein layer and could not be determined.
Further experiments have been postponed till a method has been developed
to adsorb many layers of protein molecules to an interface, which will
then be able to take up more ions.

£2£§ri£i2_yi£b_2£;_yi_^2r^S_3^_(.::-?.;_§2S. f 'ne Department of
Physical and CoTToid Chemistry of trie AgricuTtural University of Wage-
ningen on the uptake of cations during the adsorptioi of human plasma
albumin on the polystyrene particles in a colloidal solution (latex
solutions).
A model has been developed
the protein layer absorbed
Norde, Wageningen, 1976).
The influence of the pH of
particles on the uptake of
with
with

by Norde describing the uptake of ions in
at interfaces in latex solutions (Thesis

results.

the liquid and the electrical charge of the
the cations has been investigated and compared

the expected values according to the model. The earlier experiment
2 2Na + have been repeated using the divalent Ba + + ions with positive

£ f tne Department of Animal Physio-
Togy of the Agricultural University of Wageningen about the retention
time of food in the abomasum of sheep by a localization technique with
soft y~emitters. 57Co with a main y of 122 keV and a half life of 270
days has been chosen as a tracer.
Sheep were fitted with an abomasal infusion tube and with re-entrant
cannulae in the distal duodenum. In order to measure abomasal outflow
of digesta and the mean retention time of digesta in the abomasum,
2 uCi (7k kBq) 5 7Co, chelated to EDTA, were injected into the abomasum.
The radioactivity of digesta leaving the abomasum was observed with two
G.M. counters along the cannula, with 3 mm thick lead shielding between
the detectors and the body of the sheep. The signals of the G.M. tubes
were stored on a cassette and also displayed on a recorder with thehelp
of a countrate meter. Experiments were carried out with and without
continuous infusion of a 10% soya protein suspension into the abomasum.
From the preliminary results, the following can be decuded.
- Radioactivity of abomasal contents is reduced steadily by juice

secreted by the abomasum and by digesta entering the abomasum from the
forestomachs.

- Propulsion of digesta from the abomasal cavity into the duodenum is a
discontinuous process.

- During infusion of the,soya protein suspension into the abomasum the
volume of abomasal contents is increased as well as the mean retention
time of digesta in the abomasum.
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f t n e Department of Food Science
of the Agricultural University of Wageningen on the residence <;ime
measurements in food extruders.
In a previous investigation the residence times and the residence time
distribution were measured on ground maize in a single screw extruder.
6itCu was used as a tracer material.
This investigation is focussed on a protein rich material such as soya.
It was necessary to develop a new measuring system based on a coincidence
principle at the outlet of the extruder, measuring the two opposite
annihilation quanta following the positron emission of 61+Cu in order to
obtain a nearly absolute spatial resolution and an excellent background
suppression. In the previous measuring method the tail of the residence"
time distribution curve could not be used for further data processing,
because the high background made these measurements inaccurate.

Another disadvantage was the lack of knowledge about the mixing effect
in the feed section of the extruder. To improve the measurement accuracy
an extra single detector was mounted at the feed section of the machine.
The shape of the response at this point might permit a correction of the
final data from the twin-detectors at the outlet.

J [ P of the Department of Food Science
of the Agricultural University of Wageningen on velocity measurements of
granular material in a pneumatic conveying system.
The bulk materials are vertically conveyed in an air stream over more
than 20 m with velocities of 17 to k6 m/s. A pipe with a diameter of
81 mm was used. Polypropylene nibs were used as a model material. The
density was approximately 850 kg/m3, the particle diameter about k mm.
Some of the nibs were specifically extruded with an addition of 2%
sodiumhydrocarbonate and could be used as labelled trace material after
activation in the nuclear reactor of the Association's Institute.
A small amount of the activated material is injected into the tube,
without disturbing the normal transport process.
In previous investigations on pneumatic conveyors, a single detection
system was used 'n order to construct location/time diagrams of the
labelled material. This gave a considerable loss of measurement accuracy
caused by variations in the conveyor control. To overcome this dis-
advantage the time-span, the time which the activity needs to pass a
known distance between two detectors, mounted to the tube, is measured.
The data-output of this measuring system is stored in the memory of a
multichannel analyser, used in multiscaler mode, in which the word-
length of the memory could be split into two parts of three decades,
each part corresponding to one of the detectors.
Special attention was paid to the residence-time distribution, allowing
a significant improvement of the accuracy of the measurements. This new
technique will allow measurements at higher loading ratios, higher air
velocities and larger pipe diameters.

£22P§r§£l2G_wi.th_.lri_GiyidiHe]de of the Soil Tillage Laboratory of the
Agricultural University of Wageningen on the measurement of the dis-
placement of soil particles under a moving wheel by means of 137Cs
sources.
The use of wheel-driven vehicles on soil surfaces results in soil-
stresses. As a result of these stresses the growth of crops can be badly
influenced.
In 1978 an investigation was started in which the deformation of soils
under moving wheels was studied. In this investigat'on, the basic idea
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is the possibility of locating the internal displacement of soils by
measuring the radiation of a radioactive source that has been placed in
the soil using scintillation detectors.
When there is internal soil displacement, the distances between the
source and the detectors change, and the measured count-rates also
change. To determine the relation between distance and radiation
intensity, a programme was set up to define a mathematical equation, in
which the measured count-rate is expressed in the distance between
source and scinti1lator, with as variables: bulk density, moisture
content and clay content of the soil.
To this end, a number of special soil-boxes have been made, in which it
is possible to move a small I37Cs source from one side t« the other,
without disturbing the structure of the soil, which is present above it.
Above the soil, and perpendicular to the soil-surface, a scintillator
is placed, connected to an amplifier and a counter. By varying the
moisture-content and the bulk density in the boxes, a large amount of
data on the relationships between distance and count-rate ha9 been
collected. It should be possible to make a general equation from this
data, with as variables the bulk-density and moisture-content, for the
soil with the clay-content that is used.

i S 2 D _ y i £ t ! _ i I 5 f i f t<ne Division of Food Process
Engineering of the Agricultural University of Wageningen on a thermistor
based temperature measuring system.
The Division of Food Process Engineering of the Agricultural University
of Wageningen has a research project on the temperature and moisture
distribution in stacks of living horticultural products. In order to
investigate the temperature distribution in these stacks a periodic
temperature measurement at different places in the stack is required.
In view of the long duration of one experiment (about one week) and as
we were interested in the transient behaviour of the temperature in the
stack a complete automatic measuring system was required to measure the
temperature with an accuracy of 0.1 °C.
We have chosen a CAMAC based modular system with thermistors as
temperature sensors, because the CAMAC gave the possibility of in-
corporating the calibration constants of the different thermistors in
the measuring programme of the microprocessor controller and because
thermistors had the advantage of a large temperature dependence, a
simple measuring system, and were much cheaper.
Figure 55 shows the measuring system. It also shows that the measure-
ment of the resistance of the thermistor is based on a constant voltage
over the thermistor and the reference resistance. Calibration of the
thermistors showed that the temperature dependence could be described
by the empirical relation

(AT2 + BT + C)
R = e

where A, B and C are the calibration constants, R is the resistance
(kft) and T the temperature (°C).
A, B and C were determined for each thermistor using a second-order
polynomial regression of 1n Rversus T. Figure 56 shows two calibration
curves. The deviation of the relationship from the calibration measure-
ments is 0.05 °C or less for each thermistor.
The system is now working reliably and is being used to measure auto-
matically the temperature at 75 positions in a stack of product with an
accuracy of 0.1 °C.



- 132 -

Rref. Rth1

multiplexer

** • • *^^ • J % " ̂ * • * V «w « » ^ «

papertope
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£22B§E§£i2Q_with_Dri_HiPi_yan_Leeuwen of the Department of Physical and
Colloid Chemistry of the Agricultural University of Wageningen on the
complexing capacity of humic acids with cadmium and lead. Total Organic
Carbon determinations were performed for the characterization of fulvic
acids employed for the study of stability constants for cadmium and lead.

!-:22G§r.3£i2QJtf.i.th_Dri_G;_Lettmga of the Department of Water Purification
of the Agricultural University of Wageningen about the effects of
ionizing radiation on the conversion of organic waste materials to
methane gas.
Irradiation treatments on various samples were performed and long term
digestibility experiments were initiated.

A. Committee Work

- The Coordinating Committee for the Monitoring of Radioactivity and
Xenobiotic Substances (CCRX).
Stoutjesdijk, as the technical secretary for radioactivity, prepared
the annual report for radioactive substances 1977. In this quality he
sat on a subcommittee of the Interdepartmental Committee for Nuclear
Energy (ICK), which is in charge of the preparation of alarm schemes
for nuclear reactors.

- As secretary of the Committee, Automatization of Laboratory Apparatus
(COALA) at Wayeningen, De Swart contributed to the advisory work of
this group.

5. Work in behalf of the European Society of Nuclear methods in Agriculture
and other organizations

- A second ESNA working committee meeting on "Recycling Municipal or
Agricultural Sludges using Nuclear Wastes as an Energy Source" was
held and partly chaired by Dr. A.F. Groneman in Brussels on April 7th,
1978 for the compilation of a summary report.

- The proceedings of the second international conference of ESNA working
group on "Waste Irradiation" held in Uppsala, Sweden, was edited and
published by Dr. A.F. Groneman.

- The organization of the annual meeting of ESNA, that has convened in
Brno, CSSR from 4 to 9 September 1978.
P.H. van Nierop, secretary and Dr. A.F. Groneman, Dr. M.J. Frissel,
Ir. J.G. van Kooij, Chairmen of different working groups have been
directly involved in the organization.

- Two issues of the "Newsletter on the Application of Nuclear Methods in
Biology and Agriculture" have been published.

- Two issues of the "Incompatibility Newsletter" have been published.

Radiation protection

H.P. LEENHOUTS, P.H. DIGNUM.

The Radiation Protection Service group of the Association EURATOM-ITAL,
authorized by the "Stra1ingsbeschermingscommissie Wageningen", performs the
technical safety control of the work with radionuclides and ionizing radia-
tion in the agricultural institutes and laboratories in and around Wage-
ningen.
Since 1975 this control has also been authorized by the Ministry of Health
and Environmental Hygiene by giving the commission a general licence to



take care of the radiation protection in all the laboratories of the
Ministry of Agriculture and Fisheries in Wageningen.

The main activities of the group were:

The_f X

In the agricultural complex Wageningen the number of workers wearing a
filmbadge dosismeter was 385; 17^ of them were employed by the Association
including guests and temporary workers. All received a dose less than the
minimum detectable dose of 0.5 rem/year, except one who received 0.6 rem
over 1978.

The transport and distribution of radioactive materials in the working area
of the group were done as usual. The most frequently required nuclides were:

110mAg

ll5mCd

2
6
3
k
28
2
6h

mCi
mCi
mCi
mCi
mCi
mCi
mCi

125j

131J

32p

85Rb
35S

s5Zn

21
2

183
1

167
5

mCi
mCi
mCi
mC i
mCi
mCi

dH

Approximately 85% of these radionuclides were used outside the Association1s
Inst itjte.

The radioactive waste was collected from the different laboratories by the
group and treated by the Assoc iat ion's was te department. A total of 102 mCi of
liquid waste was discharged to the river Rhine. In August the discharge
drain was damaged by builders but was repaired within one week. The discharge
of radioactive water was stopped during this period and no radioactivity was
detected in the soil close to the leak.
Solid destructable waste was transported this year in one transport carrier
to Mol in Belgium.

were performed on a regular schedule and on request. Special attention was

paid to experiments with animals and to the handling of large quantitiesof
3 2P and 3 5 S .

In cooperation with the local Government Health Service a routine urine

survey was set up especially for persons using substantial amounts of open

tritiated radioactive sources.

was given in cases of difficult and dangerous experiments.
Special attention was paid to the transport and loading of an additional
amount of 6 0Co for the gamma source of the Medical Sterilization Plant
Gammaster, bringing the total activity to 800.000 Ci.

Two institutions started work with radioactive sources: the Institute for
Animal Nutrition Research and the Institute for Quality Control of Agri-
cultural Products.

The Institute for Dairy Research received a license for the irradiation of
human volunteers' arms using a 125l-source to determine the calcium content
of the bones.

The Institute for Atomic Sciences in Agriculture applied for a new license
in connection with a renewal of the active laboratories.
No radiation accidents occurred which needed medical attention.
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